
UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION Ill 

841 Chestnut Building 
Philadelphia, Pennsylvania 19107 

Commander, Atlantic Division 
Naval Facilities Engineering Command 
Environmental Quality Division 
Code: 1823 
Norfolk, Virginia 235 1 l-6287 
Attn: Jim Szykman 

June 20, 1994 

SuBTEI7lr: Review of Site 1 Focused RI/FS, Allegany Ballistics Laboratory, Rocket 
Center, West Virginia 

Dear Mr. Szykman: 

The EPA has reviewed the Site 1 Focused Remedial Investigation Feasibility Study (RI/FS) 
at the Allegany Ballistics Laboratory (ABL), Rocket Center, West Virginia. 

Review comments are divided into major concerns which apply to the document as a whole 
and specific comments which are linked to a subsection as presented in the planning 
document. 

GENERAL COMMENTS 

The Sampling Plan is vague. To fully approve the plan, more detail is necessary, including: 

0 Rationale explaining why some samples will be analyzed for selected 
chemicals, but not others. If a sound justification is not provided, all samples 
should be analyzed for VOCs, SVOCs, PEST./PCBs, and inorganics. Without 
more complete sampling and analysis coverage, or an explanation for not 
analyzing for selected chemicals, it will be difficult to provide a complete risk 
assessment to determine that the Navy has not overlooked any human health 
or ecological risks. 

0 The figures used to present the proposed locations for sampling various media 
should all be of the same scale, and should clearly indicate the proposed 
locations and/or areas to be investigated. Additionally, maps of the proposed 
sampling locations for soil and soil gas, as well as the proposed seismic lines 
need to be presented 
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The results of the Work Plan will not provide a comprehensive understanding of the geology 
and hydrogeology for Site 1. Water levels should be measured during high- and low- flow 
periods, or at least over a longer time period. The direction of shallow ground water flow 
needs to be determined at Site 1, specifically in relation to the solvent disposal pits. A series 
of three or four piezometers should be installed. The Work Plan states that one of the 
major fracture orientations is to the northwest. Contaminants from the solvent disposal pits 
may have migrated through the alluvial aquifer, into the bedrock and along these fractures 
in a NW direction. There are no wells located in that area to detect the possibility of 
contamination. Fracture trace analysis may indicate the orientation of some of the fractures, 
but not the degree of interconnection between them. A pump test should be planned for 
this site. 

The document does not present Conceptual Site Models for Site 1. The models would 
include clear descriptions of the types of physical conditions or problems expected at Site 
1 as well as the potential pathways for exposure to contaminants. Site 1 includes solvent 
disposal pits, burning pads, and former drum storage pad and burning areas located on a 
terrace level 10 - 15 feet above the river; and ash landfills and old dump sites located on a 
younger terrace level 5 - 8 feet above the river. Separate Conceptual Site Models should 
be presented for the disposal pits, burning pads, and landfills/dumps. Line drawings or 
figures representing each of these situations would be a good addition to Section 4 of the 
Work Plan. 

The Work Plan should include a separate list of potential contaminants of concern and 
preliminary remediation goals (PRGs), as recommended by the Risk Assessment Guidance 
for Super-fund, Part B. The purpose of this information is to allow the Feasibility Study to 
be performed concurrently with the RI and risk assessment. 

The document presents a summary of former investigations across the entire Base. The 
results are presented in text, tables, and on figures. The EPA will accept these presentations 
as background information for this Phase of the investigation but can not verify that the 
results, as presented, are valid. The former reports have not been approved and do not 
contain all the validated data for these results. 

There is a gross deficiency of information regarding the seismic survey and ecological 
impacts survey in the plans. 

Ecological characterization has been given minimal attention. The Navy failed to recognize 
the importance of ecological receptors and extent of contamination. Ecological risk 
assessment appears to have received only minor consideration. 
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In general, it is still unclear to the EPA (BTAG) that the plans to carry out ecological 
characterization, extent of contamination, pathway analysis, and impact and risk assessment 
have been given the importance deserved. For example, Section 2.2 of the Field Sampling 
Plan devotes merely one paragraph to sampling operations and the parameters to be 
included. Attached is a list of parameters EPA recommends for physical characterization 
of surface water and sediment. Table 2-3 in the Field Sampling Plan offers a cursory list of 
parameters for surface water and sediment. 

From the general description of the site, it is very plausible that surface runoff has carried 
contamination to the North Branch of the Potomac. This is not to disparage the Navy’s 
efforts to characterize the groundwater pathway, but the surface pathway deserves equal 
efforts. 

The documents do not mention Region III’s supplementary risk assessment guidance 
documents as sources. A copy of this guidance is attached. 

Surficial (both soil and water) characterization of extent of contamination does not appear 
to be sufficiently covered. Additional sampling and analysis should be considered in two 
areas identified in the earlier draft RI from CH2M HILL These two areas identified high 
TCE concentrations in the soil near soils sampling sites 98 and 113 and sampling sites 102 
and 110. At the May 19th meeting it was decided that the surface water/sediment sample 
for location SD-3 would be moved to the location along the river at the soil sampling sites 
102 and 110. The surface water samples should be analyzed for VOCs at this new site as 
well as at SD-7 and SD-& An additional surface water/sediment sample (SD-7A) should be 
taken along the open bum landfill. A phased approach does not appear to have been 
planned to cover results of initial investigations that would lead logically to cover this 
concern. 

sPFCIFIccoMMENTS 

Fracture Trace Analysis 
The fractures identified on the photos should be verified in the field. The EPA 
would appreciate seeing the results of this analysis before the draft RI report is 
presented. 

seismic survey 
Although some details were provided during the meeting at ABL on 5/19/94, the lack 
of information regarding objective, type of sources, type of spread, length of spread 
(related to depth of investigation), and specific tie-in wells is a cause for concern. 
Many geophysical surveys fail in the field because of poor pre-survey planning 
regarding such tasks. Poor communication between contractors and their sub- 
contractors concerning these issues is also top on the list for failure of such surveys 
to provide needed information. 

Page 3 



This is the first important task to be performed; its results will provide the foundation 
for later studies so it should not be rushed into without appropriate planning. It is 
recommended that an additional east-west line be run north of the solvent pits and 
that two north-south “tie” lines be added. A figure, showing the proposed extent of 
the geophysical survey needs to be provided in the Work Plan. 

soil Gas sampling 
Provide a map of the proposed soil gas sampling locations across the open burn area 
landfill. This map will indicate the potential coverage provided for soil gas analysis. 

Focused Soil Investigation 
The use of the direct push technology for soil sampling is fitting for this site. The 
sampling depths and locations also seem to be appropriate. However, the EPA 
cautions against cornpositing any soil samples; the Sampling and Analysis Plan 
indicates that ash and soil samples will be composited from the inert burn area ash 
landfill. Cornpositing samples will only provide an indication that something may be 
in the sample, not how much. The results can not be used in a risk assessment. 
Additional soil samples should be planned in areas near the former sampling 
locations HCS-BG-98 and -113 and -102 and -110. 

Well Installation and Well Testing 
0 Some type of flow logging such as brine tracing or flow meter logging should 

also be performed, in addition to the noted downhole geophysical methods, 
before packing off and sampling discrete intervals. These methods will assist 
in properly identifying the sampling intervals. Please note that in the 
Sampling and Analysis Plan, geophysical testing of the new wells is not 
mentioned. 

l Bedrock wells on-site should be installed after the DNAPL investigation if 
there is any inkling that product may occur in the wells (see below). 

0 There is virtually no information on drilling techniques in either document. 

DNAPL Investigation 
0 Interface probes should be used at wells previously identified as potential 

DNAPL wells in order to get a feeling for the DNAPL pools, if they exist. 
The probes should be placed into the wells before purging; DNAPL samples 
for chemical analysis (see below) should also be taken before purging the well. 
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--. Groundwater sampling 
0 Monitor Well samples should be analyzed (per CRL directive) for both total 

and dissolved metals. At the meeting on May 19, 1994 it was discussed that 
selected wells (lGWl-lGW4, and 1GWlO) would be the only wells from which 
the samples would be analyzed for dissolved metals and that all the remaining 
samples would be analyzed for both total and dissolved metals. The wells 
selected for dissolved metals analysis had only been sampled for total metals 
before and low concentrations were detected. 

0 If free product is identified, it should be sampled separately with all 
constituents and their physical properties identified. This is crucial for 
understanding what treatment options will be available in the FS. 

l Water levels should be taken for a year, if possible. All of this data may not 
be available for the RI report, but it will be important for Design. One round 
for the RI is not sufficient. 

0 Once the contaminated area is better delineated, a pump test should be run 
in the area most likely to be remediated. This will help to assess clean-up 
times and remediation strategies and can be used in the FS. 

Investigation Derived Waste 
Although the EPA realizes the intent of the investigation is not to spread highly 
contaminated materials around the site, it should not be assumed that only materials 
in the vicinity of wells lGW-3, -9, and -13 are contaminated. Some type of testing 
should be performed before disposal of all materials to ensure that their disposal will 
not cause a hazard. State regs should also be checked regarding this matter. 
Additionally, putting cuttings into a wellas a means of construction, as implied in the 
plao, is not an accepted practice for MW installation! Proper construction methods 
using filter pack, grout, and cement should be used. 

Baseline Ecological Risk Assessment 
On p 2-5, some work on the floodplain is described, however, the document fails to 
complete the topic. The Navy should characterize the floodplain ecologically and 
attempt to determine whether or not contamination has been transported across it 
to the river. In addition, the Navy should acknowledge the possibility that 
depositional areas in the riparian zone may hold unknown quantities of contaminants. 

It is noted that the Work Plan designates four surface water sampling stations, but 
no accompanying text could be found regarding the rationale behind these locations. 
Furthermore, we could find no description of the kinds of sampling or observations 
planned for these areas. 
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Figure 3-8 in the draft Work Plan indicates points where sediment will be sampled, 
but these are separate from the surface water sampling locations. No rationale is 
offered regarding why these area separated. It is common to collect both samples 
from the same location. The discussion regarding surface water and sediment on 
page 4-2 of the Work Plan fails to describe either the parameters or why sampling 
points are so distant from each other. The second sentence in this paragraph claims 
that the plans are to cover the needs of the human health risk, the environment, and 
the FS and further (in the next sentence) claims that sufficient samples “...should be 
collected” with regard to some general contamination, but specifics are missing. No 
information is offered regarding methods of determining either water column or 
benthic organisms. 

On the other hand, Task 12: Surface Water Sampling, states that some surface water 
sampling will coincide with the sediment sampling locations. Again, a rationale 
should be offered for using this approach. 

Ecological Recommendations: 

1) The investigator should plan to carry out systematic ecological characterization for the 
site’s ecological values. It should begin with an effort to identify the various habitats found 
in the vicinity and should also include a carefully considered plan to sample for 
contamination in these areas. 

2) The investigator should plan to carry out an environmental risk assessment using the 
draft guidelines attached. This approach is partly based upon a phased approach. 

3) The investigator should plan subsequent phases depending upon findings of the initial 
sampling and analyses. 

4) Sampling locations for surface water and sediment should coincide or some explanation 
offered regarding why or why are not. 

5) The investigators should either fully explain methods for surface water and sediment 
characterization or reference appropriate sources. We usually recommend RBP # 3 for 
steam characterization. 

6) Surface water samples should be collected at all sediment collecting stations. A rationale 
as to why these stations have been selected should also be offered. 
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;-- Also attached to these comments is a separate set of review comment by the Central 
Regional Laboratory, Quality Assurance Branch. The comments are directed to Quality 
Assurance of the Sampling and Analysis Plan. Please correct the omissions noted in the 
Sampling and Analysis Plan and provide a QA/QC plan from the designated laboratory. 

If you have any questions concerning any of these comments, please call me (215) 597-2317. 

Bruce W. Beach 
Remedial Project Manager 

cc: Paul Leonard, EPA (letter only) 
P. Costello, WV DEP 

Attachments 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION Ill 

841 Chestnut Building 
Philadelphia, Pennsyhrania 19107 

June 20, 1994 
Commander, Atlantic Division 
Naval Facilities Engineering Command 
Environmental Quality Division 
Code: 1823 
Norfolk, Virginia 235 1 l-6287 
Attn: Jim Szykman 

SUBJECX Ecological Risk Assessment Documents 

Dear Mr. Szykman: 

Enclosed please find a set of documents that the Biological Technical Assistance Group 
(BTAG) proposes as guidance for Ecological Assessment. 

--- ; 

The enclosed documents include: 

1) 
2) 

Risk Assessment Guidance for Super-fund, Volume II 
EC0 Update, Volume 1, Numbers 1 - 5 

3) Compendium of ERT Toxicity Testing Procedures 
4) Classification of Wetlands and Deepwater Habitats of the United States 
5) Rapid Bioassessment Protocols For Use in Streams and Rivers 
6) 
7) 

Checklists for Preparing National Environmental Policy Act Documents 
Federal Manual for Identifying and Delineating Jurisdictional Wetlands 

8) Draft Aquatic Ecological Risk Assessment (AERA) Methodology 

If you have any questions concerning these documents, please call me (215) 597-2317. 

Sincerely, 

Bruce W. Beach 
Remedial Project Manager 

cc: Paul Leonard, EPA (letter only) 
r”-- P. Costello, WV DEP 
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ATI’ACHMENT I 
SURFACE WATER AND SEDIMENT PARAMETERS 

CHEMICAL AND PHYSICAL PARAMETERS 

These parameters are considered to be the minimum required to characterize the 
aquatic system. In some cases, others may be required where endangerment is 
suspected and additional information may shed light on the situation. 

Surface Water: 

Field Parameters -- 

Temperature 
Dissolved Oxygen 
PH 
Conductivity 
Salinity (for marine and estuarine systems only) 
Flow (width & depth) 

Laboratory Parameters -- 

Total Suspended Solids 
Alkalinity 
Hardness 
BOD, COD TDS, & Non-settleable solids (optional) 

Sediment: 

Field Parameters -- 

Temperature 
Eh (use EPA method 9045) 
PH 
Conductivity 
Color (Munsell) 

Laboratory parameters -- 

TOC (use EPA method 415.13 combustion methodology:report as % 
organic matter) 
Grain size (either ASTM hydrometer or emery tube) 
Moisture (report as %) (Routine Analytical Services: RAS) 
Solids (report as %) (RAS) 
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ENVIRONMENTAL RISK A88188MEBT WIDILIBB8 : 

EPA III Superfund Technical Support Section 

Introduction: 

Three levels of Environmental Risk Assessment (ERA) are recog- 
nized as available to the risk assessor: 1) the screening 
level; 2) the semi-quantitative level; and 3) the quantitative 
level. A logical procession from 1 through 3 is assumed and 
each should be carried out in such a way as to lead logically 
to the next, more restrictive tier. 

The level of ecological characterization carried out at Super- 
fund sites is designed to address the potential for risk 
regarding types of habitats and species mixes reported in the 
RI. The screening level risk assessment is not sufficiently 
detailed to allow the risk assessor to perform a anything more 
detailed than a very general risk assessuent. To carry out 
the more detailed assessment, the assessor needs site-specific 
toxicological information on representative flora and fauna 
from all habitats. In addition, backup information such as 
chronjc toxicity studies, tissue residue analyses, and obser- 
vation of abnormality, etc. are needed. 

. Screen- Level: 

In the absence of specific studies to provide detailed infor- 
mation, the only approach considered to be protective of the 
greatest number of species, is the conservative environmental 
effects quotient (EEQ) approach. In this approach, the most 
conservative criteria available are derived from a wide 
variety of sources, applicable to the media. 
the aquatic habitat, 

For example, in 
the chronic ambient water quality 

criteria are used, where the criterion value is divided into 
the concentration reported from the remedial investigation. 

Comparable criteria are not available for some media. In 
these cases, a literature search is used to establish a con- 
servative basis. More specifically, the literature search is 
used to find information relating to organisms of that medium 
that have been reported as impacted by certain levels of con- 
tamination. These are then used to establish ecotoxicological 
values as the denominator for calculating the ecologicaltoxi- 
cological values. The background numbers appearing in other 
source8 (e.g., Shacklette and Boerngen) are used only as gui- 
dance for determining reasonable backgroundvalues, but should 
not be used in calculating the EEQ. In some rare cases basic 
ecotoxicological values exceed the background values (e.g., 
aluminum, iron, and magnesium,, due to the prevalence in soil). 
In these cases, the judgement can be made to drop them from 
consideration. 
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The EEQ is derived from dividing the criterion value for a 
particular medium into the value reported for the medium from 
investigative reports. 
the denominator 

For example, in aquatic assessments, 

chronic value. 
is the ambient water quality criterion, 

Those EEQ calculations that show a result higher than one (1) 
are considered to demonstrate a potential risk. Values highe; 
than ten (10) are considered to be of moderately high poten- 
tial risk and above 100, extreme risk. 

Measures such as diversity, abundance, and density as well as 
interspeciesrelationships (a.g ., predator/preyrelationships) 
are helpful in the risk assessment. Comparison to control or 
background levels are used in conjunction with this informa- 
tion to determine relative risk. 

The uncertainty of the screening level risk assessment is 
minimized by using the conservative approach joined with the 
use of the 95% UCL of the reported data. Attached are in- 
structions for deriving the 958 UCL. 

: 

In this level if risk assessment, ecological receptors are se- 
lected that are representative. They are selected from among 
the populations considered to be exposed in the habitats and 
media as well as from the pathways of contaminant transport. 
The indicator species selected is always more than one and 
from different clarrses of organisms and from both the indi- 
genous flora and fauna. Selected species should also come 
from all contaminated media and pathways insofar as possible. 
Exposure in some pathways, e.g. groundwater isolated from all 
ecological receptors, would be exempted. 

Exposure routes are selected, based upon both the species se- 
lected and the type(s) of contamination as well as the fate 
and transport picture. Exposure routes include ingestion, 
respiration, incidental exposure (e.g., physical contact), 
etc. 

Dosage estimates are calculated, assuming 100% exposure to the 
contamination identified.in the medium where the exposure oc- 
curs. This should be calculated au the daily dosage, but with 
the caveat that most if not all contaminants have chronic or 
long term implications. The factor used should be derived 
based upon bioconcentration factor, chemical/biochemical mo- 
bility, and comparative toxicity of the of the contaminant(s). 

- The dosage is then divided by the criterion value, e.g., the 
AWQC-chronic value for aquatic assessments. The calculated 
results are evaluated just as they are in the screening level. 
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The organisms studied are surrogates for each medium and habi- 
tat and extrapolation is considered possible to other members 
of the same ecosystem. The safety factor between species of 
the same class is 10 and between species of different classes 
is 100. 

Uncertainty in this level of risk assessment becomes more im- 
portant because of the raised level of the use of technical 
information. 
basic 

While use of the 95% UCL is still used, the 
criteria may be different as background/control data 

rather than the conservative criteria are brought into use as 
the denominator for the risk calculations. However, if it is 
determined that these values are excessively above the 
literature/criteria values used in the screening level risk 
assessment, then the lower values should be used. In any 
case, uncertainty becomes more of a mathematical concern than 
is the case in the screening level risk assessment. 
. . 

-Risk-: 

This is the most detailed risk assessment. The above methods 
are formulated to lead to this and all calculations are aimed 
at meeting the objectives of this level of assessment whether 
it is completed to this level or not. This level is merely 
the analyses of information gathered for levels 2 and 3 and 
supplemented by studies specifically for level 3. Such 
studies as chronic bioassays (two organisms per medium for 
each habitat), tissue residues (tissue selected according to 
the kinds of contaminants identified), and other studies as 
needed (e.g., ecological succession, fledgling success, etc.). 

This level of assessment requires the kinds of studies that 
constitute the most complete weight of evidence that can be 
carried out. 

The exposure analysis is the most involved spatial and 
temporal analyses on each ecological component practic- 
able. 

The exposure profile involves the most complete spatial 
and temporal scenarios practicable. 

The calculations are based upon as many factors as 
possible and that can be gathered through acceptable 
scientific practice. 

In sum, this is the most scientifically rigorous assessment of 
the three. Extrapolation is usually not necessary at this 
level, but.if done it is carried out using the same approach 
as that used in the semi-quantitative level. 

Uncertainty is a large issue in this level of risk assessment. 
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It involves both qualitative and quantitative analyses of 
uncertainty and should be as thorough as possible. 
level of risk assessment, 

At this 
uncertainty probably cannot be 

completed without peer review. 

' . Conclus+pn . 

The screening level risk assessment is based upon a minimum of 
information and is based upon conservative criteria. It is 
the art of assessing risk using judgement that the level of 
protection offered is for 958 of the species found on the site 
and within the greatest extent of contamination possible. 

The semi-quantitative risk assessment narrows the window to 
specific organisms considered to be representative of the 
habitats and pathways. It calculates the potential for risk 
to surrogates and uses safety factors to extrapolate to asso- 
ciated species in each habitat and medium. 

The third tier risk assessment involves rigorous scientific 
disciplines such as toxicological and bioassay studies. The 
species studied in the toxicological, bio-assay work, etc. are 
specific to the habitats and media that are reported in the 
contamination descriptions. All studies are aimed at devel- 
opment of a weight of evidence approach by medium and habitat 
that can determine the level of potential risk. 

This level of risk assessment forms the closest link between 
the estimate of risk potential and the actual risk that can be 
expected. The other two steps leading to this level (the 
screening and the semi-quantitative levels) are more artful 
and therefore are based upon conservative criteria. 

The focus of risk assessment is the m for risk. Risk 
need not be proven, but potential for risk is the critical 
point that risk managers deal with in making decisions. 

suaaestedTahlepL(ZontentsEpEEnvironmentalRiskAssessnrent: 

1) Problem Definition 6) Risk Characterization 

2) Source Characterization and 7) Interpretation 
Exposure Pathways 

3) Exposure Assessment a) Limitations (Uncer- 
tainty) 

4) Ecological Receptor Charac- 9) Risk Assessment (Con- 
terization elusions) 

5) Ecological Effects Charac- 10) Recommendations 
terization 
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UCL for a lo~taal data 8at: 



- Lhrre: 
I 

xb is the arithnmcic raean of he Log cranrfom~d &ca 

'1 is the variance of the Log cransfomd &ta (Variance - cho squire of 
the standard deviacfon of the transformed data) 

s;n is the standard deviation of-the Log cransforzaed data 

H is cho H statistic, dependent on sla, 
selected Love1 of significance (9SX) 

the sup10 population n, and a 

n 1s rho population of the data see 

rqrt - square root 

When the two UCL valurr hwr been calculatrd, a determfnation is ma& as to 
which value best represents chr potenclaL COC data sec. mis i8 achieved 
based on the folloving set of Criceti8: 

. If one of cho two calculated UCtr l xcre& I&O auximum value 
coneentracion fn cha pot@ncfaL COC data 8~. then the UCL Lerr than the 
maxima value f8 wad. 

. If both UCL valuer da not rxcwd the nuiaum vale eoncrnttatfon fn 
chr pocantfal COC data sat, then chr pator UCL 18 used. 

. If both UCL valuer exceed thr mu&ma valur conerntration ln the 
potential CQC data set (frrqurntly occurs vhrn cho data 8ot population 
1s four or Lear), than both UCtr are l lfafnated md the IUXW value 
concentration fr substltutrd. 

Utllirrtion of thm approach di8CU88Od hormta v&l1 produco rwmral benoffcial 
l ff8Ct8 . Ffr8t. PR? analytical &u till bo rvaluatrd and ?te8entad iri a 
conrfrtrnt aannu ln the Rendi fm8ci~atioa Raportr. socona, 8ub8quoat 

data l valuation for th0 8m Sita aUd/Ol: CoclgUhOtU mng 8iU8 c&m bo 

approached La a uniform mmaot. Third, utflizattou of thfr approach by the 
PRP8 vi11 l lfmirutr the nard, and rubrequont colt, if to-avaluation and 
manipulation of the dim 8of by VA or ftr concractorr. Tht8 w d80 Uh 

additional ra8ourco8 avail&la for other rcoLog~cal ti8k urorrmnt Wrkm. 

- 



,’ 

FORMAT FOR OlSPLAYLNG ECOLOtX%L RISK ASSESWENJ DATA 



ATI-AciIMENT - - \ 
III 

REGION III SUPPLEMENT ARY RISKASSEZZMZNTGUIDANCE 



1 -= 
UNfTED STATES ENVIRONMENTAL PFiOTEtZiTKlN AGp(cy 

Region III 
841 Chestnut Street 

Philadelphia, Pennsyhmia 19107 

March 18, 1994 

SUBJECT: Region III Supplementary Risk Assessment Guidance for Superfund 

FROM: Roy L. Smith, Ph.D., Senior Toxicologist 
Technical Support Section (3HW13) 

TO: Risk Assessment Guidance Package Addressees 

Since 1990, the EPA Region III risk assessors have developed several technical 
guidance documents clarifying and extending EPA’s national risk assessment guidance for 
Superfund. In the past, the Region has distributed each document as it became fural, and 
afterward provided copies on request. The Region now sees a need for a more formal 
distribution method. 

This new procedure will begin by providing, alI current Region III risk assessment 
guidance documents to persons who (1) have Region III mailing addresses, and (2) are now 
enrolled in our mailing list for the Risk-Based Concentration Table. The documents are 
attached to this memo. If you are not currently on this mailing list, but would like to be, 
please fax Anna Poulton (215-597-9890) and give her your name, address, and phone and 
fax numbers. Please say whether you would like to receive the risk assessment guidance, the 
Risk-Based Concentration Table, or both. If you are already on the mailing list, you need 
not respond. 

The Region will also use the mailing list to disseminate new guidance documents, and 
will also periodically distribute fresh copies of the complete guidance package. Of course, 
we wilI continue to respond to direct reqpests for copies at any time. Please make these 
requests via fax to Anna Poulton. 

Each Region III risk assessment guidance document has been reviewed by Regional 
and Headquarters program personnel and scientists in EPA’s Office of Research and 
Development, and revised in response to comments. Regional Superfund management has 
concurred with the recommendations, and each document carries the Division Director’s 
signature. . The recommendations are now being applied by Region III technical support 
personnel in writing and reviewing Superfund risk assessments in the Region. 

Questions about how the guidance should be applied to particular sites should be 
referred to the EPA toxicologist working with that site. Please call me at 215-597-6682 with 
other comments and observations about the distribution process. 

Attachments 

. ..-----. 
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Region ill 
Technical Guidance Manual 
fwkAssessment 

Use of Monte Carlo Simulation in Risk 
Assessmehts 

EPA 
Region III 

EPA Contecr: Dr. Roy L. Smirh 

Hazardous Waste Management Division 
Office of Superfund Programs 
February 1994 

EPA’s current risk assessment methods express health risks as single numerical values, or Wngle-poi~ estimates of 
risk. Thii technique provides liile information about uncertainty and variability surrounding the risk estimate. Recent 
EPA guidance (EPA, 1992) recommends developing ‘multiple descriptors’ of risk to pruuide more complets information. 
to Agency decision-makers and the public. Monte Carlo simulation is a highly effective way to produce these multiple 
risk descriptors. This document recommends guidelines under which Region Ill risk B may accep the optiond 
use of Monte Carlo simulation to develop multiple descriptors of risk. The Region will continue to require single-pcinf 
risk estimates, prepared under current nafional guidance, in conjunction with optional Monte Carlo simulations. 

SINGLE RISK ESTIMATES VS. MULTIPLE 
DEscRlFrocIs 

EPA designed its human health risk assessment 
guidance (e.g., EPA, lQQ1,1989 and 1988) to produce 
protective, rather than best, estimates of risk. EPA is 
aware that true risks are probably fess than its 
estimates, but has chosen a regulatory pofky of giving 
the benefit of uncertainty surrounding the risk 
assessment to the exposed public. 

These protective r&k estimates sometimes create 
difficutty for Agency decision-makers and the public. 
Site-specific Regional risk assessments usually present 
risk as a single number, or singlepoint estimate, 
accompanied by 8 qualitative discussion of uncertainty. 
The public tends to focus on the single-point estimate 
and to overlook the uncertainty, whiih may span 
several orders of magnituc+. EPA risk managers, 
though aware of the uncertainty, must still justify their 
decision to either accept or reduce the single-point risk. 
If the risk is close to the maximum acceptable level, it 
is likeiy that dinerent .assumptions would have 
produced a different risk number, leading to a different 
de&or?. In this way, single-point risk assessment 
methods place the risk assessor in an inappropriate 
risk management role. 

Recent EPA guidance on risk characterfzation (EPk 
1992) discusses this problem in depth, an 
recommends the use of multiple risk descriptors i 
add&ion to protective single-point risk estimate 
lnclwion of these additii risk descriptors provide 
the public with more complete illf~ on tl- 
likelihood ol various risk levels, and risk managers wit 
multiple risk-based cleanup goals from which 1 
Choose. lhll guidance mentions Monte CarI 
simulation as an effectfve source of multiple ti 
descriptors. 

MONTECARLOSfMUlAllON 

Monte Carlo simulatii is a statistical technique ti 
which a quantity is calculated repeatMy, usin 
randomly selected %whatY scena&s for eat 
calculation. Though the sknulatii process is internal’ 
complex, commercial computer software performs tl- 
calculations as a single openaWn, pfes8Wng results 
simple graphs and tables. These results approxima 
the full range of possible outcome!8, and the likelihoc 
of each. When Monte Carlo simuWon is applii 
risk assessment, risk appears as a frequm 
distribution graph similar to the farMar bell-shapt 
curve, which non-statisticians can understar 
intuitiiely. 



Monte Carlo simuukm also has important limitations, 
whichh8veres!mwd EPA from accepting it as a 

--- preferred risk - took F 

1. Available software cannot distinguish between 
~arlabMy and uncertainty. Some factors, such as 
body weight and tap water ingestion, show well- 
described diierence8 among individuals. These 
dlfferenca are called ‘variabilii. Other factors, 
such as frequency and duration of trespassing, are 
simpty unknown. Thii lack of knowledge is called 
‘uncertainty’. Cunetlt Monte Carlo software treats 
uncertainty as if it were variabilfty, which may 
produce misleading results. 

2 lgnorlng txmWons among exposure vatiab&s 
can bias Monte Carlo c8kuk&ns. However, 
informatkm on possible correlatii is seldom 
available. 

3. Exposure factors developed from short-term . 
stud&s with large populations may not accuratefy 
represent long-term conditions in small 
popu- 

4. The tails of Monte Carlo risk distributions, whii 
are of greatest regulatory interest, are very 

--. sensltlle to the shape of the input distributions. 

decause o( these limitaWns, Region If1 does nu 
recommend Monte Carb simulation as the sole, or 
@-flprimuy,r@k- method. Nevertheless, 
Monte Carlo simulatkm is clearly superior to the 
quafitative procedures curWntfy used to anafyze 
uncertainty and varfabilky. For basefine risk 
aswmmts at NPL sites, Region 111 recommends that 
uncertainty and variabifky sunour&tg singfepofnt risk 
estimates rely on muftfpfe descr@tors d risk (EPA, 
1992). Monte Carto simulation wfff be an acceptable 
method for developing these mukiple descriptors. 

me fdlowkrg example (from Smith, in press) illustratee 
the advantages of Monte Carlo simulation in risk 
-fTt : 

At a Superfund site in Region III, volatile organic 
compounds migmed to r&dentU wells. The singb- 
pointRMEestfrWeoflffetfmecancerrfsktoexpoaed 
residents, bawd on kqpstion ol tap water and 
inhalation wWe showeflng, ~8s l-148-3. 

Figure1 shu#sttwoutpMofaP~basedMorrteCuk 
simulation~fortherkkasllesrrment Each 

-~xposum p8f8meter ~8s enter8d 8s a frequency 
Astributlon (Le., a @bell-sh8peU cunm showing the 
rangedp+sibfevalues,andtfJeffkefihooddeacft) 

I 

Fig 1. PmbabiMy dMibuUon d upper bound Ihdm. cnmu nhk. 

rather than as a single number. Carcinogenif potency 
skips were enWed as fked values rather than 
frequency diibutkxts, so the variability in risk was 
due entirely to the exposure assumptions. 

Risk was calculated 5000 times, with each cakulation 
based on a different randomfy-selected exposure 
scenario. fhe figure lists the RME, average, and four 
peccentiles al ridG and shows the entire risk 
distribution. The RME risk estimate fell between the 
95th and 99th percmtW in this example, appropriatety 
protective as intended. This ffgure cfe&y provides 
more complete rtsk inform&on than the single 
numerical RME estfmate. 

R-n III risk m bdiewtmahtonteCad0 
simulatii requires more devefopmem before it can 
sefveastt?e~rlsk~ method, for 
masons described 8bove. However, the technique has 
ck8f8dv8M8ge8averthequ8Utatfveanalysesd 
uncertainty and variabMy cummtky in use. Region Ill 
will accept Mont0 Cyk simulations submitted as 
uncertainty~ adyses in risk assessments, 
under the followin gu&Wnes: 

1. Include onty human receptors. This guidance 
excludes envhmmmal receptors. 

2 Submlt a wti plan for EPA review before doing 
the Monte Carlo sirnulprion, to ensure the work will 
be ixqmble to EPA The workplan should 
describe the mare to be used, the exposure 
route8 and fnodelq and Input probability 
distrfbutkmsMdth&sowcer. EPA expects that 
peer-reviewed Wm and site-specific data wifl 
beusedwhollewposdbk. useprofessional 
judgmenonfyrrr~reeo&andoofyintheform 
oftrl8ng~orunyorm~. Describe how 
com&tionsamonginputvarfableuwillbehandled. 

2 



3. , Include only exposure va&bles in the Monte Carlo 
- simulation. Enter reference doses and 

carcinogenk slope factors as single numbers, 
except for speciffc contaminants for which the EPA 
Office of Research and Development has already 
approved frequency distributions. 

4. Include onfy SiQnifkant exposure scenarios and 
contaminants in the Monte Carlo simulation. First, 
calculate RME risks for all exposure routes under 
cunent gtikance. Select exposure routes for 
whiih RME rtsk exceeds either le-6 cancer risk or 
a non-caminogenic hazard index of 1. Include onfy 
cont8min8nts which contrfbute 1% or more of the 
totaf RME risk or hazard index 

5. Uss Monte Carlo simulation only to analp 
uncerrainfy and variebi/ily, as a ‘multiple descriptor 
of risk. Include standard RME risk estimates in a// 
graphs and tables of Monte Carlo results. Gatwate 
deterministic risks using current EPA nation& 
guidance (EPA 7992, 7997, 1989, and 7998). 

6. Include graphs and tables showing and describbg 
each input dfstrfbcition, distributions ol risk for each 
exposure route, and ‘diirfbu9ons of totaf rfsk 
(summed across exposure pathways and age 

-- groups, aa appropriate under current guidance). 

Region III will not accept Monte Carlo simulatiorrs which 
are not apprwed beforehand, or do not adhere to 
these guidelines. 

Region Ill wffl accept Monte Carlo sknuf&ons tm 
conformtotheguldellneslflmlsdocumenh8sp8rtd 
baselinehumanheakhrfak- Themost 
import~gukI@nekthatakrfek~must 
include single-point RME rfsk estImatea prepared under 
current EPA national guidance. The Region will accSp 
Monte Calo slmul8tlon only as M opional addlth to, 
not a substitute for, current risk 853838ment methods. 

EPA, 1992. Guidance on Risk Charactertzation for Risk 
Managers andRisk Assessors, (U.S. Environmental 
Protection Agency, Office d the Administrator, 
Washington, DC, memorandum from F. Henry 
HabiiM on 26 February 1992). 

EPA, 1991. Standard Default Exposure Factors, Risk 
.- Assessment Guidance for Supfund, Vo/uma I: 

Humen uealth Gaiuation Manual ~ufwlemental 

Guidance, (U.S. Environmental Protection Agency 
I 

office of Solid Waste and Emergency Response, 
Toxks Integration Branch, Washington, DC, 
OSWER Directive 92556-03). 

EPA, 1999. Risk Assessment Guidance lot Supet?bnd, 
Volume I: Human Health Evaluation Manual (Pm A), 
(U.S. Environmental Pruectkn Agency Of&e of 
Solid Waste and Emergency Reqxwe, Toxks 
Integration Branch, Washington, DC, EPA/540/i- 
89/002). 

EPA, 1998. Exposum Factors Hendbook, (U.S. 
EnvfronmentaI Pratection Agency Offfce al Health 
and Em/ironmental -m Mwhgton, DC, 
EPNBOO/aasiOG). 

Smith, R.L In pless. Use of Monte Carlo simulatk~~ 
for human exposure at a Superfund site. 
Submiied to Risk Ana/ysis, May 1993. 

For additIonal-, call (215) 597-6692 
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WELL PfAcEMENT 
.e-- 
p 

During the scoping meMing, the toxicologist may 
present the guidelines fof risk analysis from 
contamination in groundwetef. These may include 
selecting the location of gfoundvmtef wells and 
proposing an@ftical methods of sampling for SuspeCted 
contaminants. The choice of groundwater wells is of 
prime importance in determining the appropriats 
concentrations of poMants in the aquifer of concern. 
Placement of wells in both the hodzontal and vertical 
planes should be considered. In genera/, both 
hofizonta/ and wftfca/ placWnet?t of gfoundwatef 
monitoring wells should be designed so that monitotMg 
well data can be extrapolated to future tosidentiia wS(l 
usage. t?orwflation with the hydfogeo/ogistis required 
to outline any hydnMgitW and/or geo/ogiiza/ Concams 
which may impact the subsequent wall selection. 

Bothhtlrbudd-pbaancntofgTcundw~ 
moniaMg wel& should be duigncd so that wwnito&g well 
data can be ampolated to fiwn Mdauiaf IV& usa@ 

A- 
--. 

tiydrogedog&ts may locates wM8 fkx a wfefy of 
purpose8, yur toxkomgkts prfmeMy utNz0 WWW QuaMy 
data to dssdss tha potmtW riSk.s to hutmn hWth. 
Since foxhWogis8 us&y do not direct w//m 
the body of duta obtained for hydtugeologkd 
objec!iws may be used by Um Wcdogist for a 
ditTerent putpose. 

For example, grou-f wWa may be fooefed by the 
hydrogedogist ~UrposW m q a~ m 0f 
conmminatfon. On the offmr hrrrd, the ttxkokqiat 
rquifus Mofma#on concemlng the r#ron&blo 
mtimum ConcentrWon ol poHuannr h the CrquikH ol 
concern. In this Case, aho Id& pkament al w@a tar 
ris&purposesisneulBe~cenWolfhOjWmO. 
ThechoiceofwW/8maybedlllbr#rriWonsft@anddV 
site scbnurios of n t?wniph &olJmu l-v-@- 

6. 

The aquifM of interest should provide ~Mcient watuf 
for residential we; In some cases, monitoring wei1 data 
from two independent aquifer may be combined if 

,-. . 

each aquifer C%nnOt suppfy enough water individually. 
ff tfM aquifer iS not Currently USed acr a drinking water 
source, consider the likelihood of its futum use as a 
dfinking watef Soufce. For aample, monitoring well 
data from a perched aq~ifef is not rrppropriate f0f bisk 
assessment beCause it usualy does not provide 
Sufficient watef for residential use. In any case, the 
~foprikW3neSS Of Spatial p(aC8i?bOt?t may depend on 
hydfogeological factors. Thus, comih8ri0n with a 
hydroQeo~oQist is required to outline potetial problems. 

ldentificetion d wells should be such that the 
toxicologist may combine waler qwlity data from 
sewrai wells in order to achieva a feasm maximum 
estimate ot groundwatuf contwnl~. Those wells 

which meat tha criteda diacuaaod rbors mgr be 
grouped fof sp8W analysis. Tenpfa/ analysis may be 
achieved 6y multiple sampling ot the chosen wells. 
it is important to recognize ftmt the combined data from 
mutriple w-8/4 sampling should belong to the same 
statistfcd data popuhdon da& i.e. tf~ rppsrsnt center 
d the plume. 

Ahtmughbothfl~~ti~damshouldba 
co/~ (LISEP~ 199m), trm du8 ia maha#d on a 
wdl by well basis by the risk asmasot for its potential 
use in tmrqdafng rnonlming wdl dum to a residential 
wdl sccHwI0. Genw//y, udfhwd det8 is pnefefwd, 
howww,ifthemiaanobvlourdiscrspvrcyinthslevdls 
of inorg8nics, of it SW MCLS we t9xcwcied, 
ff~daCImybe~Ibru8einchefisk 
Bmiuueb- mom My in a 
sqmnm Region 111 guidnrm dowment which is 
cummfy in dmfr ftm (USEPA, lQ91b). 

luring m scoping phmu, fhe compfem his~wk~ 
database should be UKnWgh& lined. tf the 
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historic~ d&a d8mWWUM Clear trends, the toxkologist 
should incorporste w scI68pecilic infonaton into 
m49 risk calc~won. SW inbnnarfon sho~ki&~ 
be considetwd in .dHUtlnining ths confidenw 8ssign8d 
to me trend dir&an. In addition, the historical 
dtItabeS8 should be eVUbted for Iandmerk actions, 
such as em8q78ncy n8mOW or m&ie/ ectbn priof to 
m8 RIJFS. Us8 of th8 histodcal database should include 
consideration of potsntial bCOnSiStMCi8S in analytical 
methods, data validation prottxo/s and QA/QC 
pr%ctices wtrich may h8vu Changed WiEh. time (USEPA, 
1SSOC). 

If the available k&m&on is inad8quah9 to st~bstantiat8 
the risk WSW tJdditiOM/ zuvnpling 8VWtS ShOUid 
be performed for wCh wdl identified kw tisk 
asS8SSmdnt jX@XMiM. ?Be sun@ng wenta should be 
spac8dsuchtfmtMlnddpdnddnt ssmpte pqn&tion is 
obtain8d. The SW time intena/ shoum f3e 
accept&8 to all Inumbwa cfme i~guiion team. 

AsdataisccNecM, thenwultsshwki&fwi8wdfor 
trends. the numbe? d sem@ing founds shoufd .& 
SUffiCi8t7ttOjdddadMab8WwithC~tnands.~ 
sampling8tWtmryb8acontinW~suchaha 
the RIIFS process k not dekyed. In Ws v 
infofmabbn obtnined lLom ongaing s8m#ing 8UoHs may 
be submitted as 8ddwdums to ma RenmdW 
lnkustigation rsQort 

retiabte database &mk?t?d during m8 entire site 
imestig&tion wtrich may include stud&s o#er fhan the 

RUFS. The dear to 08 lnctudad in ii?@ cakulatlon 
consists of usw#e, wafur quaiity data ohained from 
rep8ated sampling of Um wells id8nWd for risk 
ass8smemt purpo~8a 8s we41 as ussable historical 
inform&m. Trwtment of f)odema is conSider8d In 
a sepamfu Region Ill guidance document (USEPA, 
1QQla). The rsasonable maximum cotnxmra0on ot 
polktan& in the aquifer can be calcukmd as the upper 
95th pefc8nt confidenos limit of ttm a?iBnmtic mean, 
UC&,, (See Highlights). If fim ~BIZ&WM is su#ciefu< a 
preliminary consuwk riik B may be 
perfonn8d fMawing Um !%6tsa 1 imastr’gaon. Current 
dlSiterlskmayb9assssseduSi~wanSrqualirydate 
ffOm a set of wolfs ind8pendW ot lb088 identified for 
on site risk (posaib/y residential wells). 

FUtUN3fMCmSybeestbrwDsd using Uu msdfs of 8 fare 
and transp~ri groundwa~ matWing effort. 
Consultcrtlorr with the hy&ogdogiis is mccmmended 
t0 diMWmin@ ttl8 -##to modelling approech. !f th8 

‘hw-. * determinwm8t grtw&mw modelling 
is not v du8 tu sit8 specific conditions, 
current monitofing wsli data may be used to assess 
futN8 risk. 
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Land, C.E. (7875). Tebb d ca#tMce 
limitsfwIhiwfinWonsoitfmnufm8lmSan 

MMcai Society, ProWence, RI., pp. 
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The Detection Limit 
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Risk assessments often inepproprJerrdv + und handle dam n#ef the Urnits of detection. Common m i&ude (1) 
omission of detection limits, (2) f&lure to de&m date&on limits which w mponed, and (3) un@tified trWment of non- 
detects as zero. This guidanoe Is intended to knpfwa the quaMy end consistency of handling data near the de&c&n 
hyi+ ‘q. risk assessments done in Regkm 111. (EPAf903l&91/001) 

The /m2ice of omitting inf&meffctn on detecWn llmirr 
from risk assessments is inqproprlate, both technicaf~ 
and ethically, beceuse it concr3a/s impoltani 
uncertainties about potenti&/ IaWs d unde&cW tie 
For example, falbfe to detect TCE in c$rWdng wmw Y 
a detecrion l/m/t of SO pett8 per billion (PP8) doe8 not 
estabiish acceptable /eda d hmhh rbk; hi&w 1D 
detect TCE at 0.05 ppb doe& /frisk m neglect 
to consider detection Iimhs for aWytftW data, they may 
overlook serious heaM thnatt. FB, dote&m 
limits should appeur bt& & d&M 8unutmty tab/at in the 
bodyoftheriskassesUnYlZandintabls8drrrwd~ 
in appendices. 

In a generic sense, there are twu rypet ol ana&tf’cal 
lower limits: detection lfmit8 and 9~1nthudon Ilmitrr. 
The detection limit is the k%wst Cm l&t CM 
reliably be distinguished from m, kd k b&w the 
level which is 9uanMable with eccqNabf0 prsclslon. At 
the detection rimit, the ana&te is provlsn to be plwsnt 
bq “- reported ConCsroalfOn & M sstimsnb. m 

.*’ 
. . 
I / 

1 

9uaMatfm limit is the lowest concentradon WNdr can 
be not only deteoted, but also 9uantitW with a 
SpacMad degfw ofpfecision. At the 9lJantmM limk# 
the irndym k both proven present and - 
mlhbiy. The 9uantitatfon limit Is ahvays gnxuar than the 
detection limit, usually by a factor of about Uuw. 

Th9 murim essumptiof9 cha siterel8ted contamirmnu, 
ifunde&cW,areabsentfromsan@esisof&nwuMy 
op#mlsfic. aIn@ f - 
(a vi@ chloride and tetm~thena in drwdng 
water, b&yMum in soil) are signifii potenW heslth 
risks ut /we/s below detection limits. Risk - 
should use professional iudgment augmwM8d by the 
decision path described below, to decide it Mmfdous 
contaminants should be 8ssumed present It levda 
below the detecWn i/m& 



-- m.limit ir the lowut concentration that can 
31 k &tiquished from zero, but is below rhc level 

wruth is qtmm$iable with acceptable precision 

Yhe qua&Won Gnit is the lowest concentration which can 
be not on& detected, but also quantified with a speci’ed 
dcgnc of pcision 

EXlSTlffi GUIDANCE 

Section 5.4 of the EPA Risk Assessment Guidance for 
Superlund (USEPA, 1989) IA recommends that all date 
quslifiers should be reported in the exposure 
assessment, and that their implications be considered 
before the data are used for risk assessment. Section 
6.57 suggests use of models when monitoring d8ta are 
restricted by the limit of quantitation, and Section 5.3.7 
containa guidance for m-analyzing samples and 
determining which date should be treated quaiitatively. 

EPA’s Guidance for Oata Useabilitv in Risk Assessment 
(USEPA, 1990) Section 3.3.4, subdivides generic 
detection limits and quantitation limits, descri&g aix 
dIffen!M lowaf anatyticaf limits. Section 4.2 of DU?lA 
dq*- ‘%s a strategy for selecting appropriate analytical 
m P, which includes consideration of risk at tha 
d&.,&n limit 

(1) The -- limit (XX) is three timea 
tha stand& devition of seven twplicate analyses at the 
Iowust concentration of a laboratory standard that Is 
statMicaliy dltYerent from a blank. 

0 Tha ll?amd demcdon Iinvt (ha) Is thme timea 
the standard deviaffon of seven repkate spiked 
samples handled as em&onmentai samples. 

(3)T?7aaufqMaquanWkMlimit@~Isthemethod 
detection limit comxted for sample dilution and other 
si~~le-qecitk ad]ustmen&. 

(4177=-=tregutrsd cMucfhnlimlt(cRDL)istho 
sampld 9uantWion limit which CLP i&oratories an3 
required to maintain for Inorganic ana&@& 

P~~~ragurkedquanpitetion~~Qw 
the sampla quantitation limit which Ctp laboratories 
must mahtain for organic anatytes. 

which analytes may be quantified with a specified 
precision, often +I- 30% This precision is usually 
assumed to occur at ten times the standard deviation 
measured for the instrument detection limit. 

Even with an optimum sample and analysis plan, risk 
assessors Still confront sifuafions where significant risks 
can occur below the detection limit. Neither RAGS nor 
OUR.4 presents a procedure for assessing risks from 
undetected, but potentially present compounds, nor do 
they suggest a specific reporting format for detection 
limits. This Region 111 guidance document addresses 
these gaps in national risk assessment guidance. It is 
intended to augment, not replace, national guidance. 

RECOMiiENOED MEWODOLOGY 

A RetnWiro Detectfon timitq 

Risk assessments shou/d include analytical limits in all 
data tables, including summw tables. One of the 
following should be reported for ell undetected 
analytes, in order of preference: 

Sampie Quantiteton Limit 
Contract Required Detection Limit (of CRQL) 
Limit of Quantitation (as described in DURA) 

Each data table in the risk assessment should clearly 
describe which limits are reported, and define ?hem. 

Risk assessments should use the format shown below 
for ail data tables. Undetected ana&tes should be 
reported as the detection ilmit (& either the SOL. 
CRDLfCRQ& 01 LOO, in Untt order) with the code V. 
Anaiytes detected abcm~ ttm detection limit, but below 
the 9uantftatfon iimit, should ~MB reportsd as an 
estimated conoentf8tiOn with the code ‘2. 

2 



-.. .* 
NorrDetecrion v. zero cuncentrazim 

Risk assessors have the fo//owing methods to choose 
from, for handling data below the detection limit: 

1. Nomderects handled 89 d8tecUon limits - In this 
highly conservative spproach, a// non-detects are 
assigned the value of the detection limit, the Iargest 
concentration of ans/y78 that could be present but not 
derecred. This method a/weys produces d medR 
concentration which is biased high, which is inconsis- 
tent with Region //1’s policy of using best science in risk 
assessments. 

2. /&m&m% reputed as zero - This is the best-case 
approach, in which a// undetected chemicals are 
assumed absent. This merhod should be used on/y for 
specilic chemicals which the r/Sk assessor has 
determined are not like/y to be present, using the 
decision path below. 

3. Non&tecBrepaRedashatftt?edetecti~/i~- This 
approach assumes that on the average a// values 
between the detection limit and zero could be present, 
and that the av8rage value of non-detects could be as 

i me lh as ha/f the detection limit. f This method (or method 
x, below) should be used for chemicals which the 

risk essessor hes derermined mey be present below the 
derecrion limit, using the decision path below. 

4.s2atfszfcaf8sffmetesol~bailowttm 
detection limit - Use of stat/srica/ methods to estimare 
concentrations below ths detect/on #m/t is technically 
superior to method three above, but a/so mquires 
considerably more 8tYofl and exp8tise than th8 thr88 
simpler methods. A/so, these stadst/cu/ methods a# 
effective onw for data sets having a high proport/on of 
detects (rypic8/ty, greeter than 5096). Therefore, Nat/s- 
rice/ predictions of concentrations below the detection 
limit, es described by Gilbert (1987J and reviewed by 
Helset (7990), are recommended on/y W compounds 
which significanrfy im$lOcf fhe risk 8ssessmenr and for 
which da& are ad8qmM. 

Summarizing rho discuss/on abow, method one 
(non-detects - Dl) consist8My overestimetes 
concenrrations below the detection limit, and should not 

EP he used. Risk ttssessors should us8 the following 
:ision path to se/ect.among method fwo (non-derects 

= O), method three (non-detects - /X12), and method 
four (specialized statistics) ro achieve the least biased 
estimate of reasonable maximum exposure. 

The choice of method should be based on scientific 
judgment about whether: (7) the undetected subHanc8 
poses a significant h8alth risk at the detection /ime (2) 
the undetected substance might r88sonabh b8 pnssent 
in that sample, (3) the treatment of non-detects wil/ 
impact the risk estimates, and (4) the dut&use is surV- 
cient to support statistical ena/ysis. The decision pefh 
below, followed by examples of appropffute se/ecUons, 
is recommended: 

1. Is me compound pmstmt at B hamprdocs 
Winanyszterelined~? 

If no. assume non-cf8t8cts an, zero= if ws. con0 u8, 
(Note that if me compound is not pn3ser~ in any s&/8 
at e hazardous level (m l@ risk or a hazard quertisnr 
of I), it probabb should be dropped from th8 risk 
assessment.) 

tf no. assume non-dstecrs are z8fo: if ws. cofninwG 

. /f no fro both uuestlonsl. assume non-detects m z8m, 
if ws (to either auestion). continue, 

. - If no. assume non-detects eoua/J&&L ti ws. coMd8? . 
ysinu statistical methods to estimut8 conc8MWaW 
below the detection limit for that exwosure mu@?, 
assuminu date uualiiv oermits. 



- 

1. TCE is present in groundwater on site at 500 pg//, a 

potentiaky hazardous concentration. Elevated TCE 
concentrations are measured upgradient of a residential 
well, but TCE is nor detected in the residential well 
&se/f. Other site-related chlorinated VOCs are detected 
in rhe fesid8ntM well. The detection limit for TCE was 

5 PgIl (8quivalent to 5 x IO+ risk under th8 exposure 
scenarfo in the risk assessmenr). 

Decision Path 
Step 7 - continue 
St8p 2 - continue 
Step 3 - continue 
step 4 - assume non-detects are DLl2. If multiple well 
samples ar8 a&able, and TCE is detected in some, 
consider using specialized StatiStiCal methods. 

2. chromium is present in on-site soils 8r 70,000 mglkg, 
a potantlal~ hazardous concentration under direct 
con@tZ 8xposure. Chromium is not detected in an 

adjacent off-site soil sample, although other si&-r8&8d 
m$@/$ ata. The detection limit for chromium in soil is 
o- f&g, well below a hazardous concentration under 
lb. go!We SC8fWiO in the risk ass8ssm8nt. 

ision Path 

Step I- continue 
Step 2 - continue 
Step 3 - continue 

step 4 - assume non-detects are OU2; us/ng 
S/38Ci8hKi StStiStiCS iS Unn8C8SS&Iy becallS th0 dsk 

ass8ssment would not change appreciably. 

3. K~s em not detected in 20 Ot~its SOi/ SBmplbs. 
77mre is no histoty of PC8 disposal M the site, and 
P(%s WWU not detected in any Other medium. 

* . 
Qec/s/on Path 
Step 7 - assume norn%xts an9 28ro. 

4. Wnyl chloride, a s&-related contamlnan~ is 
meaaumd In surface water downs- d the sit8 
bound&y at 70 pgll, a hazardous concenttation br a 
m&dent tvceptor. Fiw hundred met8rs upsaervn d the 
site, Wyi ch/or/de is not d8teCr8d at a DL of 0.1 pg/r. 

Decision Path 
Step 7 - continue 
Step 2 - assume upgradient non-defects equal zero. 

5. 2,3,7,8-TODD is detected in an unfiltered monitoring 
well sample at 5 ngil, a potentially hazardous 
concentration. The next downgradient well has no 
detectable TCOD. Pentachlorophenol, a/so detected in 
the first we/l, is not detected in the second. 

Decision Path 
Step 7 - continue 
Step 2 - continue 
Step 3 - assume non-detects of both TCOO and PCP 
8C/Ua/ zero because of low mobilily in groundwater. 

Gilbert, R.O. (1987). Statistical MethodS for Environmen- 
tal Pollution Monitor/ng. Van Nosrrand Reinhold Co., 
New York. 

He/se/, DR. (1990). Less than obvious; statistical trear- 
m8nt of dara below the d8teCtion limit. Environ. Sci. 
fechnol. 24(12): 1?6?-1774. 

USEPA (7989). Risk Assessment Guidance for Superfu- 
nd. Volume 1, Human Health Ewluation Manual (Part A). 
EPAi501/1-WOO2. 

USEPA (1990). Guidance for Data Useability in Risk 
Assessment. EPAf54OlG90/008. 

For additional information, contact (215) 597-6582. 

Approved 
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Does Plan provide sufficient documentation - enough 
information so reviewer (and others) knows what will 
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applicable regulation or guidance)? . . . . . 

Does document accomplish what it is supposed to? ..*.. 
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Identification 

1) Title page 

Does page include: 
1 - Title of project? 
2 - Name(s) of principal investigators and affiliates shown? 
3 - Appropriate approval lines at bottom? 
4 - Plan prepared in document control format? 

II) Table of Contents 

Does Table include: 
1 - List of all Plan required elements and appropriate 

page numbers? 
2 - Include distribution list? 
3 - Include list of Appendices? 

Section: I & II 
Revision No: 4 
Date: l/3/9 1 
Page: 2 of 16 

IA IU NI NA 

... x . . ...... ...... ...... 

...... ...... ..(I). ...... 

...... ...... ..(l). ...... 

...... ...... ..(l). ...... 

... x . . ...... ...... ...... 

...... ...... ..(l). ...... 

... x . . ...... ...... ...... 

Comments: 
(11 QAMS 005180, the regulations for preparing QAlQC plans, requires approval lines at bottom of Title page. 

required is that the Plan be prepared in document control format and a distribution list. 
Also 



III) Project Description IA IU NI NA 

Are the following addressed (or referenced), 
consistently presented, technically correct? 

1 - Statement of general objectives (purpose)? 
2 - Dates for start and completion of project and sampling 

activities (schedule)? 
3 - Overview of project’s scope (activities)? 
4 - Specific objectives for this phase of work? 
5 - Background information? 

Sa - Description of site? 
5b - Site History (operational, legal, remedial efforts)? 

6 - Brief statement of intended data uses? 
*7 - Description of sampling network design and rationale? 

7a - Design of overall monitoring systems? 
7b - Specific location of sampling sites? 

--. 7c - Justification of overall design? 
Sample matrices? 

+7 - Sample locations? 
*lO - Parameters to be measured? 
*l 1 - Frequency of collection? 
*12 - Field and lab measurements7 

Section: III 
Revision No.: 4 
Date: l/3/9 1 
Page: 3 of 16 

. . . x.. . . . . . . 
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13 - Procedures for groundwater sample preparation, or other 
similar fractions/sub-groups specified and included in 
parameter definition? 

14 - Type of sample(s) (grab, composite, etc.)? 
15 - Are data needs relative to data uses addressed? 

(Will the data answer specific objectives?) 

. . . x . . . . . . . . . . . . . . . . . . . . 

. . . x.. . . . . . . . . . . . * . . . . . . 

. . . x . . . . . . . . . . . . . . , . . . . . 

*Depending on the Program and/or project, information related to sampling may be discussod under 
Project Description (Section III) or Sampling Procedurer (Section VI) in the QAPjP or in a reparab 
Field Sampling Plan - the questionn apply regardleaa of format. 

Comments: 



IV) Project Organization 

1 - Does the Plan identify key people responsible for: 
la - Overall QA/QC? 
lb - Sampling operations and sampling QC? 
lc - Laboratory analyses and laboratory QC? 
Id - Data processing and data processing QC? 
le - Data review oversight? 
1 f - Performance and System Audits? 

2 - Does the QAPjP define who performs: 
(Lab and Field) 

2a - Data review? 
2b - Review and confutation of any tentatively 

identified organic compounds? 
2c - If CLP, preparation and final review of SAS requests? 

3 - Are phone numbers and addresses included? 
4 - Is line authority for alI referenced organizations explained 

or demonstrated by including an organizational chart(s)? 

.- 
4a - Are contractors and subcontractors included in 

organizational chart? 
5 - Are personnel qualifications included? 

training? Experience? Resumes? 
6 - Is the organizational structure appropriate to 

accomplish the QA objectives of the project? 

Comments: 
(1) Please supply this information. 
(2) 
(3) 

Phone numbers expedite communications. 

(4) 
A brief bio of principal staff members should be given. 
Unlrnown without additional information. 

Section: IV 
Revision No. : 4 
Date: l/3/9 1 
Page: 4 of 16 

IA JlJ NI NA 

... x . . ...... ...... ...... 

... x. . ...... ...... ...... 

... x . . ...... ...... ...... 

...... ...... ..(l). ...... 

...... ...... ..(I). ...... 

...... ...... ..(l). ...... 

. . . . . . . . . . . . ..(l). ..,... 

...... ...... ..(l). ...... 

...... ...... ..(l). ...... 

...... ...... ..(2). ...... 

. . . x.. ..*... . . . . . . . . ..a. 

. . . x.. . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . a. ..(3). . . . . . . 

. . . . . . .* . . . . ..(4). . . . . . . 



- 
5 

V) QA Objectives @QOs) 

- 
c 

1 - Is there a statement of intended data usage? 
2 - Are the terms and definitions for precision, accuracy, 

representativeness, comparability, and completeness 
properly used and expressed (i.e. QA/QC concepts and 
theories are understood and properly implemented and 
followed throughout the plan)? 

3 - Are Data Quality Objectives (DQOs) quantitatively stated for 
precision and accuracy (bias)? 

3a - Have the following been defined for each matrix and 
parameter? 
1) Level of QA effort (frequency of QC, etc.)? 
2) Accuracy (matrix spikes, surrogate spikes, 

reference samples, etc.)? 
3) Precision (replicate samples)? 
4) Sensitivity or MDL? 
5) Statistical reporting units? 

3b - Are quantitative limits established for each? 
3c - Are field and lab both covered? 
3d - Are QA objectives presented in a table format? 
3e - Is it clear that a distinction has been defined for 

“total” system variability and bias and not just 
looking at the laboratory? 

3f - Are objectives/requirements properly expressed 
(e.g., not confused with capabilities)? 

4 - If appropriate, are completeness objectives 
quantitatively stated? 

5 - Are representativeness and comparability appropriately addressed? 
6 - Are the interrelationships (and differences) between study 

design (number of samples needed), analytical procedures, 
internal QC, and data assessment reflected in the DQOs? 

Comments: 
(1) Only the field is covered, not the laboratory. 

Section: V 
Revision No.: 4 
Date: l/3/9 1 
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Section: VI 
Revision No. : 4 
Date: 113191 
Page: 6 of 16 

VI) Sampling Procedures (see also Section III) 

1 - Does the Plan: 
la - Provide specific guidance for all field work? 
lb - Provide a mechanism for planning and approving 

site activities? 
lc - Ensure that sampling activities are limited to 

those that are necessary and sufficient? 
Id - Provide a common point of reference for all parties 

to ensure comparability and compatibility between 
all activities performed at the site? 

2 - Are the following elements included? 
2a - Investigation objectives? 
2b - Site background? 
2c - Analysis of existing data? 
2d - Analytes of interest? 
2e - Sample types? 
2f - Map of locations to be sampled? 

--- 2g - Sample locations and frequency? 
2h - Technique or guideline used to select sites? 
2i - Specific sample collection methods? 
2j - Description of sampling devices? 
2k - Containers (type and source)? 
21- Preservatives (type and source)? 
2m - Procedures for preservation? 
2n - Holding times? 
20 - Reagents (type and source)? 
2p - Transport and storage? 
2q - Preparation of sampling equipment before and 

during sampling) and containers? 
2r - Blanks? 
2s - Filtering procedures, if applicable? 
2t - Record-keeping requirements? 
2u - Coordination with laboratory? 

Comments: 

IA IU NI NA 
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Section: VII 
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VII) Sample Custody 

1 - Sample Collection: Does the plan address: 
la - Field custody procedures? 

1) Transfer of custody and shipment? 
2) Receipt of samples? 
3) Lab custody procedures? 

lb - Does Plan include examples of forms, tags, labels, 
records, etc.? 

lc - Does Plan address evidentiary considerations? 
2 - Do field documentation procedures: 

2a - Document source of reagents or supplies? 
2b - Include procedures/forms for recording the exact 

location and specific considerations associated 
with sample acquisition? 

2c - Document specific preservation method? 
2d - Include labels containing all necessary information? 

- 2e - Include form to track custody? 
3 - Do lab custody procedures: 

3a - Identify sample custodian? 
3b - Provide for custody record within the lab? 
3c - Specify procedures for sample handling, storage, 

disbursement for analysis, and disposal? 
4 - Does the Plan address final evidence files? 

IA IU NI NA 

... x . . ...... ...... ...... 
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...... ...... ..(l). ...... 
. ...... ...... ..(l). ...... 

...... ...... ..(2). ...... 

...... ...... ..(2). ...... 

...... ...... ..(2). ...... 

...... ...... ..(2). ...... 

Comments: 
(1) Plese supply this information. 
(3 No information ir given in regard to the laboratory. We assume a separate QA/QC plan will be submitted. 



--. 

Section: VIII 
Revision No.: 4 
Date: l/3/91 
Page: 8 of 16 

VIII) Calibration Procedures and Frequency 
. 

1 - For the Field 
la - Does Plan include methods/procedures to assure field 

equipment are functioning optimally? 
lb - Is schedule/frequency of above included? 
lc - Are equipment logbooks required to record usage, 

maintenance, calibration, and repair? 
Id - Does Plan include calibration standards or reagents to 

be used, their source and traceability procedures? 
le - Does Plan include documentation requirements for 

calibration: 
1) Date(s) of calibration? 
2) Identification of standards used? 
3) Personnel performing calibration? 
4) Results of calibration (raw data and 

summary statistics)? 
- 5) Corrective actions taken? 

? - IAoratory 
2a - Does Plan include methods/procedures to assure lab 

equipment are functioning optimally? 
2b - Is schedule/frequency of above included? 
2c - Are equipment logbooks required to record usage, 

maintenance, calibration, and repair? 
2d - Doq Plan include calibration standards to be used, 

their source and traceability procedures? 
2e - Does Plan include calibration documentation requirements: 

1) Date(s) of calibration? 
2) Identification of standards used? 
3) Personnel performing calibration? 
4) Results of calibration (raw data and 

summary statistics)? 
5) Corrective actions taken? 

2f - Are calibration procedures applicable to analytical 
methods chosen? 

2g - Are all analytes included in calibration standards? 

Comments: 
(1) Laboratory must submit a QA/QC Plan. 

IA IU NI NA 
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...... ...... ..(l). ...... 
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IX) Analytical Procedures . IA IU NI NA 

1 - Are all analytical procedures documented or written as SOPS 
and included in full or by reference for all parameters? 

la - Are all procedural steps and options described? 
2 - Are the criteria of method selection included (e.g., in 

order to obtain a particular DQO)? 
3 - If method choice is governed by regulatory requirement 

(e.g., NPDES, SDWA, RCRA), have the appropriate 
methods been chosen? 

4 - Are the following included? 
4a - Designated laboratory name? 
4b - Description of laboratory facilities? 
4c - Description of laboratory equipment and supplies? 
4d - Laboratory credentials? 

5 - Do the methods include specific QC requirements (type, 
frequency, acceptance, etc.)? 

-- 6 - Are the analytical procedures approved, or equivalent to 
EPA procedures? 

7 -Are analytical costs included? 
7a - Are costs reasonable to meet objectives? 

Comments: 
(1) No lab information has been given. We assume it will be submitted later. 
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...... ...... ..(l). ...... 
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X) Data Reduction, Validation and Reporting 

Reduction 
1 - Are units specified for all determinations? 
2 - Are equations/procedures used to calculate 

concentrations included or referenced? 
3 - Are the types of records to be maintained, 

described, including how and where stored? 
4 - Are procedures included for transfer of data to forms, 

reports, etc.? 
5 - Are procedures for proofing (transcription errors) 

and cross-calculation checks included? 
6 - Are procedures for handling blank results described? 

Validation 
1 - Are functions and scope specifically defined? 
2 - Are techniques presented and summarized? 
3 - Are criteria used to accept or reject data described 

in a uniform and consistent manner? 
(See also Section XI) 

4 - If CLP, does the Plan include provision for data review 
using the functional guidelines and qualified review 
personnel, etc.? 

Reporting 
1 - Is the flow or reporting scheme from collection of raw 

data through document storage included? 
2 - Are requirements for recordkeeping in field and lab 

notebooks described? 
3 - Are the key individuals who will handle or report data 

identified? 
4 - Are examples of forms and reports included? 
5 - Does the Plan describe exactly what will be reported 

(e.g., QC results, etc.)? 

Comments: 
(1) These should be included. 
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XI) Internal QC Checks IA IU N-I NA 

1 - Does Plan describe procedures for both field and lab? 
2 - Are the protocols used (spikes, surrogates, blanks, 

etc.) described for each parameter and matrix? 
3 - Are field and lab acceptance or control limits 

specified for each? 
4 - Is the frequency of the checks described? 
5 - Is the system measuring total error/variability and 

not just sampling/lab error/variability? 
6 - Are the procedures described for internal QC checks 

consistent with the procedures used to assess 
precision and accuracy (Section XIV)? 

. . . x . . . . . . . . . . . . . . . . . . . . 
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XII) Performance and System Audits 

1 - Are audits addressed: 
la - For field activities (sample collection, analyses, etc.)? 
lb - For lab activities? 

2 - Does the Plan identify who will conduct the audit(s) 
2a - for field activities? 
2b - for lab activities? 

3 - Does the Plan describe what protocol will be used for audits? 
3a - for field activities? 
3b - for lab activities? 

4 - Are acceptance criteria defined? 
4a - for field activities? 
4b - for lab activities? 

5 - Does the Plan describe distribution of audit reports? 
6 - Is a schedule of audits included? 
7 - Are quality control samples scheduled? 

- f 
nments: 

This information must be supplied. 

IA IU NI NA 
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XIII) Preventive Maintenance 

1 - Does the Plan include a maintenance schedule to 
minimize downtime? 

la - for field activities? 
lb - for lab activities? 

-2 - Is a spare parts list available? 
3 - Is a source of spare parts identified? 
4 - Is the source of repair described? 

Comments: 

Section: XIII 
Revision No. : 4 
Date: l/3/9 1 
Page: 13 of 16 

IA I’U N-I NA 

... x . . ...... ...... ...... 

... x . . ...... ...... ...... 

... x . . ...... ...... ...... 

... x . . ...... ...... ...... 

... x . . ...... ...... ...... 



r 

XIV) Specific SOPS Used to Assess Data Precision, 
Accuracy, Representativeness and Completeness 

1 - Relative to the objectives in Section V, does the 
Plan include protocols for monitoring whether 
requirements were met? 

2 - Does the Plan include the equations used to calculate 
precision, accuracy (bias), and completeness?. 

3 - Does the Plan describe the methods used to gather 
information for precision and accuracy (bias) 
calculations? 

4 - Are statistical procedures used documented? 

Comments: 
(1) Tbie data must be submitted. 

- 
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XV) Corrective Action for Out-of-Control Situations . 
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1 - Does the Plan include a scheme to: 
la - Identify defects? 
lb - Trace defects to source? 
lc - Plan and implement correction? 
Id - Document results of process? 
le - Document where documents are kept? 

2 - Does the Plan include predetermined limits for data 
acceptability beyond which corrective action is required? 

3 - Are procedures for corrective action (who initiates, who 
approves) included? 

4 - Is feedback from performance audits (lab and field) addressed? 

... x . . ...... ...... ...... 
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Comments: 
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. 

XVI) QA Reporting Procedures to Management 

1 - Does the Plan specify the type and frequency of reporting? 
2 - Do the reports address: 

2a - Status of project (time table)? 
2b - Results of performance and system audits? 
2c - Data quality assessment? 
2d - Significant QA problems and proposed 

corrective action? 
2e - Changes in the QAPjP? 

3 - FinaI Summary Report and dis+tibution? 
3a - Final storage and security of data files? 

Comments: 
(1) Please identify storage location. 
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