
State of Alaska 
DEPARTMENT OF ENVIRONMENTAL 

CONSERVATION 

DIVISION OF SPILL PREVENTION AND RESPONSE 
CONTAMINATED SITES PROGRAM 

Procedures for Calculating Cumulative Risk 
September 15, 2016 

Adopted by Reference at 18 AAC 75 



PROCEDURES FOR 
CALCULATING CUMULATIVE RISK 

TABLE OF CONTENTS 

1.0 INTRODUCTION ..........................................................................................................•.........•............. 1 

1.1 CARCINOGENS ...................................................................................................................................................................... 1 
1.2 MUTAGENS ............................................................................................................................................................................ 2 
1.3 NONCARCINOGENS ............................................................................................................................................................. 2 

2.0 CALCULATING CUMULATIVE RISK ................................................................................................. 2 

1. WI-IEN TO PERFORl'il Tl-IE CUMULATIVE RISK ANALYSIS .............................................................................................. 2 
2. PROCEDURES ........................................................................................................................................................................ 3 

3.0 CUMULATIVE RISK AND GROUNDWATER .................................................................................... 5 
4.0 CUMULATIVE RISK UNDER METHOD FOUR ..................................................•............................. 5 
5.0 CHEMICALS WITH SPECIAL CONSIDERATIONS .........................................•................................ 5 

5.1 PCBs ....................................................................................................................................................................................... 5 
5.2 DIOXINS ................................................................................................................................................................................. 5 
5.3 LEAD ...................................................................................................................................................................................... 6 
5.4 CHE!'llUCALS NOT FOUND IN ADEC TABLES ................................................................................................................. 6 
5.5 NATURALL y OCCURRING C0!'111POUNDS .......................................................................................................................... 7 
5.6 PE'fROLEU!'llt HYDROCARBONS .......................................................................................................................................... 8 

6.0 CUMULATIVE RISK CALCULATIONS FOR METHOD THREE .................................................... 9 
7.0 ADDITIONAL PATHWAYS TO INVESTIGATE •..................................•............................................. 9 
8.0 ROUNDING IN CUMULATIVE RISK •••............••.•............................•..•••...........•................................ 9 
9.0 ECOLOGICAL RECEPTORS ..............................•.•.........................•......•..........•........•.............•••......... 10 
REFERENCES ......•........................•....................•••............................................................................................ 11 
APPENDIX A: WORKSHEET FOR CALCULATING CUMULATIVE RISK ..............•......••.......................... 12 
APPENDIX B: HUMAN HEALTH RISK BASED CONCENTRATIONS ..................................................... 13 
SOIL ARCTIC ZONE ......................................................................................................................................... 14 
SOIL UNDER 40 INCH ZONE ........................................................................................................................ 20 
SOIL OVER 40 INCH ZONE ..........................................................................................................................• 26 
GROUNDWATER ................................................••............................................••.............•.•............................. 32 
APPENDIX C: HIERARCHY OF TOXICITY SOURCES AND MCLS .......................................................... 38 

ADEC Contaminated Sites Program 
Procedures for Calculating Cumulative Risk 

Page I ii 
September 15, 2016 

·~ 



1.0 INTRODUCTION 
The t\ laska Department o f l:'.nvironmental Conservation (DEC) has developed rules at 18 AJ\C 75, 
Article 3 that detail the extent o f cleanup required at contaminated sites in o rder to adequately 
pro tect human health, safety, and wel fare and the enviro nment. Included in these rules as well as 
the regulations for underground storage tanks at 18 1\ AC 78, is the requirement fo r ensuring that 
contaminants at: a site do no t exceed cumu lative risk thresholds for carcinogenic and 
noncarcinogenic compounds, accounting for exposure to multiple contaminants across multiple 
pathways. T his document de ·cribes the procedures for calcula ting that cumula tive risk. 

Untler 18 t\ J\C 75.325(g) o r '18 J\1\ C 78.600(d), a respo nsible party must ensure that contaminants 
remaining o nsite do no t exceed the cumulative risk standa1·d o f 1 in 100,000 excess lifetime cancer 
risk across all exposure pathways fo r carcinogens and a hazard index o f no t more rhan one, reported 
to one significant figure, across all exposure pathways for no ncarcinogens, regardless o f whether the 
cleanup levels established for the si tc arc under method two, three, o r four. 

AOEC utilizes a sum-of-ratios approach for calculating cumulative risk. The approach is carried out 
in two separate calculatio ns; one calcula tion for carcinogenic effects and one fo r no ncarcinogenic 
e ffects. Separating risk quantificatio n in this way is necessary due to differences between the two 
types o f effects. l'o r carcinogens, risk is evalua ted as the incremental probability o f an individual 
tlcvcloping cancer over a lifetime as a result o f exposure to the po ten tial carcinogen (USEPA, l 989). 

\Xii thin the carcinogenic category add itional adjustmen ts arc incorporated if the chemical is 
considered to have a mu tagen ic mode o f action. I ,.o r noncarcinogcns, risks arc based on exposure 
over a threshold that is likely to be witho ut: effects. T he calculations arc then incorporated into a 
ratio approach and summed to quantify the cumulative risk. These procedures arc for cumulative 
risk only and do not substitute for a basel ine risk assessment. 

Some compo unds can cause bo th types o f effects and arc included in bo th cumulative risk 
calculations. For example, aldrin causes both carcinogenic and noncarcinogenic effects from soil 
exposure through the human health pathway. T he cleanup level in Table B1 co rresponds with the 
carcinogenic e ffect because it occurs at a lower concentration than does the noncarcinogenic e ffect. 

1.1 Carcinogens 

As stated in the p receding section, carcinogenic risk is es ti mated as the incremental probabi li ty of an 
individual developing cancer over a li fetime as a result o f exposure to a carcinogenic compound . 
Under 18 1\J\ C 75.990(12), J\D l •:C defines a carcinogen as" ... a substance that meets the crite ria o f 
the descriptors "Carcinogenic to I lumans" o r "Likely to Be Carcinogenic to Humans" acco rding to 
I •:P t\'s Guidelines for Carcinogen Risk A.r.re.r.rment, I ·:P t\/630/P-03/001 F (USEP r\ , 2005). 

Cumulative carcinogenic risk is the summation o f all risks from each exposure pathway and 
exposure route. The cumulative carcinogenic risk equatio n is shown in Section 2.2. Unless 
demonstrated otherwise, cancer risks resulting fro m exposure to rwo or more carcinogens arc 
assumed to be additive. The cumulative carcinogenic risk equation assumes that there arc no 
synergis tic o r antagonistic chemical interactions. 
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1.2Mutagens 

Some of the carcinogenic compounds listed in Tables Bl and C operate by a mutagenic mode o f 
action for carcinogenesis. Some chemicals with a mutagenic mode of action, which would be 
expected to cause irreversible changes to DNA, are suspected to exhibit a greater effect in early-life 
versus later-life exposure. Cancer risk to children in the context o f EPA's cancer guidelines 
(USEP A, 2005) includes both early-life exposures that may resul t in the occurrence of cancer during 
childhood and early-life exposures that may contribute to cancers later in life. ln keeping with this 
guidance, mutagenic cancer risk is calculated separately, and the mutagen vinyl chloride and 
trichlo roethylcne has a unique set o f equations. However, when calculating cumulative risk, 
mutagens arc included with carcinogens. Consult the Supplemental G uidance for Assessing 
Susceptibility from Early-Life Exposure to Carcinogens, b PA/630/R-03/003F, March 2005 for 
further in formatio n. 

1.3 Noncarcinogens 

Under 18 AJ\C 75.990(69), ADEC defines a noncarcinogen as" ... a hazardous substance with 
adverse health effects on humans other than cancer." The noncarcinogenic risk is represented by a 
hazard quotient (HQ), which is calculated from the ratio of estimated intake o f a chemical to the 
estimated intake at which there are no observed adverse effects. The hazard index (HI) is the 
summation of all of the [-:!Qs for all pathways and exposure routes that affect the same target organ 
or sys tem endpoint. 

Fo r noncarcinogens, the health threats resul ting from exposure tO two or more hazardous 
substances with similar types o f toxic response are assumed to be additive. T [owever, many 
noncarcinogcns have varying toxic e ffects and therefore assuming that these effects are additive may 
not be valid. Noncarcinogenic compounds affect different target organs or systems by differen t 
mechanisms of toxicity. To accurately assess the possible effects of noncarcinogenic compounds, 
the HI can be segregated by target organ or system endpoint and mechanism of toxicity consistent 
with E PA 's Risk Assessment Gttidance for S upeifttnd Volume I: Human Health Evaluation J\IIanttal (Part A) -
Interim Final (US EPA, 1989), Gttidelines for the Health Rirk Assessment of Chemical Mixtures (USEPA, 
1986), and S1tpplemental Guidance for Conducting Health Risk Assessment of Chemical Mixtures (USEP A, 
2000). Since the mechanism of toxicity is no t well understood for many compounds, the department 
will evaluate segregation of the HI by target organ or system endpoint. 

2.0 CALCULATING CUMULATIVE RISK 
Cumulative risk is defined as the sum o f risks resulting from multiple sources and pathways via 
which humans arc exposed. When more than one hazardous substance is present at a site or 
multiple exposure pathways exist, the cleanup levels in Table Bl of 18 A.AC 75.341 and Table C of 
18 A1\ C 75.345 Q1crcinafter "Table Bl "and "Table C") may need to be adjusted downward. The 
cumulative cancer risk remaining at the site when cleanup is completed must not exceed ·1 in 
100,000 (1 X 10·5) unless otherwise approved by ADEC, and must not exceed the cumu lative 
noncarcinogenic risk standard at a hazard index (HI) of one, reported to one significant figure. 

1. When to Perform the Cumulative Risk Analysis 

The cumulative risk standard must be met upon completion o f site cleanup work, but the 
department advises that responsible parties be cognizant early on o f potential cumulative risk issues 
to allow adjustments to the scope o f the cleanup and avoid remobilizatio n to the site post-cleanup. 
T herefore, it may be prudent to calculate cumulative risk as soon as adequate and representative data 
is available. The department docs not require that gasoline, diesel and residual range petroleum 
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hydrocarbon fractions (see both Table B2of18 AAC 75.341 and Table C) be included in cumulative 
risk calculations, since selected individual compounds from the fractions are accounted for in Table 
B1 and Table C. However the risk may be underestimated since each fraction can consist of several 
other compounds not accounted for. See section 5.6 for more information. 

2. Procedures 
The process for calculating cumulative risk is as follows: 

1. Determine which compounds are considered chemicals of potential concern (COPCs) for 
inclusion in the calculation of cumulative risk. These chemicals will correspond to a HQ of 
0.1 or cancer risk of 1 x 10-6 for the residential exposure scenario. COPCs can be determined 
using the maximum soil concentration of each contaminant at the site that exceeds 1/10th of 
the human health levels in Table B1 for the applicable climate zone. 1 For groundwater, the 
maximum concentration is compared against 1/10th of the cleanup levels in Table C (see 
Section 3.0 for addressing cumulative risk in groundwater). If no chemicals at the site 
exceed the 1/10th threshold for either media, or only petroleum range contamination is 
present, cumulative risk does not need to be calculated for the site. For help on how to 
evaluate compounds not listed in ADEC tables, see Section 5.4. 

Please note that some chemicals listed in Tables B 1 and C are capped at saturation or 
solubility levels that are lower than the actual risk-based value. Using the 1/10th threshold 
may not adversely influence the calculation; however, adjustments may be needed for 
saturation or solubility-capped chemicals if several are COPCs at the site. The adjustments 
can be made to correspond to a HQ of 0.1 or cancer risk of 1 x 10-6 with ADEC cumulative 
risk tools. Please consult with ADEC staff for assistance in calculating the values. 

2. When COPCs are present, develop a conceptual site model (CSM) that shows all of the 
complete exposure pathways at the site. J\ CSM should include the source of contamination, 
release/ transport mechanisms, contact media (i.e. soil, air, or groundwater), exposure route 
(i.e., dermal contact, inhalation, ingestion) and receptor (i.e. current/ future resident, 
subsistence user, or biota). For more information on developing a CSM, refer to the 
department's Guidance on Developing Conceptual Site Models (ADEC, 2010). 

3. Using the worksheet example in Appendix A, record the following information for each 
contaminant 

a) whether the contaminant is considered a carcinogen, noncarcinogen, or both (if it is 
a mutagen, record it as a carcinogen); 

b) the exposure media (soil, groundwater, air) 
c) exposure route (ingestion, inhalation of volatiles and/ or particulates, dermal contact) 
d) maximum concentration or the mean soil concentration at the 95'h percent upper 

confidence limit (UCL) remaining on-site following cleanup2
; and 

1 1I10 of the cleanup level corresponds to a HQ of 0.1 and cancer risk of 1 OE-6. 

2 To employ the mean soil concentration at the 95% UCL under 18 AAC 75.380(c)(l), the department must approve an 
appropriate statistical method. As stated above, for groundwater, the site concentration is the maximum concentration, 
as described in 18 AAC 75.380(c)(2). 
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e) the corresponding risk-based concentration (RBC) in Appendh: B for soil or 
groundwater. 

RBCs correspond to the concentration in soil that would cause an adverse effect through the 
inhalation, ingestion, or dermal contact routes of exposure. RBCs are calculated using the 
equations presented in ADEC's PCCL 2016 and take into account default exposure and 
soil/ aquifer data as well as toxicological data specific to the compound of interest. The 
RBCs differ from Table Bl and Table C in that individual exposure pathways are shown 
rather than individual exposure pathways are shown rather than the cumulative risk from the 
respective media listed in the Tables. Also, some cleanup levels in Table Bl are capped at 
the soil saturation concentration and therefore may equate to a lifetime cancer risk or HI 
that is lower than the department standard. 

4. For each carcinogen, risk is calculated by dividing the maximum site concentration or the 
mean of the 95 UCL remaining on-site by the applicable RBC and multiplying by the risk 
management level of 1 x 10-s. Cumulative carcinogenic risk is the summation of all the risks 
from each exposure pathway and exposure route. The equation is as follows: 

. . . . _ [(concx) (concy) (concz) ] _5 Cumulative Carcmogemc Risk - RBCx + RBCy + RBCz ··· x 10 

5. For each noncarcinogen, the hazard quotient (HQ) is calculated by dividing the site 
concentration remaining on-site by the applicable RBC and multiplying by the risk 
management level of 1. The hazard index (HI) is the summation of all HQs across all 
pathways that are affecting the same target organ or system endpoint. The equation is as 
follows: 

[(concx) (concy) (concz) ] Hazard Index = RBCx + RBCy + RBCz ... x 1 

Soil cleanup levels through methods two and three address ingestion of soil, inhalation of volatile 
chemicals and chemical particulates from soil in outdoor ambient air, and dermal contact with soil. 
Cleanup levels for groundwater at Table C address ingestion of groundwater, dermal contact with 
groundwater, and inhalation of volatiles from groundwater. 

All other pathways that are shown to be complete based on the site-specific CSM should be 
investigated. These include indoor air from vapor intrusion as well as consumption of wild foods or 
exposure as a result of other site uses. The vapor intrusion pathway can be addressed through a site-
specific analysis following ADEC's Vapor Intrusion Guidance 2012, while other pathways can be 
addressed through a method four risk assessment. 

The RBCs for compounds not listed in Tables Bl and C and for compounds where alternative 
cleanup levels under method three are proposed, must be calculated on a site-specific basis using 
ADEC's Risk Assessment Procedures Manual (RAPM 2015). 

ADEC Contaminated Sites Program 
Procedures for Calculating Cumulative Risk 

Page I 4 
September 15, 2016 



3.0 CUMULATIVE RISK AND GROUNDWATER 
Unless it is shown that the groundwater at the site is not used or could not potentially be used for 
human consumption, it should be assumed that these groundwater pathways arc complete. 
Therefore, chemicals found in groundwater at one-tenth of the Table C values need to be included 
in the cumula tivc risk calculations. 

Table C values were developed using J\ D I ~C's PCCL 2016. Levels developed using the risk-based 
equations in that documen t arc based on an I IQ of 1 or a lifetime excess cancer risk of 1 x 10·5 for 
ingestion o f groundwater, inhalation of volati les from groundwater and dermal contact wi th 
groundwater. The RBCs associated with the three groundwater exposure pathways can be found in 
1\ppendix B. 

4.0 CUMULATIVE RISK UNDER METHOD FOUR 
\'{/hen conducting a method four risk assessment, compounds found at levels that correspond to 
greater than the risk based benchmarks of ·1 x t0·6 risk or I IQ of 0.1 will be retained for further 
analysis and arc therefore included in the cumulative risk calculations. See r\ D EC's Rt\ PM 2015 for 
more in formatio n. 

5.0 CHEMICALS WITH SPECIAL CONSIDERATIONS 
T he fo llowing sections detail procedures for incorporating PCBs, dioxins, and lead in cumulative 
risk calculations. For additional information and assistance with these compounds please contact 
1\ D I ~C's risk assessor. 

5.l PCBs 
Po lychlo rinatcd biphenyls (PCBs) arc included in cumulative risk calculations although the cleanup 
levels arc determined on a site-specific basis, based on land use, or through a site-specific risk 
assessment. If separate congener or r\roclor concentrations arc present, the appropriate 
toxicological data can be used to calculate cancer risk. t\t the time of this document, EPt\'s Integrated 
Risk ltiformation Sj1stem (IRIS) had individual assessments for seven different r\roclors: 1016, 1221, 
1232, 1242, 1248, 1254 and 1260.3 In addition IRIS has individual assessments for a handful of 
specific congeners. If PCBs arc presented as a total concentration, the most conservative cancer 
slo pe factor and reference dose should be used. 

5.2Dioxins 

Risks from dioxins are calculated based on a 2,3,7,8-tctrachlorodibcnzo-p-dioxin (TCDD) toxicity 
equivalent (TEQ) approach and should be included in cumulative risk calculations. Toxicity 
cquivalcncy factors (T EFs) are used to compare the relative toxicity o f individual dioxin-like 
compounds to the more toxic TCDD. Included in this calculation are dioxins, furans, and dioxin-
likc PCBs. The TEQ approach is based on the assumption that dioxin and dioxin-like compo unds 
act through the same mechanism o f toxicity. The T l ·:I; for TCDD is equal to one, whereas the TEr 
values fo r all other dioxins and dioxin-like compo unds arc equal to less than one. T he T EQ is 

3 1\vailablc at: hnp: //www.cpa.gov/ JRJS/ 
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defined as the product of the concentration of an individual dioxin-like compound (Ci) and the 
corresponding TEF for that compound (TEfi). The total TEQ is the sum of the TEQ for each o f 
the congeners in a given mixture. 

Total TEQ = L(Ci x TEFi) 

O nce the total TEQ is calculated, this value can be compared to the dioxin slo pe factor and the risk 
can be calculated. The most current toxicological data and TEFs should be used when calculating 
risk to dioxjns. T he World Health Organiza tion remains the leading recommended approach for 
TEFs.4 

5.3 Lead 

Lead contarnination in soil or groundwater is not included in cumulative risk calculations. E PA 
found it inappropriate to apply a reference dose or cancer slope factor to lead (IRIS, 1988). The 
residential lead soil cleanup level in Table B1 is based on the Integrated Exposure Uptake Biok.inecic 
(I EUBJ<) model. Soil cleanup levels for lead arc site-specific, based on land use, and groundwater 
cleanup levels are presented in Table C. In addition, an alternative cleanup level may be proposed 
under a site-specific risk assessment. 

Lead cleanup levels arc based on land use; for residential land use, the soil cleanup level is 400 
mg/kg. i:.or commercial o r industrial land use as applied in 18 Al\ C 75.340(e)(3), the soil cleanup 
level is 800 mg/kg. As part of a site-specific risk assessment conducted according to the RAPM 
2015, approved exposure models may be used to evaluate exposure to a child resident or an adult 
worker. A responsible person may also propose an alternative cleanup level based on a chemical 
speciation of the lead present at the site, under a site-specific risk assessment. For soils 
contaminated with lead more than 15 feet below ground surface, lead cleanup levels will be 
determined on a site-specific basis. 

5.4 Chemicals Not Found in ADEC Tables 

To evaluate cumulative risk from a chemical for which no ADEC regulatory criteria is available, the 
first step is to consult the EP f\ Regional Screening Levels (I\SL) table (available at 
http://www.cpa.gov/ rcg3hwmd/ risk/ human/ rb-concentration_tablc/ Gcneric_'l'ables/index.htm) 
and compare the site concentration with the listed screening level for residential receptors. If it 
exceeds the value listed, which equates to a noncarcinogenic risk at HQ= 0.1 and cancer risk at 1 x 
·1 o·6 then consult with A DEC staff to calculate a method two cleanup level using the process 
outlined in the R.APM 2015. Toxicity and chemical data specific to the compound of concern will be 
needed. Toxicity data can be obtained from EP A's IRJS, EP A's Provisional Peer Revie1ved Toxici!J• 
Values (PPRTVs)5, or another accepted source (see Appendix C). Chemical data can be obtained 
from an accepted chemistry source such as the Risk Assessment In formation System (R.AIS). 6 When 
compounds are not listed in ADEC and RSL tables please consul t with ADEC staff. 

4 \'\lorld Health Organizacion. 2005. Internacional Programme on Chemical Safe ty, Toxicity equivalent fac tors for 
dioxins, furans, and dioxin-like PCBs. 1\ vailable at: http:/ /www.who.int/ipcs/assessment/tef_values.pdf 
5 Available at: hrr.p: //h hpprrv.ornl.gov I 
6 Available at: http: //rai~.ornl.gov/ 
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Next, if the highest concentration remaining in soil or groundwater exceeds 1/10th of the calculated 
value, proceed with the steps as described in Section 2.2 of these procedures, including evaluating 
complete exposure pathways and comparing with the route-specific RBC(s) developed as part of the 
cleanup criteria calculations and validated by ADEC. 

5.5 Naturally Occurring Compounds 
DEC recommends the use of the U.S. Environmental Protection Agency's Guidance for Comparing 
Background and Chemical Concentrations in Soil for Comprehensive Environmental Response Compensation and 
IiabilityAt1 (CERCIA) Sites (USEPA, 2002), for determining if compounds found on site are 
attributable to background levels. If a chemical found at the site is shown to be solely attributable to 
naturally occurring background concentrations, then the chemical is not included in the cumulative 
risk calculations. 
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5.6 Petroleum Hydrocarbons 
Each petroleum fraction is a mixture of many different chemicals. The Total Petroleum 
Hydrocarbon Criteria Working Group identified indicator contaminants to represent the toxicity of 
the petroleum fractions. Individual risks for each petroleum fraction are then calculated based on 
these indicator compounds (listed in the table below). In order to accomplish this, analytical data 
for these compounds must be collected at sites with petroleum contamination. If these indicator 
compounds are not present at greater than 1/10 of the cleanup level in Tables Bl and C, then no 
further assessment of cumulative risk is required; however site cleanup levels for petroleum fractions 
still must be met. 

INDICATOR COMPOUNDS 
FOR PETROLEUM CONTAMINATED SITES 

Volatiles (B1EX) 
Benzene* 
Toluene 
Ethylbenzene* 
Total xylenes 

Po/ynuclear Aromatic Hydrocarbons (P AHs) -
Acenaphthene 
Acenaphthylene 
Anthracene 

Benzo(a)anthracene* 
Benzo(b) fluroranthene* 
Benzo(k) fluoran thene* 
Benzo(g,h,i)perylene 
Benzo(a)pyrene* 
Chrysene * 
Dibenzo( a,h)anthracene* 
Fluoranthene 
Fluorene 
Indeno(l ,2,3-cd)pyrene* 
Naphthalene* 

Phenanthrene 
Pyrene 

* indicates carcinogenic 

Metals as required on a case by case basis 
Arsenic* 
Barium 
Cadmium 
Chromium*t 
Lead 
Nickel 
Vanadium 

Others as needed on a case by case basis 
Ethylene dibromide (EDB)* 
1,2-dichloroethane (EDC)* 
Methyl tert-butyl ether (MTBE)* 
Volatile organic compounds (VOCs)* 

t Chromium includes both III and VI valances, but only VI is carcinogenic. 

The carcinogenic risk of petroleum can be adequately evaluated by determining the risk from 
carcinogenic indicator compounds. Using the same rationale, noncarcinogenic effects of petroleum 
can be evaluated by calculating the HI for the indicator contaminants listed in Tables B 1 and C. 
Therefore, the department believes that calculating cumulative risk for the indicator contaminants, in 
addition to other contaminants on-site, is protective of the cumulative risk to petroleum exposure, 
provided that site cleanup levels for the petroleum fractions are also met. 
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~The department understands that there are petroleum constituents that will not be captured using 
this method. For many of these constituents the toxicity of the compounds has not yet been 
determined or there is minimal risk due to exposure. Petroleum is a chemical mixture. Under the 
Guidelines far the Health Rirk Assessment of Chemical Mixtures (USEPA, 1986), the most preferred 
method for evaluating the risk to chemical mixtures is to use toxicological data for the mixture itself. 
Many mixtures have different toxicological properties than their constituents. ,_The best available 
method for assessing risk to petroleum mi..xtures is to use a surrogate approach to determine 
cumulative risk. This is done by developing reference doses for each carbon range and then 
summing the HQs to produce the HI as explained in the PCCL 2016. However, at this time, there 
is not enough toxicological data available to calculate risk from the full petroleum fractions. Mixtures 
in petroleum fractions vary by product type and refining process and are altered further by 
weathering in the environment. 

In light of this level of uncertainty, the PCCL 2016 attempts to compensate for the unknown risk 
from the six aromatic and aliphatic fractions by adopting conservative percentages for the 
composition of each fraction within each petroleum range (gasoline range organics, diesel range 
organics, and residual range organics); therefore the fractions are not included in the cumulative risk 
calculations where the petroleum indicator compounds are used. See Section 6.10 of the PCCL 
2016 for more information. The department continues to investigate this issue with the goal of 
decreasing the uncertainty for risk with a scientifically accurate approach to quantifying the full risk 
from the petroleum fractions. 

6.0 CUMULATIVE RISK CALCULATIONS FOR METHOD THREE 
If alternative cleanup levels have been developed under method three, the carcinogenic risk or HQ 
from each constituent and the cumulative risk arc calculated in the same fashion as described in 
Section 2.2. The site concentration following cleanup is divided by the RBC and the quotient is 
multiplied by the target risk standard. When using method three cleanup levels with site-specific 
data, the RBCs in Appendix B cannot be used; instead the same site-specific parameters must be 
used to produce the method three RBCs. See ADEC's PCCL 2016. 

7.0 ADDITIONAL PATHWAYS TO INVESTIGATE 
Upon completion of the CSM evaluation, exposure pathways other than those accounted for in 
Tables Bl, B2 and C may be found to be complete. Such exposure pathways may include the 
indoor air vapor pathway, consumption of cultivated or wild foods at the site, and exposures based 
on recreational use. Vapor intrusion may be addressed through a site-specific analysis using 
ADEC's Vapor Intrusion Guidance (2012), while other pathways will require a method four risk 
assessment. Tables Bl, B2 and C include the following exposure routes for soil: dermal contact, 
ingestion, and inhalation of volatiles and particulates from ambient air; and include the following 
exposure routes for groundwater: dermal contact, ingestion, and inhalation of volatiles. All 
completed pathways must be included in cumulative risk calculations including those pathways not 
addressed in Tables B1 and C. 

8.0 ROUNDING IN CUMULATIVE RISK 
Under 18 AAC 75.325(g) or 18 AAC 78.600(d), a responsible person must ensure that, after 
completing site cleanup using methods two or three, the risk from hazardous substances does not 
exceed a cumulative carcinogenic risk standard of 1 in 100,000 across all exposure pathways and a 
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cumulative noncarcinogenic risk standard at a hazard index of 1, rounded to one significant figure, 
for all exposure pathways. Similarly, under 18 AAC 75.325(h), a responsible person proposing an 
alternative cleanup level for soil or groundwater based on a site-specific risk assessment under 
method four must ensure that the risk from hazardous substances does not exceed the cumulative 
carcinogenic risk standard of 1 in 100,000 across all exposure pathways and the cumulative 
noncarcinogenic risk standard at a hazard index of 1 for all exposure pathways. 

Both cumulative risk summations for the incremental lifetime cancer risk and the HI should be 
expressed using one significant figure. The risk for an individual exposure pathway for a chemical, 
either the cancer risk or the hazard quotient should be shown to two significant figures. These then 
would be rounded to one significant figure after calculating the cumulative risk. 
Standard rounding procedures must be adhered to such that: 

Starting from the left most significant digit, move to the right until you have as many digits as you 
are allowed to keep. Then look to the immediate right and note the number present. If the number 
to the right is a 5, 6, 7, 8, or 9, round the last significant digit up one. If the number to the right is a 
4, 3, 2, 1, or 0, keep the last significant digit the same. Therefore, the rounding procedures and 
cumulative risk standards are consistent between methods two, three, and four. 

9.0 ECOLOGICAL RECEPTORS 
The noncarcinogenic HI is calculated for ecological receptors. The ecological noncarcinogenic risk 
management level is set at a HI of 1. Carcinogens are not considered to be of concern for ecological 
receptors. The HI is the sum of HQs across multiple exposure routes and exposure pathways. The 
HQ is calculated by dividing the dose by a risk-based ecological benchmark. 

HI = .EDose +Benchmark 

If the HI exceeds 1, the individual HQs should be retained for further evaluation. See ADEC's 
RAPM 2015 for additional information. 

ADEC Contaminated Sites Program 
Procedures for Calculating Cumulative Risk 

Page I 10 
September 15, 2016 



REFERENCES 
t\laska Department of l::'.nviron mental Conservation (1\ DEC). 2002. Oil and HaZf1rdous Substances 
Polltttion Control Regttlations 18AAC 75, Articles 3 and 9. 

ADEC. 2016. Procedures for Calculating Cleanup Levels. Con taminated Sites Program. 

t\ DEC. 2015. Risk Assessment P1vcedures ManuaL Contaminated Sites Remediation Program. 

Total Petrolewn Hydrocarbon Criteria Working Group. '1997. Volume 4, Development q(Fraction 
Specijic Reference Doses (RJD.r) and Reference Concentrations (RJCs) for Total Petroleum Ifrdrocarbons (TPH) . 
r\mherst Scientific Publishers, Am herst, MA. 

United States Envi.ronmental Protection r\ gency (USl..".Pt\) . March 2005 Supplemental Guidance for 
Assessing Susceptibili ty from Early-Life Exposure to Carcinogens. E PJ\/630/R-03/003F Risk 
Assessment Forwn, \'V'ashington, DC. 

United States Environmental Protection Agency (USEP1\ ). '1997. HealthEjfedsAssessment Summa!)' 
Tables: FY 1997 Update. EPi\ /540/R-97-036. Office of l ~rnergency and Remedial Response, 
Washington, DC. 

USEPA. 1996. Soil Screening Guidance: Technical Backg1vund Document. EPA/540/ R-95/ 128. Office of 
Solid Waste and Emergency Response, Washjngton, DC. 

USEPA. 1996. Soil Screening Guidance: User'.r Guide. 9355.4-23. Office of Solid Waste and 12mergency 
Response, Washington DC. 

USEPA. 1989. Rirk Assessment Guidance for Superfimrl, Volume I, Human Health Evaluation M.anual (Part 
A). EPr\/540/1-89/002. Office of Emergency and Remedial Response, Washington, DC. 

US EP r\. 1988. Integrated Rirk ltijormation Sj•stem: Lead and Compounds (Inorganic). 
http://1v1J11v.epa.gov/ iris/s11bst/ 02 77.htm. Office of Research and Development, Washington, DC. 

USEPA. 1986. Guidelines.for the Health Rirk Assessment of Chemical Mixtures. EP1\ /630/R-98/002. 
Office of Research and Development, Washington, DC. 

t\DEC Contaminated Sites Program 
Procedures for Calculating Cumulative Risk 

Page I 11 
September 15, 2016 



APPENDIX A: WORKSHEET FOR CALCULATING CUMULATIVE RISK 

Chemicals of Concern Exp osure Exposure Route 
Carcinogens Media 

Cumulative Carcinogenic Risk = [('oncx) ( coney) ( cone,) ] _5 
RBCx + RBCy + RBC, ... x lO 

Chemicals of Concern Exposure Exposure Route 
Noncarcinogens M edia 

[ ( concx) (cone ) (cone,) ] Cumulative Noncarcinogenic Risk = RBCx + RBC: + RBC, ··· X 1 

mg/kg = milligrams per kilogram 
mg/L - milligrams per liter 

RllC = risk based co ncentration 

J\DEC Contaminated Sites Program 
Procedures for Calculating Cumulative Risk 

Site Concentration RBC 
(mg/kg, m g/L or 

m g/m3) 

.E (Conc-i-RBC) X 10-5 

Site Concentration RBC 
(mg/kg, mg/L or 

mg/m 3) 

.E (Conc-i-RBC) X 1 

Conc-i-RBC 

Total 

Conc-i-RBC 

Total 

Site Name 
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APPENDIX B: HUMAN HEALTH RISK BASED CONCENTRATIONS 
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SOIL ARCTIC ZONE 
SOIL ARCT IC ZONE 

H aza rdous Substance CAS 
Number' 

Acenaphthene 83-32-9 
Acenaphthylene 208-96-8 
Acetone 67-64-1 
Aldrin 309-00-2 
Ammonium Perchlorate 7790-98-9 
Anthracene 120- 12-7 
Antimony (metallic) 7440-36-0 
Arsenic, Inorganic 7440-38-2 
Barium 7440-39-3 
Benz [ a] anthracene 56-55-3 
Benzaldehyde I 00-52-7 
Benzene 7 1-43-2 
Benzo [a] pyrene 50-32-8 
Benzo[b] fluoranthene 205-99-2 
Benzo [g,h,i] perylene 19 1-24-2 
Benzo [k] fluo ranthe ne 207-08-9 
Benzoic Acid 65-85-0 
Bc nzyl Alcohol I 00-5 1-6 
Beryllium and compounds 7440-41-7 
Bis(2-chloroethyl)ethe r 1 11-44-4 
Bis(2-ethylhexyl)phtha late 117-81-7 
Bromobenzene I 08-86-1 
Bromodichlorometha ne 75-27-4 
Bromoform 75-25-2 
Bromome thane 74-83-9 
Bu tadie ne, 1,3- 106-99-0 
Bu tanol, N- 7 1-36-3 
Butyl Bcnzyl Phthla te 85-68-7 
Bu tylbenzene, n- 104-5 1-8 
Bu tylbenzene, sec- 135-98-8 
Bu tylbenzene, tert- 98-06-6 
Cadmium (Diet) 7440-43-9 
Carbon D isulfide 75-15-0 

ADEC Contaminated Sites Program 
Procedures for Calculating Cumulative Risk 

Mutageoic? 

No 
No 
No 
No 
No 
No 
No 
No 
No 
Yes 
No 
No 
Yes 
Yes 
No 
Yes 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 

Non-Ca rcinogen ic (mg / kg) 

lngcstion2 Dermal' l nhaL~tion' 

8210 26600 
4110 13300 

123000 1.09 x 10'' 
4.11 
95.8 

4 1100 133000 
54.8 
68.4 577 7360 

27400 245000 

13700 
548 154 

4 11 0 13300 

548000 2.31x 106 

13700 57700 
274 9820 

2740 11500 
1100 658 
2740 
2740 
192 16. I 

4.1 6 
13700 
27400 115000 
6840 
13700 
13700 
137 1440 4910 

13700 1830 

Carcinogenic (mg/kg) 

Inges tion> 

0.716 

13.5 

3.67 
3040 
221 

0.367 
3.67 

36.7 

I I. I 
869 

196 
1540 

3.58 

6400 

Denna I' I nba larion' 

10.4 

96.1 3070 

11.0 429 

17.7 
1.1 0 4340 
11 .0 43400 

110 43400 

5510 
6.34 

3090 5.51 x1ou 

5.45 
438 

1.87 

22800 

7340 
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SOIL ARCTIC ZONE Non-Carcinogenic (mg/kg) Carcinogenic (mg/kg) 

Hazardous Subs tance CAS Mutagenic? Ingestion' Dermal' lnhabt:ion1 Ingestion' DemrnP lnhabtion• N umbcr1 

Carbon Tetrachloride 56-23-5 No 548 320 174 14.4 
Chlordane 12789-03-6 No 68.4 72 1 1180 34.8 309 455 
Chlordcconc (Kcponc) 143-50-0 No 41.1 173 1.22 4.32 2870 
Chloroaniline, p- 106-47-8 No 548 23 10 60.8 216 
Chlorobcnzcnc 108-90-7 No 2740 424 
Chlorofonn 67-66-3 No 1370 494 392 5.93 
Chloromcthane 74-87-3 No 246 
Chloronaphthalene, Beta- 91 -58-7 No 11000 35500 
Chlorophenol, 2- 95-57-8 No 684 
Chromium(III), Insoluble Salts 16065-83- 1 No 205000 
Chromium(VI) 18540-29-9 Yes 411 49100 5.36 56.8 
Chrysene 218-01-9 Yes 367 1100 434000 
Copper 7440-50-8 0 5480 
Cresol, m- 108-39-4 No 6840 28800 2.95 x 108 

Cresol, o- 95-48-7 No 6840 28800 2.95 x 108 

Cresol, p- 106-44-5 l 0 13700 57700 2.95 x 108 

Cumenc 98-82-8 No 13700 3040 
Cyanide (CN-)5 57-12-5 () 82.1 116 
Cyclohcxane 110-82-7 No 13800 
DDD 72-54-8 No 50.7 180 192000 
DDE, p,p'- 72-55-9 () 35.8 645 
DDT 50-29-3 No 68.4 961 35.8 424 136000 
Dibenz[ a ,h] anlhraccne 53-70-3 Yes 0.367 1.10 3980 
Dibenzofuran 132-64-9 No 137 1920 
Dibromochloromethane 124-48- 1 No 2740 145 
Dibromocthane, 1,2- 106-93-4 No 1230 137 6.08 0.685 
Dibromome tha nc 74-95-3 No 45.2 
(Methylene Bromide) 
Dibutyl Phthala te 84-74-2 No 13700 57700 
Dic hlorobenzene, 1,2- 95-50- 1 No 12300 2890 
Dichlorobenzene, 1,3- 54 1-73- 1 No 12300 2470 
Diehlorobenzcnc, 1,4- 106-46-7 No 9580 10400 2250 31.7 
Dichlorobcnzidine, 3,3'- 9 1-94-1 No 27.0 96.1 38900 
Diehlorodifluoromethanc 75-71 -8 No 27400 220 
Dichloroethane, 1,1- 75-34-3 No 27400 2130 69.0 
Dichloroe thane, 1,2- 107-06-2 No 821 57.0 134 8.44 
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SOIL ARCTIC ZONE Non-Carcinogenic (mg/kg) Carc inogenic (mg/kg) 

Hazardous Subst:incc CAS f\iutagcnic? Inges tion' Dermal' lnhabtion1 Inges tion' Ocnnall lnhabtion• Number' 
Dichlorocthylcne, 1,1- 75-35-4 0 6840 51 7 
Dichlorocthylcnc, 1,2-cis- 156-59-2 No 274 
Dichlorocthylcnc, 1,2-trans- 156-60-5 No 2740 
Dichlorophcnol, 2,4- 120-83-2 No 411 1730 
Dichlorophcnoxy Acetic Acid, 2,4- 94-75-7 No 1370 11500 
Dichloropropanc, 1,2- 78-87-5 No 12300 25.2 338 17.0 
Dichloropropcnc, 1,3- 542-75-6 No 4110 115 122 38.8 
Dicldrin 60-57-1 No 6.84 28.8 0.760 2.70 2870 
Diethyl Phthalatc 84-66-2 No 110000 461000 
Dimcthylphcnol, 2,4- I 05-67-9 0 2740 11500 
Dimcchylphthalate 131-11 -3 0 110000 461000 
Dinitrobcnzcne, 1,2- 528-29-0 0 13.7 57.7 
Dinitrobenzcne, 1,3- 99-65-0 13.7 57.7 
Dinitrobcnzc nc, 1,4- 100-25-4 13.7 57.7 
Dinitrophcnol, 2,4- 51-28-5 10 274 1150 
Dinitrotolucnc, 2,4- 121 - 14-2 No 274 1130 39.2 137 149000 
Dinitrotoluenc, 2,6- 606-20-2 0 41.1 175 8.11 29.1 
Dinitrotolucnc, 2-Amino-4,6- 35572-78-2 0 274 19200 
Dinitrotolucnc, 4-Amino-2,6- 19406-51 -0 No 274 12800 
Dioxanc, 1,4- 123-9 1-1 No 4110 3040 122 546 
Diphcnylaminc 122-39-4 No 3420 14400 
E ndosulfan 115-29-7 No 821 
Endrin 72-20-8 No 41.1 173 
E thyl Chloride 75-00-3 No 28500 
E thylbcnzcnc I 00-41-4 No 13700 7130 1110 76.8 
E thylene Glycol 107-21- 1 No 274000 l.1 5xt0<> 1.96 x 108 

F luoranthcnc 206-44-0 No 5480 17700 
Fluo rcnc 86-73-7 No 5480 17700 
Formaldehyde 50-00-0 No 27400 2030 427 
Hcptachlor 76-44-8 No 68.4 2.70 11.0 
Hcptachlor Epoxidc 1024-57-3 No 1.78 1.34 9.71 
Hcxachlorobcnzcnc 11 8-74-1 No 110 7.60 4.45 
Hcxachlorobutadienc 87-68-3 No 137 156 15.9 
Hcxachlorocyclohcxanc, Alpha- 319-84-6 No 1100 4610 1.93 6.86 7340 
Hexachlorocyclohcxane, Beta- 319-85-7 No 6.76 24.0 24900 
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SOI L ARCT IC ZONE 

Hazardous Subs tance CAS 
N umber' 

H exaehloroeyclohexane, Gamma- 58-89-9 (Lindane) 
Hexaehloroeyelopentadiene 77-47-4 
H exaehloroethane 67-72-1 
Hexahydro-1,3,5-trinitro-1,3,5-triazinc 121 -82-4 (RDX) 
H exane, N - 11 0-54-3 
Hexanone, 2- 591-78-6 
Hydrazine 302-01 -2 
l ndc no [1,2,3-ed] pyrcnc 193-39-5 
Isophorone 78-59- 1 
Isopropanol 67-63-0 
Mercuric Chloride 7487-94-7 
Mercury (elemental) 7439-9"'-6 
Methanol 67-56- 1 
Methoi.1'chlor "'2 -43 5 
Methyl Ethyl Ketone (2-Butanone) 78-93-3 
Methyl Isobutyl Ketone 108-10-1 (4-methyl-2-pentanone) 
Methyl Mercury 22967-92-6 
Methyl cert-Butyl Ether (MTBE) 1634-04-4 
Methylene Chlo ride 75-09-2 
Methylnaphtha lcne, 1- 90-12-0 
Methylnaphtha lcne, 2- 9 1-57-6 
Naphthalene 9 1-20-3 
Nickel Soluble Salts 7440-02-0 
N itro benzene 98-95-3 
N itroglycerin 55-63-0 
N itroguanidine 556-88-7 
N itrosodime thylamine, N- 62-75-9 
N itroso-di-N-propylamine, N- 621 -64-7 
N itrosodiphenyla mine, N - 86-30-6 
Nitrotoluene, m- 99-08-1 
N itrotolue ne, o- 88-72-2 
N itrotoluene, p- 99-99-0 

ADEC Contaminated Sites Program 
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Mut.-.gcnic? 

No 

() 

No 

No 

No 
No 
No 
Yes 
No 
No 

0 

() 

() 

No 

No 
No 
Yes 
No 
No 
No 
No 
No 

() 

No 
Yes 
No 
No 
No 

() 

No 

Non-Carcinogenic (mg/kg) 

lngcs tion2 Dermal' Inhalation• 

41. I 433 

821 2.05 
95.8 326 
41 1 11500 

1540 
684 845 

5.34 

27400 11 5000 9.82x 10~08 
274000 14500 

41. I 147000 
21.9 28.3 

Z-4000 1.54 x 10" 
684 2880 

82100 150000 
69200 

13.7 
32700 

82 1 2710 
9580 31 100 
548 1770 
2740 8870 158 
2740 44200 
274 848 
13.7 57.7 

13700 57700 
1.10 6.45 

13.7 57.7 
123 
548 2310 

Carcinogenic (mg/kg) 

lnges1ion2 

I I. I 

304 
111 

4.06 
3.67 

12800 

6760 
1340 
420 

7 16 

0.0526 
1.74 
2480 

55.3 
760 

Dermal' Inhalation' 

98.3 42600 

26.6 
2620 

0.978 
11.0 43400 

45500 

1130 
4390 

1150 

41.8 
50800 
63.4 

2540 

0.112 
6.18 6610 
8830 5.08 x "10" 

2700 
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SOIL ARCT IC ZONE N on-Carcinogenic (mg/ kg) Carcinogenic (mg / kg) 

H azardous Substance CAS l\1utagcnic? l ngcs tion2 DermaV Inhalation' Ingestion' Denna I' lnlmbtion' N umber' 
Octahydro-1,3,5, 7-tctranitro-1,3,5, 7- 2691 -41-0 6840 481000 
1etrazocine (HMX) () 

Octyl Phthalatc, di-N- 117-84-0 Cl 1370 5770 
Pentachlorophcno l 87-86-5 () 684 1150 30.4 43.2 2.59 x 10'' 
Pentacrythrito l tctranitratc (PETN) 78- 11-5 No 274 1150 3040 10800 
PcrOuoroocrnne Sulfonatc (PFOS) 1763-23- 1 No 2.74 11.5 
PcrOuorooctanoic Acid (PF OA) 335-67- 1 No 2.74 11.5 174 618 
Phenanthre nc 85-0 1-8 No 4110 13300 
Phenol 108-95-2 No 4 11 00 173000 9.82 x 107 

Phosphorus, White 7723- 14-0 No 2.74 
Polychlo rinatcd Biphcnyls 1336-36-3 No 6.08 15.4 27.8 
Propyl benzene I 03-65-1 No 13700 8430 
Pyrc ne 129-00-0 No 4110 13300 
Selenium 7782-49-2 No 684 9.82 x 106 

Silver 7440-22-4 No 684 
Styrene 100-42-5 No 27400 11 400 
TCDD, 2,3,7,8- 1746-01 -6 No 0.0000958 0.00 135 0.0867 0.0000936 0.0011 1 0.00154 
Te trachloroethane, 1,1,1,2- 630-20-6 No 4110 468 31.9 
Tetrachloroethane, 1,1,2,2- 79-34-5 No 2740 60.8 10.3 
Tetraehloroethylene 127-18-4 No 821 164 5790 424 
Tetryl (Trinitrophenylme thylnitramine) 479-45-8 No 274 177000 
T hallium (Soluble Salts) 7440-28-0 No 1.37 
Toluene 108-88-3 No 11 000 29000 
Toxaphene 8001 -35-2 No 11.1 39.3 41300 
T richloro-1,2,2-triOuoroethane, 1,1,2- 76- 13-1 No 4. 11 '( 106 94800 
T ric hlorobc nzcnc, 1,2,3- 87-61 -6 No 110 
T ric hlorobenzcne, 1,2,4- 120-82-1 0 1370 68.6 420 
T ric hloroethane, 1,1,1- 7 1-55-6 0 274000 16700 
T richloroethane, 1,1,2- 79-00-5 0 548 2.34 21 3 19.7 
T ric hlorocthylenc 79-01-6 Yes 68.4 7.95 154 18.2 
T ric hloroOuorome than c 75-69-4 No 411 00 
T ric hlorophcnol, 2,4,5- 95-95-4 () 13700 57700 
Tric hlorophcnol, 2,4,6- 88-06-2 J 0 137 577 1110 3930 4.26 x 106 

T richlorophcnoxyacctic Acid, 2,4,5- 93-76-5 No 1370 5770 
T ric hlorophc noxypropionic acid, -2,4,5 93-72- 1 No 11 00 461 0 

ADEC Contaminated Sites Program Page I 18 
Procedures for Calculating Cumulative Risk September 15, 2016 



SOIL ARCT IC ZONE Non-Carc inogenic (mg/kg) Carcinogenic (mg/kg) 

Hazardous Subs tance CAS Mucagenic? lngestion2 Dermal' Inhalation' N umber' Ingestion' Dermal' Inha lation' 

T richloropropa nc, 1,2,3- 96-18-4 YL:s 548 6.71 0.0893 
Trimethylbenzene, 1,2,4- 95-63-6 No 67.2 
T rimcthylbcnzenc, 1,3,5- 108-67-8 No 1370 
T ri-n-butyltin 688-73-3 No 41.1 
T rinitrobcnzcne, 1,3,5- 99-35-4 0 4110 9 1100 
Trinitrotoluene, 2,4,6- 118-96-7 No 68.4 901 406 4500 
Vanadium and Compounds 7440-62-2 No 690 49100 
Vinyl Acetate 108-05-4 0 137000 2130 
Vinyl Chloride 75-01-4 Yt.:s 411 226 0.981 2.34 
Xylcnes 1330-20-7 No 27400 729 
Zinc and Compounds 7440-66-6 No 4 11 00 

1 "CAS 'umber" means the Chemical 1\bstract Service (C.\ S) registry number uniquely assigned to chemicals by the American Chemical Society and recorded in the C1\S Registry System 
1 "Ingestion" mc:tns a potcnti:tl p:uhw:ty o f exposure to hazardou:-: sub:o:t:tnccs through direct consumption of the soil. 
> "Demial" means a pmcntial pathway of exposure to hazardous substances through physical contact with the soil 
"cclnhalation" means a potential pathway to volatile <> r'h'<lnic hazardous substances in the soil through ,·ol:uilization. 
'Cyanide expressed as free, or physiologically l\'ailablc cpnidc 
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SOIL UNDER 40 INCH ZONE 

SOIL UNDER 40 INCH ZONE 

Hazardous Substance CAS 
N umbe r' 

Acenaphthene 83-32-9 
Acenaph thylenc 208-96-8 
Acetone 67-64-1 
Aldrin 309-00-2 
Ammonium Perchlorate 7790-98-9 
Anthraccnc 120-12-7 
Antimony (metallic) 7440-36-0 
Arsenic, Inorganic 7440-38-2 
Barium 7440-39-3 
Benz[ a] anthracenc 56-55-3 
Benzaldehyde 100-52-7 
Benzene 71 -43-2 
Benzo[a)pyrcnc 50-32-8 
Benzo[b)fluoranthcnc 205-99-2 
Benzo[g,h,i)perylene 191-24-2 
Benzo[k] fluoranthene 207-08-9 
Benzoic Acid 65-85-0 
Bcnzyl Alcohol 100-51 -6 
Beryllium and compounds 7440-41-7 
Bis(2-chloroethyl)cther 111 -44-4 
Bis(2-cthylhexyl)phthalate 11 7-81-7 
Bromobenzenc 108-86-1 
Bromodichloromethane 75-27-4 
Bromoform 75-25-2 
Bro mo methane 74-83-9 
Butadiene, l,3- 106-99-0 
Butanol, N- 7 l-36-3 
Butyl Benzyl Phthlate 85-68-7 
Butylbenzenc, n- 104-51-8 
Butylbenzene, sec- ·135-98-8 
Bu tylbenzene, cert- 98-06-6 
Cadmium (Die t) 7440-43-9 
Carbon Disulfide 75-15-0 

ADEC Contaminated Sites Program 
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Mutagenic? 

No 
No 
No 
No 
No 
No 
No 
N o 
No 
Yes 
No 
No 
Yes 
Yes 
No 
Yes 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 

No n-Carcinogenic (mg/kg) 

Jngestion2 Dermal' Inhalation' 

6080 19700 
3040 9860 
91300 743000 
3.04 
Tl .O 

30400 98600 
40.6 
50.7 427 27600 

20300 919000 

10100 
406 105 

3040 9860 

406000 l.71 x 10'' 
10100 42700 
203 36800 

2030 8550 
811 450 

2030 
2030 
142 11.0 

2.85 
10100 
20300 85500 
5070 
10100 
10100 
101 1070 18400 

10100 1250 

Carcinogenic (mg/ kg) 

Ingestion' 

0.530 

10.0 

2.72 
2250 
164 

0.272 
2.72 

27.2 

8.19 
644 

145 
1140 

2.65 

4740 

Denna!' Inhalation' 

7.15 

71 .2 11500 

8.15 295 

12.1 
0.815 16200 
8.15 162000 

81.5 162000 

20600 
4.33 

2290 2.06 x 107 

3.73 
300 

1.28 

16900 

27500 
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SOIL UND ER 40 INCH ZONE Non-Carcinogenic (mg/kg) Carc inogenic (mg/kg) 

Hazardous Subs tance CAS Mutagenic? lngcstion2 Denuall Inhalation' l ngestion2 DenuaP Inhalation' N umber' 
Carbon Tetrachloride 56-23-5 No 4Q6 219 129 9.81 
Chlordane 12789-Q3-6 No 5Q.7 534 812 25.7 229 312 
Chlordecone (Kepone) 143-5Q-O No 3Q.4 128 Q.901 3.2Q IQ800 
Chloroaniline, p- 106-47-8 No 4Q6 1710 45. 1 16Q 
Chloro benzene 108-90-7 No 2Q30 290 
Chloroform 67-66-3 No 1010 338 291 4.05 
Chloromcthane 74-87-3 No 168 
Chloronaphthalene, Beta- 91-58-7 No 8110 26300 
Chlorophenol, 2- 95-57-8 0 507 
Chromium(III), Insoluble Salts 16065-83-1 No 152QQO 
Chromium(VI) 18540-29-9 Ycs 304 184QOQ 3.97 213 
Chryscne 218-Ql-9 Yes 272 815 1.62 x lQ<> 
Copper 744Q-50-8 No '-IQ60 
Cresol, m- 108-39-4 No 5070 214QO 1.10 x 10'' 
Crcsol, o- 95-48-7 No 507Q 214QO I.IQ x 10'1 

Cresol, p- 106-44-5 No 101 00 427QQ I.IQ x 1Q'1 

Cumcnc 98-82-8 No lQI OO 2Q80 
Cyanide (CN-)S 57-12-5 No 6Q.8 79.3 
Cyclohexanc 110-82-7 No 944Q 
DOD 72-54-8 No 37.6 133 717QOO 
ODE, p,p'- 72-55-9 No 26.5 443 
DDT 5Q-29-3 No 50.7 71 2 26.5 314 5100QO 
Dibenz[a,h)anthracenc 53-70-3 Yes 0.272 Q.8 15 14900 
Dibenzofuran 132-64-9 No 101 142Q 
Dibromochloromethanc 12..J.-48- 1 No 2030 IQ7 
Dibromoethane, 1,2- 106-93-4 No 913 94.0 4.51 0.468 
Dibromomethane 74-95-3 No 3Q.9 
(Methylene Bromide) 
Dibutyl Phthalate 84-74-2 No 101QQ 427QQ 
Dic hlo robcnzcne, 1,2- 95-5Q-1 No 9130 197Q 
Dichlorobenzene, 1,3- 541-73-1 No 913Q 1690 
Dichlorobcnzene, 1,4- I 06-46-7 No 7100 7090 1670 21.7 
Dichlorobenzidine, 3,3'- 91 -94-1 No 20.0 71.2 146000 
Dichlorodifluoromethane 75-71-8 No 2Q3QO 150 
Dichloroethane, 1,1- 75-34-3 No 2Q3QQ 1580 47.2 
Dichloroethane, 1,2- 107-Q6-2 No 608 39.0 99.Q 5.77 
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SOI L UNDER 40 INCH ZONE Non-Carcinogenic (mg/kg) Carcinogenic (mg/kg) 

Hazardous Substance CAS Mutagenic? Ingestion' Dermal' l nhalation• Ingestion' Dermal' Inhalation• N umber1 

Dichloroethylenc, 1,1- 75-35-4 No 5070 354 
Dichlorocthylcnc, 1,2-cis- 156-59-2 No 203 
Dichloroethylcne, 1,2-trans- 156-60-5 No 2030 
Dichlorophcnol, 2,4- 120-83-2 No 304 1280 
Dichlorophcnoxy Acetic Acid, 2,4- 94-75-7 No 101 0 8550 
Dichlo ropropanc, 1,2- 78-87-5 No 9 130 17.3 250 11.6 
Dichloropropene, 1,3- 542-75-6 No 3040 78.9 90.1 26.6 
Dieldrin 60-57- 1 No 5.07 21.4 0.563 2.00 10800 
Diethyl Phthalate 84-66-2 No 81 100 342000 
Dimethylphenol, 2,4- I 05-67-9 No 2030 8550 
Dimethylphthalate5 131 -11 -3 No 81 100 342000 
Dinitrobenzcnc, 1,2- 528-29-0 No 10. I 42.7 
Dinitrobenzcnc, 1,3- 99-65-0 No 10.1 42.7 
Dinitrobcnzcnc, 1,4- 100-25-4 No 10.1 42.7 
Dinitrophenol, 2,4- 51-28-5 No 203 855 
Dinitrotolucnc, 2,4- 121 -14-2 No 203 838 29.1 IO I 556000 
Dinitrotolucnc, 2,6- 606-20-2 No 30.4 129 6.01 21.6 
Dinitrotolucnc, 2-Amino-4,6- 35572-78-2 No 203 14200 
Dinitrotoluene, 4-Amino-2,6- 19406-51-0 No 203 9490 
Dioxane, 1,4- 123-91-1 No 3040 2080 90.1 374 
Diphenylamine 122-39-4 No 2530 10700 
Endosulfan 115-29-7 No 608 
Endrin 72-20-8 0 30.4 128 
Ethyl Chloride 75-00-3 No 19500 
Ethylbenzene 100-41-4 No 10100 4870 819 52.5 
Ethylene Glycol 107-21 -1 No 203000 855000 7.35x 10s 
Fluoranthcne 206-44-0 No 4060 13100 
F luorcne 86-73-7 No 4060 13100 
Formaldehyde 50-00-0 No 20300 1390 292 
Hcptachlor 76-44-8 No 50.7 2.00 7.54 
Hcptachlor Epoxidc 1024-57-3 No 1.32 0.990 6.65 
Hcxachlorobcnzcnc 118-74-1 No 8 1.1 5.63 3.04 
Hexachlorobutadicnc 87-68-3 No 101 116 10.8 
Hcxachlorocyclohcxanc, Alpha- 319-84-6 No 811 3420 1.43 5.08 27500 
Hexachlorocyclohexanc, Beta- 319-85-7 No 5.01 17.8 93400 
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SOIL UNDER 40 INCH ZONE 

Hazardous Substance CAS 
Number' 

Hexaehloroeyclohexane, Gamma- 58-89-9 (Lindane) 
Hexachloroeyclopentadicnc 77-47-4 
Hexaehloroethane 67-72-1 
Hexahydro-1,3,5-trini tro-1,3,5- 121-82-4 triazine (RD:X) 
Hexane, N - 11 0-54-3 
Hexanone, 2- 591-78-6 
Hydrazine 302-01 -2 
lndeno [1,2,3-ed] pyrene 193-39-5 
Isophorone 78-59- 1 
lsopropanol 67-63-0 
Mercuric Chloride 7487-94-7 
Mercury (elemental) 7439-97-6 
Methanol 67-56- 1 
Methoxychlor 72-43-5 
Methyl Ethyl Ketone (2- Butanone) 78-93-3 
Methyl Isobutyl Ketone 108- 10-1 (4-methyl-2-pentanone) 
Methyl Mercury 22967-92-6 
Methyl tcrt-Butyl Ether (MTBE) 1634-04-4 
Methylene Chloride 75-09-2 
Methylnaphthalene, 1- 90-12-0 
Mcthylnaphthalcnc, 2- 91 -57-6 
Naphthalene 91-20-3 
Nickel Soluble Salts 7440-02-0 
Nitro benzene 98-95-3 
N itroglyccrin 55-63-0 
Nitroguanidine 556-88-7 
Nitrosodimcthylaminc, N - 62-75-9 
Nitroso-di-N-propylaminc, N- 621-64-7 
Nitrosodip henylaminc, N- 86-30-6 
Nitrotoluene, m- 99-08-1 
N itrotoluene, o- 88-72-2 
Nitrotoluene, p- 99-99-0 
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30.4 320 
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1050 
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20300 85500 3.68 x 109 

203000 9940 
30.4 552000 
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2.72 
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5010 
993 
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0.0389 
1.29 
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41.0 
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72.8 160000 

18.2 
1940 

0.669 
8.15 162000 

33700 
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3000 

850 

28.6 
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0.0766 
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SOIL UNDER 40 INCH ZONE Non-Carcinogenic (mg/ kg) Carcinogenic (mg/kg) 

Hazardous Substance CAS Mutagenic? Ingestion2 
Number' Dermal' I nhalatiou' lngestion2 Dennaf' Inhalation' 

Octahydro-1,3,5, 7-tctrani tro-1,3,5, 7- 2691-41-0 No 5070 356000 
tctrazocine (HMX) 
Octyl Phthalate, di-N - 117-84-0 No 1010 4270 
Pcntachlorophcnol 87-86-5 No 507 855 22.5 32.0 9.71 x10« 
Pentaerythritol tetranitrate (PETN) 78-11 -5 No 203 855 2250 8010 
Perfluorooctanc Sulfonatc (PFOS) 1763-23-1 No 2.03 8.55 
Perfluorooctanoic Acid (PFOA) 335-67-1 No 2.03 8.55 129 458 
Phenanthrcne 85-01 -8 No 3040 9860 
Phenol 108-95-2 No 30400 128000 3.68x 108 

Phosphorus, White 7723-14-0 No 2.03 
Polychlorinated Biphenyls 1336-36-3 No 4.51 11.4 19.0 
Propyl benzene 103-65-1 No 10100 5760 
Pyrene 129-00-0 No 3040 9860 
Selenium 7782-49-2 No 507 3.68 x 107 

Silver 7440-22-4 No 507 
Styrene 100-42-5 No 20300 7820 
TCDD, 2,3,7,8- 1746-0 1-6 No 0.0000710 0.000997 0.0595 0.0000693 0.000821 0.00105 
Tetrachlorocthanc, 1,1,1,2- 630-20-6 No 3040 347 21 .8 
Tetrachloroethane, 1,1,2,2- 79-34-5 No 2030 45.1 7.07 
Tctrachlorocthylcne 127-18-4 No 608 11 2 4290 290 
Tctryl 479-45-8 No 203 131000 
(T rinitrop henylmethylni tramine) 
Thallium (Soluble Salts) 7440-28-0 No 1.01 
Toluene 108-88-3 No 81 10 '19800 
Toxaphene 8001-35-2 No 8.19 29.1 155000 
T richloro-1,2,2-trifluoroethanc, 76- 13-1 No 3.04 x 106 64800 
1,1,2-
Trichlorobenzcne, 1,2,3- 87-61 -6 No 81 .1 
Trichlorobcnzene, 1,2,4- 120-82-1 No 1010 46.9 311 
Trichloroethane, 1,1,1- 71-55-6 No 203000 '11 400 

Trichloroethane, 1,1,2- 79-00-5 No 406 1.60 158 '13.5 
T richloroethylene 79-01-6 Yes 50.7 5.44 114 12.5 
T richlorofluoromethane 75-69-4 No 30400 
Trichlorophcnol, 2,4,5- 95-95-4 No 10100 42700 

Trichlorophenol, 2,4,6- 88-06-2 No 10'1 427 8 19 2910 1.60 x 107 
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SOIL UNDER 40 INCH ZONE Non-Carcinogenic (mg/kg) Carcinogenic (mg/kg) 

Hazardous Subs tance CAS Mutagcnic? Ingestion' Denna I' Inhalation• I ngestionl Denna I' Inhalation' N umber' 
Trichlorophcnoxyacctic Acid, 2,4,5- 93-76-5 No 101 0 4270 
Trichlorophenoxypropionic acid , - 93-72-1 No 811 3420 
2,4,5 
Trichloropropanc, 1,2,3- 96-18-4 Ye~ 406 4.59 0.0662 
Trimcthylbenzene, 1,2,4- 95-63-6 No 45.9 
Trimethylbenzenc, 1,3,5- I 08-67-8 No 1010 
Tri-n-butyltin 688-73-3 No 30.4 
Trinitrobcnzcne, 1,3,5- 99-35-4 0 3040 67500 
Trinitrotoluene, 2,4,6- 118-96-7 0 50.7 668 300 3340 
Vanadium and Compounds 7440-62-2 0 511 184000 
Vinyl Acetate 108-05-4 No 101000 1460 
Vinyl Chloride 75-01-4 Ye~ 304 1 SS 0.962 2.04 
Xylcnes 1330-20-7 No 20300 498 
Z inc and Compounds 7440-66-6 No 30400 

1 "CJ\S Number" means the C:hemical Abstract Service (Ci\~) registry number uni<1ucly assi!.,'flcd to chemicols by the American Chemicol Society and recorded in the CJ\S l(cgisiry System 
:? "lng-cstion" means a potential p:uhway of cxpo:.:urc to haz:udous subst:i.nccs throuAf'I direct consumption of the soil. 
l "Dcrmaln mc:ms a potcnLial p:tdl\vay o f exposure to haz:trdOu$ sub~1:1.11ccs through physic:tl co ntact with tht: soil 
.i "Inhalation" means a po tential pathway to volatile o~'r.1.nic hazardous substmccs in the soil through ,·obtiliz:uion. 
' Cyanide expressed :tS free. o r physiologically available cyanide 
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SOIL OVER 40 INCH ZONE 

SOIL OVER 40 INCH ZONE Non-Carcinogenic (mg/kg) Carcinogenic (mg/kg) 

Hazardous Subs tance CAS Mutagcnic? Ingcstion2 DcrmaP Inha lation4 lngcstion2 DcrmaP Inhalation4 
Number' 

Accnaphthcne 83-32-9 0 4980 16100 
Acenaphthylcnc 208-96-8 No 2490 8070 
Ace tone 67-64-1 No 74700 530000 
Aldrin 309-00-2 No 2.49 0.434 5."JO 
Ammonium Perchlorate 7790-98-9 No 58.1 
Anthraccne 120-12-7 No 24900 80700 
Antimony (metallic) 7440-36-0 No 33.2 
Arsenic, Ino rganic 7440-38-2 No 41.5 350 94700 8.19 58.2 39500 
Barium 7440-39-3 No 16600 3.16 x 106 

Ben z [a] anthraccnc 56-55-3 Yes 2.23 6.67 21 I 
Bcnzaldchydc 100-52-7 No 8300 1840 
Benzene 71-43-2 No 332 74.9 134 8.62 
Bcnzo[a]pyrene 50-32-8 Yes 0.223 0.667 55800 
Bcn zo[b]fluoranthcnc 205-99-2 Yes 2.23 6.67 558000 
Bcnzo [g,h ,i] p erylcne 191-24-2 No 2490 8070 
Bcnzo [ k] fluoranthenc 207-08-9 Yes 22.3 66.7 558000 
Benzoic Acid 65-85-0 No 332000 1.40 x 106 

Bcnzyl Alcohol l00-51-6 No 8300 35000 
Beryllium and compounds 7440-41-7 No 166 126000 70800 
Bis (2-chlorocthyl)cthcr 111-44-4 No 6.70 3.09 
Bis(2-cthylhexyl)phthalate 117-81-7 No 1660 6990 527 1870 7.08 x 107 

Bromobcnzcnc 108-86-1 No 664 321 
Bromodichloromethane 75-27-4 No 1660 119 2.66 
Bromoform 75-25-2 No 1660 933 214 
Bromomcthane 74-83-9 No 116 7.86 
Butadicnc, 1,3- I 06-99-0 No 2.03 2.17 0.91 1 
Butanol, N- 71-36-3 No 8300 
Butyl Bcnzyl Phthlate 85-68-7 No 16600 69900 3880 13800 
Butylbcnzenc, n- 104-51-8 No 4150 
Butylbcnzcnc, sec- 135-98-8 No 8300 
Butylbenzcn e, tert- 98-06-6 No 8300 
Cadmium (Diet) 7440-43-9 No 83.0 874 63200 94500 
Carbon Disulfide 75-15-0 No 8300 894 
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SOIL OVER 40 INCH ZO NE Non-Carcinogenic (mg/kg) Carc inogenic (mg/kg) 

Hazardou s Substance CAS Mutagcnic? Ingestion2 D ermaP Inhalation4 l ngestionZ DermaP In ha lation4 
Number1 

Carbon Tetrachloride 56-23-5 No 332 156 105 7.00 
Chlordane 12789-03-6 No 41 .5 437 579 2 1. 1 187 223 
Chlordecone (Kepone) l 43-50-0 No 24.9 105 0.737 2.62 37000 
Chloroaniline, p- I 06-47-8 No 332 1400 36.9 131 
Chlorobenze ne I 08-90-7 No 1660 207 
Chloroform 67-66-3 No 830 241 238 2.89 
Chlorome lhane 74-87-3 No 120 
Chloronaphthalene, Beta- 91-58-7 No 6640 2 1500 
Chlorophenol, 2- 95-57-8 No 415 
Chromium(III), Insoluble Salts 16065-83- 1 No 124000 
Chromium(VI) 18540-29-9 Ycs 249 632000 3.25 73 1 
Chrysene 218-01-9 Ycs 223 667 5.58 x 10b 
Copper 7440-50-8 No 3320 
Cresol, m- 108-39-4 No 4150 17500 3.79 x 10? 
Cresol, o- 95-48-7 No 4 150 17500 3.79 x 10'1 

Cresol, p- 106-44-5 No 8300 35000 3.79 x 109 

Cumene 98-82-8 No 8300 1480 
Cyanide (CN-)5 57- 12-5 No 49.8 56.5 
Cyclohexane 110-82-7 No 6730 
DDD 72-54-8 () 30.7 109 2.46 x 10" 
DDE, p,p '- 72-55-9 No 21.7 316 
DDT 50-29-3 No 41.5 583 21 .7 257 1.75 x 106 

D ibenz[ a,h] an th racene 53-70-3 Ycs 0.223 0.667 5 1200 
Dibcnzofuran 132-64-9 No 83.0 11 70 
Dibromochlo romcthanc 124-48-1 No 1660 87.8 
Dibromoethane, 1,2- 106-93-4 No 747 67.0 3.69 0.334 
Dibromomethane 74-95-3 No 

22.0 
(Methylene Bromide) 
Dibutyl Phthalate 84-74-2 No 8300 35000 
Dichlorobenzene, 1,2- 95-50-1 No 7470 1410 
Dichlorobenzene, 1,3- 541-73-1 No 7470 1200 
Dichlorobcnzene, 1,4- 106-46-7 No 5810 5060 1370 15.5 
Dichlorobenzidine, 3,3'- 91-94-1 No 16.4 58.2 500000 
Dichlorodifluo romethane 75-71-8 No 16600 107 
Dichlorocthane, 1,1- 75-34-3 No 16600 1290 33.7 
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SOIL OVER 40 INCH ZONE Non-Carcinogenic (mg/kg) Carcinogenic (mg/kg) 

H azardous Substance CAS Mutagenic? Inges tion2 DermaP Inhalation4 Ingestion2 DermaP Inhalation4 
Number1 

Dichloroethane, 1,2- I 07-06-2 No 498 27.8 81.0 4.1 1 
D ichloroethylene, 1,1- 75-35-4 No 4150 252 
Dichloroethylene, 1,2-cis- 156-59-2 No 166 
Dichloroethylene, 1,2-trans- 156-60-5 No 1660 
Dichlorophenol, 2,4- 120-83-2 No 249 1050 
D ichloropheno"''Y Acetic Acid, 2,4- 94-75-7 0 830 6990 
Dichloropropane, 1,2- 78-87-5 No 7470 12.3 205 8.28 
Dichloropropenc, 1,3- 542-75-6 No 2490 56.2 73.7 18.9 
Dieldrin 60-57-1 No 4.15 17.5 0.461 1.64 37000 
Diethyl Phthalate 84-66-2 No 66400 280000 
Dimcthylphenol, 2,4- I 05-67-9 No 1660 6990 
Dimethylphthalatc 131-11-3 No 66400 280000 
Dinitrobenzene, 1,2- 528-29-0 No 8.30 35.0 
Dinitrobenzene, 1,3- 99-65-0 No 8.30 35.0 
Dinitrobenzene, 1,4- 100-25-4 No 8.30 35.0 
Dinitrophenol, 2,4- 51 -28-5 No 166 699 
Dinitrotolucne, 2,4- 121 - 14-2 No 166 685 23.8 82.9 1.9 1 x 106 

Dinitrotoluenc, 2,6- 606-20-2 No 24.9 106 4.92 17.6 
Dinitrotoluene, 2-Amino-4,6- 35572-78-2 No 166 11700 
Dinitrotoluenc , 4-Amino-2,6- 19406-5 1-0 No 166 7770 
Dioxane, 1,4- 123-91- 1 No 2490 1480 73.7 266 
Diphenylamine 122-39-4 No 2070 8740 
E ndosulfan 115-29-7 No 498 
Endrin 72-20-8 No 24.9 105 
Ethyl Chloride 75-00-3 No 13900 
Ethylbenzene 100-41-4 No 8300 3470 670 37.4 
Ethylene Glycol 107-2"1- I No 166000 699000 2.53x l09 

Fluoranthene 206-44-0 No 3320 10800 
Fluorene 86-73-7 No 3320 10800 
Formaldehyde 50-00-0 No 16600 988 208 
Hcptachlor 76-44-8 No 41.5 1.64 5.38 
Heptachlor Epoxide 1024-57-3 No 1.08 0.810 4.74 
Hexachlorobenzcne 118-74- 1 No 66.4 4.6 1 2.17 
Hcxachlorobutadiene 87-68-3 No 83.0 94.5 7.73 
Hcxachlorocyclohcxanc, Alpha- 319-84-6 No 664 2800 1.17 4. 16 94500 
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SOIL OVER 40 INCH ZONE N on-Carcinogenic (mg/kg) Carcinogenic (mg/kg) 

Hazardous Subs tance CAS Mutagenic? Inges tion2 DermaP Inhalation4 lngestion2 DermaJ3 lnhalation4 
Number1 

Hexaehlorocyclohcxane, Beta- 319-85-7 () -J..10 l.J.6 321000 
Hexachlo rocyclohexane, Gamma- 58-89-9 24.9 262 6.70 59.6 549000 
(Lindane) 

() 

Hexachlorocyclopentadie nc 77-47-4 No 498 1.00 
Hexachloroethane 67-72-1 No 58.1 159 184 13.0 
Hcxahydro-1,3,5-trini tro-1,3,5- 121-82-4 No 249 6990 67.0 1590 
triazinc (RDX) 
Hexane, N- 110-54-3 No 752 
Hexanone, 2- 591-78-6 No '115 412 
H ydrazine 302-01-2 No 2.60 2.46 0.477 
lndeno [ 1,2,3-ed) pyrene 193-39-5 Yes 2.23 6.67 558000 
Isophorone 78-59- 1 No 16600 69900 1.26 x I QIU 7760 27600 
Isopropanol 67-63-0 0 166000 7080 
Mercuric Chloride 7487-94-7 No 24.9 1.89 x IQ<> 

Mercury (elemental) 7439-97-6 No 13.3 13.8 
Methanol 67-56-1 () 166000 75 1000 
Methoxychlor 72-43-5 No 415 1750 
Methyl Ethyl Ketone (2-Butanone) 78-93-3 No 49800 73300 
Methyl Isobutyl Ketone 108-10-1 No 33700 
(4-mcthyl-2-pentanonc) 
Methyl Mercury 22967-92-6 0 8.30 
Methyl tert-Butyl Ether (MTBE) 1634-04-4 No 15900 4100 550 
Methylene Chloride 75-09-2 Yes 498 1320 812 2 140 
Methylnaphthalenc, 1- 90-12-0 No 5810 18800 254 695 
Mcthylnaphthalene, 2- 91-57-6 No 332 1080 
Naphthalene 91-20-3 () 1660 5380 77.3 20.4 
Nickel Soluble Salts 7440-02-0 No 1660 568000 654000 
Nitro benzene 98-95-3 () 166 413 30.9 
Nitroglycerin 55-63-0 () 8.30 35.0 434 1540 
Nitroguanidine 556-88-7 0 8300 35000 
Nitrosodimethylaminc, N - 62-75-9 Yes 0.664 3.14 0.0318 0.0546 
Nitroso-di-N-propylaminc, N- 621-64-7 No 1.05 3.74 85000 
Nitrosodiphenylaminc, N- 86-30-6 () 1500 5350 6.54 x 107 

Nitrotoluene, m- 99-08-1 No 8.30 35.0 
Nitrotoluene, o- 88-72-2 No 74.7 33.5 
Nitrotolucnc, p- 99-99-0 No 332 1400 461 1640 
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SOIL OVE R 40 INCH Z O NE N on-Carc inogenic (mg/kg) Carcinogenic (mg/kg) 

H azardous Subs tance CAS M utagenic? Ingestion2 Dermal3 lnhalation4 lngcs tio n2 DennaP Inha la tion4 
Number1 

Octahydro-1,3,5,7-tctran itro-1,3,5,7- 2691-41-0 4 150 291000 
tetrazocine (H MX) 0 

Octyl Phtha late, di-N- 11 7-84-0 No 830 3500 
Pe ntaehlorophenol 87-86-5 () 41 5 699 18.4 26.2 3.33 x 107 

Pe ntaerythritol te tranitrate (PETN) 78- 11 -5 No 166 699 1840 6550 
Pe rfiuorooctane Sulfona te (PF O S) 1763-23- 1 No 1.66 6.99 
Pe rfiuorooctano ic Acid (PFOA) 335-67- 1 No 1.66 6.99 105 374 
Phenanthrene 85-0 1-8 No 2490 8070 
P henol 108-95-2 0 24900 105000 1.26 x lOq 
Phosphorus, White 7723- 14-0 () 1.66 
Polychlorinatcd Biphcnyls 1336-36-3 () 3.69 9.36 13.6 
Propyl benzene 103-65- 1 No 8300 4110 
Pyrcne 129-00-0 2490 30- 0 
Selenium 7782-49-2 415 l.26x 108 

Silve r 7440-22-4 415 
Styrene 100-42-5 16600 5580 
TCDD, 2,3,7,8- 1746-0 1-6 0.0000581 0.000816 0.0425 0.0000567 0.000672 0.000752 
T c trachloroethane, 1,1,1,2- 630-20-6 No 2490 284 15.6 
Tetraehloroethanc, 1,1,2,2- 79-34-5 "Jo 1660 36.9 5.04 
Tetrachlo roethylene 127- 18-4 No 498 79.9 35 10 207 
Tetryl 479-45-8 No 166 108000 
(T rini trophenylme thylnitramine) 
T hallium (Soluble Salts) 7440-28-0 No 0.830 
Toluene 108-88-3 No 6640 14100 
Toxaphenc 8001 -35-2 No 6.70 23.8 531000 
T richloro-1,2,2-trifluoroethan e, 76- 13- 1 No 2.49 x 10<• 46200 
1,1,2-
T richlorobe nzene, 1,2,3- 87-61-6 No 66.4 
T richlorobenzenc, 1,2,4- 120-82- 1 No 830 33.4 254 
T richloroethane, 1,1,1- 7 1-55-6 No 166000 8160 
T richloroethane, 1,1,2- 79-00-5 No 332 1.1 4 129 9.59 
T richlorocthylcne 79-0 1-6 Yes 41.5 3.88 93. l 8.89 
T richlorofiuoromcthane 75-69-4 No 24900 
T richlorophenol, 2,4,5- 95-95-4 No 8300 35000 
Trichlorophcnol, 2,4,6- 88-06-2 No 83.0 350 670 2380 5.49 x 107 
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SOIL OVER 40 INCH ZONE 

Hazardous Substance 

T richlorophc no>.')'acctic Acid, 2,4,5-
TrichJorophcnoxypropionic acid, -
2,4,5 
Trichloropropanc, 1,2,3-
Trimcthylbcnzcnc, 1,2,4-
TrimcLhylb<.:nzcnc, 1,3,5-
Tri-n-butyltin 
T rinitrobcnzcnc, 1,3,5-
Trinitrotolucne, 2,4,6-

CAS 
Number1 

93-76-5 

93-72-1 

96-18-4 
95-63-6 
108-67-8 
688-73-3 
99.35.4 
118-96-7 

Vanadium and Compounds 7440-62-2 
Vinyl Acetate 108-05-4 
Vinyl Chloride 75-01-4 
Xylenes 1330-20-7 

Mutagcnic? 

() 

C) 

Yt:s 
No 
No 
No 
No 
No 
No 
No 
Yt:~ 

No 

Non-Carcinogenic (mg/kg) 

Ingcstion2 Dcrmafl Inhalation4 

830 3500 
664 2800 

~~? J:)_ 3.27 
32.7 

830 
24.9 
2490 55200 
..j 1.5 546 
-118 632000 

83000 1040 
249 110 

16600 355 
Zinc and Compounds 74-10-66-6 No 2-1900 

Carcinogenic (mg/kg) 

Ingestion2 Dcrmafl lnhalation4 

0.0541 

246 2730 

0.945 1.69 

1 "C1\S Number" means 1he Chemical :\bstract Sen·icc (C1\~') registry number uni<1ucl)' assigned 10 chemicals b )' 1hc Amencan Chemical Socic1y and reco rded in the CAS Re1,~s1ry Sp1em 
z '" lnhrcstion,, mc:ins a po tential pathway or exposure to hazardous ~ubstanccs throu.~h direct consumption of the :mil. 
1 "Dem>al" means a p<llemial pathway o f exposure to hazardous substances throu~1 physical contact with 1he soil 
.4 ° lnh:ll:umn" means:\ potential pathway to volat1lc org.i.nic hazardou~ sub~aancc:; in the soil through vol:uiliz:ltlOn. 
' C:ranide expressed as free. o r physiologically ,.·ailable cyanide 
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GROUNDWATER 

GROUNDWATER 

Hazardous Substance CAS 
Number' 

Acenaphthene 83-32-9 
Acenaphthylcne 208-96-8 
Acetone 67-64-1 
Aldrin 309-00-2 
Ammonium Perchlorate 7790-98-9 
Anthracene 120-12-7 
Antimony (metallic) 7440-36-0 
Arsenic, Inorganic 7440-38-2 
Barium 7440-39-3 
Benz [a] anthracene 56-55-3 
Benzaldehyde I 00-52-7 
Benzene 71-43-2 
Benzo [a] pyrene 50-32-8 
Benzo[b] fluoranthene 205-99-2 
Benzo[g,h,i] perylene 191-24-2 
Bcnzo[k] fluoranthcne 207-08-9 
Benzoic Acid 65-85-0 
Benzyl Alcohol 100-51 -6 
Beryllium and compounds 7440-41-7 
Bis(2-chloroethyl)ether 11 1-44-4 
Bis(2-ethylhexyl)phthalate 11 7-81-7 
Bromobenzcne 108-86-1 
Bromodichloromcthane 75-27-4 
Bromoform 75-25-2 
Bromomethane 74-83-9 
Butadiene, 1,3- 106-99-0 
Butanol, N- 71-36-3 
Butyl Benzyl P hthlate 85-68-7 
Butylbenzene, n- 104-51-8 
Butylbenzene, sec- 135-98-8 
Butylbenzene, tert- 98-06-6 
Cadmium (Diet) 7440-43-9 
Carbon Disulfide 75- 15-0 

ADEC Contaminated Sites Program 
Procedures for Calculating Cumulative Risk 

Mutagcnic? 

No 
No 
No 
No 
No 
No 
No 
No 
No 
Yes 

No 
Yes 
Yes 
No 
Yc.:s 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 

Non-Carcinogenic (µg/L) 

Ingcstion2 Dermal' Inhalation• 

1200 963 
602 461 

18000 4.39 x 10<• 64400 
0.602 
14.0 3190 
6020 2500 
8.02 273 
6.02 1370 
-1010 63700 

2010 49100 
80.2 605 62.6 

602 

80200 1.20 x 10" 
2010 88900 
40.1 63.7 

401 
160 542 125 
401 6460 
401 6230 
28.1 997 10.4 

4.1 7 
2010 100000 
4010 2870 
1000 
2010 
20 10 1050 
10.0 11 4 

2010 20000 1460 

Carcinogenic (µg/L) 

Ingestion• 

0.0458 

0.51 9 

0.343 
195 
14.2 

0.0343 
0.343 

3.43 

0.708 
55.6 

12.6 
98.6 

0.229 

410 

Dermal' InhaL~tion• 

0.0115 

97.3 

0.184 
4390 
98.3 7.20 

27.1 0.170 

186 1.52 
1410 5 1.0 

1.62 1.87 

270 
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GROUNDWATER Non.Carcinogenic (µg/L) Carcinogenic (µg/L) 

Hazardous Substance CAS Mucagenic? lngcscion2 Demrnl' lnhabtion' Ingestion' Denna!' lnhabtion' Number' 
Carbon Tetrachloride 56-23-5 No 80.2 340 209 11.1 43.3 9.36 
Chlordane 12789-03-6 No 10.0 1.77 1.46 2.23 0.362 0.562 
Chlordecone (Kepone) 143-50-0 No 6.02 5.43 0 .0779 0.0647 
Chloroaniline, p- 106-47-8 No 80.2 1320 3.90 59.0 
Chlorobenzene I 08-90-7 No 401 1280 104 
Chloroform 67-66-3 No 201 2530 204 25. 1 292 2.44 
Chloromethane 74-87-3 No 188 
Chloronaphthalenc, Beta- 91 -58-7 No 1600 1400 
Chlorophenol, 2- 95-57-8 No 100 1020 
Chromium(Ill), Insoluble Salts 16065-83-1 No 30100 88700 
Chromium(Vl) 18540-29-9 Yes 60.2 17 1 0 .50 1 1. 16 
Chrysene 2 18-01-9 Yes 34.3 
Copper 7440-50-8 () 802 182000 
Crcsol, m- 108-39-4 () 1000 12000 
Crcsol, o- 95-48-7 1000 12100 
Cresol, p- 106-44-5 0 2010 24600 
Cumcne 98-82-8 No 2010 1920 834 
Cyanide (CN-) 57-12-5 0 12.0 T30 1.6-
Cyclohexane 110-82-7 No 12500 
DDD 72-54-8 No 3.25 0.351 
DDE, p,p'- 72-55-9 No 2.29 0.579 
DDT 50-29-3 No 10.0 2.29 
Dibenz [ a,h] anthracene 53-70-3 Yes 0 .0343 
Dibenzofuran 132-64-9 No 20.l 12.9 
Dibromochloromethane 124-48- 1 No 401 6740 9.27 143 
Dibromoethane, 1,2- I 06-93-4 No 180 3600 18.8 0.390 7.14 0.0936 
Dibromomethane 

74-95-3 No 8.34 
(Methylene Bromide) 
Dibutyl Phthalate 84-74-2 No 2010 1640 
Dichlorobenzene, 1,2- 95-50- 1 () 1800 2920 4 17 
Dichlorobenzene, 1,3...5 541-73-1 0 1800 2500 417 
Dichlorobenzcnc, 1,4- 106-46-7 () 1400 2230 1670 144 211 5.10 
Dichloro bcnzidine, 3,3'- 91-94- 1 No 1.73 4.53 
Dichlorodilluoromethanc 75-7 1-8 (l 4010 38200 209 
Dichloroethanc, 1,1- 75-34-3 No 40 10 58400 137 1830 35. 1 
Dichlorocthanc, 1,2- 107-06-2 (} 120 2820 14.6 8.56 184 2.16 
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G ROUNDWAT ER Non-Carcinogenic (µg/L) C:trcinogenic (ftg/ L) 

Hazardous Subs tance CAS Mutagenic? Inges tion' Derma l' Inhalation• Inges tion' Dermal' Inhalat ion' N umber' 
Dich1oroethylene, 1,1- 75-35-4 No 1000 8540 4 17 
Dichloroethylene, 1,2-cis- 156-59-2 No 40.1 363 
Dichloroed1ylene, 1,2-trans- 156-60-5 No 401 3630 
Dichlorophenol, 2,4- 120-83-2 No 60.2 190 
Dic hlo rophenoxy Acetic Acid, 2,4- 94-75-7 No 201 1350 
Dichloropropane, 1,2- 78-87-5 No 1800 21500 8.34 2 1.6 237 5.62 
D ic hlo ropropcne, 1,3- 542-75-6 No 602 6560 41.7 7.79 78.2 14.0 
Die ldrin 60-57-1 No 1.00 0.614 0.0487 0.0274 
Diethyl Phthalate 84-66-2 No 16000 198000 
D imethylphenol, 2,4- 105-67-9 No 401 311 0 
D imethylph tbalace5 131- 11-3 No 16000 581000 
D initrobenzene, 1,2- 528-29-0 No 2.01 53.3 
D initrobenzene, 1,3- 99-65-0 No 2.01 72.5 
Dinitrobenzene, 1,4- 100-25-4 No 2.01 75.6 
D in itrophe nol, 2,4- 51-28-5 No 40.1 1220 
DinitrolOluene, 2,4- 121- 14-2 No 40:1 749 2.5 1 43.2 
D initrotoluene, 2,6- 606-20-2 No 6.02 93.5 0.5 19 7.42 
Dinitrotoluene, 2-Amino-4,6- 35572-78-2 No 40.1 1030 
D initroto luene, 4-Amino-2,6- 19406-51-0 No 40.1 1030 
Dioxane, 1,4- 123-91- 1 No 602 191000 62.6 7.79 2280 11.2 
D iphenylamine 122-39-4 No 501 840 
Endosulfan 1 15-29-7 No 120 631 
E n drin 72-20-8 No 6.02 3.68 
E thyl Chloride 75-00-3 No 20900 
E thyl benzene I 00-41-4 No 201 0 3820 2090 70.8 124 22.5 
E thylene Glycol 1 07-21-1 No 40100 5.70 x 107 

Fluora nthe ne 206-44-0 No 802 
Fluore ne 86-73-7 No 802 465 
Formaldehyde 50-00-0 No 4010 318000 20.5 4.32 
H eptaehlor 76-44-8 No 10.0 1.47 0.173 0.0233 0.0432 
Heptaehlor E p oxide I 024-57-3 No 0.261 0.236 0.0856 0.07 12 0.02 16 
H exachlo roben zene 118-74- 1 No 16.0 0.487 0.122 
Hexachlorobutadiene 87-68-3 No 20.1 9.53 9.99 4.36 2.55 
H exac hloroeyclohexane, Alpha- 3 19-84-6 No 160 247 0.1 24 0.175 
H exachloroeyclohexane, Beta- 31 9-85-7 No 0.-133 0.613 
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GROUNDWATER 

Hazardous Subs tance CAS 
N umber' 

Hcxachlorocyclohcxanc, Gamma- 58-89-9 (Lindanc) 
Hcxachlorocyclopcntadicnc 77-47-4 
Hcxachlorocthanc 67-72- 1 
Hcxahydro-1,3,5-trinitro-1,3,5- 121 -82-4 triazinc (RDX) 
Hexane , N- 110-54-3 
Hcxanonc, 2- 59 1-78-6 
Hydrazine' 302-0 1-2 
lndcno[ 1,2,3-cd] pyrcnc 193-39-5 
I sophorone 78-59-1 
Isopropanol 67-63-0 
Mercuric Chloride 7487-94-7 
Mercury (elemental) 7439-97-6 
Methanol 67-56-1 
Mcthoxychlor 72-43-5 
Methyl E thyl Ke tone (2-Butanonc) 78-93-3 
Methyl Isobutyl Ketone 108- 10- 1 (4-methyl-2-pentanone) 
Methyl Mercury 22967-92-6 
Methyl tert-Butyl Ether (MT BE) 1634-04-4 
Methylene Chloride 75-09-2 
Mcthylnaphthalenc, 1- 90-12-0 
Mcthylnaphthalcnc, 2- 91 -57-6 
Naphthalene 91-20-3 
Nickel Soluble Salts 7440-02-0 
Nitrobcnzenc 98-95-3 
Nitroglycerin 55-63-0 
Nitroguanidine 556-88-7 
Nitrosodimcthylamine, N- 62-75-9 
Nitroso-di-N-propylaminc, N- 621-64-7 
N itrosodiphcnylaminc, N- 86-30-6 
N itrotoluene, m- 99-08-1 
Nitrotoluenc, o- 88-72-2 
Nitrotoluene, p- 99-99-0 

ADEC Contaminated Sites Program 
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Mutagenic? 

No 

No 
No 

No 

No 
No 
No 
Yes 
No 
No 
No 
No 
No 
No 

0 

No 

No 
No 
Yes 
No 
No 
No 

0 

No 
No 
No 
Yes 
No 
No 
No 
No 
No 

Non-Carcinogenic (11g/L) 

Inges tion2 O erm al1 lnhabtio n-' 

6.02 9.26 

120 4 1.6 0.417 
14.0 13.7 62.6 
60.2 7960 

1460 
100 2760 62.6 

0.0626 

4010 86500 
40100 6.51x 10" 417 
6.02 95.6 
3.21 728 0.626 

40100 1.80 x 107 41700 
100 58.7 

12000 1.46 x l or. 10400 
6260 

2.0 1 455 
6260 

120 3660 1250 
1400 1120 
80.2 65.1 
401 701 6.26 
401 18200 
40.1 624 18.8 
2.01 86.8 
2010 1.82 x 1 Q<• 
0.160 73.8 0.0834 

2.01 13.6 
18.0 154 
80.2 6 17 

Carcinogenic (11g/L) 

lngestion2 

0.708 

19.5 
7.08 

0.260 
0.343 
820 

433 
p-_) 

26.9 

45.8 

0.00491 
0.11 1 

159 

3.54 
48.7 

Dermal' Inhalation' 

1.00 

17.5 5.'10 
861 

1 120 0.01 15 

16300 

19900 216 
3470 2030 
19.7 

1.65 

1.40 
1820 

2.00 0.00145 
3.53 
523 

27.8 
344 
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GROUNDWATER 

Hazardous Substance CAS 
Nttmber1 

Octahydro-1,3,5,7-tetranitro-1,3,5,7- 2691-41-0 te trazocine (HMX) 
Octyl Phthalate, di-N- 117-84-0 
Pentachlorophenol 87-86-5 
Pentacrythritol tetranitrate (PETN) 78-11-5 
Perfluorooctane Sulfonate (PFOS) 1763-23-1 
Perfluorooctanoic Acid (PFOA) 335-67-1 
Phenanthrene 85-01-8 
Phenol 108-95-2 
Phosphorus, White 7723-14-0 
Polychlorinated Biphenyls 1336-36-3 
Propyl benzene 103-65-1 
Pyrcne 129-00-0 
Selenium 7782-49-2 
Silver 7440-22-4 
Styrene 100-42-5 
TCDD, 2,3,7,8- 1746-01 -6 
Tetrachloroethane, 1,1,1,2- 630-20-6 
Tetrachloroethane, 1,1,2,2- 79-34-5 
Tetrachlorocthylcnc 127-18-4 
Tetryl 479-45-8 (T rini trophenylmethylni tramine) 
Thallium (Soluble Salts) 7440-28-0 
Toluene 108-88-3 
Toxaphene 8001-35-2 
Trichloro-1,2,2-trifluoroethane, 76-13-1 1,1,2-
Trichlorobenzcne, 1,2,3- 87-61-6 
Trichlorobcnzene, 1,2,4- 120-82-1 
Trichloroethane, 1,1,1- 71-55-6 
Trichloroethane, 1,1,2- 79-00-5 
T richloroethylcne 79-01-6 
T richlorofluoromethane 75-69-4 
Trichlorophcnol, 2,4,5- 95-95-4 
Trichlorophenol, 2,4,6- 88-06-2 

ADEC Contaminated Sites Program 
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Mutagenic? 

No 

No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 

No 

No 
No 
No 

No 

No 
No 
No 
No 
Yes 
No 
No 
No 

Non-Carc inogenic (~1g/L) 

lngestion2 Dcrmal-1 Inhalation' 

1000 634000 

201 
100 29.3 
40.1 962 

0.401 
0.401 
602 246 

6020 141000 
0.401 91 .0 

2010 1830 2090 
602 151 
100 22800 
100 1520 

4010 10300 2090 
0.0000140 0.0000834 

602 2390 
401 3640 
120 230 83.4 
40.1 2470 

0.201 45.5 
1600 5300 10400 

602000 1.91 x 106 62600 

16.0 12.6 
201 164 4.1 7 

40100 251000 10400 
80.2 1250 0.417 
10.0 68.9 4.17 
6020 36400 
2010 2890 
20.1 30.2 

Carcinogenic (µg/L) 

lngestiooz 

1.95 
195 

11.1 

1.95 

5.99 x 10-<• 
30.0 
3.90 
371 

0.708 

26.9 

13.7 
11.8 

70.8 

DermaJJ Inha lation' 

0.524 
4300 

0.562 

1.48 x 1 o-6 

109 7.59 
32.5 0.968 
653 216 

20.2 

196 3.51 
74.5 9.57 

98.1 
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GROUNDWATER Non-Carc inogenic (11g/L) Carcinogenic (11g/L) 

H azardous Subs tance CAS Mutagenic? lngestion2 Dermal' l nlrn.lation-' Ingestion? D enna.I' I nhaL·uion" N umber' 
Trichlorophcnoxyacctic Acid, 2,4,5- 93-76-5 No 20 1 874 
Trichlorophenoxypropionic acid, - 93-72-1 No 

160 362 
2,4,5 
Trichloropropanc, 1,2,3- 96- 18-4 Yes 80.2 767 0.626 0.00835 0.0728 
Trimcthylbenzene, 1,2,4- 95-63-6 No 14.6 
Trimcthylbcnzcnc, 1,3,5- I 08-67-8 No 201 277 
T ri-n-bu tyltin 688-73-3 No 6.02 9.87 
T rinitrobcnzcnc, 1,3,5- 99-35-4 No 602 46700 
Trinitrot0lucnc, 2,4,6- 118-96-7 No 10.0 448 26.0 1070 
Vanadium and Compounds 7440-62-2 No 101 596 
Vinyl Acetate 108-05-4 No 20100 1.36 x 101• 417 
Vinyl Chloride 75-01 -4 Yc~ 60.2 893 209 0.214 2.77 3.35 
Xylcnes 1330-20-7 () 4010 7530 209 
Zinc and Compounds 7-140-66-6 No 6020 2.28 x 10'' 

1 "C:\S Number" meons the Chemical .\bstr:1c1 Service (C.\~) registry number unic1ucly assigned to chemicals by the American Chemical Societr and recorded in the Ci\S Registr)' System 
1 "Ingestio n" means :\ potential pathway o f exposure to hazardous subst:tnccs thro ugh direct consumption o f thc soil. 
3 "Dcm1:'1" means a potential p:nhway o f exposure to hazardous subst:ulCcs through physic:tl contact with the soil 
.i "lnh:tlation" means a po tential p:uhway to ,·olatilc o rganic hazardous substances in the soil throu~1 volatilix:uion. 
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APPENDIX C: HIERARCHY OF TOXICITY SOURCES AND MCLS 
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Hierarchy of Toxicity Sources and MCLs 
Alaska Department of Environmental Conservation 

Division of Spill Prevention and Response 
Contaminated Sites Program 

Tier I Source = IRIS- Integrated Risk Informa tion System 
IIUS is L<'.PA's data base containing quali tative and quantitative information on the human health 
effects that may result from exposure to chemical substances in the environment. The toxicity values 
listed in IRIS are considered to be validated and have undergone rigorous peer review. The 
completion o f IRIS assessments is a multi-step process: 

1) EPr\ Develops and Completes a draft IR IS Toxicological Review (Duration 345 Days) 
2) Internal EP r\ Review (Duration 60 days) 
3) EPr\ Initiates lnteragency Science Con ultation on Draft IR IS Toxicological Review 

(Duration 45 days) 
4) EP r\ Initiates Independent External Peer Review of Draft IRIS Toxicological Review, Public 

Review and Comment on Draft lR fS Toxicological Review, and I fo lds a Public J .istcning 
Session (Duration 105 days) 

5) EPA Revises IRIS T oxicological Review and Develops IRIS Summary (Duration 60 days) 
6) (A) Internal EPA Review o f Final IR IS Toxicological Review and IR fS Summary (Duration 

45 days) 
(B) E P.t\-lcd Intcragcncy Science Discussion (Duration 45 days - concurrent with Step 6J\.) 

7) EPA Completion of IRIS T oxicological Review and TIUS Summary (Duration 30 days) 

Tier II Source= PPRTV- Provisional Peer Reviewed Toxicity Values 
The Office o f Research and D evelopment/ National Center for E nvironmental 
t\ssessmcnt/Superfund Health Risk Technical Support Center develops PPR.TVs o n a chemical-
spccific basis when requested by the L::.Pt\'s Supcrfund program fo r use in site specific risk 
assessments. However, the PPRTVs arc developed in a shorter period of time and although these 
assessments undergo external peer review, their development does not include Agency and 
intcragency review as is done with the IRIS assessments. Furthermore, their development typically 
includes a limited cvaJuation of information on mode of action, other toxicological end points, and 
o ther information that provides a better understanding o f the toxicology o f these chemicals. O ften, 
the amount of relevant information on the toxicity of these chemicals is less because fewer studies 
have been conducted and reported. I lowever, the PPRTVs arc generally the best quantification o f 
the dose-response scientific data that is available at the time they arc developed because the PPR.TVs 
utilize current information and methodologies. 

Tier III Source= Other Toxicity Values 
Tier 3 includes additional EPA/non- l~Pt\ sources of toxicity information. Chemicals that have not 
been through a rigorous HUS process or requested for PPR.TV listing can contain toxicity 
recommend values from other sources. Priority should be given to sources o f in formation that arc 
most current, peer reviewed, transparent and publicly available. The quality of these values can vary 
widely and depends o n the depth of the toxicity da ta base, the scientific quality and rigor of the 
underlying risk assessment and the scope o f peer review. omc available values, such as 1\ gcncy for 
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Toxic Substances and Disease Registry (A TSDR) Minimal Risk Level (MRLs) and California ~ 
Environmental Protection Agency (Cal EPA) criteria, have undergone an extensive literature review, 
a rigorous data analysis using current guidance and methods to derive a toxicity value, and have been 
thoroughly peer reviewed. It should be noted that ATSDR MRLs are limited to non-cancer effects 
only. At the other end of the spectrum, there may be chemicals with no values and little or no 
available toxicity information, or outdated studies which are no longer consistent with current 
methodologies and practices. 

Maximum Contaminant Levels (MCLs) are standards that are set by the United States EPA for 
drinking water quality. An MCL is the legal threshold limit on the amount of a substance that is 
allowed in public water systems under the Safe Drinking Water Act. To set a MCL for a 
contaminant, EPA first determines how much of the contaminant may be present with no adverse 
health effects based on the information from hierarchy of toxicity listed above. This level is called 
the Maximum Contaminant Level Goal (MCLG). MCLGs are non-enforceable public health goals. 
The legally enforced MCL is then set as close as possible to the MCLG. The MCL for a contaminant 
may be higher than the MCLG because of difficulties in measuring small quantities of a 
contaminant, a lack of available treatment technologies, or if EPA determines that the costs of 
treatment would outweigh the public health benefits of a lower MCL. In the last case, EPA will set 
the MCL to balance the cost of treatment with the public health benefits. 
The EPA guidance for establishing an MCL states that "MCLs are enforceable standards and are to 
be set as close to the maximum contaminant level goals (MCLGs) (Health Goals) as is feasible and 
are based upon treatment technologies, costs (affordability) and other feasibility factors, such as 
availability of analytical methods, treatment technology and costs for achieving various levels of 
removal." The process of determining an MCL only starts with an evaluation of the adverse effects ~ 
caused by the chemical in question and the doses needed to cause such effects. Finally, only a very 
small percentage of environmental contaminants have an established MCL. 
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