
6392 G-000-307 .29 

SELECTING EXPOSURE ROUTES AND CONTAMINANTS OF CONCERN 
BY RISK - BASED SCREENING, REGION 111 TECHNICAL 
GUIDANCE MANUAL - (USED AS A REFERENCE IN OU1 AND OU5 
RI REPORTS) 

01 /01 /93  

USEPA 
20 
REPORT 



United States Region Ill EPA/903/693:0@! 
Environmental Protection Agency Philadelphia, PA 191 07 January 1993 i 

Region 111 
Technical Guidance Manual 
Risk Assessment 

6 8 9 z.,, 
Selecting Exposure Routes and 
Contaminants of Concern by Risk-Based 
Screening 

€PA Contact: Dr. Roy L. Smith 

Hazardous Waste Management Division 
Office of Superfund Programs 
January 1993 

Human health risk assessment includes effort-intensive steps which require many detailed calculations by experts. Most 
baseline risk assessments are dominated by a few chemicals and a few routes of exposure. Effort expended on minor 
contaminants and exposure routes, &those which do not influence overall risk, is essentially wasted. This guidance 
is intended to identify and focus on dominant contaminants of concern and exposure routes at the earliest feasible point 
in the baseline risk assessment. Use of these methods will decrease effort and time spent assessing risk, without loss 
of protectiveness. This guidance is not intended for other risk assessment activities, such as determining preliminary 
remediation goals. 

SELECTING COMMlNANlSAND MPOSURE ROUTES 
OF CONCERN 

Most samples from hazardous waste sites are analyzed 
for 103 target compounds and analytes recommended 
by the EPA Superfund program. Semi-volatile analysis 
can detect additional tentatively identified compounds 
not on the target lists. Special analyrical services 
procedures, if used, may find still more contaminants. 
The combined number of contaminants detected at a 
site sometimes exceeds one hundred. 

experts. These evaluations, which are contaminant- 
specific, include: (1 )  statistical comparisons behveen 
site-related and background samples, (2) special 
handling of undetected contaminants, (3) calculation of 
toxicity equivalence, (4) evaluation of frequency of 
detection, and (5) comparison with ARARs. Because 
overall risk is usually driven by a few contaminants and 
exposure routes, effort spent in detailed evaluation of 
minor contaminants and routes of exposure is 
essentially wasted. For some sites, this wasted effort 
exceeds 90% of the total. 

While €PA considers it necessary to gather information 
on many contaminants, very little of this data actually 
influences the overall quantitative assessment of health 
risk. For most sites, baseline risk assessments are 
dominated by a few contaminants and a few routes of 
exposure. The remaining tens, or hundreds, of 
detected contaminants have a minimal influence on total 
risk. This small impact is lost by rounding. Entire 
environmental media may contain not a single 
contaminant at a concentration which could adversely 
affect public health. Quantitative risk calculations using 
data from such 'risk-free' media have no effect on the 
overall risk estimate for the site. . 

The €PA baseline risk assessment process at several 
points requires careful data evaluation by scientific 

The baseline risk assessment process can be made 
more efficient by focusing on dominant contaminants 
and routes of exposure at the earliest feasible stage. 
The mechanisms recommended for this are (1) a re- 
ordering of the process of eliminating contaminants and 
routes of exposure, and (2) use of a risk-based 
concentration screen. Appropriately used, this process 
can dramatically reduce the effort of risk assessment, 
while not changing the result significantly. 

WSTING GUIDANCE 

Chaprer 5 of 'RAGS IA' (Risk Assessment Guidance for 
Superfund, Volume 1. Human Health Evaluation Manual 
[Part A); EPA, 1989) provides a detailed procedure for 
evaluating data for a baseline risk assessment, This 
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routes, special treatability problems, or exceedance of 
ARARs. These activities should proceed as described 
in Section 5.9 of RAGS IA. 

.- 
i' ' . procedure includes steps by which the risk assessor 

selects contaminants of concern in each exposure 
medium. These steps are summarized in Table 1. 

There are two major limitab'ons to the RAGS procedure. 
First, the eliminating step (a concentration toxicity 
screen) comes late in the process. Many of the 
preceding steps (e.a, evaluation of quantitation limits, 
comparison with background, calculation of toxicity 
equivalence, and evaluation of frequency of detection) 
are contaminant- and mediumspecific. They require 
the sustained attention of an expert, and cannot be 
automated. If the contaminant is eliminated, this work 
is wasted. 

The second limitation is that the concentration toxicity 
screen compares only relative risk among contaminants 
in the same medium. While very efficient et selecting 
dominant contaminants in each medium, this method 
does not evaluate significance of total risk for the 
medium. Thus, the concentration toxicity screen can 
eliminate contaminants, but not routes of exposure. 

RECOMMENDED MElHODOLOGY 

This guidance makes two changes intended to remove 
the limitations in existing guidance. These 
recommendations are 'intended for baseline risk 
assessments. 

1. Reordering of steps. The eliminating screen is 
moved forward in the data evaluation process to a point 
immediately following data quality evaluation. The new 
process is shown in Table 2. Effort-intensive steps such 
as evaluation of quantitation limits and comparison with 
background now follow the eliminating screen. The 
steps are divided into four categories: data quality 
evaluation, initial data set reduction, re-inclusion of 
special cases, and optional final data set reduction. 

The data quality evaluation steps (evaluating 
appropriateness of methods and qualifiers, significance 
of blank contamination, and need for special analyses) 
should be done as described in RAGS /A, Chapter 5. 
Next, the risk assessor should consult with the RPM to 
discuss the use of the risk-based concentration table 
(described in item 121 below) as a screening 
mechanism. With the RPMs approval, the risk assessor 
should reduce the data set and document the rationale 
for eliminating contaminants and routes of exposure 
from further analysis. 

After the initial data set reduction, the risk assessor and 
RPM should consider re-including specific 
contaminants on the basis of historical data, toxicity, 
mobility, persistence, bioaccumulation, special exposure 

Finally, optional further reductions in the data set may 
be justified, based on the status of a contaminant as an 
essential nutrient, low frequency of detection, or no 
statistical difference between site and background 
levels. These evaluations, the most complicated and 
contaminant-specific, are saved for last. 

2. Screening by risk4msed txmcmmb-cms. The 
screening method is changed from the relative 
concentration toxicity screen of RAGS IA to an absolute. 
comparison of risk. This is done by means of a table of 
risk-based concentrations (2ppendix I). This table 
contains levek of nearly 600 contaminants in air, 
drinking water, fish tissue, and soil, which correspond 
to a systemic hazard quotient of 0.7 or a lifetime cancer 
risk of lp. The risk-based concentrations were 
developed using protective default exposure scenarios 
suggested by EPA (1991) and the best available 
reference doses and carcinogenic potency slopes (see 
the table for sources), and represent relatively protective 
environmental concentrations at which EPA would 
typically not take action. 

The risk-based concentration screen is used as follows: 

The risk assessor extracts the maximum 
concentration of each substance detected in each 
medium. 

If the maximum concentration exceeds the risk- 
based concentration for that medium, the 
contaminant is retained for risk assessment, for all 
routes of exposure involving that medium. 
Othemise the contaminant is dropped for that 
medium. 

If a specific contaminant does not exceed its risk- 
based concentration for any medium, the 
Contaminant is dropped from the risk assessment. 

If no contaminant in a specific medium exceeds its 
risk-based concentration, the medium is dropped 
from the risk assessment. 

All contaminants and exposure routes which are 
dropped are kept on a sub-list and considered for 
re-inclusion, based on special properties. 

If the risk assessor wants to include a route of 
exposure not covered in the risk-based 
concentration table, the equations provided in 
Appendix I can serve as the basis for new risk- 



. based concentmtions. Similar@, the risk assessor 
can use the same equations to calculate alternate 
risk levels (&other than a systemic hazard 
quotient of 0.1 and lifetime cancer risk of lo") to be 
the basis for screening. 

S U M W  

The process by which contaminants and exposure 
routes are selected in quantitative risk assessment can 
be made less effort-intensive by Wo simple changes. 
First, high-effort steps should be postponed until later in 
the selection process, because performing these 
operations on trivial contaminants and exposure routes 
is pointless. Second, changing from a relative 
concentration toxicity screen to an absolute risk-based 
concentration screen improves the risk assessor's 
ability to focus on dominant contaminants and exposure 
routes at an earlier stage. 
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Section 5.1 : Combining data from site investigations 

1. Determine if methods are appropriate 

2. Evaluate quantitation limits 

3. Determine if qualifiers are appropriate 

4. Determine if significant blank contamination exists 

5. Determine if special analyses for tentatively identified compounds are needed 

6. Compare site samples to background 

Section 5.9: Further reduction in the number of chemicals (optional) 

7. Consult with RPM 

8. Document rationale for eliminating chemicals 

9. Examine historical information 

1 0. Consider exceptional toxicity, mobility, persistence, or bioaccumulation 

11. Consider special exposure routes 

12. Consider special treatability problems 

13. Determine if contaminants exceed ARARs 

14. Group chemicals by class, evaluate toxicity equivalence 

15. Evaluate frequency of detection 

16. Evaluate essentiality 

17. Use a concentration toxicity screen 

' 

t 
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A. Data qualtty evaluation 

1. Determine if methods are appropriate 

2. Determine if qualifiers are appropriate 

3. Determine if significant blank contamination exists 

D. Make further specific reductions in data set (optional) 

14. Evaluate essentiality 

15. Evaluate frequency of detection 

16. Compare site samples to background 
1 

4. Determine if special analyses for tentatively identified compounds are needed 

B. Reduce data set using risk-based concentration screen 

5. Consult with RPM 

6. Use risk-based concentration table to screen contaminants and exposure routes of concern 

7. Document rationale for eliminating chemicals and exposure routes 

C. Consider reincluding eliminated chemicals and routes, based on: 

8. Historical information 

9. Exceptional toxicity, mobility, persistence, or bioaccumulation 

10. Special exposure routes 

11. Special treatability problems 

1 2  ARARs exceedance 

13. Toxicity equivalence of chemical class (e.g., CDDKDFs, PAHs) 
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Appendix I 
EPA Region III Risk-Based Screening Table 

Backgroud Information 

General: . Separate carcinogenic and non-carcinogenic risk-based concentrations were 
calculated for each compound for each pathway. The concentration in the table is the lower 
of the two, rounded to two sigmficant figures. The following terms and values were used in 
the calculations: 

1-General: 
CPSO 

* CPSi 

RfDo 

RfDi 

Carcinogenic potency slope oral kg-g 

Carcinogenic potency slope inhaled kg-dtmg 

Reference dose oral m@ud 

Reference dose inhaled mg/kg/d 

Target cancer risk Unitless 1.oOe-06 TR 

Target hazard quotient unitless 0.1 THQ 

Body weight, adult kg 70 BWa 

Body weight, age 1-6 kg 15 BWc 

Averaging time carcinogens d 25550 ATc 

Averaging time non-carcinogens d EDx365 ATn 

Inhalation, adult m3/d 20 IRAa 

Inhalation, child m3/d 12 IRAC 

Inhalation factor, age adjusted m3-ykg-d 11.66 I F h d j  

Tap water ingestion, adult Ud 2 IRWa 

Tap water ingestion, child Ud 1 IRWC 

Fish ingestion u d  54 IRF 

Soil ingestion, adult mud 100 IRsa 

Soil ingestion, child mud 200 IRSC 

Tap water ingestion factor, age adjusted L Y m d  1.09 IFWadj 

Soil ingestion factor, age adjusted mg-yfkgd 114.29 IFSadj 

2-Residential 

Exposure frequency, residential dJY 350 EFr 

. 30 EDtot 
A Exposure duration, residential Y 
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= Contaminant-specific toxicity parameters I 
The priority among sources of toxicological constants was as follows: (1) IRIS, (2) HEAST, 
(3) HEAST alternative method, (4) ECAO-Cincinnati, ( 5 )  withdrawn from IRIS, (6) 
withdrawn from HEAST, and (7) other EPA documents. Each source was used only if 
numbers from higher-priority sources were unavailable. 

Algorithms: 

1. Age-adjusted factors: Because contact rates with tap water, ambient air, and residential 
soil are different for children and adults, carcinogenic risks during the first 30 years of life 
were calculated using age-adjusted factors. These factors approximated the integrated 
exposure from birth until age 30 by combining contact rates, body weights, and exposure 
durations for two age groups - small children and adults. The age-adjusted factor for soil 
was obtained from RAGS IB; the others were developed by analogy. 

a. Air inhalation ([m’. y]/[kg. d]): 

EDc IRAc (EDtot -EDc). IRAa IFAadj = + 
BWc B Wa 

b. Tap water ingestion ([La y]/[kg* d]): 

EDc - IRWc + (EDtot -EDc). IRWa IFWadj = 
BWc B Wa 

c. Soil ingestion ([mg. y]/[kg. d]): 

EDc IRSc + (EDtot-EDc). IRSa IFSadj = 
BWc BWa 

7 
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. .  

2. Residential water use ( p a ) .  Volatilization terms were calculated only for compounds 
with Il***ff in the "VOC' column. Compounds having a Henry's Law constant greater than 
10' were considered volatile. The list may be incomplete, but is unlikely to include false 
positives. The equations and the volatilization factor (VF, above) were obtained from 
RAGS IB. Oral potency slopes and reference doses were used for both oral and inhaled 
exposures for volatile compounds lacking inhalation values. Inhaled potency slopes were 
substituted for unavailable oral potency slopes only for volatile compounds; inhaled RfDs 
were substituted for unavailable oral REDS for both volatile and non-volatile compounds. 

a. Carcinogens: Calculations were based on combined childhood and adult exposure. 

TR *ATc 1OOOX 
T 

EFr ([W IFAadj - CPSr) + [ IWudj  - CPSo]) 
b. Non-carcinogens: Calculations were based on adult exposure. 

7HQ BWu - ATn - loo02 rn 

, 

3. Air (pg/m'). Oral potency slopes and references were used where inhalation values were 
not available. 

a. Carcinogens: Calculations were based on combined childhood and adult exposure. 

TR ATc lo002 
EFr IFAudj CPSi 

'% 

b. Non-carcinogens: Calculations were based on adult exposure. 

lHQ - Rpi BWa *ATn lo002 
w 

EFr 9 EDtot IRAa 
4. Fish (mgkg): 

a. Carcinogens: Calculations were based on adult exposure. 

TR -BWU S A T C  
I .  EFr EDtot - - - CPSo 

lOOOL 
k 
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6 3 9 2  
. b. Non-carcinogens: Calculations were based on adult exposure. 

Z4Q - Rpo - BWa .ATn 

EFr - EDtot - IRF 
lOOOf b 

5. Soil commercial/industrial (mag) :  The default exposure assumption that only 50% of 
incidental soil ingestion occurs at work has been omitted. Calculations were based on adult 
occupational exposure. 

a. Carcinogens: 
TR- BWa. ATc 

IRSa 
lo" "d 

EFo. ED0 - - * CPSO 
ka 

b. Non-carcinogens: 
Z4Q Rpo BWa ATn 

IRSa EFo ED0 e- 

lo6 1 b 

6. Soil residential (mgkg): 

a. Carcinogens: Calculations were based on combined childhood and adult exposure. 

IFSadj EFr - - - CPSo 
lo" "d 

b 

b. Non-carcinogens: Calculations were based on childhood exposure only. 

lhlQ RfDo * BWc -Am 
I R S C  EFr EDc - 
lo" 2 

t 
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