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RESPONSE TO SAPL COMMENTS DATED JUNE 15, 2000
DRAFT REVISED OU2 RISK ASSESSMENT
PORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE

1. Comment: Page ES-1, EXECUTIVE SUMMARY. The reference for the updated risk assessment
guidance mentioned in the second paragraph (and elsewhere in the text) should be cited and added to
the reference list.

Response; The updated risk guidance will be added to the text. Please see the Navy’s June 22, 2000
response to EPA Specific Comment No. 1 on the draft Revised OU2 Risk Assessment for the specific text
_changes. The guidance documents are provided in the reference list. .

2. Comment: Page ES-1, EXECUTIVE SUMMARY. The third paragraph should be amended to clarify that

this risk assessment focuses on onshore areas, that human health risks in offshore areas were evaluated

“in the May 1994 Final Human Health Risk Assessment Report for Off-shore Media, and that potential

offshore impacts are being monitored as part of the on-going OU4 monitoring program. This information
should also be.added to the discussion of the scope of this document on page 1-1.

Response: The revised OU2 risk assessment characterizes potential risks to human receptors under -
current and future land use at OU2. The potential exposure to soils, groundwater, surtace water, and
sediment were considered. Because an exposure pathway from QU2 to surface water and sediment is
not present (these media are inaccessible from OU2), human health risks for exposure to these media
were not calculated. '

" This document focuses on OU2 human healith risks and does not address ecological risks or potential
offshore impacts from QU2. Onshore ecological risks for sites at PNS are summarized in the “On-Shore
Ecological Risk Assessment,” McLaren/Hart, August 1992 and offshore ecological risks are summarized
in the “ Estuarine Ecological Risk Assessment for Portsmouth Naval Shipyard,” NCCOSC, May 2000.
Offshore human health risks are summarized in the “Final Human Health Risk Assessment for Offshore
Media,” McLaren/Hart, March, 1994. The FS for 0U2 will address OU2 human health and ecological risks
and offshore impacts from OU2, as necessary and the above listed documents will be used as part of the
preparation of the OU2 FS, as appropriate.

The following text revisions will be made to clarify that the document focuses on human health risks for
receptors at OU2.

e ES-1 and Section 1-1, first paragraph, first sentence: “human heaith” will be added before “risk
assessment” ‘

e ES-1 and Section 1-1, second paragraph, first sentence: “receptors at”’ will be added before “OU2”

e ES-1and Section 1-1, second paragraph, last sentence: “human health” will be added before “risk

. assessment’ .

e ES-1 third paragraph, Section 1-2 first paragraph, first sentence: “for human receptors at OU2” will
be added to the end of the sentence

in addition, the following sentence will be-added to the last paragraph on Page ES-1 and the last
paragraph on Page 1-1 (continued on the top of Page 1-2) to clarify that human health exposure was
considered for surface water and sediment as part of the OU2 risk assessment.

“Potential human health exposures to surface water and sediment are not evaluated for OU2 because
these media are inaccessible from OU2.”
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3. Comment: Page ES-2, EXECUTIVE SUMMARY. The depth ranges for surface soil samples collected
at the DRMO Impact Area are not presented consistently throughout the document. The first footnote on
the table at the top of page ES-2 states that soil samples were evaluated for two depth ranges: 0 to 1 feet
and 0 to 2 feet. The text on page 2-7 states that the maximum depth of soil samples collected at the
DRMO Impact Area is 34 inches, while the text on page 2-10 states that surface soils of 0 to 12 inches
were evaluated as part of the 1994 on-shore human health risk assessment. Tables 3-5and 3-6, and the
text on pages 3-9 and 3-10 present data for 0-1’ and >1’ intervals. Also, the bullet at the bottom of page
ES-6 states that risks from surface and subsurface soils are within the USEPA target risk range.
Additional information and/or editing is needed to prevent the reader from being confused.

Response: The depth ranges for evaluation of risks for the DRMO Impact Area for the revised 0OU2 risk
assessment were consistently 0 to 1 feet and 0 to 2 feet, in accordance with the Technical Memorandum
for the OU2 risk assessment. The text on Pages ES-6, ES-7, and 6-7 related to the DRMO Impact Area
will be corrected to remove “subsurface soil’ from the text. The last paragraph on Page 5-53 will be
revised to clarify that the eight subsurface soils (2 to 3 feet bgs) were not used in the risk assessment but,
were evaluated qualitatively to assure that risk estimates would not be underestimated if these samples
were not included in the quantitative risk assessment. '

The text on Page 2-7and Pages 3-8 through 3-10 discusses the available data for the DRMO Impact
Area. The text in Section 2.2.3 (Page 2-7) and the first paragraph of Section 3.3 (Page 3-8) will be
revised to indicate that “During Phase iV of the RFI, 11 soil and 1 duplicate samples were collected...”

The text on Page 2-10 is part of Section 2.2.5, Previous Human Health Risk Assessment Sufnmary, and
provides the depth interval used in the previous human health risk assessment for the DRMO Impact
Area.

4. Comment: Page ES-5, Site 29. As we stated in our comment letter dated May 10, 2000 regarding the
responses to comments on the Draft Final Field Investigation Report for Site 10 and Site 29, we do not
believe that the vertical and horizontal extent of contamination at Site 29 have been adequately defined.
The range of contaminant concentrations, particularly maximum values, also needs to be refined.
Without additional investigation to adequately characterize the site, it is likely that risks are being
underestimated at Site 29. . .

Response: The Navy does not believe that additional investigation is needed at this time to adequately
characterize the risks for OU2. Based on the available information for Site 29, the horizontal and vertical
extent of contamination have been adequately defined for the risk assessment. In particular, at the time
of disposal, the ash was spread throughout the disposal area, which in some areas was up to 25 feet in
depth, while in other areas is only a couple feet in depth. Chemical concentrations in the ash would vary
‘depending on what is burned and will vary randomly throughout the disposal area. Therefore a range of
chemical concentrations would be expected throughout the entire disposal area and not in any particular
localized area. At least 20 samples were collected within the ash disposal area in accordance with the
final work plan. These samples are considered representative of the ash disposal area and the analytical
data for these samples adequate to calculate representative concentrations. Therefore, it is unlikely that
additional sampling to refine the horizontal and vertical extent of contamination would significantly impact
the representative concentration.

As with any sampling program, it is impossible to sample every piece of soil, so assumptions must be
made and representative samples collected. It is also impossible to know the “true” concentration,
because an infinite number of samples would be necessary. In risk assessments, representative
concentrations are calculated based on the data from the representative samples, to characterize the
baseline risks for a site. _ v
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5. Comment: Page ES-5, Site 29. WHhat is the basis for the statement near the bottom of the page that risk
estimates for military residents located in the general vicinity of Site 29 are anticipated not to exceed the
USEPA target risk range? What about the State of Maine risk guideline?

Response: It is anticipated that the risk estimate for military residents located near Site 29 or the
hypothetical future military resident at Site 29 would not exceed the USEPA target risk range. This
statement is based on the cancer risk estimate developed for the hypothetical future on-site resident
(anticipated to be exposed for a longer duration) does not exceed the USEPA target risk range (1x1 0°
to 1x10™). For the hypothetical future military resident at Site 29, cancer risks were estimated and are
included in Attachment A to these responses. These risk calculations will be included in the OU2 risk
assessment appendix and the results summarized in the OU2 risk assessment text. The following
summarizes the results of the risk estimation for the hypothetical future military resident at Site 29:

e Fora f%ture hypothetical military adult resident, the estimated cancer risks would be approximately
3.2x107.

e Forthe 5fu'ture hypothetical military child resident, the estimated cancer risks would be approximately
2.8x10™. .

Therefore, the future hypothetical military child resident cancer risk exceeds the State of Maine risk
guidelines, whereas the future hypothetical military adult resident cancer risk is below the State of Maine
risk guidelines.

6. Comment: Page ES-6, Site 29. The risk assessment document contains numerous references to and
comparisons with facility background data. As we have stated in a number of previous comment letters
(see our April 26, 2000 letter regarding the Draft Final Facility Background Development, for example),
the issue of what constitutes representative background conditions for the Shipyard as a whole and for
individual sites is still unresolved and we continue to have concerns with the interpretation and application
of background values. We do not believe that the Navy is able to differentiate “background”
contamination from site-related contamination. As the MEDEP points out in their comment letter dated
May 15, 2000, “facility background” should not be considered the same as “local anthropogenic
background” contaminant conditions without confirmatory data, particularly for substances such as DDT
that are not naturally-occurring. In our November 19, 1999, letter on the Technical Memorandum for the
Human Health Risk Assessment Protocol for OU2, we commented on the Navy’s-proposal to eliminate
inorganic compounds on the basis of background levels, even though the most recent USEPA guidance
states that background levels should not be used to eliminate any COPC from the evaluation process.
As the USEPA stated in their May 9, 2000, comment letter, if chemicals are eliminated based on
background studies, the total site risk will be underestimated by the risk assessment, and that uncertainty
associated with the background study should be discussed.

Response: Please refer to EPA General Comment No 2 dated November 29, 1999 on the Draft
Technical Memorandum for the OU2 risk assessment that indicates use of facility background in the
COPC screening is acceptable for the OU2 risk assessment. Also, as provided in the Navy’s June 22,
2000 response to EPA Specific Comment 14 (the EPA comment to which SAPL's comment refers to),
no chemicals were eliminated from the OU2 risk assessment solely on the basis of background.

7. Comment: Page ES-7, DRMO .lmgact Area. The final paragraph on the page summarizes risks
associated with the DRMO Impact Area. Do the risks presented consider the additional potential risks
should the soils, including subsurface soils, at the DRMO be disturbed?

Response: The DRMO Impact Area was investigated as a potential depositional area for airborne soil
particulates from the DRMO (RCRA Facility Investigation [RF1], McLaren/Hart, July 1992). Consequently
surface soil and shallow subsurface soil (up to 3 feet bgs) were collected during the site investigation. -
Deeper soil samples were not collected because of the nature of the source. The soil data for the DRMO
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8.

9.

Impact Area indicate that although the concentrations in the 0 to 1 foot and 0 to 2 foot intervals are similar,
the concentrations below 2 feet are less than the 0 to 2 feet concentrations. Therefore, risk estimates
would not increase if the deeper soils were disturbed.

Comment: Page 2-5, Section 2.2.1 Site 6 - DRMO. The last paragraph in the section should be revised
to include information regarding the sampling the Navy conducted in 1999 after discovering the soil
erosion problem along the DRMO shoreline. The reference for the 1999 sampling results should also be
added to the reference list. In addition, the text should state that potential offshore impacts have been
evaluated as part of previous risk assessment efforts (with the appropriate documents cited) and will
continue be evaluated as part of the on-going OU4 monitoring.

Response: The following text will be added to the last paragraph of Section 2.2.1 (on Page 2-5): “In July
1999 the Navy collected 8 surface soil samples of the eroding soil. The samples were analyzed for TCL
inorganics. The sampling results are provided in Appendix A of the revised OU2 risk assessment.

The text in Section 2.2 provides a description and history of activities at OU2 sites and therefore no
revision will be made to discuss the offshore (OU4) risk assessment or OU4 monitoring.

Comment: Page 2-7, Section 2.2.3 DRMO Impact Area - Quarters S, N, and 68. The first paragraph
in the section states that the DRMO Impact Area was identified as potentiaily being impacted by wind
dispersion of contaminants from the DRMO. The reference that supplies the basis for this statement
should be cited in the text and should be added to the reference list.

Response: Although provided in various documents related to the DRMO Impact Area, the identification
and evaluation of the DRMO Impact Area as potentially impacted by wind dispersion from the DRMO dates
back to the RFI mvestlgatlon A reference to the RFI (McLaren/Hart 1992) will be added to the sentence.
The RFl is provided in the reference list.

10. Comment: Page 2-8, Section 2.2.4 OU2 Physical Characteristics. The last sentence in the second

11.

12.

paragraph on the page states that historical photographs of the site indicate a retaining wall separates
the fill material along the shoreline from the river. The text should be revised to clarify what is being
separated by the retaining wall. In addmon what is the (approximate) timeframe for the installation of the
retalmng wall'7

Response: Fill material along the shoreline is being separated from the river by the retaining wall. The
Navy does not have any information on the (approximate) timeframe for the installation of the retaining
wall. However, a cement retaining wall behind building 298 is first shown on a Shipyard map in 1955.

Comment: Page 2-10, Section 2.251 Previous Human Health Risk Assessment Summary. The last
paragraph on the page should also address how cumulative carcinogenic risks compared with the State
of Maine risk guidelines.

Response: As indicated in Navy's June 22, 2000 response to MEDEP Specific Comment No. 4, Section
2.2.5 summarizes the results of the previous risk assessment (PHERE). The exceedances of the Maine
risk guideline are)pointed out in the document based on the revised OU2 risk assessment results.

Comment: Page 2-11, Section 2.251 Previous Human Health Risk Assessment Summary. The
discussion of risks posed by dioxins/furans at Site 29 should state how risks compared with State of
Maine risk guidelines. In addition, the DRMO is located immediately adjacent to the Teepee Incinerator
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(Site 29), and the DRMO Impact Area is located nearby. Have the potential risks posed by windblown
deposition from Site 29 been evaluated at the other two sites?

Response: The following sentence will be added to the referenced text: “However, dioxin/furans cancer
risk estimates developed for the construction worker and the hypothetical future aduit (1.2x1 0'5) marginally
exceeded the State of Maine risk guidelines of 1x10°° when the Reasonable Maximum Exposure (RME)
case was evaluated.” Also, please see Section 5.0 of the Revised OU2 Risk Assessment for the
discussion of risks for Site 29 in comparison with the Maine risk guidelines (e.g., first paragraph on Page
5-50).

Dioxin samples were.not collected at Site 6 or the DRMO Impact Area. However, regarding the potential
for “windblown deposition from Site 29", please note that the maximum dioxin concentration (in terms of
toxic equivalent concentrations [TEQs]) in the surface soils at Site 29 is 0.12 ug/kg. This concentration
is an order of magnitude less than the EPA residential action level of 1 ug/kg (assuming residential land
use scenario). The magnitude of the dioxin concentrations detected in the surface soils at Site 29 and
fact that Site 29 source area is relatively small indicates that the potential for windblown dispersion of
dioxin to the adjoining areas would not be significant.

13. Comment: Page 3-1, Section 3.1 SITE 6 - DEFENSE REUTILIZATION AND MARKETING OFFICE
(DRMO). The last sentence states that the locations of surface soil samples collected in 1999 are shown
on Figure 2-3. The text should refer to Figure 2-4 instead. However, it is not clear which of the soil
sampling locations shown on Figure 2-4 are the 1999 sampling locations. The sampling designation for

_ the 1999 soil samples should be added to the text in this section, and the legend on Figure 2-4 should be
amended to indicate the 1999 surface soil sampling locations (as opposed to the soil boring symbol). In
addition, the term “decaying cap” requires additional explanation. Earlier text describes the shoreline

~ erosion problems and emergency remedial action. Does “decaying cap” mean that inland portions of the
cap are also deteriorating?

Response: The text will be revised to refer to Figure 2-4 (and not Figure 2-3). In addition, the text will
be revised to indicate that the location of the RFI sample locations are shown on Figure 2-4. The 1999
soil sample locations were not surveyed and were collected along the shoreline to further characterize
the eroding soils near the capped portion of the site. This will be added to the text and as a note to Figure
2-4. The cap is not decaying and the text will be deleted.

14. Comment: Page 3-1, Section 3.1.1 Surface Soils at Site 6. The text states that acetone and
methylene chloride are common laboratory contaminants and are not likely to be site-related. Do the
laboratory blanks demonstrate that this is indeed the case? if so, this information should be added to the’
text. If not, it is not appropriate to dismiss the contaminants in this manner. This comment also applies
to other parts of the text (see pages 3-5, 3-6, 3-11 and 4-1, for example) where compounds are identified
as common laboratory contaminants, and, therefore, not site-related.

Response: The text on Pages 3-1, 3-5, and 3-11 will be revised by deleting the statement that the
chemicals may not be site related. Please see the Navy’s June 22, 2000 response to EPA Specific
Comment No. 4 for an example of the text change. No change is necessary for Page 4-1.

15. Comment: Page 3-2, Section 3.1.1 Surface Soils at Site 6. “One surface soil sample, SS-02, had a
lead concentration of 12,100 mg/kg. However, Building 348 has since been built at or near this sample
location” What is the significance of Building 348 being built at or near the location of the elevated lead
concentration? Was the contaminated soil covered over, removed, or disturbed? If the soil was,
disturbed, what is the potential impact for contaminant migration at this and nearby sites? If the soil was
removed, where was the soil disposed? '
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16.

- 17.

18.

19.

Response: The referenced text is presenting a current picture of the site. The fact that the building may
now cover the sampling location would limit the potential for exposure under current conditions. However,
the risk assessment inciuded this data point, conservatively assuming the sampling location was exposed.
Building 348 was constructed in 1991-1992, prior to the Navy setting up a review process to minimize
impacts from construction on current Installation Restoration Program sites. The Navy has been unable
to locate any records regarding the disposition of soil during the construction of Building 348.

Comment: Pages 3-4 & 3-5, Section 3.2 SITE 29 - TEEPEE INCINERATOR. The text on page 3-4
states that soil boring TPI-SBO03 is outside the ash disposal area, while the text on page 3-5 states that
analytical data indicate that the ash disposal area extends at least to this soil boring Iocatlon The text
must be revised to clear up this confusion.

Response: The fourth sentence of the last paragraph on Page 3-4 will be revised to read “Subsurface
soil samples from soil borings assumed to be outside the ash disposal area....” The fifth sentence will
be revised to read “Subsurface soil samples from the four soil borings drilled W|th|n the area assumed to
be the ash disposal area.....” : '

Comment: Page 3-9, Section 3.3.1 DRMO Impact Area - 0 to 1 Foot bgs. As the Maine Department
of Environmental Protection points out in their comment number 6 (dated 5/15/00), the extent of
contamination by DDT and its metabolites DDE and DDD should be described for the individual
compounds and collectively, as the sum of concentrations.

Response: Please see the Navy’s June 22, 2000 response to MEDEP Specifié Comment No. 6.

Comment: Pages 5-3 & 5-4, Section 5.1.1.1 Data Usability. We have noted in our comments on
previous documents (the Interim Offshore Monitoring Plan and the Site Screening Report for Sites 30, 31,
and 32, for example), that the frequency of detection for a compound may be underestimated if numerical
detection limits are elevated. This would lead to the potential underestimation of the number of times
action levels or other criteria are exceeded, and result in underestimation of risk. Therefore, we
appreciate the Navy evaluating analytical detection limits by comparing detection limits to the screening
criteria, as stated at the bottom of page 5-3. The text at the top of page 5-4 implies that detection limits
for PAHs were the only ones to exceed screening criteria. How did detection limits for other compounds
compare with screening criteria?

- Response: A Data Quality/Data Usability evaluation was conducted as suggested by EPA Guidance

(Risk Assessment Guidance for Superfund (RAGS), Supplemental Guidance, Dermal Risk Assessment
Interim Guidance, November 1998 — Part D) and is provided in Appendix E. The evaluation includes an
evaluation of analytical detection limits by comparing the detection limits to the screening criteria
presented in the COPC selection tables provided in Appendix B. The evaluation indicates that generally
the detection limits were lower than screening criteria and notes that besides PAHs, detection limits for
antimony and arsenic in some samples exceeded criteria.

Comment: Page 5-14, Section 5.1.2.5 Exposure Point Concentrations. The text states that
duplicates were averaged for purposes of calculating the EPC (exposure point concentration) for
groundwater and soil. 'Why weren't the greater of the duplicate results used’?

Response: The approach of averaging the duplicates produces an EPC that is more representative of
site contamination and potential for exposure. This approach is consistent with. EPA guidelines as
discussed in the Technical Memorandum for the OU2 risk assessment.
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20. Comment: Page 5-17, Section 5.1.2.6.1 Incidental Ingestion of Soil. The scenario described in this .

21,

22.

23.

.22,

23.

section and the following section should also take into account disturbance of subsurface soils (such as
with the construction of a foundation) that would bring these soils to the surface, allowing receptors other
than construction workers to be potentially exposed.

Response: Exposure to combined surface/subsurface soil by receptors other than construction workers
are included in Appendix B.5 of the OU2 risk assessment for informational purposes in accordance with
the Technical Memorandumfor OU2. As noted in the last sentence of the first paragraph in both Sections

-5.1.2.6.1 and 5.1.2.6.2.

Comment: Pages 5-25 through 5-34, Section 5.1.5. Uncertainty Analysis. We appreciate the
discussion of the uncertainties affecting the QU2 risk assessment. As we pointed out in comment 4,
above, we believe additional investigation is necessary to adequately characterize Site 29. in the
meantime, the uncertainty regarding the extent of contamination at Site 29 and the resulting impact on
the assessment of site risks should be added to the discussion in this section. This comment also applies
to Section 5.3.4, which discusses the uncertainties specific to the risk assessment for Site 29.

Response: As provided in the Navy's response to SAPL Comment No. 4, the data collected for Site 29
are adequate to characterize the risks for Site 29.

Comment: Page 5-28, Section 5.1.5.1 Uncertainty in Selection of COPCs. We agree with the
USEPA’s comment number 14 (dated 5/9/00) that if chemicals are eliminated based on background
data, then the risk assessment will underestimate the total site risk. Discussion of the uncertainty
associated with the background study and the application of background data should be added to the .
report. .

Response: Please see Navy's June 22, 2000 response to EPA Specific Comment No. 14. No
chemicals were eliminated as COPCs solely on the basis of background.

Comment: Page 5-41, Section 5.2.3.1 Quantitaiive Risk Estimates - RME Evaluation - Sit 6. We
note that “acceptable” risk range should be changed to “target” risk range here and elsewhere in the text,
based on the USEPA’s comment number 20 (dated 5/9/00).

Résgonse: Please see the Navy's June 22, 2000 response to EPA Specific Comment No. 20 (note that
based on this comment the Navy has identified that revisions are necessary on Pages 5-41, 5-50, 5-57,
and 5-58).

Comment: Page 6-1, Section 6.1.1 Revised Human Health Risk Assessment. We agree that
potential risks associated with inhalation exposures under the current land use are likely to be minimal.
However, if soils are disturbed, the potential risks could be significantly greater. :

Response: Please see the Navy’s June 22, 2000 response to MEDEP Comment No. 21 for the text
revisions based on this comment.

Comment: Page 6-3, Section 6.1.1 Revised Human Health Risk Assessment. Given the proximity
of Site 29, another potential source of PAHs found at Site 6 is the Teepee Incinerator.

Response: Please see the Navy's June 22, 2000 response to MEDEP Comment No. 22 for text revisions
related to Site 29 as a potential source of PAHSs.
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1.

Dr. Brown's Comments and Questions

Comment: There are contaminates at the sites with both acute and chronic toxic actions but the limited
opportunity for exposures reduces the potential for exposures. This appears to be a condition unique.
to the Shipyard site. In the interpretation of the risk assessment should include discussion of the mercury
and other metais over the SSL.

Response: The risk assessment was conducted in accordance with CERCLA guidance and is not
unique to PNS.

The revised QU2 risk assessment discusses the exceedances of SSLs. However, for Site 6, the
exceedance of the inhalation SSL for mercury was not noted in the text. However, the risk assessment
did not quantitatively evaluate exposure to mercury via the inhalation pathway. The following explains
the rationale. The text will be revised to indicate that the inhalation SSL for mercury was exceeded, but
not quantitatively evaiuated for the inhalation pathway.

A follow-up Phase Il Air Monitoring and Meteorological Monitoring study was conducted in 1994 “to
confirm the presence and ambient concentration groups” (including volatile mercury). The following
conclusions are presented in the Phase Il report:

“The strong influence of offshore sources of volatile mercury along with the potentiai of false positives
being reported indicates that PNS SWMUs were not significant sources of volatile mercury. Also, the
two “true occurrences” could not be attributed to a given SWMU; therefore, corrective action is not
warranted.” (A complete copy of the referenced report will be forwarded to the reviewer at his request.)

The evaluation of the inhalation pathway presented in the 1994 risk assessment was based on an air
monitoring study (actual air monitoring data) conducted in 1991 (Revised Ambient Air Quality Study
Report, dated April 9, 1992) and reported in the 1994 assessment on pages 2-12 and 2-13. The hazard
index for mercury exceeds 1 for receptors at Site 6 and the DRMO Impact Area (Quarters S, N, and 68)
when maximum mercury concentrations are evaluated. However, the hazard index did not exceed 1
when average mercury concentrations are evaluated. Also, the evaluation of the maximum mercury
concentration will over-predict the estimated risks. Current USEPA risk assessment guidance advocates
the use of the 95 percent upper percent confidence limit (UCL) on the arithmetic mean as the exposure
point concentration. Based on the 95 percent UCL, the hazard index would be less than 1.

The March 2000 risk assessment did not re-evaluate the monitoring data collected in 1991 or 1994.
Rather, the assessment evaluated the potential for source area soils to contribute to an air quality
problem. The maximum soil concentrations were compared to the EPA SSLs for the migration of

- contaminants from soil to air and the maximum concentration of mercury at Site 6 (20 mg/kg) exceeded

the SSL (10 mg/kg). Typically and if no air monitoring data were available, an exceedance of the SSL
would be indicative of the need to quantitatively evaluate the air pathway. However, only 2 of the 28 soil
samples were detected at concentrations exceeding the SSL. Additionally, the SSL presented for
mercury in the EPA guidance (EPA/540/R-95/128) assumes that all the mercury present is voiatile,
elemental mercury. (Inhalation reference concentrations are not available for other forms of mercury.)
In reality, it is unlikely that all the mercury detected at Site 6 is volatile mercury and that volatile mercury
is present in sufficient mass to create an air quality problem. (However, no speciation was conducted
for soil samples analyzed for mercury.) This fact and, more importantly, the resuits/conctusions of the
Phase !l monitoring indicate that QU2 is not a significant source of volatile mercury in the air.
Consequently, the March 2000 risk assessment did not quantitatively evaluate exposure to mercury via
the inhalation pathway.

The following chemicals were also detected at maximum concentrations exceedlng the SSL for migration
of chemicals from soil to air and were discussed in the text:

Site 6 (DRMO) Chromium (page 5-36 of draft)
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Site 29 ’ Dioxins/furans and chromium (page 5-46 of draft)

Risk estimates for these parameters were presented in the Appendix B tables and summarized in the
Section 5 cumulative risk summary tables.

2. Comment: Page 6-3 paragraph 5 cites work by Jones. et al. 1998. s it proposed that the contaminates
at site 6 are due to background and thus not site related?

Response: Organic chemicals (such as the PAHs) were not eliminated as chemicals of concern on the
basis of background. The referenced text on page 6-3 is providing the reader with information regarding
one of the major sources of PAHs in environmental media.

3. Comment: The IUBK model for lead is designed to identify public health actions needed when children
are exposed to a contaminated environment. While IUBK can be used as an indicator of a problem with
lead, it should not be interpreted as a safe level of lead at a contaminated site when 5% of exposed can
have an elevated lead level.

Response: The Integrated Exposure Uptake Biokinetic (IEUBK) Model is used for the evaluation of risks
associated with environmental lead exposure assuming a residential land use scenario as per USEPA
guidance. The IEUBK Model allows the user to estimate, for a hypothetical child or population of
children, a plausible distribution of blood lead concentrations centered on the geometric mean blood lead
concentration predicted by the model from available information about children’s exposure to lead. The
IEUBK does not identify an absolute threshold below which adverse affects are not possible (i.e., zero
risk [zero percent chance exceeding 10 ug/dL] does not exist). However, this blood lead level is below
a level that would trigger medical intervention.

4, Comment': State of Maine criteria for cancer should direct the remediation considerations even when
the EPA criteria are not exceeded.

_Response: The State of Maine risk guidelines are considered in remedial actions, but are not
requirements that direct remedial actions. The discussion of the regulatory requirements that remedial

- actions must meet is generally conducted as part of the feasibility study for a site. The risk assessment
provides information to assist the risk managers in identifying and selecting the appropriate action for
a site. :

5. Comment: There is a question of the extent of the contamination at the former Teepee incinerator area.
How did the extent of the contamination affect the interpretation of the dioxin/furan risks? Would this
be characterized a low level of hazard? :

Response: Please see the Navy’s response to SAPL Comment No. 4 related to the understanding of
the extent of contamination.

Specifically related to dioxins/furans, the Navy believes that the nature and extent of dioxin/furan
contamination has been defined sufficiently to complete human heaith risk assessment and make risk
management decisions for Site 29. Additional site characterization may be conducted in the future to
define/refine contamination limits, if necessary, if dioxin/furans are selected as chemicals of concem (i.e.,
contaminants to be addressed in a feasibility study). As provided in the Revised OU2 Risk Assessment,
the chemical-specific cancer risks for dioxins are within the USEPA target risk range (1x1 0% to 1x10™%),
generally less than the State of Maine risk guidelines (1x10®), and identified as risk drivers for Site 29
risks. ‘

RTC SAPL Comments on draft OU2 Risk Assessment 9 July 28, 2000
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Comment: What are the durations of exposure used for calculation of the His at site 29? What are the
durations of exposure used to calculate the cancer risks, 1 year or 70 years?

Response: All exposure assumptions for the risk assessment are presented in Section 5.0 of the
revised OU2 risk assessment in Tables 5-6 through 5-18. The exposure durations range from 1 year
for a construction worker, to 25 years for a typical industrial worker, to 30 years tor a hypothetical future
resident, etc, for the reasonable maximum exposure case. These assumptions are in basic agreement
with published EPA guidelines and were also provided in the Technical Memorandum for Recommended
Human Health Risk Assessment Protocol for Operable Unit 2 (December 1999).

Comment: The toxicological profiles are only referenced as to bibliographic source not with respect to
each chemical. How did these profiles affect the interpretation of the risk?

Response: The toxicity criteria are based on the toxicological information such as that presented in the
toxicity profile. Quantitative risk estimates and interpretations are based on the toxicity criteria (reference
doses and cancer slope factors) available for the chemicals of potential concern (COPCs). Also, the
profiles present qualitative discussions of potential human and animal health effects from the COPCs
and compliment and support the COPC selection. Please see the toxicological profiles provided in
Appendix C, which provide the reader with basic background information regarding the toxicological
properties of the COPC.

Comment: It is noted that the mercury risks are not highlighted in the risk assessment but mercury has
been a problem at the site. Is there a change in the status of the mercury exposures?

Response: Please see the Navy’s response to Dr. Brown’s Comment No. 1.

Comment: Although the exposures and risks tend to be characterized as low and justified by the
comparison with background in an industrial area, it is noted that there are human health risks from these
exposures? Such risks should be addresses by remediation activities

Response: A baseline risk assessment is conducted to provide cancer and non-cancer risk estimates
for receptors for concern under current and future land use scenarios. An evaluation of the need for
remedial action will be presented in the OU2 Feasibility Study.

Comment: In the current form the risk assessment presents a complex discussion of risks and the
potential for human health impacts. It requires a concise summary which is understood by the typical
reader. This should clearly explain the limitations of the risk assessment and the fact that risks off of the
site are not considered.

Response: The Executive Summary of the report is provided to give a concise understanding of the
results of the risk assessment, including a discussion of the purpose and scope of the document. Please
also refer to the Navy's response to SAPL Comment 2. :

RTC SAPL Comments on draft OU2 Risk Assessment 10 July 28, 2000
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CALCULATION WORKSHEET _ ’ Page 1 of 2

CLIENT: ' JOB NUMBER:
OU2 - PNS 1549
SUBJECT:

ESTIMATE OF RISKS FOR HYPOTHETICAL FUTURE MILITARY RESIDENTS AT SITE 29

BASED ON:
USEPA, DEC. 1989

BY: | DATE:
T. Jackman 7/19/00

PURPOSE: To estimate carcinogenic risks for hypothetical future military residents assumed to
reside on Site 29 for the reasonable maximum exposure (RME).

ASSUMPTIONS:

. Soil ingestion rate = 100 mg/day for adults and 200 mg/day for children
Exposure frequency = 350 days/year

Exposure 'duration = 4 years

Fraction ingested (FI) from coniaminated source (unitless) = 1

Body weight = 15 kg for children and 70 kg for aduits

Note that all exposure factors for the military ‘resident are the same as those for the future

residents evaluated in the OU2 risk assessment, with the exception of exposure duration. In the
OU2 risk assessment, adult residents were assumed to be exposed for 24 years and child
residents for 6 years. Child and adult military residents are aésumed to be exposed for 4 years. !
Because exposure duratidn is the only factor that differs for military and non-military residents,

risks for military residents can be estimated by multiplying the residential risks calculated in the
OU2 risk assessment by a ratio of 4/24 for adults and 4/6 for children, as shown on pége 2. |

24ResIngCalc.doc
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CHAPTER 4

DATA COLLECTION

This chapter discusses procedures for
acquiring reliable chemical release and exposure
data for quantitative human health risk assessment
at hazardous waste sites.! The chapter is intended
to be a limited discussion of important sampling
considerations with respect to risk assessment; it
is not intended to be a complete guide on how to
collect data or design sampling plans.

Following a general background section
(Section 4.1), this chapter addresses the following
eight important areas:

(1) review of available site information
(Section 4.2);

(2) consideration of modeling parameter
- needs (Section 4.3);

(3) definition of background samplmg needs
(Secnon 4.4); :

(4) preliminary 1demiﬁcation of potential
human exposure (Section 4.5);

(5) development of an overall strategy for
sample collection (Section 4.6);

(6) definition of required QA/QC measures
" (Section A7

(7) evaluation of the need for - Special
Analytical Services (Section 4.8); and

(8) activities during workplan development
and data collection (Section 4.9).

4.1 BACKGROUND INFORMATION
USEFUL FOR DATA
COLLECTION

This section provides background information
on the types of data needed for risk assessment,
overall data needs of the RI/FS, reasons and steps
for identifying risk assessment data needs early,

" use of the Data Quality Objectives for Remedial

Response Activities (EPA 1987a,b, hereafter
referred to as the DQO guidance), and other data

concerns.

4.1.1 TYPES OF DATA

In general, the types of site data needed for
a baseline risk assessment include the following:

e contaminant identities;
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contaminant concentrations m the key
sources and media of interest;?

characteristics of sources, especially
information related to release potential;
and

characteristics of the environmental
setting that may affect the fate, transport,
and persistence of the contaminants.

~ Most of these data are obtained during the
course of a remedial investigation/feasibility study
(RI/FS). Other sources of information, such as
preliminary assessment/site inspection (PA/SI)
reports, also may be available.

4.1.2 DATA NEEDS AND THE RI/FS

The RI/FS has four primary data collection
components:

(1) characterization of site conditions;
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(2) determination of the nature of the
wastes;

(3) risk assessment; and

(4) treatability testing.
The site and waste characterization components of
the RIFS are intended to determine

characteristics of the site (e.g., ground-water
movement, surface water and soil characteristics)

and the nature and extent of contamination,

through_sampling_and_analysis..of _sources..and
potentially contaminated media. Quantitative risk
assessment, like site characterization, requires data
on concentrations of contaminants in each of the.
source areas and media of concern.  Risk
assessment also requires information on other
variables necessary for evalvating the fate,
transport, and persistence. of contaminants and
estimating current and potential human exposure
to these contaminants. Additional data might be
required for environmental risk assessments (see
EPA 1989a).

Data also are collected during the RI/FS to
" support the design of remedial alternatives. As
discussed in the DQO guidance (EPA 1987a)b),
such data include results of analyses of
contaminated media "before and after” bench-scale
treatability tests. This information usually is not
appropriate for use in a baseline risk assessment
because these media typically are assessed only for
a few individual parameters potentially affected by
the treatment being tested. Also, initial
treatability testing may involve only a screening
analysis that generally is not sensitive enough and
does not have sufficient quality assurance/quality
control (QA/QC) = procedures for use in
quantitative risk assessment.

413 EARLY IDENTIFICATION OF DATA
NEEDS

Because the RI/FS and other site studies
serve a number of different purposes (e.g., site
and waste characterization, design of remedial
alternatives), only a subset of this information
generally is useful for risk assessment. To ensure
that all risk assessment data needs will be met, it
is important to -identify those needs early in the
RI/FS planning for a site. The earlier the
requirements are identified, the better the chances

Rt o

are of developing an RI/FS that meets the risk

- assessment data collection needs.

One of the earliest stages of the RIFS at

"which risk assessment data needs can be addressed

is the site scoping meeting. ‘As discussed in the
Guidance for Conducting Remedial Invesrigations
and Feasibility Studies Under CERCLA (EPA
1988a, hereafter referred to as RIFS guidance),
the scoping meeting is part of the initial planning
phase of site remediation. It is at this meeting
that the data needs of each of the.RIFS
components (€.g., site and waste characterization)
are addressed together. Scoping meeting attendees
include the RPM, contractors conducting the
RI/FS (including the baseline risk assessment),
onsite personnel (e.g., for construction), and
natural resource trustees (e.g, Department of
Interior). .The scoping meeting allows
development of a comprehensive sampling and
analysis plan (SAP) that will satisfy the needs of
each RUFS component while helping to ensure
that time and budget constraints are met. Thus,
in addition to aiding the effort to meet the risk
assessment data needs, this meeting can help
integrate these needs with other objectives of the
RI/FS and thereby help make maximum use of
available resources and avoid duplication of effort.

During scoping activities, the risk assessor
should identify, at least in preliminary fashion, the
type and duration of possible exposures (e.g.,
chronic, intermittent), potential exposure routes
(e.g., ingestion of fish, ingestion of drinking water,
inhalation of dust), and key exposure points (e.g.,
municipal wells, recreation areas) for each
medium. The relative importance of the potential
exposure routes and exposure points in
determining risks should be discussed, as should
the consequences of not studying them adequately.
Section 4.5 and Chapter 6 provide guidance for
identifying exposure pathways that may exist at
hazardous waste sites. If potential exposure

e S

pathways are identified early the RI/ES Process”
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“AS8ETE EXPOSHTE.”
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During the planning stages of the RI/FS, the
risk assessor also should determine if non-routine
(i.e., lower) quantitation limits are needed to
adequately characterize risks at a site. Special
Analytical Services (SAS) of the EPA Contract
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Laboratory Program (CLP) may be needed to
achieve such lower quantitation limits. (See
Section 4.8 for additional information concerning
quantitation limits.)

4.14 USE OF THE DATA QUALITY
OBJECTIVES (DQO) GUIDANCE

The DQO guidance (EPA 1987a,b) provides
information on the review of site data and the
determination of data quality needs for sampling
(see the box below).

Use of this guidance will help ensure that all
environmental data collected in support of RI/FS
activities are of known and documented quality.

4.1.5 OTHER DATA CONCERNS

The simple existence of a data collection plan
does not guarantee usable data. The risk assessor
should plan an active role in oversight of data
collection to ensure that relevant data have been
obtained. (See Section 4.9 for more information

on the active role that the risk assessor must
play.)

After data have been collected, they should
be carefully reviewed to identify reliable, accurate,
and verifiable numbers that can be used to
quantify risks.  All analytical data must be
evaluated to identify the chemicals of potential
concern (i.e., those to be carried through the risk
assessment). Chapter 5 discusses the criteria to
be considered in selecting the subset of chemical

~data appropriate for baseline risk assessment.
Data that do not meet -the criteria are not
included in the quantitative risk assessment; they
can be discussed qualitatively in the risk
assessment report, however, or may be the basis
for further investigation.

- 4.2 REVIEW OF AVAILABLE SITE
INFORMATION !

Available site information must be reviewed
to (1) determine basic site characteristics, (2)
initially identify potential exposure pathways and
exposure points, and (3) help determine data
needs (including modeling needs). All available
site information (i.e., information existing at the
start- of the RI/FS) should be reviewed in
accordance with Stage 1 of the DQO process.
Sources of available site information include:

¢ RI/FS scoping information;

e PA/SI data and Hazard Ranking System
(HRS) documentation;

o listing site inspection (LSI) data
(formally referred to as expanded site
inspection, or ESI);

¢  photographs (e.g., EPA’s Environmental

- Photographic Interpretation Center
[EPIC]);
e records on removal actions taken at the -
site; and

¢ information on amounts of hazardous
substances disposed (e.g., from site
records).
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If available, LSI (or ESI) data are especially useful
because they represent fairly extensive site studies.

Based on a review of the existing data, the
risk assessor shouid formulate a conceptual model
of the site that identifies all potential or suspected
sources of contamination, types and concentrations
of contaminants detected at the site, potentially
contaminated media, and potential exposure

‘pathways, including receptors (see Exhibit 4-1).
As discussed previously, identification of potential
exposure pathways, especially the exposure points,
is a key element in the determination of data
needs for the risk assessment. Details concerning
development of a conceptual model for a site are
provided in the DQO guidance (EPA 1987a,b) and
the RI/FS guidance (EPA 1988a). -

In most cases, site information available at
the start of the RIFS is insufficient to fully
characterize the site and the potential exposure
pathways. The conceptual model developed at this
stage shouid be adequate 1o determine the
remaining data needs. The remainder of this
chapter addresses risk assessment data needs in
detail

4.3 ADDRESSING MODELING
. PARAMETER NEEDS

As discussed in detail in Chapter 6,

contaminant release, transport, and fate models -

are often needed to supplement monitoring data
when estimating exposure cConcentrations.
Therefore, a preliminary site modeling strategy
should be developed during RIFS scoping to
allow model input data requirements to be
incorporated into the data collection requirements.
This preliminary identification of models and
other related data requirements will ensure that
data for model calibration and validation are
collected along with other physical and chemical
data at the site. Exhibit 4-2 lists (by medium)
several site-specific parameters often needed to
incorporate fate and transport models in risk
assessments.

‘Although defauit values for some modeling
parameters are available, it is preferable to obtain
site-specific values for as many input parameters

as is feasible. If the model is not sensitive to a .

particular parameter for which a default value is
available, then a default value may be used.
Similarly, default values may be used if obtaining
the site-specific model parameter would be too
time consuming or expensive. For example,
certain airborne dust emission models use a
default value for the average wind speed at the -
site; this is done because representative
measurements of wind speed at the site would

involve significant amounts of time (i.e., samples

would have to be collected over a large part of
the year).

Some model parameters are needed only if
the sampling conducted at a site is sufficient to
support complex models. Such model parameters
may not be necessary if only simple fate and
transport models are used in the risk assessment.

4.4 DEFINING BACKGROUND
SAMPLING NEEDS

Background sampling is conducted. to
distinguish  site-related contamination from
naturally occurring or other non-site-related.levels
of chemicals. The following subsections define the
types of background contamination and provide
guidance on the appropriate location and number
of background samples.

44.1 TYPES OF BACKGROUND

There are two different types of background
levels of chemicals: ‘ :

(1) naturally occurring levels, which are
ambient concentrations of chemicals

present in the environment that have not
been influenced by humans (&.g.
aluminum, manganese); and

(2) anthropogenic levels, which are
concentrations of chemicals that are
present in the environment due to
human-made, non-site sources (€.8,
industry, automobiles).

Background can range from localized to
ubiquitous. For example, pesticides -- most of
which are not naturally occurring (anthropogenic)
- may be ubiquitous in certain areas (.8
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EXHIBIT 4-1

ELEMENTS OF A CONCEPTUAL EVALUATION MODEL

SOURCES

NV<PSI->T

RECEPTORS

SOURCE: EPA 1987a

VARIABLES

o CONTAMINANTS
® CONCENTRATIONS
® TIME

® L OCATIONS

e MEDIA
® RATES OF MIGRATION

- ¢ TIME

® LOSS AND GAIN FUNCTIONS

e TYPES

e SENSITIVITIES

e TIME

e CONCENTRATIONS
® NUMBERS

HYPOTHESES TO
BE TESTED

SOURCE EXISTS
SOURCE CAN BE CONTAINED

SOURCE CAN BE REMOVED
AND DISPOSED

SOURCE CAN BE TREATED

PATHWAY EXISTS

PATHWAY CAN BE
INTERRUPTED

PATHWAY CAN BE
ELIMINATED

RECEPTOR IS NOT
IMPACTED BY MIGRATION
OF CONTAMINANTS

RECEPTOR CAN BE
RELOCATED

INSTITUTIONAL CONTROLS
CAN BE APPLIED

RECEPTOR CAN BE
PROTECTED
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EXHIBIT 4-2

EXAMPLES OF MODELING PARAMETERS FOR WHICH
INFORMATION MAY NEED TO BE OBTAINED DURING
A SITE SAMPLING INVESTIGATION

Type of Modeling ‘ Modeling Parameters’

Source Characteristics Geometry, physical/chemical conditions, emission rate, emission
strength, geography '

Soil - - Particle size, dry weight, pH, redox potential, mineral class, organic
carbon and clay content, bulk density, soil porosity

Ground-water Head measurements, hydraulic conductivity (pump and slug test
results), saturated thickness of aquifer, hydraulic gradient, pH,
redox potential, soil-water partitioning

Air Prevailing wind direction, wind speeds, stability class, topography,
depth of waste, contaminant concentration in soil and soil gas,
fraction organic content of soils, silt content of soils, percent
vegetation, bulk density of soil, soil porosity

Surface Water Hardness, pH, redox potential, dissolved oxygen, salinity,
temperature, conductivity, total suspended solids, flow rates
and depths for rivers/streams, estuary and embayment
parameters such as tidal cycle, saltwater incursion extent,
depth and area, lake parameters such as area, volume, depth,
depth to thermocline

Sediment : Particle size distribution, organic content, pH, benthic oxygen
' conditions, water content

Biota . - Dry weight, whole body, specific organ, and/for edible portioh
chemical concentrations, percent moisture, lipid content,
size/age, life history stage

2 These parameters are not necessarily limited to the type of modeling with which they are
associated in this exhibit. For example, many of the parameters listed for surface water are also
appropriate for sediments.
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agricultural areas); salt runoff from roads during
periods of snow may contribute high ubiquitous
levels of sodium. Polycyclic  aromatic
hydrocarbons (PAHs) and lead are other examples
of anthropogenic, ubiquitous chemicals, although
these chemicals also may be present at naturally
occurring levels in the environment due to natural
sources (e.g., forest fires may be a source of
PAHs, and lead is a natural component of soils in
some areas).

44.2 BACKGROUND SAMPLING
LOCATIONS

Background samples are collected at or near
the hazardous waste site in areas not influenced
by site contamination. They are collected from
each medium of concern in these offsite areas.
That is, the locations of background samples must
be areas that could not have received

contamination from the site, but that do have the .

same basic characteristics as the medium of
concern at the site.

Identifying background location requires
knowing which direction is upgradient/upwind/
upstream. In general, the direction of water flow
tends to be relatively constant, whereas the
direction of air flow is constantly changing.
Therefore, the determination of background
locations for air monitoring requires constant and

concurrent monitoring of factors such as wind -

direction.
4.4.3 BACKGROUND SAMPLE SIZE

In appropriate circumstances, statistics may
be used to evaluate background sample data.
Because the number of background samples
collected is important for statistical hypothesis
testing, at some sites a statistician should be
consulted when determining background sample
size. At all sites, the RPM should decide the
level of statistical analysis applicable to a
particular situation.

Often, rigorous statistical analyses are
unnecessary because site- and non-site-related
contamination clearly differ. For most sites, the
issue will not be whether a difference in chemical
concentrations can be demonstrated between
contaminated and background areas, but rather
that of establishing a reliable representation of the

extent (in three dimensions) of a contaminated
area. However, statistical analyses are required
at some sites, making a basic understanding of
statistics necessary. The following discussion
outlines some basic statistical concepts in the
context of background data evaluation for risk
assessment. (A general statistics textbook should
be reviewed for additional detail. Also, the box
below lists EPA guidance that might be useful.)

A statistical test of a hypothesis is a rule
used for deciding whether or not a statement (i.e.,
the null hypothesis) should be rejected in favor of
a specified alternative statement (i.e., the
alternative hypothesis).  In the context of
background contamination at hazardous waste
sites, the null hypothesis can be expressed as
“there is no difference between contaminant
concentrations in background areas and onsite,"
and the alternative hypothesis can be expressed as
"concentrations are higher onsite.” This expression
of the alternative hypothesis implies a one-tailed
test of significance.

The number of background samples collected
at a site should be sufficient to accept or reject
the null hypothesis with a specified likelihood of
error. In statistical hypothesis testing there are
two types of error. The null hypothesis may be
rejected when it is true (ie., a Type I error), or
not rejected when it is false (i.e., a Type II error).
An example of a Type I error at a hazardous
waste site would be to conclude that contaminant
concentrations in onsite soil are higher than
background soil concentrations when in fact they
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are not.  1uc ... ponding Type I error would
be to conclude that onsite contaminant
concentrations are not higher than background
concentrations when in fact they are. A Type |
error could result in unnecessary remediation,
while a Type 1I error could result in a failure to
clean up a site when such an action is necessary.

In customary notations, o (alpha) denotes the
probability that a Type I error will occur, and 8
(beta) denotes the probability that a Type I error
will occur. Most statistical comparisons refer to
a, also known as the level of significance of the
test. If o = 0.05, there is a 5 percent (i.e., 1 in
20) chance that we will conclude that
concentrations of contaminants are higher than
background when they actually are not.

Equally critical considerations in determining
the number of background samples are g and a
concept called "power.” The power of a statistical
test has the value 1 - 8 and is defined as the
likelihood that the test procedure detects a false
null hypothesis. Power functions for commonly
used statistical tests can be found in most general
statistical textbooks. Power curves are a function
of & (which normally is fixed at 0.05), sample size
(i.e., the number of background and/or onsite
samples), and the amount of variability in the
data. Thus, if a 15 percent likelihood of failing
to detect a false null hypothesis is desired (i.e., B
= 0.15), enough background samples must be
collected to ensure that the power of the test is
at least 0.85.

A small number of background samples
increases the likelihood of a Type II error. If an
insufficient number of background samples is
collected, fairly large differences between site and
background concentrations may not be statistically
significant, even though concentrations in the
many site samples are higher than the few
background samples. To guard against this
situation, the statistical power associated with the
comparison of background samples with site
samples should be evaluated.

In general, when trying to detect small
differences as statistically significant, the number
of background samples should be similar to the
number of onsite samples that will be used for the
comparison(s) (e.g., the number of samples taken
from one well). (Note that this does not mean

that the background sample size must equal the
total number of onsite samples.) Due to the
inherent variability of air concentrations (see
Section 4.6), background sample size for air needs
to be relatively large. '

4.4.4 COMPARING BACKGROUND
SAMPLES TO SITE-RELATED
CONTAMINATION

The medium sampled influences the kind of
statistical comparisons that can be made with
background data. For example, air monitoring
stations and ground-water wells are normaily
positioned based on onsite factors and gradient
considerations. Because of this purposive
placement (see Section 4.6.1), several wells or
monitors cannot be assumed to be a random

‘sample from a single population and hence cannot

be evaluated collectively (i.e., the sampling results
cannot be combined). Therefore, the. information
from each well or air monitor should be compared
individually with background.

Because there typically are many site-related, .
media-specific sampling location data to compare
with background, there usually is a "multiple
comparison problem” that must be addressed. In
general, the probability of experiencing a Type I
error in the entire set of statistical tests increases
with the number of comparisons being made. If
a = 0.05, there is a 1 in-20 chance of a Type I
error in any single test. If 20 comparisons are
being made, it therefore is likely that at least one
Type 1 error will occur among all 20 tests.
Statistical Analysis of Ground-water Monitoring
Data at RCRA Facilities (EPA 1989c) is useful
for designing sampling plans for comparing
information from many fixed locations with
background.

It may be useful at times to look~at
comparisons other than onsite versus background.
For example, upgradient wells can be compared
with downgradient wells. Also, there may be
several areas within the site that should be
compared ' for differences in site-related
contaminant concentration.  These areas of
concern should be established before sampling
takes place. If a more complicated comparison
scheme is planned, a statistician should be
consulted frequently to help distribute the
sampling effort and design the analysis.
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A statistically significant difference between
background samples andsite-related contamination
should not, by itself, trigger a cleanup action. The
remainder of this manual still must be applied so
that the toxicological -- rather than simply the

statistical -- significance of the contamination can

be ascertained.

4.5 PRELIMINARY IDENTIFI-
CATION OF POTENTIAL
HUMAN EXPOSURE

A preliminary identification of potential
human exposure provides much needed

information for the SAP. This activity involves -

the identification of (1) media of concern, (2)
areas of concern (i.e., 3general locations of the
media to be sampled),” (3) types of chemicals
- expected at ‘the site, and (4) potential routes of
‘contaminant transport through the environment
‘(e.g:, inter-media transfer, food chain). This

section provides general information on the °

preliminary identification of potential human
exposure pathways, as well as specific information
on the various media. (Also, see Chapter 6 for
a detailed discussion of exposure assessment.)

4.5.1 GENERAL INFORMATION

Prior to discussing various specific exposure
media, general information on the following is
provided: media, types of chemicals, areas of
concern, and routes of contaminant transport is
addressed.

Media of concern (including biota). For risk
assessment purposes, media of concern at a site
are:

e any currently contaminated media to
which individuals may be exposed or
through which chemicals may be
transported to potential receptors; and

e  any currently uncontaminated media that
may become contaminated in the future
due to contaminant transport.

Several medium-specific factors in sampling may
influence the risk assessment. For example,
limitations in sampling the medium may limit the

detailed evaluation of exposure pathways described
in Chapter 6. To illustrate this, if soil samples
are not collected at the surface of a site, then it
may not be possible 10 accurately evaluate
potential exposures involving direct contact with
soils or exposures involving the release of
contaminants from soils via wind erosion (with
subsequent inhalation of airborne contaminants by
exposed individuals). Therefore, based on the
conceptual model of the site discussed previously,
the risk  assessor should make sure that
appropriate samples are collected from each -
medium of concern. : ’

Areas of concern. Areas of concern refer to
the general sampling locations at or near the site.
For large sites, areas of concern may be treated
in the RI/FS as "operable units,” and may include
several media. Areas of concern also can be
thought of as the locations of potentially exposed
populations (e.g., nearest residents) or biota (e.g.,
wildlife feeding areas).

Areas of concern should be identified based
chosen purposively by the investigators during the
initial scoping meeting. Areas of concern should
include areas of the site that:

(1) have different chemical types;

(2) have different anticipated concentrations
or hot spots;

(3) are a release source of concern;

(4) differ from each other in terms of the
anticipated spatial or temporal variability
of contamination;

(5) must be sampled using different
' equipment; and/or

(6) are more or less costly to sample.

In some instances, the risk assessor may want
to estimate concentrations that are representative
of the site as a whole, in addition to each area of
concern. In these cases, two conditions generally -
should be met in defining areas of concern: (1)
the boundaries of the areas of concern should not
overlap and (2) all of the areas of concern

\
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together should account for the entire area of the
site.

Depending on the exposure pathways that
are being evaluated in the risk assessment, it may
not be necessary to determine site-wide
representative values. In this case, areas of
concern do not have to account for the entire
area of the site. -

Types of chemicals. The types of chemicals
expected at a hazardous waste site may dictate the
site areas and media sampled. For example,
certain  chemicals (e.g., dioxins) that
bioconcentrate in aquatic life also are likely to be
present in the sediments. If such chemicals are
expected at a particular site and humans are
expected to ingest aquatic life, sampling of
sediments and aquatic life for the chemicals may
be particularly important.

Due to differences in the relative toxicities of
different species of the same chemical (e.g., cr+’
versus Cr+), the species should be noted when
possible.

Routes of contaminant transport. In addition
to medium-specific concerns, there may be several
potential current and future routes of contaminant
transport within a medium and between media at
a site. For instance, discharge of ground water or
surface runoff to surface water could occur.
Therefore, when possible, samples should be
collected based on routes of potential transport.
For cases in which contamination has not yet
reached points of human exposure but ‘may.be
transported to those areas in the future, sampling
between the contaminant source and the exposure
locations should be conducted to help evaluate
potential future' concentrations to which
individuals may be exposed (e.g, through
modeling). (See Chapter 6 for additional
discussion on contaminant transport.)

4.5.2 SOIL

Soil represents a medium of direct contact
exposure and often is the main source of
contaminants released into other media. As such,
the ‘number, location, and type of samples
collected from soils will have a significant effect
on the risk assessment. See the box on this page

for guidance that provides additional detailed
information concerning soil sampling, including
information on sampling locations, general soil
and vegetation conditions, and sampling
equipment, strategies, and techniques. In addition
to the general sampling considerations discussed
previously, the following specific issues related to
soil sampling are discussed below: the
heterogeneous nature of soils, designation of hot
spots, depth of samples, and fate and transport
properties.

Heterogeneous nature of soils. One of the
largest problems in sampling soil (or other solid
materials) is that its generally heterogeneous
nature makes collection of representative samples
difficult (and compositing of samples virtually
impossible -- see Section 4.6.3). Therefore, a
large number of soil samples may be required to
obtain sufficient data to calculate an exposure
concentration. Composite samples sometimes are
collected to obtain a more homogeneous sample
of a particular area; however, as discussed in a
later section, compositing samples 2also serves to
mask contaminant hot spots (as well as areas of
low contaminant concentration).

Designation of hot spots. Hot spots (ie.,
areas of very high contaminant concentrations)
may have a significant impact on direct contact
exposures. The sampling plan should consider
characterization of hot spots through extensive
sampling, field screening, visual observations, or
a combination of the above.
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ELEMENT CONCENTRATIONS IN SOILS AND OTHER
SURFICIAL MATERIALS OF THE
CONTERMINOUS UNITED STATES

By HANSFORD T. SHACKLETTE and JOSEPHINE G. BOERNGEN

ABSTRACT

Samples of soils or other regoliths, taken at a depth of approxi-
mately 20 em from locations about 80 kmm apart throughout the conter-
minous United States, were analyzed for their content of elements.
In this manner, 1.318 sampling sites were chosen, and the resuits
of the sample analyses for 50 elements were piotted on maps. The
arithmetic and geometric mean, the geometric deviation, and a histog-
ram showing frequencies of analytical values are given for 47 ele-
ments.

The lower concentrations of some elements (notably, aluminum,

- barium, calcium, magnesium, potassium, sodium. and strontium) in
most samples of surficial materials from the Eastern United States,
and the greater abundance of heavy metals in the same materiais
of the Western United States, indicates a regional geochemical pat-
tern of the largest.scale. The low concentrations of many elements
in soils characterize the Atlantic Coastal Plain. Soils of the Pacific
Northwest generally have high concentrations of aluminum, cobait,
iron, scandium, and vanadium,.but are low in boron. Scils of the
Rocky Mountain region tend to have high concentrations of copper,
lead, and zine. High mercury concentrations in surficial materiais are
characteristic of Gulf Coast sampiing sites and the Atlantic coast sites
of Connecticut, Massachuetts, and Maine. At the State level, Florida
has the most striking geochemical pattern by having soils that are
low in the concentrations of most elements considered in this study.
Some smaller patterns of element abundance can be noted. but the
degree of confidence in the validity of these patterns decreases as
the patterns become less extensive.

INTRODUCTION

The abundance of certain elements in soils and other
surficial materials is determined not only by the ele-
ment content of the bedrock or other deposits from
which the materials originated, but also by the effects
of climatic and biological factors as well as by influences
of agricuitural and industrial operations that have acted
on the materials for various periods of time. The diver-
gity of these factors in a large area is expected to result
in a corresponding diversity in the element contents
of the surficial materials.

At the beginning of this study (1961), few data were
available on the abundance of elements in surficial ma-
terials of the United States as a whole. Most of the
early reports discussed only the elements that were of

economic importance to mining or agriculture in a

metallogenic area or State; and the data, for the most
part, cannot be evaluated with reference to average,
or normal, amounts in undisturbed materials because
they were based on samples of deposits expected to
have anomalous amounts of certain elements, or were
based only on samples from cultivated fields.

We began a sampling program in 1961 that was de-
signed to give estimates of the range of element abun-
dance in surficial materials that were unaltered or very
little altered from their natural condition, and in plants
that grew on these deposits, throughout the contermin-
ous United States. We believed that analyses of the
surficial materials would provide a measure of the total
concentrations of the elements that were present at the
sampling sites, and that analysis of the plants would
give an estimate of the relative concentrations among
sites of the elements that existed in a chemical form
that was available to plants. Because of the great
amount of travel necessary to complete this sampling,
we asked geologists and others of the U.S. Geological
Survey to assist by collecting samples when traveling
to and from their project areas and to contribute appro-
priate data they may have collected for other purposes.
The reponse to this request, together with the samples
and data that we had collected, resulted in our btain-
ing samples of surficial materials and plants from 863
gites. The analyses of surficial materials sampled in this
phase of the study were published for 35 elements by
plotting element concentrations, in two to five fre-
quency classes, on maps (Shacklette, Hamilton, and
others, 1971).

Soon after the publication of the resuits of this study,
interest in environmental matters, particularly in the
effects of contamination and industrial pollution, in-
creased greatly. At the same time, technological ad-
vances in analytical methods and data processing facili-
tated measurements of geochemical and other parame-
ters of the environment. In response-to the need for
background data for concentrations of certain elements
of particular environmental concern, the samples of sur-
ficial materials that were collected for the first study
(Shacklette, Hamilton, and.others;. 1971) (with some ad-

1
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ditional samples) were analyzed for other elements, and
the results were published in U.S. Geological Survey
Circulars: for mercury, Shacklette, Boerngen, and
Turner (1971); for lithium and cadmium, by Shacklette,
and others (1973); and for selenium, fluorine, and arse-
nic, Shacklette and others (1974).
The collection of samples for this study continued,
a8 opportunities arose, until autumn 1975, resulting in
the sampling of an additional 355 sites that were
selected to give a more uniform geographical coverage
of the conterminous United States. This sampling con-
tinuation is referred to as phase two. These samples
were analyzed, and the data were merged with those
of the original samples to produce the resuits given in
the present report. In addition, the availability of
analytical methods for elements not included in the ear-
lier reports permitted data to be given on these ele-
ments in the more recently collected samples.

The collection localities and- dates, sample descrip-
tions, and analytical values for each sample in the pre-
sent report were published by Boerngen and Shacklette
(1981). The elemental compositions of only the surficial
materials are given in this report; the data on analyses
of the plant samples are held in files of the U.S. Geolog-
ical Survey.
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REVIEW OF LITERATURE

The literature on the chemical analysis of soils and

other surficial materials in the United States is exten-
give and deals largely with specific agricultural prob-
lems of regional interest. Many of the papers were writ-
ten by soil scientists and chemists associated with State
agricultural experiment stations and colleges of agricul- -
ture, and most reports considered only elements that
were known to be nutritive or toxic to plants or ani-
mals.
Chemists with the U.S. Department of Agriculture
prepared most early reports of element abundance in
soils for large areas of the United States. (See Robin-
son, 1914; Robinson and others, 1917). The 1938 year-
book of agriculture was devoted to reports on soils of
the United States; in this book, McMurtrey and Robin-
son (1938) discussed the importance and abundance of
trace elements in soils. Amounts of the major elements
in soil samples from a few soil profiles distributed
throughout the United States were compiled by the soil
scientist C. F. Marbut (1935) to illustrate characteris-
tics of soil units. '

The use of soil analysis in geochemical prospecting
began in this country in the 1940’s, and many reports
were published on the element amounts in soils from
areas where mineral deposits were known or suspected
to occur. Most of these reports included only a few ele-
ments in soils from small areas. This early geochemical
work was discussed by Webb (1953) and by Hawkes
(1957). In succeeding years, as soil analyses became an
accepted method of prospecting and as analytical
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.nethods were improved, many elements in soils were |

analyzed; still, the areas studied were commonly small.

An estimate of the amounts of elements in average,
or normal, soils is useful in appraising the amounts of
elements in a soil sample as related to agricultural, min-
eral prospecting, environmental quality, and health and
disease investigations. Swaine (1955) gave an extensive
bibliography of trace-element reports on soils of the
world, and he also summarized reports of the average
amounts of elements as given by several investigators.
The most comprehensive list of average amounts of rare
and dispersed elements in soils is that of Vinogradov
(1959), who reported the analytical results of extensive
studies of soils in the Union of Soviet Socialist Repub-
lics, as well as analyses of soils from other countries.
He did not state the basis upon which he established
the average values; however, these values are presuma-
bly the arithmetic means of element amounts in samples
from throughout the world. In their discussions of the
principles of geochemistry, Goldschmidt (1954) and
Rankama and Sahama (1955) reported the amounts of
various elements present in soils and in other surficial
materials, Hawks and Webb (1962) and, more recently,
Brooks (1972), Siegal (1974), Levinson (1974), and Rose

1d others (1979) gave average amounts of certain ele-
\ents in soils as useful guides in mineral exploration.

A report on the chemical characteristics of soils was
edited by Bear (1964). In this book, the chapter on
chemical composition of soils by Jackson (1964) and the
chapter on trace elements in soils by Mitchell (1964)
gave the ranges in values or the average amounts of
some soil elements. _

Regional geochemical studies conducted by scientists
of the U.S. Geological Survey within the past two de-
cades have been largely directed to the establishment
of baseline abundances of elements in surficial mate-
rials, including soils. Most of the earlier work investi-
gated these materials that occurred in their natural con-
dition, having little or no alterations that related to
human activities, with the objective of establishing nor-
mal element concentrations in the materials by which
anomalous concentrations, both natural or man induced,

could be judged. Some of these studies were conducted -

in cooperation with medical investigators who were
searching for possible relationships of epidemiological
patterns to characteristics of the environment. In one
study, the geochemical characteristics of both natural
and cultivated soils were determined in two areas of
Georgia that had contrasting rates of cardiovascular dis-
"ases (Shacklette and others, 1970). In an extensive

:ochemical study of Missouri, also conducted coopera-
vely with medical researchers, both cuitivated and
natural soils were sampled. The results were presented
for the State as a whole, and for physiographic regions

or other subdivisions and smaller areas, as follows:
Erdman and others (1976a, 1976b); Tidball (1976, 1983a,
1983b); and Ebens and others (1973). The resuits of
these studies, and of other regional geochemical investi-
gations, were summarized and tabulated by Connor and
Shacklette (1975).

Recent regional studies of soil geochemistry by the
U.S. Geological Survey related to the development of
energy resources in the western part of the United
States, including North Dakota, South Dakota, Mon-
tana, Wyoming, Colorado, Utah, and New Mexico.
These studies established regional geochemical
baselines for soils, both in undisturbed areas and in
areas that had been altered by mining and related ac-
tivities. Some of these studies considered the elements
in soils both as total concentrations and as concentra-
tions that were available to plants of the region. The
resuits of these studies were published in annual prog-
ress reports (U.S. Geological Survey, 1974, 1975, 1976,
1977, and 1978). The data on soils, as well as on other
natural materials, in these reports were summarized
and tabulated by Ebens and Shacklette (1981). In a
study of the elements in fruits and vegetables from 11
areas of commercial production in the United States,
and in the soils on which this produce grew, soils were
analyzed for 39 elements, as reported by Boerngen and
Shacklette (1980) and Shacklette (1980).

The average amounts of elements in soils and other
surficial materials of the United States, as determined
in the present study, are given in table 1, with the
average values or ranges in values that were reported

-| by Vinogradov (1959), Rose and others (1979), Jackson

(1964), Mitchell (1964), and Brooks (1972). The averages
from the present study given in table 1 are the arithme-
tic means. Although the averages were computed by
the methods described by Miesch (1967), the values ob-
tained are directly comparable with the arithmetic
means derived by common computational procedures.

COLLECTION AND ANALYSIS OF
GEOCHEMICAL DATA

SAMPLING PLAN

The sampling plan was designed with the emphasis
on practicality, in keeping with the expenditures of time
and funds available, and its variance from an ideal plan
has been recognized from the beginning. Because the
collection of most samples was, by necessity, incidental
to other duties of the samplers, the instructions for
sampling were simplified as much as possible, so that
sampling methods would: be consistent within the wide
range of kinds of sites to be sampled. The samples were-
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TABLE 1.—Average or median contents. and range in conients, reported for elements in s0ils and other surficial materiais
[Data are in parts per milion: each average reprasents arithmetic mean: leaders (—) in figure eolumns indicats no dats available. A. average; M. median. <, less than:

>, greatar than)
This reporc ore) o oeners ittt ie Jackson (1964) Mitehell (1964) Brooks (1972)
useful in (presumably, .
Element geochemical averages fros 'Typtul.'.l Range 1n
prospecting) vorldwide sverage, contents in
Average Range sampling) or range Scottish sur- Average or
in values . face soils range
Al==—— 72,000 700 - <10,000 71,300 10,000 - 60,000
Age——— 7.2 <0.1 - 97 7.5 M) bl 5
B - i3 <20 - 300 29 (M) 10 5 T J e 10
Bg-m-—= 580 © 10 - 5,000 300 (M) 400 - 3,000 500
Bem==m—m .92 <1 -15 0.5 = & 6 B <s - % 6
Bpe—-—= .85 <0.5- 11 S
C, total 25,000 600 - 370,000 20,000
Cam——- 24,000 100 - 320,000 13,700 7,000
Commmem— 75 <15 - 300
Co——— 9.1 <3 -~ 70 10 8  eeecmmemeememee———- <2 - 80 10
(o 54 1 - 2,000 6.3 () 200 - ——e—— S - 3,000 200
Cym——— 28 . <1 - 700 15 (M 20 20 <10 - 100 20
[ 430 <10 - 3,700 300 (M) 200
Fe—=—== 26,000 100 - >100,000 21,000 (M) 38,000 7,000 - 42,000 10,000 - 50,000
Ga—— 17 <s - 710 30 ————————e 15- 70 20
Cem—— 1.2 <0.1 - 2.5 1 / s
Hgm—-— .09 <0.01 - &.6 0.05% (M) .01
[————- 1.2 <0.5 - 9.6
K-=w=— 15,000 50 - 63,000 11,000  (®) 13,600 400 - 28,000
La———" 37 <30 - 200 <30 - 200 - -
Li-eee— 24 <3 - 140 6.2 (M) 30 - 30
Mg———m 9,000 50 - >100,000 6,300 <6,000
M= ———— b3 ] <2 -~ 17,000 320 (n) 850 ——————— ——————— 200 - 5,000 850
Mo———— .97 <3 -13 2.5 (A) 2 — e <1 -5 2.3
Ngwo—o— 12,000 <300 - 100,000 6,300
N 11 <10 - 100 1S (A) 1S
Ng=wvm=m 46 <70 -~ 300
Nfje———— 19 <5 - 700 17 M 40 - 10 - 800 40
Pam———— 430 <20 - 6,800 300 () 800 500
Py 19 <10 - 700 17 (W) <20 - 80 10
Rb~ 67 <20 - 210 35 M) 100
S, total 1,600 <800 - 48,000 100 - 2,000 850
Sb~ .66 <} - 8.8 2 (A) .5
Se 8.9 <$ - %0 7 ——————————— e <) - 1§ -
Sem~=——— .39 <0.1 - 4.3 0.31 (M) .001 .5
.St 310,000 16,000 ~ 450,000 330,000

Soeee——— 1.3 <0.1 - 10 10 (A) 10
S po—e—m= 0 <S5 - 3,000 67 (M) 300 - 60 - 700 300
Ti=oma— 2,900 70 - 20,000 4,600 1,200 - 6,000
The———— 9.4 2.2 -~ 31 13
Ve 2.7 0.29 - 11 1. (M) 1
Ve 80 <71 - 500 57 (W 100 - - 20 - 2350 100
Y 25 <10 - 200 S0 ————em—— 23 - 100 ——————
omee— 3.1 <1 - %0
Za==——- 60 <3 - 2,900 3% (M) 30 50
Lp————— 230 <20 - 2,000 270 (W) 300 ——————— -

200 - >1,000

lauthor'e usage; genarally used to indicste the most commonly occurring value.

collected by U.S. Geological Survey personnel along
their routes of travel to areas of other types of field
studies or within their project areas.

The locations of the routes that were sampled de-
pended on both the network of roads that existed and
the destinations of the samplers. Sampling intensity
was kept at a minimum by selecting only one sampling
gite every 80 km (about 50 miles; selected for conveni-
ence because vehicle od meters were calibrated in
miles) -along the routes. The specific sampling sites

were selected, insofar as possible, that had surficial ma-
terials that were very little altered from their natural
condition and that supported native plants suitable for
sampling. In practice, this site selection necessitated
sampling away from roadcuts and fills. In some areas,
only cultivated fields and plants were available for sam-
pling.

Contamination of the sampling sites by vehicular
emissions was seemingly insignificant, even though
many sites were within 100 m or less of the roads.. Col-
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lecting samples at about 20 cm depth, rather than at
the upper soil horizons, may have avoided the effects
of surface contamination on the samples. However, we
had no adequate way of measuring any contamination
that may have occurred. (See Cannon and Bowles,
1962.) Many of the sampled routes had only light veh-
icular traffic, and some were new interstate highways.
Routes through congested areas generally were not
sampled; therefore, no gross contamination of the sam-
ples was expected.

The study areas that were sampled follow: Wisconsin
and parts of contiguous States, southeastern Missouri,
Georgia, and Kentucky, sampled by Shacklette; Ken-
tucky, sampled by J. J. Connor and R. R. Tidball;
Nevada, New Mexico, and Maryland, sampled by H.
L. Cannon; various locations in Arizona, Colorado, Mon-
tana, New Mexico, Utah, and Wyoming, sampled by
F. A. Branson and R. F. Miller; Missouri, sampled by
Shacklette, J. A. Erdman, J. R. Keith, and R. R. Tid-
ball: and various locations in Colorado, Idaho, Montana,
South Dakota, Utah, and Wyoming, sampled by A. T.
Miesch and J. J. Connor. Sampling techniques used in
these areas varied according to the primary objectives
. of the studies being conducted, but generally these
techniques were closely similar to the methods used in
sampling along the roads. -

In general, the sampling within study areas was more
intensive than that along the travel routes. To make
the sampling intensity of the two sampling programs
more nearly equal, only the samples from selected sites
in the study areas were used for this report. The

selected sites were approximately 80 km apart. Where .

two or more samples were collected from one site, they
were assigned numbers, and one of these samples was
randomly chosen for evaluation in this study.

SAMPLING MEDIA

The material sampled at most sites could be termed
“soil” because it was a mixture of comminuted- rock and
organic matter, it supported ordinary land plants, and
* it doubtless contained a rich microbiota. Some of the
sampled deposits, however, were not.soils as defined
above, but were other kinds of regoliths. The regoliths
included desert sands, sand dunes, some loess deposits,
and beach and alluvial deposits that contained little or
no visible organic matter. In some places the distine-
tions between soils and other regoliths are vague be-
cause the materials of the deposits are transitional be-
tween the two. Samples were collected from a few de-
Posits consisting mostly of organic materials that would
ordinarily be classified as peat, rather than soil.

To unify sampling techniques, the samplers were
asked to collect the samples-at a depth-of approximately
20 cm below the surface of the deposits. This depth

was chosen as our estimate of a depth below the plow
zone that would include parts of the zone of illuviation
in most well-developed zonal soils, and as a convenient
depth for sampling other surficial materials, Where the
thickness of the material was less than 20 em, as in
shallow soils over bedrock or in lithosols over large rock
fragments, samples were taken of the material that lay
iust above the rock deposits. About 0.25 liter of this
material was collected, put in a kraft paper envelope,
and shipped to the U.S. Geological Survey laboratories
in Denver, Colo.

CHEMICAL-ANALYSIS PROCEDURES

The soil samples were oven dried in the laboratory
and then sifted through a 2-mm sieve. If the soil mate-
rial would not pass this sieve, the sample was pul-
verized in a ceramic mill before seiving. Finally, the
sifted, minus 2-mm fraction of the sample was used for
analysis.

The methods of analysis used for some elements were
changed during the course of this study, as new tech-
niques and instruments became available. For most ele-
ments, the results published in the first report
(Shacklette, Hamilton, and others, 1971) were obtained
by use of a semiquantitative six-step emission spec-
trographic method (Meyers and others, 1961). The
methods used for other elements were: EDTA titration
for calcium; colorimetric (Ward and others, 1963) for
phosphorus and zinc; and flame photometry for potassi-
um. Many of the elements analyzed in the 355 samples
collected in phase two of the study were also analyzed
by the emission spectrographic method (Neiman, 1976).
Other methods were used for the following elements:
flame atomic absorption (Huffman and Dinnin, 1976) for
mercury, lithium, -magnesium, sodium, rubidium, and
zinc; flameless atomic absorption (Vaughn, 1967) for’
mercury; X-ray fluorescence spectrometry (Wahlberg,
1976) for calcium, germanium, iron, potassium, seleni-

-um, silver, sulfur, and titanium: combustion (Huffman

and Dinnin, 1976) for total carbon; and neutron activa-
tion (Millard, 1975, 1976) for thorium and uranium,

DATA PRESENTATION

Summary data for 46 elements are reported in tables
1 and 2. In table 1, the element concentrations found
in samples of soil and other surficial materials of this
study are compared with those in soils reported in other
studies. Arithmetic means are used for the data of this
study to make them more readily compared with the
data generally reported in the literature. These arith-
metic means were derived from the estimated geomet-
ric means by using a technique- described by - Miesch
(1967), which is based on methods devised by Cohen
(1959) and Sichel (1952). The arithmetic means. in table
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1, unlike the geometric means shown in table 2, are
estimates of geochemical abundance (Miesch, 1967).
Arithmetic means are always larger than corresponding
geometric means (Miesch, 1967, p. Bl) and are esti-
mates of the fractional part of a single specimen that
consists of the element of concern rather than of the

typical concentration of the element in a suite of sam--

ples. .

ELEMENT CONCENTRATIONS IN SOILS, CONTERMINOUS UNITED STATES

{
Concentrations of 46 elements in samples of this

study are presented in table 2, which gives the determi-
nation ratios, geometric-mean concentrations and devia-
tions, and observed ranges in concentrations. The
analytical data for most elements as received from the
laboratories were transformed into logarithms because
of the tendency for elements in natural materials, par-
ticularly the trace elements, to have positively skewed

TABLE 2.—Mean concentrations, deviations, and ranges of elements in samples of soils and other
United States

rlnnudmg-mmbmwn]&n(m).ﬂmuﬂ;.' 3
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] =
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‘ frequency distributions. For this reason, the geometric

mean is the more proper measure of central tendency

for these elements. The frequency distributions for po-

tassium and silicon, on the other hand, are more nearly

normal if the data are not transformed to logarithms
" and the mean is expressed as the arithmetic average.

~ In geochemical background studies, the magnitude of
scatter to be expected around the mean is as important
as the mean. In lognormal distributions, the geometric
deviation measures this scatter, and this deviation may
be used to estimate the range of variation expected for
an element in the material being studied. About 68 per-
cent of the samples in a randomly selected suite should
fall within the limits M/D and M-D, where M repre-
sents the geometric mean and D the geometric devia-
tion. About 95 percent should fall between M/D? and
M-D?, and about 99.7 percent between M/D? and M-D5.

The analytical data for some elements include values
that are below, or above, the limits of numerical deter-
mination, and these values are expressed as less than
(<) or greater than (>) a stated value. These data are
said to be censored, and for these the mean was com-
puted by using a technique described by Cohen (1959)
and applied to geochemical studies by Miesch (1967).
This technique requires an adjustment of the summary
statistics computed for the noncensored part of the
data. The censoring may be so severe in certain sets
‘of data that a reliable adjustment cannot be made; with
the data sets used in the present study, however, no
such circumstances were encountered. The use of these
procedures in censored data to quantify the central ten-
dency may result in estimates of the mean that are
lower than the limit of determination. For example, in
table 2 the geometric-mean molybdenum concentration
in soils from the Eastern United States is estimated
to be 0.32 ppm, although the lower limit of determina-
tion of the analytical method that was used is 3 ppm.
Use of this procedure permits inclusion of the censored
values in the caiculation of expected mean concentra-
tions.

The determination ratios in table 2—that is, the ratio
of the number of samples in which the element was
found in measurable concentrations to the total number
of samples—permit the number of censored values, if
any, to be found that were used in calculating the mean.
This number is found by subtracting the left value in
the ratio from the right.

The distribution of the sampling sites and the concen-
trations of elements determined for samples from the
sites are presented on maps of the conterminous United
States (figs. 1-47). Figure 1 shows the locations of sites

vhere four elements, bismuth, cadmium, praseodymi-

um, and silver, were found in the samples. These ele-
ments were determined too uncommonly for reliable

mean concentrations to be calculated. Each of the re-
maining maps (figs. 2-47) gives the locations where an
element was found in a sample from a site and the con-
centration of the element, shown by a symbeol that rep-
resents a class of values. By examining the tables of
frequency for concentration values of the elements, we
were able to divide the ranges of reported values for
many elements into five classes so that approximately
20 percent of the vaiues fell into each class. The limited
range in values for some elements, however, prohibited
the use of more than two or three classes to represent

‘the total distribution. Symbols representing the classes

were drawn on the maps by an automatic plotter that
was guided by computer classification of the data, in-
cluding the latitude and longitude of the sampling sites.
A histogram on each map gives the frequency distribu-
tion of the analytical values, and the assignment of
analytical values to each class as represented by sym-
bols.

We were able to obtain analyses of 11 more elements
for the 355 samples of phase two of this study than
for the 963 samples of phase one because of improved
analytical methods and services. These elements are an-
timony, bromine, carbon, germanium, iodine, rubidium,
silicon, sulfur, thorium, tin, and uranium. The con-
straints of resources and time prohibited analysis of the
963 samples of the first phase for these additional ele-
ments. Results of analysis of the plant samples that
were collected at all soil-sampling sites are not pre-
sented in this report.

Some elements were looked for in all samples but
were not found. These elements, analyzed by the
semiquantitative spectrographic method, ard their ap-
proximate lower detection limits, in parts per million,
are as follows: gold, 20; hafnium, 100; indium, 10; plati-
num, 30; palladium, 1; rhenium, 30; tantalum, 200; tellu-
rium, 2,000; and thallium, 50. If lanthanum or cerium

- were found in a sample, the following elements, with

their stated lower detection limits, were looked for in
the same sample but were not found: dysprosium, 50;
erbium, 50; gadolinium, 50; holmium, 20; lutetium, 30;
terbium, 300; and thulium, 20.

DISCUSSION OF RESULTS

The data presented in this report may reveal evi-
dence of regional variations in abundances of elements
in soils or other regoliths; single values or small clusters
of values on the maps may have little significance if
considered alone. Apparent differences in values shown
between certain sampling routes, such as some of those
across the Great Plains and the North Central States
where high values for cerium, cobalt, gallium, and lead
predominate, suggest the possibility of systematic er-
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rors in sampling or in laboratory analysis. Some gross
patterns and some of lesser scale, nevertheless, are evi-
dent in the compositional variation of regoliths, as
shown in figures 2—47.

The lower abundances of some elements (notably alu-
minum, barium, calcium, magnesium, potassium, sodi-
um, and strontium) in regoliths of the Eastern United
States, and the greater abundances of the heavy metals
in the same materials of the Western United States
indicate 8 regional pattern of the largest scale. This
visual observation of the maps can be substantiated by
examining the mean concentrations for these two re-
gions given in table 2. The abundances of these ele-
ments differ markedly on either side of a line extending
from western Minnesota southward through east-cen-
tral Texas. This line is generally from the 96th to 97th
meridian, and corresponds to the boundary proposed
by Marbut (1935, p. 14), which divides soils of the
United States into two major groups—the pedalfers
that lie to the east, and the pedocals to the west. Mar-
but (1928) attributed the major differences in chemical
and physical qualities of these two major groups to the
effects of climate on soils. A line approximating the 96th
meridian also separates the Orders, Suborders, and
Great Groups of moist-to-wet soils in the Eastern

_ United States from the same categories of dry soils that
lie to the west, as mapped by the (U.S.] Soil Conserva-
tion Service (1969). As shown in table 2, soils of the
Western United States have the highest mean values
for all elements considered in this report except for an-
timony, boron, bromine, mercury, neodymium, seleni-
um, titanium, and zirconium. The differences, however,
probably are not significant for these latter elements,
except for zirconium. ' '

Superimposed upon this large-scale compositional
variation pattern are several features of intermediate
scale. Perhaps the most notable of these are the low
concentrations of many elements in soils of the Atlantic
Coastal Plain. Soils of the Pacific Northwest are high
in concentrations of aluminum, cobalt, iron, scandium,
and vanadium, but low in boron, and soils of the Rocky
Mountain region tend to be high in copper, lead, and
zinc. :

Several small-scale patterns of compositional varia- .

tion can be noted, among them the high mercury con-
. centrations in surficial materials from the Gulf Coast
of eastern Texas, Louisiana, Mississippi, Alabama, and
northwest Florida, and a similar pattern on the Atlantic
Coast in Connecticut, Massachusetts, and Maine. High
phosphorus values occur in soils along a line extending
west across Utah and Nevada to the coast of California,
then south-east in California and Arizona. At the State
level, Florida shows the most striking pattern by hav-

ing low soil concentrations of most of the elements con-
sidered in this study.

The concentrations of certain elements do not show
well-defined patterns of distribution, and the regiona
concentrations of some other elements cannot be
evaluated because they were not present in detectable
amounts in most of the sampies, or because the sam-
pling density was insufficient. The degree of confidence
in regional patterns of element abundance is expectec
to be in direct proportion to the number of sampies
analyzed from the region. As the observed patterns be-
come smaller, the probability increases that the charac.
teristics that form the patterns are the results o
chance. .

Some features of element-abundance patterns proba
bly reflect geologic characteristics of the areas that the
soils overlie. Samples from most of the regoliths overly
ing basic volcanic rocks of Washington and Oregon con
tained higher than average concentrations of iron anc
other elements, as mentioned earlier. A few soil sam
ples with high phosphorus content are associated witl
phosphate deposits in Florida, and a single sample i
Michigan with high copper content is known to be o
soil that occurs over a copper deposit.

These data do not provide obvious evidences of north
south trends in elemental compositions that might b
expected to relate to differences in temperature re
gimes under which the surficial materials developed
There is, moreover, no consistent evidence of signifi
cant differences in element abundances betwee
glaciated and nonglaciated areas (the general area ¢
continental glaciation includes the northern tier «
States from Montana to Maine and south in places t
about lat 40°N.; see fig. 1).

The worlid averages of abundance for some element
in soils, as given by Vinogradov (1959) and by other
(table 1), do not correspond to the averages of abun
dance for these elements in the soils' of the Unite:
States, according to the data presented in this report
The world averages are too low for the concentration
of boron, calcium, cerium, lead, magnesium, potassium
and sodium in United States soils and other surficiz
materials, and too high for beryllium, chromium, galli
um, manganese, nickel, phosphorus, titanium, vanadi
um, and yttrium. _

The stability of values for concentrations of most ele
ments seems to be satisfactory because the addition ¢
analytical values for 355 samples of phase two of th:
study to values for 963 samples of the first phase di
not significantly change the geometric means and devia
tions of element abundance that were reported earlie:
(Shacklette, Boerngen, and Turner, 1971; Shacklette
Hamilton, and others, 1971; Shacklette and others
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1974). Although additional sampling of the same
gl 38 reported here might give a clearer picture of
;mall-to-intermediate  element-abundance patterns,
mean values reported herein most likely would not

change significantly.
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PURPOSE AND SCOPE

The purpose of this paper is to provide RPMs and
others investigating hazardous waste sites a
summary of the technical issues that need to be
considered when determining if a site (ie..

hazardous waste site/area of concern) has elevated -

levels of inorganics relative to the local background
concentratons. This issue paper is narrowly focused
and is for educational use only by project
managers. It is not meant to be a formal guidance

document or “"cookbook” on determination of
background concentrations of inorganics at

hazardous waste sites. This issue paper provides the
investigator with information needed to determine
whether activities conducted at a site have resulted
in elevated concentrations of inorganic contaminants
in soils or sediments compared with naturally
occurmng and off-site anthropogenic concentrations
of the same contaminant.

The first portion of this paper provides a definition
for and discusses factors that influence background
concentrations. The second portion is separated into
Part A, "Comparing the Concentrations of
Inorganics in Soils and Sediments at Hazardous
Waste versus Background Sites," and Part B,
"Guidance for Addressing High Background

Concentrations’ of Inorganics at CERCLA
(Comprehensive Environmental Response,
Compensaton, and Liability Act) Sites.” Part A is

a modification of the State of Michigan guidance on
conducting soil surveys (Michigan 1991a. 1991b)
and discusses issues that need to be considered by
investigators attempting to establish background

concentrations for hazardous waste sites. It can be

used to provide potentially responsible parties a
summary of issues they need to consider when
determining whether a hazardous waste site has
elevated concentrations of inorganics compared to a
background site. Part B presents a summary of a
draft issue paper titled. "Options for Addressing

High Background Levels of Hazardous Substances.

at CERCLA Sites” (EPA 1992a) and includes
updated information and approaches.

This paper addresses technical issues for scientists
and engineers: faced with how (o determine
background concentrations. It is not intended to

. policy implications.

(18]

address agency policy-related decisions on how o
use background data to achieve cleanup leveis or
achieve applicable or relevant and appropnate
requirements (ARARs). Technical issues discussed
here include selection of background sampiing
locatons, consideranons in the selection of sampiing
procedures, and statistical analyses for determuning
whether contaminant levels are significanty -
different on a potental waste site and a background
site. How to statstically define background for
purposes of remediating a hazardous waste site to
background levels is not addressed.

This paper focuses on inorgamics and. in
particular, metals. Radionuclides are not specificaily.
addressed: however. metals with radioactive 1sotopes
(e.g., cobalt-60) that may be encountered ar
hazardous waste sites are included. This paper coes
not specifically address background concentrauons
of organics at a site, but the approach would be v ary
similar in many respects (except for partitioning),
and some unique aspects regarding organics are
noted.

Statistics play a major role in establishing

. background concentration levels, and methods vary

widely in their degree of complexity. No specific
recommendations regarding statistical techniques are
provided because they could be misused or have
However, some generai
guidance is presented to acquaint the reader with
issues that should be discussed with a staustician
early in the design of a study. Statistics should be
used throughout the development of a sampling pian
in the same manner as quality assurance. Sampiing
objectives, design, data analysis, and reponting can
all be influenced by statistical considerations.

To provide recommendations that can be used at a
vaniety of sites, information was gleaned from
several different approaches to the background issue.

" The approach employed by the Michigan
m 991b) provides one of the most

straightforward and scientifically sound strategies

that, in combination with EPA documents (EPA
J989a, 1989b) and scientific literature (LInderwond

1989
1970; Ki ias 1984) form the

basis for this issue paper. This paper discusses the
generic issues from various strategies that should be




considered when addressing the background issue.
However. information presented here mav need to be
modified to meet site-specific soil and sediment or
data-quality objective concems.

STATEMENT OF ISSUE

Hazardous waste sites may pose a threat to human
heaith and the environment when toxic substances
have been reieased. The hazardous substances at a
site may onginate from either “on-site’ (i.e..
resulting from releases antributable to site-specific
acuvities) or “off-site” (i.e.. resulting from sources
noton-site). These ' 'off-site” substances may result

of chemicals have not been elevated bv site
activities. In the sediment literature. terms such as
"background sediment” (in the Code of Federai
Regulatons (CFR»—0 CFR 131.35-91) and
“reference sediment” (ASTM 1990) are used in
similar manners and are often interchangeable.

To rmmrruze confusion, the term "backeround

concenu-auon 1S defined in this document as t

concentration_of inorganics found Mlls or
sediments surrounding a waste site, but which
are not influenced by site activjties or releases. A
_background_site" should be a site that is
‘geologically similar and has similar biological.
physical."and chemical charactenistics (e.g., parucle

erther from natural sources (e.g., erosion of nawrally

size, percent organic carbon, pH) as the

occurnng muneral deposits) or anthropogenic sources

ie.g.. widespread lead contaminauon from auto-

‘mobile exhaust in urban areas) (EPA 1992a2). To

. deterrmine the appropnate action to take at a hazard-
ous waste site, EPA must distinguish between
substances directly attributable to the hazardous
waste site (i.e.. "site" contaminants) and those
ammbutable to "natural background” concentrations.

Definitions

Soils and sediments for. this issue paper are
defined as all mineral and natwurally occumng
organic matenal located at a site and will mostly be
related to the maténal <Z mm 1n size because it is
usually the Tiner matenial that has a greater artinity

- inorganics at a site.

for inorganic contanunants. 1ne U.S . Depanument of

Agriculture and the International Soil_Science’

Society use the 2-mm’ breakpoint to differentate

between soils or sediment (consistung of sands, siits,
and clays) and gravel (Breckenridge et al. 1991;

Lewgs et gl 1991). When establishing background

concentration levels, it is usually more cost effective

to focus on the finer materials; however, some bias

is introduced. Large particles can be rinsed and the-
rinsate analyzed if necessary. Soils and sediments

are heterogeneous and contain a wide range of sizes

from fine clays to larger gravel and coarse fragments.
(Soil Science Society of America 1978).

In the soils literature, the term "background”

usually refers-to areas in which the concentrations -

contaminated site (ASTM 1990) but also shouid be

2 oonic e
upstream., upgradient. or upwind of the :ie.
Sampies taken from a site to determine background

concentrations _will be referred 1o as backeround
samples.

s ) :

Almost anyone involved with hazardous waste site
evaluauons will at some time be involved in
determining  background concentrations of
There are two issues 0 be
considered when addressing background. The rirst
is whether the site and local area have a high natwral
variability in concentrations of inorganics. The
second is to differentiate between naturai and
anthropogenic sources at a site with aigh
background concentrations (e.g., lead in soil due 10
automobile emussions).  The broad range in
concentragons of naturaily occurring inorganics mav
lead to the erroneous conclusion that an area has
been contaminated with inorganics. Establishment
of background concentrations based on adequate
site-specific sampling data and companson to
normal background ranges for a specific area and
land use can help resolve the confusion.

EPA in its Risk Assessment Guidance for Super-
fund: Volume 1, Human Health Evaluation Manuai
(Part A) (often referred to as RAGS) (EPA 1989¢)
discusses two categories of background:



{. Naturally occurring--substances present in the

environment | ve not been influenced
- by human activity.

2. Anthropogenic--natural _and _man-made sub-

stances present in_the environment as a result of

incremental cancer nisk or to a safe hazard index.
However, many states have developed' statutes
(ARARSs) that require more stringent cleanup ievels
than risk-based levels and sometmes require
cleanup to natural background concentrations.

human activities not specifically related to the
CERCLA e -

Figure | shows the relationship between the on-
site-related and off-site-related “populations” of
substances that contribute to concentrations at a site.
In some locatons, the background concentrations
resulting from naturally occurring or anthropogenic’
sources may exceed contaminant-specific standards
promuigated to protect human health (EPA 1992a).
The background concentration defined in this
document includes both the naturally occurring and
local/regional anthropogenic contributions (see
Figure 1).

Backeground concentrations are needed when
deciding whether a site is contaminated. Knowiedge
of background concentrations heips address issues
such as (a) the effects of past land use practices on
levels of inorganics in soil and sediment, and
(b) establishing lower limits when conducting risk
assessments for soil and sediment contamination.

Figure 2 illustrates a process for determining
whether contaminant concentrauons in soil and

sediments at a hazardous waste site are elevated

relative 10 background concentrations.

Determining the effect of past land use practices
on levels of inorganics in soils and sediments is an
important initial step towards quantifying the
potential- threat to human - heaith and the
environment. Information obtained from this step
can provide the first indication that background
concentrations may be elevated. Preliminary site
investigations should be carefully planned so that
high-quality. data. can be gathered to gain an
understanding of the nature and degree of threat
posed by a site and to determine whether immediate
response is required.

Usually, remedial action is taken only on sites -

-

dbarexceed a 10  incremental cancar risk or exceed
A _hazard index of 1.0 for systemic effecis
Superfund cleanups are generally conducted to 10

It is often best to compare meap concentrauons
between groups of similar samples from the

hazardous waste and background sites,. Mean values

can be developed for a soil series or an operable
unit. The operable unit is usually the smallest area
that would be considered under a remediation pian
(e.g., 10 m x 10 m if a bulldozer is used to remove
the top 6 inches of soil). However, there may be
cases when it is important to know if a single sample
has a high probability of exceeding background. In
this case, the single value can be compared 1o the
background maximum limit (mean backeround
concentration pius three standard deviations). wvhich
is discussed later.

Background Concentration

Numerous natural and anthropogenic sources
influence background concentrations and need 1o be
accounted for during an initial hazardous waste site
investigation. Proper accounting of these sources is
important when establishing cleanup standards and
are critical if discussions about ARARs deveiop.

It is not feasible to establish 3 single universal

backeround concentration for soils or sediments: it
is more useful to discuss the range of backeround
concentranons for a contamunant.. Single vaiues are
hard (0 establish because concentralions -arv
depending on how physical, chemical. and biological
processes, and anthropogenic contributions have
affected parent geological material at a site. If a site
has various soil or sediment textures (e.g.. sands.

“loams), a range in inorganic concentrations should

be_developed for different soil senes or texwral
groupings, Thus, physical and chemical parameters
need to be identified when investigating a site to
ensure that soils or sediments with similar
parameters are compared. This is important because
there are often different soil types at a site. and
sediments differ depending on where (e.g., in a pool
or main channel) and when samples are collected.
The following parameters should be similar when




ON-SITE

A | ON-SITE
. CONCENTRATION- BACKGROUND CONCENTRATIONS
Total = FROM + -
On-site SITE-RELATED ANTHROPOGENIC | NATURALLY |
Concentrations " ACTIVITIES SOURCES OCCURRING
SOURCES
{Local. Regional
or Global}
BACKGROUND OFF-SITE
AREA BACKGROUND CONCENTRATIONS:
= ANTHROPOGENIC NATURALLY
SOURCES
Background Local. Regional OCCURRING
Concentrations rocel, Reson SOURCES
or Global) - '

Figure 1.

for hazardous waste sites.

comparing paired hazardous waste site samples to

background sampies:

pH/Eh

salinity

cation exchange capacity (CEC)

percent organic carbon

particle size and distribution

thickness of honzon (soil)

soil type, structure (soil)

Relationship between on- and off-site concentration groupings when defining background concentrations

sampie design
depth of sampling

sampling equipment and compositing regimz if
applicable)

number of samples
digestion/analytical method

acid volatile sulfide concentrations (sediment)

simultaneously -extracted metal concentrat:ons
(for determining sediment toxicity)
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_At times some of these <qil paramerers such as

ercent_organic_carbon. and_salinity mav_be
altered by hazardous waste site activities. These
changes in soil chemistry could falsely imply that the
hazardous waste site and background site
soil/sediment matrices are totally very comparable.
For example, if oil were reieased at a hazardous
waste site where mercury is of a concern, the percent
~organic carbon values could be much higher than at
the background site. This could lead to an incorrect
conclusion that the sites are not similar for
comparison of inorganic concentrations.

Many of these soxl parameters can be’ obgped pv
contacting th urces
Service (NRCS) Oﬁicew
report for the countv (usually free of charge) where
the site s located, Most soils on private lands in the
U.S. have been mapped by the NRCS. By using a
soil survey report. the field personnei can evajuate
how the soils were oniginallv classified and gain
access to average values for the soil series located at
the site. By consulting with a soil scientist and
comparing current site soils to those previously
mapped, an assessment can be made of the amount
of change and disturbance that has occurred to the
soil profile. Aenal photographs used to map soils
are aiso helpful in evaluating past land use, locating
stream channels. determining parent matenial for
sediment loading, and determining site factors that
affect movement of contaminants (e.g., low

percolation rate). More detai] on how and why {0

characterize soils at waste sites can be

found in a companion issue paper (Breckenndge et
al. 1991).
p

A_special case occurs for hazardous waste sites
that contain fill, "Fill areas” may be present around
construction or disposal areas and should be sus-
pected if the site is located in areas frequently in-
undated with water. Sites where dredge material
(e.g., sediments from shipping areas) is suspected to

have been used as fill should be given additional

attention because the dredge material may have
elevated levels of contaminants. A soil scientist can
usually idenufy fill locations and areas disturbed by
construction because of the disturbed nature of the
soil profile.

Naturai and Regional Anthropogenic
Contributions to Background Concentrations

Table | presents concentration ranges and mezan
values of inorganics in selected surface soils of :re
United States. Most of this contribution is duz to
natural and regional/global anthropogenic sources.
The soil types presented are general, but cover many
of the major categones found in the United States.
There is one omission from the table and that 1s for
cadmium. since cadmium mobility is strongly
dependent on soil pH and percent organic carcon.
The mean global content of cadmium in soiis is
between 0.07 and 1.1 ppm (ppm-dry weight - me'ke
tor SI units); for the United States, values range
from 0.41 t0 0.57 ppm, but values of up 10 1.3 2om

have been documented in some forest soils ( Katata-

Pendias and Pendias |984), In all cases. the higher

cadmium values rerlect anthropogenic contnbut:ons.
(from local and regional sources) to topsoils. -

Table 2 provides average, range, and no-¢::2ct

levels for seiected inorganics in sediment and s21ls
that can be used to compare to background concen-
trauons for a site. The no-effect levels are the m=1al
concentrauons in sediment that have a low propa-
bility of causing a measurable impact on_bepinic
populations, The control values for soils and s2di-
ments approximate the average concentrations of
metals contnbuted by natural and anthropogsnic -
(local and global) values (Lee et al. 1989: 24
1992b). These values should not be used as pack-
ground concentrations but can be used'to :uide
investgators in determuning whether elevated l2weis
of contamunants may be present ata hazardous waste
site.

Local Anthropogenic Sources that Influence
Background Concentrations

Note: Some of the activities discussed here may
not be waste handling or disposal actviues:
however, they could qualify as releases under
Superfund (e.g.. mining activities may resuit in
releases that can be addressed under Supertund.

Numerous local anthropogenic activities can’
contribute to the inorganic concentrations at a
hazardous waste site yet are not directly related 10
site activities. Local soils and sediments may be
contaminated by ore deposits or mining. Oy



TABLE I. CONCENTRATION OF INORGANICS IN SURFACE SOILS OF THE U.S. |IN PPM-DRY WEIGHT, DW), EQUIVALENT TO
‘mg/kg-dw] (SOURCE: KABATA-PENDIAS AND PENDIAS 1984).

Elemens

As I3 . Co Cr Cu S

Soil Runge Muean R;mgc o Mecan Runéc Mean Range Mecan Range Mcan Range Mcan
Sandy soils and lithosols on sandstones <(.1-300 5.1 201500 400 (4 20 1S 3200 40 1 14 <001 054 (08
Light boamy suils 04 310 71 01w 5597 340 Is TR 55 170 5 TR wol
Laocss and soils on silt deposits 1.9-16.0 6.0 001500 675 3-3o o 10100 55 7100 25 001038 o
Clay and clay lo:m_l.y soils l.7—27:() 7'.7 \ 150- 1500 53s .,l-m KO M) 5S 70 29 001 090 013
‘Alluvial soils . 2.1-220 B2 %) 1500 60k) 320 90 1S 1K) 55 5 50 27 002 0as T ouos
Soils over granites and gneisses . 0.7-15.0 }o 3O 1500 785 ]-».IS (Y] 10 1t 45 | 770 21 S0 04 006
Soils uycr volcanic rocks 21 -U.-'" 5.9 S0-1s00 - T 5-50 (K] 70 ¥s 1 150 41 001018 005
Soils over limestones and calcarcous rocks 1.5-20.0 1.8 150 1500 520 3-20 USRI S 150 50 770 21 0.01-0.50 .08
Soils on glacial 1ill and drift 2.0-120 6 J()()' 1563) 105 S-15 :I 5 s 8O 15 50 21 02036 007

Light descat soils | 1.2-180 (%] OO 2000 K15 'J~2u 10.0 1ty 2 ) S 100 2 02 032 006l

Sik, praitic soils 20 1240 St XN 1500 1605 B3N 1S TRIIE S0 t) S0 20(a) 0112 006 L)
Chemorcins and dark prairic soils 1.9-23.0 By ) 1K) 595 315 15 15 150 55 170 27 002 053 0
Orglhic light soils <.0A.l—48.0 5.0 10-700 265 3-10 60 1- 100 20 1-100 15 0.01-4.60 0.28

Forest soils |_.s-'|60 65 150200 508 5-20 10,0 15 150 55 7-150 17(a) 0.02-0.14 0 06(a)
26 . (a2 150 017

Various suils <0912 70 70 3UIHK) SOl 3 50 s T 1500 - 50 (IR I1 3]



TABLE 1 (CONTINULD)

Llemcnts

Mn N1 Sce b In
Soil . Range Meoan R:mgc Mecan Range Mcan Hange Mcan Range Mcean Range Mcan
- S:mdy soils and lithosols on sandstones 7-2X% 345 <5 70 1o <070 17 noons 1S 0 5(a) bRRIELY] 125 <§ 161 400
Light lvaniy soils 50100 480 S 20 20 <10-50 Wi 0o g2 (IR RTHY] 1) SO0 115 20 118 S50
Laocss and suils on silt deposits _ 50~|‘50u 52% S W l'}u 1 30 " ool ol 020001 0 1 0s 200 1 S S
Clay and clay loamy suils SU- 2000 SHU S 50 20,5‘ 10-70 0 NN 05 15 3K} 120 200 230 ol
Alluvial svils 150 15(X) 405 150 190 1 30 I8 01ty 0s SO T 295 20 108 SH S
Suils over granites and gnci_sscs 150 1000 540 N 185 1050 A 0l ‘I 2 04 SO LK) 120 M2 148
Suils over volcanic rocks I - 3000 g4 - 7 150 0o 1 70 ul NI 02 SO Lo R 0 1o 485
Suils ovet limestones and calcawscous 1ocks 70 2000 470 ] 1540 10 50 22 nil 01901 [RERILEY 198 HE oG SO0
Suilsongla;:ial till and dift 200 0 4175 1y 180 1030 17t Doy 04 10 W) 190 SV ] 00 O
. N
Light descit soils 150 1000 Jt;l) 7150 020 1070 2 0111 0.5 70 26K 490 2y 150 528
Silty prairic suils 200 - 100 430 ;5 S0 160 [JVARIL Mt NG 0l 0 SIK) 215 RITIN 1} S48
Chemozeins and dark prairic sols um_'.’('nn o) [ 1] 195 1y 20 14 o2 [IR] 0 S00 10 200 246 XS
Organic hght sails T Eso0 e AR 12o 10 51 13 NIRRT 1N} Sy WK Huo BRI (TN
Farest suils 150 1500 01 IATLY 20 10 50 20(a) ol 1o 04 “20 MK 150 25155 AN I
Various soils 20- 3000 490 <5 150 18.5 <1070 26 LY N ] 0.3l T- HXX) 24 . 13300 1S

a. Data for whole soil profile.
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TABLE 2. AVERAGE RANGE AND LOW- TO NO-EFFECT LEVELS OF SELECTED IHORGANICS

IN SEDIMENTS AND SOILS (img/kp UNI.ESS OTHERWISE NOTED). _
Mcdia and source Ag As Ha Cd Ct Cu bk g Mu Ni b L
SEDIMENTS®
Non-polluted, Greal Lakes - <3 <20 <25 <25 <7 < < I} <20 <0 <)
(U.S. Ammy Corps of Engincers 1977)
No effect level (Persaud ct al. 1989) — 40 06 n 15 20 01 10 15 23 65
0.5 ] - 1.0 3] 28 - 0.1 — —- 20 68
Effcas range low, marine scdiments 1.0 8.2 1.2 81 M (1S -- 209 46.7 150
(Long ct al. 1995)"
No adverse biological effects, masine 0.1 Y 5.1 200 390 041 A4S0 Rt
sediments (WDOE 1991)* - .
Control sediments, Southcm California 0.06-2.0 3 IS 0.001-2 6.5 40 2 u 3o <l n <200 <100 <00
(Lec et al. 1989)°
Contsol sediments, Pugel Sound 1.2 315 Vo18y 209 - 1050 NINIEM 13.0 ]
(Lee et al. 1989)° .
Control sediments, Yaquina Bay 05s 047 19.) o) 115 58S 200
(Lec et al. 1989)°
No effect threshold, freshwatcer — 30 02 55 ] 00s N 23 10
sediments® (Environment Canada 1992)
Lowest effect kevel, freshwater sediments 0.5 6 06 26 16 (1 1060 16 31 120
(Persaud et a). 1992)
Threshold effect kevels for freshwater - 59 0.596 373 57 0174 180 5.0 1244
sedimenis (Environment Canada 1994)
. Threshold effect levels for marine 013 7.24 - 0.676 52.3 187 01y - 159 02 124
' sediments (Environment Canada 1994)
Effects range low, freshwater (Ingersoll ¢t — 13 0.70 kD 41 20 730 24 55 O
al. 1995)
SOILS (conuol values)
Average and comimon sange tn natural 0as b A0 006 100 1)) 01l oM 40 10 S0
soils (swiamarized In Shields 1988) GOISS 0140 oo 3S00T 0017 SS3K 2 I OUL-08  T0-400 S-Sl 2200 10 R
Avemr concentration in carth's crust 0.5 S(K) 0102 100 -300 n S 0S5 850 1o 20 AxK)
(Merck 1989)
Average concentration in carth's crust 0.07 1.8 425 0.2 100 5S 5.03 0.08 950 5 125 70
(CRC1992) : .
Relative abundance in sails (.05 60 03s 70 RE] d0 LXK 50 15 90

{Martin and Whitficld 1983)

a Coatrol vadues approxionte maaead back gronnd

b No ctfect refens to nomeasucible gt o dnemtbie sganeans whon el

conhinents wh stated fevets vl ool



agncuiturai application of pesticides or sewage
~ sludge. and by emissions from motor vehicies. In
urban areas, sites may become contaminated by air
emussions from home heating, automobiles, and
industry. Table 3 provides ranges of contaminant
. levels in surface soils from some local anthropogenic
sources of inorganics that could contribute to

background concentrations at or near a hazardous ,

- waste site. Table 4 provides a review of some of the
more common agnicultural sources of inorganics

. associated with practices such as sludge, pesticides.
and fertilizer applications.

These tables identify elements that could be
associated with different land uses at or around a
hazardous waste site. For example. if the site is
located in an ar ncultural

‘usage, e¢levated background concentrations of
arsenic. bromune, lead, vanadium. and zinc could be

a good source of aenal photographs for hazarcs:s
waste site assessmepl [nformaton on soil sunve-s,
aenal photographs. and other sources that may -z

useful for identifying soil types and land use in =2
United States is presented in Table 5.

-a

Several large projects have been conductec 10
address the issue of characterizing background sail
concentrations.  For example, the Oak Ridge’

Reservaton (a U.S. Department of Energy faciiity)

conducted a background soil characterization proisct
vl

10 establish a database, 1o recommend how 10 use e

data for contaminated site assessments. and 10

provide esumates of the potental health :nd
environmental nsks associated with the background

level concentratons of potennally hazargous
co ). This source

provides a detailed approach for those faced with
conducting a detailed background investigation.

expected. To determine what background concen-
trations mught be without the agncultural
contnbution, the investigator needs to rely on some
investigauve skills. These skills are detailed in Pan
A of this document.

Accessing Data and Methods for Establishing
Background Concentrations

The previous discussion presented information
on ranges of background concentrations that couid
be expected for tnorganics of greatest concern at

“hazardous waste sites. . Additional information
sources that should be consulted include soil
scientists_from the NRCS and county extension
agents who mav have conducted soil survevs {hat,

descnbe the natural soils’ physical, chemical, and
_biological status, However, many of these surveys

were conducted for purposes such as mineral
development, farming, and soil conservation: the
data focus- on properties of soils. The NRCS
maintains _the -5 data_base that provides-

auributes of soils (c.g., texture, pH, CEC, salinity,
" clay content

clay content) that can be accessed atthe local NRCS .
Office or through the NRCS Office of Technology.
Cantography and Geographic Information System
Division at (202) 447-5421. Many data sets arc
“available on World Wide Web (WWW). The U.S.
: Geologcal Survey (USGS) Global L and Informaton
(GLI) system is another source for most land-based:
data_and can be located on “WWW _at_hnp://
ed usgs.gov/glis/glis.html. The Agncuiwral
Stabilization and Conservation Service can also be
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Approach for Establishment of Background
Reference Values

The approaches described in this document. or
the most part. combine discussion of issues genznc
to soils and sediments. However, when warranted.
attributes unique to the two different media are
discussed in separate sections. One such sec:on
discusses sediments that require sampling thrcugn
overlying water.

PART A

COMPARING THE CONCENTRATIONS OF
INORGANICS IN SOILS AND SEDIMENTS
AT HAZARDOUS WASTE VERSUS
BACKGROUND SITES

The objective of Part A is to determine whether
" hazardous waste site-related activities have caused
an increase in the levels of inorganic contaminants in
soils and sediments compared to background
concentrations.

SOLILS

Step 1—Evaluation of Land Use History and
Existing Data

Purpose: This effort is designed to identifv land
use history both on and near the hazardous waste site
(i.e., within the air and watershed connected to




TABLE 3.

INORGANIC CONTAMINATION OF SURFACE SOILS., AVERAGE VALLUES

FROM VARIOUS ANTHROPOGENIC SOURCES IN THE UNITED STATES
(PPM-DWY* (SOURCE: KABATA-PENDIAS AND PENDIAS 1984).

- Element Site and pollution source Mean or range of content
Arsenic (As) | Metal-processing indusuy 10-380
Application of arsenal pesticides 31-625
Cadmium (Cd) Metal-processing industry 26-160
Urban garden 0.02-13.6
Vicinity of highways 1-10
Cobait (Co) Mining or ore deposit 13-85
Metal-processing industry 42-154
Roadside or airpor area 1.9
Copper (Cu) Urban gardens. orchards. and parks 3-140
Sludged farmiand 90
Lead (Pb) Metal processing industry 500-6.300
Urban garden and urban vicinity 218-10.900
Roadside soil 960-7.000
Non-ferric metal muning 15-13,000
Mercury (Hg) Hg mining or ore deposit 0.140
E Urban garden. orchard. and parks 0.6
Zinc (Zn) Non-ferric metal mining 500-53.000
Metal processing industry 155-12.400
Urban gardens and orchards 20-1.200

a. Equivalent to mg/kg-DW.

or in proximity to’the site) to determine what
contribution the anthropogenic activities from
previous land use at or near the hazardous waste site
have had on background concentrations.

Approach: Early in a hazardous waste site
investigation, site history should be determined by
examining available records and by interviewing
personnel familiar with the site. This information
can be used to assess the types of contaminants
associated with past operatons that may be of
concern and may be compared to Appendix IX.
Superfund and Priority Pollutant Compounds,.lists
which identify Lhe morgamc contaminants of
concern. Evalu ist Vi
important data when determining those compounds
for which backgrou

P—
nd concentrauons need to be

and lead am suspected ata ha@ons waste sue and
the si

there is hi tentdal that i v _

and cadmium may be present and clevated in soils
and sediment from off-site contributions. An initial

evaluation of on-site data should be sensitive to the
issue of elevated background so that orf-site
contributions can be properly accounted for.
Another advantage. of evaluating cxisting
hazardous waste site data is to determine if pre-site
operation values are available for inorganics in
sediments or soil. These data can be oitained from

site records or other existing sources discussed later.

- in this paper. NRCS soil surveys should be checked

established. For exampile, if releases of cadmium- -

both for aerial photographs that sh w previous land"

use on or near the site and for average physical and
chemical properties for soils at and around the
hazardous waste ‘site. Local county agricuitural

-
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TABLE 4. AGRICULTURAL SOURCES OF INORGANIC CONTAMINATION IN SOILS (PPPM DW)*

(KABATA-PENDIAS AND PENDIAS 198.1).

Element Sewage sludges Phosphate fentilizers l.imestones - Nitrogen fertilizers Manure Pesticides (%)
As 2-26 2-1,200 0.1-24.0 22120 3-25 22-60
B 1S -1.000 5115 10 01.3-0.6
Ba 150400 200 120250 270
Be 4-13 N |
Br 20-165 15 , 185 710 TN 20 KS
Cd 2-1,500 0.1 170 0.04- 0.1 0.05 B.S 0.3 08
Ce 20 20 12 ‘ .

Co 2-260 1-12 0.1-3.0 5412 .3-24

Cr 20-40,600 . 66 -245 10-15 3.2-19 5.2-55 -
Cu 50-3,300 1-300 . 2-125 <115 2- 60 12-50
F 2-740 8,500-38.0(X) 300 - 7 18-45
Ge 1-10 - : 0.2 19 -
Hg 0.1-55 0.01-1.2 0.05 0:3-29 0.09-0.2 08-42
In - - - 1.4

Mn 60-3,900 40-2,000 40-1,200 300-550) -
Mo 1-40 0.1-60 0.1-15 ) 0.05 3 -
Ni 16-5.300 7-38 10-20 7 34 7.8-30 -
Pb 50-3,000 7-225 20-1,250 2.27 6.6-15 o0
Rb . 4-95 5 3 - 0.06

Sc 0.5-7 7-30 1 5

Se 2-9 0.5-25 0.08-0.1 24 -
Sn 40-7(X) 319 0.5-4.0 14160 38

Sr 40-360 25-500 610 80)

Te - 2023 - 0.2

U R 30--300 - -

\Y 20400 2-1.6(0 20 - 45
Zn 700-49.(X0 50-1,450 10450 1-42 15-250 1.3-25
Zr 5-90) 50 20 5.5

a. Equivalent to mg/kg-DW. -



TABLE 5. SOURCES OF INFORMATION FOR IDENTIFYING SOIL TYPES, LAND USE.
AND DETERMINING BACKGROUND LEVELS OF INORGANICS IN SOLLS
AND SOME SEDIMENTS IN THE U.S.

Source

Supporting background
information

Locations

Contact point

Bureau of Land
Management—BLM

* National Park Service
(NPS)

K US. Geological
Survey

U.S. Geologmcai
Survey

Y‘ USDA-Agncuitural
Stabilization and
Conservation Service
(ASCS/SCS)

National Ocean
Service (NOS)

Provides data on areas in the country
that have naturally occurting
substances that pose a hazard to

- humans or the environment.

Inventory and monitoring of trace
levels of inorganics in soils in natural
areas.

Several reports on the concentration of
inorganics in the environment:

Backeround geochemstry of some
rocks. soils. plant. and vegetables in
:he conterrrunous U.S. "Geolocai
Survey.” protessional paper 374-F.
197S—Summary ot determination
detween natural and anthropogenic
contnbutions—shows natural values
vary widely and are highly site specific

and regionally dependant.
/

An accounting of pesticides tn soils
and ground water in the lowa River
Basin. 1985-88 (1A 86-055).

Acriai photographs of sites.

Aenal photographs of current and
srevious land use and soils types
cluding erosion potential.

Coastal and Geodetic Surveys
including aenial photographs.
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Mostly ‘
western U.S.

Nationwide

Nationwide

Nationwide

Midwest

Nationwide

Nationwide

Coastal areas

BLM Service Center
Denver Federal Center
Lakewood. CO 80225
(303) 236-0142

Local NPS Headquarters

Water Resources Information Cen:z::

11703) 648-6818

National Technical Information Ser.-::
:NTIS)

L.S. Depaniment of Communicatior.
1703) 4874650

NTIS

LUSGS. Sait Lake City ESIC

8105 Federal Bldg.

|25 South State St.

Salt Lake City, UT 84138-1177
1801) §24-5652/Fax: (801) 524-63--
ASCS/SCS

Aerial Photography Field Office.
P.O. Box 30010

Salt Lake City, UT 84130-0010
(801) 975-3503/Fax: (801) 975-35:2

National Ocean Service

Coast and Geodetic Survey Suppon
Sec. NICG236

SSMC#3. Rm. 5212

1315 East-West Highway

Silver Spring, MD 20910

(301) 713-2692/Fax: (301) 713-04=3



TABLE 5. (CONTINUED)

Source

Supporung background
information

Locauons

Contact point

National Archives
Research Administra-
tion/National Air
Survey
iNARA/NASC)

U.S. Forest Service -

tFS)

U.S. Department of
Energy (DOE)

Oak Ridege National
Laboratory

National Climauc
Data Center

EPA

Joumal Anticles

Series of infrared Landsat photographs
for mud-1970s by state.

Often have data on trace eiements as
part of soils inventory and monitoring

- program.

Collects and publishes data on trace.
metals and radionuclide concentratons
around DOE facilities and for
reference sites.

The backeround soil charactenzation
project provides backgrouna leveis of
seiected metals, organic compounds.
and radionuclides in soils from
uncontarmunated sites at the Oak Ridge
Reservation. Also a good approach for
evaluating background for use in
baseline risk assessments

Provide data on wind roses and climate
parameters for most areas of the’
country. :

Most complete source of data that
inciudes EPA and other Agency
information on Hazard ID. Dose-
Response. and Risk Charactenzation.

STORET ( physiéal and chemucal
parameters in soils and sediments).

Can provide local. regional. or national
background concentration vaiues. Can
be accessed via literature searches. but
usually need to be searched by element
or media. -

Nationwide

Nationwide

Nauonwide

Locai -
Roane
County. TN

Approach
useful
nauonwide

Nationwide

Nationwide

Local to
National

NARA/NASC

National Air Survey

4321 Baltimore Ave.

Bladenspurg, MD 20710

(301 927-7180/Fax: (301) 927-5013

Nearest FS experiment station

Nearest DOE office. Environmentai
Monitonng Division

D.R. Watkins

QOak Ridge Reservation
Environmental Restoration Div.
P.0. Box 2003

Oak Ridge. TN 37831-7298
1615) 576-9931

See ref. ORNL 1993,

User Service Branch
Asheville. NC
(704) 259-0682

EPA/540/1-86/061 (EPA 1986)

EPA Office of Water and Hazardous
Matenal

1202) 382-7220

Commercial product—more user
friendly, Earthinfo: (303) 938-1788

' Selected references: (1) Metals in

Determining Natural Background
Concentrations in ‘Mineralized Areas.
1992 (Runneils et al. 1992). and (2)
Sediment Quality and Aquatic Life
Assessment (Adams et al 1992).




‘agents and state, county. and federal environmenial
quality officials are also sources of information on
local emissions or previous sampling data that may
be used to establish background concentrations.
EPA or state regulators of chemical storage, use. and
emission data bases of local industries may be a
g00d source of chemicals used or stored in the local

irea EPA’'s STORET data base shoujd be checked”

Step - 2—Establishment
Objectives

of Data Quality

Purpose: The purpose of Step 2 is to establish
- data quality objectives (DQOs) (EPA 1993) for the
decision-making process.

Approach: The DQO process is descnbed in
Standard Practice
Daa Related o Waste Management Activiliess
Development of Data Quaiity Objéctives” (ASTM

1995) and is summanzed i ina companion issue paper
titled, Characxcnzx

Site Assessme idge et al. 199]). The
companion issue paper explains how to classify soils
when faced with different classification systems and
what soils data need to be considered when

establishing DQOs. EPA's external working draft,
"Guidance for Data Quality Assessment” (EPA

1995), is helpful in discussing the role of statistics in

the DQO process. This document has a companion
PC-based software program to help support the
document. " Since this Is designed_as _a_ living

‘document,”
(Fax number (202) 260-43461 1in the Office of

contact the Quality Assurance Division

Research and { (401 M St
Washington, D.C,
vgrsion.

Step 3—Determining Sample Location and
Numbers to Collect

Purpose: The purpose is to design a statisticaily
valid approach that yields representative samples
from areas of concern and from background areas

~0460) 10 obtain the laest

and to factor judgement (bias sampling) into

selecting sampling locations to maximize the
possibility of detecting elevated levels of
contaminants on-site.

Approach: There are a number of options in
sampling design that determine where to collect
samples from a hazardous waste site to compare
against a background site. The investigator needs to
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discuss the DQOs with a staustician 1o select
appropriate design. Numerous design options zr2
available. - One option is for those areas where 2
sites’ soil and sediment matnx and distrbution or -
suspected contarminants appear 1o be homo-genecus. |
Estabhshmz g_;gmmur_x_ (i.e.,svstemauc
ampling grid) across the entire site and sampling at
set locauons should provide a reasonaoie
characterization of the contamination values across
the site. A second option may apply if certain pars
of a site are suspected of being contamipated due [0

cma

histon ] i i r
intensifyi 1d 1o hi areas couid

be_considered. This_approach maximizes g
‘possibility of determining whether contamipant
concentrations at a site are above background ang

minimizes the nsk of not lakxgg action at ;
hazardous waste site.

There is a weaith of guidance on soil sampiuing.
One document that is useful because of its coverage
of soil sampling methods and design for reducing
various sources of sampling error is atied.
~Preparaton of Soil Sampling Protocols; Sampiing
_Techniques and Strategies” (EPA 1992c). This
document also provides information tor those
uncertain about sampling design options 2nd
composite collection techniques.

The following discussion points should be
considered when selecting and designing :he
sampling plan.

Point A—For a given site, there may be severai
areas of concemn based on known or suspected past
site activities. Once these areas are identitied. 2
sampling plan can be developed. Histoncal data
should be identified and evaluated early in the
process to determine their use in identfying areas of
concern or if the entire site needs to be sampled.
Historical and land use information identified from
Step | plays a key role in determining the degree of

" bias in the sampling plan. Factors such as location
of tanks, piping, staging areas, disposal ponds. and
drainage areas (e.g., sumps) shouid be considered
when designing a sampling plan. Several soil
properties or processes that govern the mobility of
contaminants can also bias sample location:

Soil pH: A quick check using a field test kit can
identfy if the pH of the soil is in a range to mobilize
contaminants. In acid soils. (pH <6.5), inorganics

Lo




such as zinc. manganese. copper, iron..caball. and

Toron_are easily leached. However. if soil pH is
above 7.0, these inorganics form stable compounds.
Other inorganics. such as molybdenum “and
selenium, are mobilized in alkaline soils. whereas in
acid soils they become almost insoluble. Thus. pH
and contaminants of concern need to be factored into

the selection of sampling depth 1n soils.

Soil Texture: Most soils are a combinauon of -

the following grain sizes:

Medium to large grain size matenal has moderate
to high porosity (15 to 40 percent) and low capacity
for adsorbing inorganics. These soils have low
capacity to hold contaminants in the grain intersuces
. due to low cation exchange capacitv_and low

capillary action. [nvestigat
- surface staining and consider sampling_3{ dgeper

depths.

Fine sands to_silt materials have a stronger
capillary action, and silts are capable of sorbing
inorganics. Special attention should be given to
sampling at the interface between fine matenal
layers and larger grains, or where fine sand lenses
are mixed in clay soils (these often form conduits for
contaminant movement).

Clays are fine particles and
charge, and most have high cation exchange
Capacities, 1his may cause heavy metal cations
(e.g. Cr. Cd"%, Pb™?) to adsorb to the clay surface.
Clays also form large cracks and fractures due 10
shrink/swell and freeze/thaw effects. Investigators
should look at the profile in clay soils to determine
if inorganics (e.g., iron and manganese) have
oxidized or been reduced in fractures causing a color
change (e.g.. under oxidation. iron changes t0 a
red/yellow/brownish color compared to the natural
"blue/gray color). The sample design should consider
these factors by collecting samples from fractures

and especially - from- areas that show signs of

oxidation. .

Soil Organic Carbon Content: Organic carbon
content plays a key role in the sorption of
contaminants. Special attention should be given to
sampling layers that have excessive organic carbon
(e.g.. darker soils, upper soil layers, peat).

ssess a net tive

" Cation Exchange Capacity (CEC): The aciiity

_ of the solid soil phase to exchange catons is one of

the most imporant soil properties govemning
movement of inorganics in soils. In general. the
CEC is related to the surface area of the soiis and
sediments (Kabata-Pendias and Pendias 1984). Soils
and sediments that have larger surface areas te.g..
clays) have a greater CEC, while those with smailer
surface areas (e.g., sands) have a lower CEC.

Transport: The transport of dissolved or
colloidal inorganics takes place through the soii
solution (diffusion) and with the moving soil
solution (leaching) (Kabata-Pendias and Pendias
1984). Investigators should be aware that in cool.
humid clhmates, inorganics generally

leach

) downward through the profile; 1n warm, dry climates

and hot, humid areas. the movement is often upward

However. specific soil properties, mainly the soil’s

CEC and moisture availability, ¢ ¢
mugration of inorganics in a soil profile,

Point B—A grid system can be used to establish
the locations to be sampled. A grid will also help
define the total population from which a subset may

" be selected using a statistical approach (e.g.,

systematic random, random, or stratified random) to
identify the specific sample population. If the site
has excavations or steep depressions, sample points
along both sidewalls and the base of any excavations
should be included in the grid. 1f samples are
collected from excavations, similar soils (i.e.. same
depth, type. and honzon) shou sampled from
the background site for evaluauon. However. soils
are heterogenous and-spaual partems do exist. Some
soil types exhibit spatial correlations that should be
considered by the project's statistician. The area
represented by each grid point should be
proportional to the size of the area for equal
weighting and be equal to or greater than the

operable unit (discussed earlier). One of the
follow] i ed to determine _
iptervals for three different size categories (Michigan
1991b): -
m . G Smalil site
2 . (010025 n

acre)



P Medium site  :2)
VAT 61 (02510 3
4 _acre)
Large site (3)
AR _
\]a = Gl (>3.0 acre)
where
Gl = gnd interval
A = areato be gndded (in square feet)
GL = length (or longest side) of area to be

gridded.

For example, for a 1.5-acre site (the longest side
being 280 feet). and given that 1 acre = 43.560
square feet, substituting values in Equation (1)
above, we have:

y65.340/3.14

" = 36 feet between grid points

Grid systems are useful but have limitations. An
option is to select a sampling area that is equal to an
operable unit (i.e.. the size of the smallest remedial
action unit) and divide the site. into-equal units.

Samples can then be collected, following a statistical .

design that represents the unit.

Point C-—After _the grid point intgrval s
determined, a scaled grid overiay can be made and
supenmposed on a map of both the hazardous waste.

and background sites. Some specified point (e.g.,

the southwest comer) should be designated as the
(0,0) coordinate. The grid can then be oriented to
maximize sampling coverage. Some grid orientation
may be necessary for unusually shaped areas. Also,

Intensified gnd

0.0y

Point D—Several options exist for collecting
samples: (a) collect a sample at all (or a minimum ot
four) grid points as discussed under Point B (b) use
the systemanc random sampling a #
MM@. Section 9.1 133 _or
ic) use a stranfied random desj ' led
grid for suspected problem areas, The seiected
number of sampie locations are deterruned by
sampling objectives, number of analytes (0 be
evaluated per sample, the analytical techniques (o be
used, and budget constraints.

Point E—The determination of depth sampling
- increments are dependent on DQOs and the capacity
of different soil layers to hold (sorb) meuals.

Recommgnggd depth samghne mcrememg are for
the following: -

0.5 feet or by major hwm:mm

. 2.5-foot intervais or b master h

1.0 to eet. ing

increments also depends on the suspected amoun; of
. contamination -released, mobility of contamunant.

amount of water or liquid available for transpor
(e.g., . Samples collected
. from specified depths can be either single or in

the site can be subdivided with different calculated .

grid intervais so that proportional sampling can be

intensified for suspect areas, such as sumps or sinks

or low-lying drainage areas where contaminants

have a higher probability of concentrating. The
. following is an example of a grid:
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multiple replicates, depending on the statstical
method used for background data comparison (see
Step 5). _At locations where soil type is the same.
compositing' can be considered to save ¢

more 1scly esumate the . However.
compositing may be a concem if the data are used

for future enforcement purposes.™
Point F—For 3 background site, 3 minimum of

fi
n - und" concentrati
a soil t (Michigan 1991a). These sample

numbers will help account for natural constituent
occurrences and inherent variability (i.e.. range)



within each distinctive soil type. Wher determining
if contaminants have moved into a profile (i.e.. by
depth),. samples should be taken at comparable
depths from similar soil types for both .the
background site and the hazardous waste site. If Hsite

wnsxderauon must be given to the mobility ot the
contaminant and texture of the soil.

Step 4—Sample

Collection, Preservation.

. Handling, Analysis, and Data Reporting

environmental conditions have resulted in legchme :

ontami 1]

honzons (i.e.. O, A, and B) for a soil tvpe may need
pe

ample L
backeround site. If the site is sampled by major
honzon, a minimum of four samples shouid be
collected from each horizon) (see Figure 3). Sample
size (e.g., weight) at all locations at the hazardous
waste and background sites shouid be the same.

GROUND SURFACE
Ist major horizon—Brown 4 samples
medium-coarse SAND
2nd major horizon—Lt. brown 4 'samplesv
silty fine SAND
3rd major horizon—Gray silty 4 samples

CLAY witrace of fine-medium
sand
Figure 3. Approach for sampling sites where compar-

ison is needed between major soil horizons
or layers within a soil type.

Point G—Background samples should be taken
from areas unaffected by site activities.
sotls cannot be found in areas unaffected by site
acuvites, possible locations for determining back-
ground are areas on-site. such as under stationary
ob;ects like storage sheds or porches. large ﬂaz-
stones, and old trees.

_ Point H—Wind rose data can be used to identify .. ..

background sample locauons in the predominant
upwind direction from the hazardous waste site.
Wind rose data usually provide monthly averages

(based on hourly observations) on the percentage of .

time the wind blew from the 16 compass points or
was calm. Wind rose data can be obtained for the
area from the local weather station or the National
Oceanic and Atmospheric Administration (NOAA).

Generally, if airbomne deposition is the primary
method of contaminant reiease from sites in arid
environments, the investigator should focus on
sampling the soils near the surface. However,

contaminated and -

Purpose: The purpose is to ensure that all sampies
are handled in a manner that protects their integntv
and are analyzed using comparable standard
-methods.

- Agproach The followmg is the recommenued

approach: .

1 All sample collecton, preservation, preparation.
handling, and analytical methods should follow

- standard methods [e.g., U.S. EPA SW-846. "Tast

If similar

Methods  for  Evaluaung Solid  Waste. .
Physical/Chemical Methods" (EPA 1986)]. It is
important that all samples are handled using
comparable methods when preparing for and duning
analysis. For example. using different digestuion
methods can change rcsulls significandy.

2. For inorganics. it is recommended 10 use 3 1o1al
ﬂ:xals procedure with results reported in mg/kg (or

percent for iron) on a dry weight basis. This

minimizes addr uonal sources of vanauon. since
these consutuents are oftcn naturaily occumno To

.assess__the vallabi oxIc
sediments, acid volatile sulfide and simullaneously

extracted metais should be deteamined (D1 Toro et
___'_M— .

Step 5—Statistical Comparison of Hazardous
Waste and Background Sites

Purpose: The objective is to. determine 1if
concentrations of inorganics from a hazardous waste
site are elevated cornpared to those from a tack-

_ c’round,sue
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ggroacn  The following discussion outlines
some . basic. statistical concepts in the context of
background data evaluation. A general statistics
textbook such as Statistical Methods :or
. Environmenzal Pollution Monitoring (Gilben 1987)
should be consulted for additional detail. Also. the
following list of published statistical guidance may
be useful (Figure 4). There are numerous statistical
approaches that are applicable when collecung.
assessing, and analyzing background data. The.
éggmachcs presented here have been iﬂ%ﬂ by the -

tate of Michigan (Michigan 1991b)

m on the authors' expenence. They are
readily understandable and easy to use. However. it
is recommended that investigators consuit a




staustician (o assist in the design or review of a -

sampling plan pnior to collecung sampies.

. Careful consideration must be given to the
selection of a statistical procedure based on site-
specific factors. These include the size of the
background data base and the number of samples
available for comparison, variability of soil tvpe, and
coefficient of vaniation of data. The following are
some statistical methods that can be used if data
from the site follow a normal distribution. Some
environmental sample sets are normally distributed.
However, the majonity of environmental contamin-
ation data sets are not normally distributed. Some of

the more commonly used tests of normality are
- presented in Table 6. Tests should be conducted on

all data to determune if the data meet the assumection
of normality. If the data are not normaiiv
distributed, log or other types of transtormations

should be conducted (0 approximate normality prior
10 using the data sets in stagstical compansons, such

as t-tests or analysis of varance procegdures

(ANOVA)L

If the data cannot be normalized. additional
attention needs to be given to selecting appropnate
statistical tests, and the situaton needs to be
discussed with a statistician. Special statistical
consideration may be warranted if samples are
composited and the data are needed to suppon
regulatory requirements discussed in Part B.

Statistical Methods Guidance?

Basic

Statistical Methods for Environmental Pollution Monutoring. Van Noszand Reinhold Company (Gilbert 1987

Guidance jor Data Qualiry Assessment (EPA 1995). -

Soils Sampling Qualirv Assurance Guide (EPA 1989d).

Guidance for Conducting Remedial Investigations and Feasibilirv Studies under CERCLA (EPA 1988).
EPA's Guidance Manual: Bedded Sediment Bioaccumulation Tests. pp. 82-91 (Lee et al. 1989).

Statistical Guidance for Ecology Site Managers, Washington State Deparunent of Ecology (WDOE 1992).
Risk Assessment Guidance for Superfund. Volume |: Human Health Evaluation Manual (Part A), pp. 4-5 10 2-10

~ (EPA 1989c¢).
Advanced

Estimation of Background Levels of Contaminanis (Singh and Singh 1993).
Statistical Analysis of Ground-Water Monitoring Data at RCRA Facilities (EPA 1992d).

Background and Cleanug Standards

Methods for Evaluating the Anginment of Cleanup S:andards Volume 1: Soiis and Solid Media (EPA 1989b)

{detailed staustical discussion).

the most relevant statistical information.

‘If time and resources are limited. Gilbert (1987), Hardin and Gilbert (1993). and EPA (1995) provide some ot

Figure 4. Statistical Methods Guidance.



TABLE 6. TESTS FOR EVALUATING NORMALITY OF DATA SETS. SOURCE: EPA (199%-

Test* Sampie Size (N) Notes on Use Reference
Shapiro Wilk W Test < 50 Highly recommended Gilbert (1987)
» . EPA (1992¢)
Filiben's Statistic < 100 Highly recommended EPA (1995)
Studentized Range Test < 1000 Highly recommended EPA (1995)
Lilliefors Kolmogorov- >50 Useful when tables for other tests ~ Madansky (1988)
Smirmoff Test : are not available
Coefficients of Skewness >350 Useful for large sampie sizes . EPA (1995)
and Kurosis Tests )
Geary's Tests > 50 Useful when tables for other tests ~ EPA (‘1995)
‘ are not availabie.
Coefficient of Vanation <50 “Use only 1o discard assumption of  EPA (1995)
Test ‘ normality quickly.
Chi-Square Test Large® Useful for group data and when [ntroductory Stausu::

the companson dismbution 1s

Books

\Nnown.

'By order of Recommendation.

The necessary sample size depends on the number of groups formed when implementing this test

Each group should contain at least five observations.

When comparing a contaminated site with a
background site. a null hypothesis should be
developed. For example, a null hypothesis could be:
There is no difference berween the mean
contamy [ hazardous w

site and background site. ‘The alternate hypothesis
would be; The mean concentration for thg

contaminated site is different from that of the
background site. 1f parametric stansucs are used for
this assessment. such as a t-test or ANOVA, the data

can be. normalized to selected.
organic carbon, particle size). -Many parametric and

Wo
ompare_a background site with one or more
waste sites. A variety of such procedures

are reviewed in Lee et al. (1989), EPA's Risk -

Assessment Guidance for Superfund. Volume |

(EPA 1989¢), and EPA's Guidance for Data Quality -

Assessment (EPA 1995). The latter source provides
examples and a discussion of most of the tests
needed to conduct comparisons between data sets.

2 Empirical Rule. (Note: Many of the following
calculations can be performed using calculators that

are preprogrammed.) l&mmm%‘%ﬁ
(Sy) of background concentrations to establish an

"upper  limit"for _ delineating __signiricant

concentrauons, such as:

@ Calculate the background mean (%,) by dividing

2 sum of the total background readings by the ol
number of background readings for each elemer: ot
concemn:

Calculate the background variance (S, : dv

taking the sum of the squares of the differsnce

" between each reading and the mean, and dividing

by. the degrees of freedom (the total number of
background samples minus one):

(x, - PR X e (xy - XF

S s n-1

' Calculate the background standard deviation «3.)
Y taking the square root of the variance:



+) The Coerficient of Variauon Test (CV) where
CV =35, /1, is used to evaluate data distribution. The,

Dackground data should have a CV of less than Q.5
for sandy soils. less er soils. o

explanation accounting forhigher CV vajlues The -

maximym recommended CV is 1.00. If the data

distnbution exceeds a CV of 1,00 then a thorough
evaluation should be made 1o account for this
vanability  (e.g., laboratory QA/QC soil

e —

%sgﬁ_wmmmmm
an samgle location), and the outlier data addressed

(see EPA 1989c). Additional samples may need to
be analyzed to ensure that a sufficient data base
population (n) is achieved.

[here are several classical Erocedures (Gilbent
‘1987, EPA 19935) and robust outler tests (Singh and
Nocenno 1994) available in the statistical literature.
Consult Quiliers in Statistical Dara by Barnent and
Lewis (T994) tor a tull account of this issue.
Qutliers orten distort staustical estimation. and
resulting inferences and can lead to incorrect
conclusions. The solution is to consult a statistician

who understands outliers and kno' s how 10 use

robust procedures to idenufy multipie outliers.

If an outlier 1s found. an option is to take a
substitute sample, have it analyzed. and repeat the
statistical process. (To avoid costly delays, it is
recommended to collect extra samples for laboratory
analysis.)

For example, four background samples are
collected from a site for lead analysis. The lead
values from the laboratory analysis were 56, 25, 18.
and 35 mg/kg. The investigator wants to examine
the data set to determine if the 56-mg/kg sample is
_ an outlier. The summary staustics for these samples
are:

36 - 25 « 18 - 35

E (mean) =
Kl

= 335

© S (variance) = ((56 - 33.5) - (25 - 335) - (I8 - 33.5)

S35 - 3SR} A3 - ii_‘. - 17367

S, (standard deviation) = Y’s_:

= 273.67 = 16.5
S

CV (coefficient of vanation) = 7’ = [65 = 0.49
X 335 5

The test for a single outlier in a normal sample#

with the population mean and variance unknown
(Bamnett and Lewis 1994, p. 218-222) is appropriate
for the above identified sample. The teststagistic is:
Xew™ X 56-33.5

s 16.5

= 1.36
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The theoreucal cut-off point (Bamert and Lzw1s
(1994), Table X, p. 485) for = = 0.05 is i.<5.

Since the calculated value of the test statistic (i.35)

is less than the theoretical cyt-off point (1.46), the 35
me/kg sample is not an outlier.

Backzrouhd concentrations should be determined
for major soil types at the hazardous waste site. e

this is_not_feasible, then a mean Qgci_uzround
concentrauon shouid be determined on the soii npe

at the hazardous waste and background sites wiih the
lower absorption capacum(wnmmm

and those with the apacity
usually silts and clays). The finer-texture soils i51its
and clays) will usually sorb the most contaminants
and provide a good value for comparison. i the

? . ..h.
mean concentranon from the fine textred soiis irom

the hazardous waste site is above similar values ror
the background site, there is a high probabilitv that
the site 1s contaminated.

Once a_mean background concentrauon :s
established, similar statistical tests shouid -e

conducted on the data from waste site.
After the data sets have met the assumptions for
normality or have been corrected (see Figure 2). then
stausucal comparisons can be made between the site
and background data sets.

b. t-Test. Any t-test should be discussed with a
statistician prior to use since there are a number of
variations and assumptions that can apply. The
Gosset Student T-test has good application when
companng background sites to potenuaily
contaminated sites (Michigan 1991a).

c. Cochran's Approximation to the Behrens-Fisher
Student's t-test. This test is also available for
evaluating background variance versus exceedances
(i.e.. contamination) as referenced in 40 CFR
Part 264, Appendix IV. Note that this statistical

comparison method does %uire that two or more
discrete samples be taken at sampling location,
d. In some cases; it may be of interest to establish an
upper limit.of background for the site. This would
be useful if the investigator wanted to compare
single values for a soil type from the hazardous

waste site with the background population for a
similar soil. The mean background concenuauon

(xi ) Eius three standard devmnons ( b 2 compnses
a reasonable a reasonadie maxymum atiowable or upper limut
2. Procedures for non-detect values. If more than

50 percent of the background analytical values are
below the detection limit (DL), either of the




rollowing procedures couid be used with any of the
preceding statistical methods:

e detecuon limut, with a vanance, or use b.

For example:

Actual Value

Substitute Value

<DL . DL~
<DL 0
<DL | DL
<DL 0

_ Note: This process assumes that values below
the DL are normally distnibuted in a regulatory
context; this may not be determined to be

conservative enough. Eor regulalory cases. 4 mars

mb_ﬂﬁ;ﬁS___M\_O_f_ﬂﬁ@.W&
DL values should be used. The restricted maximum

!1§c%1§@ !@Eﬁ; method (Perrson and Rootzen
Haas and Scheft 19902 1s relanvely slnge g&

provides a good robust esumate.

If data are not normally distributed. which is
often the case for environmental data {see Ott (1990)

and McBean and Rovers (1992) for discussions of -

why environmental measurements follow ‘a

lognormal pattern}, an alternative approach like the "

one discussed in EPA (1989¢) or EPA (1995) could
be used if data are lognormally distributed.

b.  The Continuity Correction procedure with the
t-test (EPA 1983). If the background data are non-
detect (<DL), then the value can be determined to be
1).25 x DL (consultation with a statistician is recom-

mended to explain and perform the t-test with -
Other tests such as the .-

Contunuity Correction).
Wilcoxon 'rank sum test [see Gilbert (1987),
pp. 247-249] can be used to test for a shift in

location between two mdependcm populations even
with non-detect values. There are also numerous

other approaches/methods for handling non-

detection limits that could be considered but necd o

be discussed with a statistician.

SEDIMENT

Step 1—Collection of Available Data for Use as -

Backgronnd Reference Sediment

Pnor © 1mplemcnung a samplmg and analysis
project, an effort should be made to determine
whether useful background sediment concentration

detectuon limit (DL); this will resulk in a net vaiue of -

data are available: Samples may have been coilez:2a
at the same site prior to the contaminated source. or
data may have been collected at sites upstream cv
the state, EPA, USGS. or permittees and mav ce
documented in STORET (Bolton et al. 1985) ziso
see Table 3) or the developing Nauonal Sediment
Inventory (EPA 1994a). )

‘The use of existing background site data {or

companson with on-site data is valuable. However.

it is critical to determine whether both sets of cata
are comparabie. Questions that need to be addressed

" are:

1. Were comparable analytical }:licihods used ror
‘both on-site and background site samplcs (e.g .;_:.\a...

2 e or total dl estion

2. _Are the towal organic carbon (for organic

contaminants) and particle .size (for metals :nd
inorganics) data for Blofﬁ sites available and simiiar?

-

3. Isthe background site acceptably representauve
of the chemical contamination levels immeaiateiv
upcurrent of the hazardous waste site?

4. Were similar sample collection methods used
(different sampling devices can produce greatiy
different results (Baudo 1990)]?

5. Were the depths of samplmg similar (e.g.. :0

10 ¢cm of sediment)?

6. How long ago were the backgrou'nd sedimants
collected compared to the contaminated :ie
sediments? -

7. Are comammam levels expresscd on the same
basxs (wet or dry weight)?

8. -If data on acid volatile suifides (AVS) and
-simultaneous extracted metals were collected. were
both data sets collected during the same season of
the year (AVS affects the biological availability of
some mctals in anoxic sednmcms)"

9. .Isthe quahty of the data acccptable"

The levels of metals in sediments are strongly

- related to total organuc carbon and sediment panicle

sxze, whlle orgmc contannnants in sedimen .

to t .. The higher

the level of organic carbon in a sedxmcnt. the greater

the potential concentration of non-ionic organic

comammams metals, the finer the particle siz¢
er the ic carbon,.the greater the

potential for accumulating metals. ' Toxic effects are

less likely as the organic carbon content increases for
a given non-ionic organic contaminant level. For



metals, toxic potenual is reduced as Eamcle size

decreases or organic carbon increases. 1f the parucle
size or organic carbon content of the background and
contaminated site sediments differ significantly, it is
not appropnate to directly compare contaminant
residue levels without normalizing the data. Some
organic contaminants can be normalized to organic

staustcally based. sediment-guality indices nz.2
been developed. f resources are limited, and use::i
background site data do not exist, concentrations =t
the contamunated site cany be compared with mewai-
concentrations in bulk sediment known to havs 2
low probability of causing adverse impacts :a
benthic organisms. Several "no-effect" leveis -2

carbon by dividing by the fraction of organic carbon
(Adams et al. 1992); the same approach has been

presented in Table 2. NOAA developed effec:s-
based guidelines including no-effects, possioie

used for_divalent cationic metais—Ilead, nickel.
copper, cadmium. and zinc, Metals data can be
normalize volatile suifide levels (Di Toro
et al. 1990, 1992), a key element such as aluminum
(Schropp and Windom 1988; Daskalakis and
O'Conner 1995), or particle size (NOAA 1988).
EPA is also refining its equilibrium partitioning
approach, which could be used 10 normalize
contaminant levels . among different sediments
(Adams et al. 1992; EPA 1992b). Further
- discussion of these procedures is beyond the scope

of this paper. and expert assistance should be
obtained.

Step 2—Comparison of On-site Data to Sediment
Quality Criteria

Simply companng the level of metals in bulk
sediments, deposited under similar conditions.
upstream and downsu'cam frmgmmm:ty

can provide an indj ave
contaminated t These - data,

however, provide no indication of bioavailability
that may justify remediation. Indeed, bulk sediment
contamination is only poorly correlated with adverse
impacts.  For metals, the key parameter in
determining toxicity is the pore water concentration
of a metal. In situations where no background site
data exist, yet contaminated site data do, it may be
useful to compare sediment contamination levels to
various sediment quality cntcna

EPA is developing sedxmcm quality criteria for

metals_but the factors determining bioavailability
are complex, and an approach has yet to be selected
anaerobic sediments, toxic im due to cadmium,
copper, lead, nickel, and zinc are not present when
the sum of the molar concentrations of these metals
divided by the AVS concentration is less than one

‘ m;; Essenually, when

e resent, the metals are complcxcd
and metal concentrations.in pore water are low.

While bulk sediment contamination levels do
not correlate well with toxic effects, a number of

effects, and probableeffects levels (Long z2d

Morgan 1990) based on National Status and 1renas
Trogar G T MazDonzld (1997) o e e
mgroacwl dinonal daa {0 develop simiiar
wmanne guidelines. The guidance for manne
sediments was further updated by Long et al. (1993).
The most recent guidance on metals is presentec in
Interim Sediment Quality Assessment Vaiues
(Environment Canada 1994), in which NOaAA
National Status and Trends Program data znd
spiked-sediment toxicity tests were used to deveicp
threshold effects values for fresh and marine waters.
presented in Table 2. If the contaminated site feva:s
are below the no-effects levels, further investigai:an
may - not be required even if the site has besn
contaminated. If the no-observed-effects leveis a2
exceeded, further investigation may be jusufizd.
Bulk sediment guidelines have also been developzd
by EPA Region V (U.S. Army Corps of Enginezrs
1977) for classifying sediments of Great Lakss
harbors. The Ontano Ministry of Environment
(Persaud et al. 1989) and other guidelines z-2
summarnized in EPA’s Guidance Manual: Becced
Sediment Bioaccumulation Tests (Lee et al. 1959
In addition, these and other guidelines have tz2n

el

reviewed and summarnized by Giesy and Hcxe

(1990).

In areas where an entire watershed has bezn
impacted, such as from mining activities, it may not
be possible to select a suitable background site. in
such situations, historical data (Runnells et al. 1992)
or archived sampies may be the best source of data.
Another approach would be to sample surricial
sediments and compare them to deeper
uncontaminated sediments (those laid down prior 10
the watershed being impacted).

No specific rules can be provided regarding the
use of existing background reference data for
sediments or soils. Judgement should be made with
full knowledge of the specific objectives or the
investigation, data limitations, and qualifications and
with the help of appropriate experts (e.g., chemusts.



1:,,»\
hvdrologists. statisticians, benthic ecologists. and
. sampling experts).

Step 3—Selection of Sites for Collecuon of
Background Sedlment

The ideal background site data for comparison
with contaminated site data are obtzuned from
samples

1. Collected immediately upcurrent of the
contaminated site in an area not impacted by the
suspected contaminant source.

)

Collected at the same time the contaminated
sediment is sampled.

3. Having very similar particle size and organic
carbon content.

4. Collected using identical sampling equipment.

il

3. Collected using the same statistically based
sampling design (i.e., numbers and configuration)
and compositing handling procedures (if any).

6.  Analyzed using identical analytical methods.

thn companng data sets. it is imporntant that
about th

ceve

procedures for the background and contaminated site

sediments be as simular as practical, If both fine and
coarsé sediments are available for sampling at the

- sediments are preferred because they have a greater
affinity for metals. .

The ideal situation is seldom achieved, and
compromises may have to bc made. For streams, it
may be practical t

contaminant Or contaminant _source oL.even
-
downstream as long as the back

impacted by the plume of concem. Contaminated
and background site sediment characteristics will be
most alike. where the currents are similar, with fines

being deposited in areas of low currents and coarser
material being: associated with faster currents. A

significant complication of sampling streams is the
otential for severe- i whi
sive: amoun i i

<anditions. Thus, even
in the sediments directly downs 0
source may not be artributable to the existing source.
“The surface sediments after a flood may represent
contamination deposited from upstream sources or
historical - contamination from another facility
previously operating at the hazardous waste site.

Knowledge of a suspected .contaminated source's

tamination observed
int

effluent. the processes generating the effluent. 2nd

. histoncal stream flow information can be helptui io

link the suspected source and the contaminated site’s
metal concentration. Since it is difficult to establish
a background reterence site after a major flood event
has occurred, previous data or deep sediments may
be the best source for background reference data.

For estuanine and marine sites, selection or a
similar but unimpacted background site aiso can be
difficult. _The_process may involve the use of
hydrologic 0

avoid areas impacted bv the contamipated plume. It

may be necessary (o select distant background sites
when currents are highly variable. The same
considerations need to be addressed in lakes with
wind-driven currents. When questions arise about
site selection, it is best to consult with an expert who-
is familiar with the hydrology of the area.

When it is not possible to obtain backerouwd
sediment with the same particle size and organic
carbon content, normalization procedures, discussed
previously, shouid be considered. While it is bevond
the scope of this document to recommend specific
sampling and assessment methods, exceilent
comprehensive references for such information are

Procedures for the Assessment ot Contaminated
ediment Problems in the Grear Lakes (IIC 1988),
Assessment _and Remediation of Contaminated

Sediments (ARCS) Program, Assessment Guidance
-Document (EPA 1994b), and Manual of Aquatic

ediment Sampling (Mudroch and Azcue 1993).
Additionally, EPA's Office of Science and
Technology within the Office of Water is developing

a methods manual that will cover all aspects or
sediment monitoring, from' sample collection to

- analytical methods to assessment techniques (EPA
1994c).

PARTB

APPROACHES FOR DETERMINING -
BACKGROUND LEVELS OF INORGANICS
THAT CAN BE COMPARED WITH
CONCENTRATIONS OF INORGANICS AT
CERCLA SITES

Part B was developed to address issues that
need to be considered when the establishment of

. background under CERCLA is required. Pant B also

provides a summary of technical issues rather than
an in-depth statistical evaluation of the topic. Those
needing an in-depth level of statisucal evaluation



shouid seek the experuse of a statistician and may
benefit from a paper that addresses estimauop of
Dackground concentratnons of contaminants

¢xamgle Singh and Singh (1993) or Hardin and
iibert (1993).

Step 1—Conduct On- aﬁd Oft-site
Reconnaissance as Preliminary Assessment
Phase of CERCLA

Purpose: The initial reconnaissance
performed to identify concerns associated with on-
site or off-site activities that may have resuited in
contributing to enhanced inorganic background
concentrations.

Approach: See Step | under Part A (a similar
approach should be considered).

Step 2—Collect Preliminary Information and
Samples About Background Levels of Concern

Purpose: During the preliminary assessment/
site investigation (PA/SI) stage, existing soil and
sediment analytical data for contaminated sites and
background sites can provide initial information to
identify problems that might be encountered with
establishing background values.

Approach: The PA/SI stage is not desxzned to
evaluate all concemns at the site. However, an initial
site visit can be advantageous to evaluate site con-
dition, assess analytical data, or coliect samples of
equal number (i.e., number from contaminated site
= number from background site) from media that
have similar physical (e.g., texture) and chemical
(e.g., pH, percent organic carbon, CEC) properties.
Dunng the SI phase, sufficient information is needed
to support the hazard ranking score (HRS) to
identify if a contaminated site should be nominated

Step 3—Determine Potential Magnitude of a
Problem by Combining Information from
Steps 1 and 2

Purpose: Combining information on past iand
use and site operations with data‘ from ic<al.

- regional. and global contributions can help aient

- investigat>rs that

1S .

for inclusion to the National Priority List (NPL) due

_ to high threat to humans or the environment (HRS
scores 228.5 are usually nominated for inclusion to
the NPL). The SI stage may present the first
opportunity to actually measure background con-
centrations for assessing if observed releases have
occurred. Section G of the
final rule 46) on__Qbserved REERTES
states that an observed release is established w

sample _measurement that equals or exceeds the

sample quantitation limit is at least three-imes the
ac und leve 1992 3).

preamble to the HRS -

the issue of background
concentre. dn might require more attention wnen
developing a sampling and analysis plan during the
remedial investgation (RI) process.

Approach: Information sources other than
chemical analysis (e.g., informarion or data obtained
from other sources or Steps | and 2) may be used for
charactenizing the background concentrations for a
site. A multi-tiered approach is often helpiui to
lump background concentrations, such as:

1. Global contributions—mostly atmospneric
contributions from wet and dry deposition.

Regional contnibutions—influence
eological formations (e.g.,
western regions).

2 2t
g increased selenium 1n

-

3. Local contmbutons—contributions due to iand
use (e.g., high arsenic, lead, and mercury values due
to pesticide use in fruit production), locai air
-emission sources, and nearly all industrial activities.

Step 4—Establish a Clear Statement of the
Problems at the Site and Develop RI Sampling
Strategy .

Purpose: The RI prccess 1s the time to conduct
detailed measurements of background concentrations
at CERCLA sites. Section 300.430(b)(8) or the
National Contingency Plan requires that a sampiing
and analysis plan (SAP) be developed dunng the
scoping phase of the RI process.

Approach: A number of EPA ‘guidance docu-
ments discuss the need to characterize background
concentrations as part of the SAP formulation step.
For example, according to the Guidance for Daia

Useability in_Risk _Assessment (Data Useapility
uidance) (EPA 1989a), the SAP should be

developed to resolve. four fundamental risk assess-
ment_decisions, one. of which. is t0_determine

rV_v_E_T_______gmtﬁmMﬁm hether site concentrations arg sufficienlly Giffeent
%&ﬂﬂﬂk Similarly, the Guidance for
C ing Remedial Invesrigations and Feasibiliry
Studies under CERCLA (RUFS Guidance) (EPA
1988) states that when determining the nature and

extent of contamination at a site, background
sampling should be conducted to help identify the



respective areas of both site-related contamination
and the background concentrations.

Step 4a—Confidence Interval Determination

Purpose: The purpose is to develop confidence
intervals for determining mean metals values and
problem statements for a contaminated site.

Agg'roach: Literature sources such as those
presented in Table 5 can be useful to determine if a

swe has a potental contamination problem. .

However, literature values should be used onily to
support or help evaluate data from contaminated and
background site samples. Site variability must be
accounted for when conducting a characterization.
Some sites have fairly homogenous soils, sediments.
and areas impacted by emissions. More often. a site
has a high degree of variability, and the problem
statement and SAP need to reflect this. For magy

sites. 1 95 percent confidence interval of the mean

metals concentrations would be reasonable (i.e.. if

analysis strategies are developed. This wiil guide
the number and location of sampies.

Approach: Determining the level of precision
early in the development of a SAP will minimize
many future problems. Two types of statisucal .
errors are encountered when testing hypotheses
about differences between on-site and ofi-site
concentrations. The following definitions are true
only if the nuil hypothesis (a) is used. but not with
(b).

- 1. Type lerror (a) (false positive): "Rejecting the

null hypothesis when it is true." Because of the
uncertainty related to sampling vanabilitv, an
individual could faisely conclude that the site-reiated
contaminant concentration is _ greater than

. background concentration when it actually is not. In

this case, the null hvpothesis is rejected, and the sjie-
related concentration is considered to be statistically

the mean for lead is 20 ppm-dry weight =4, the 93 |

ercent confident back
6 and 24 ppm-dry weight). However, if
the site 1s complex due to different soils/sediments
and areas of concem. a 90 percent confidence
interval may be more acceptable due to an increased
number of samples and cost.
interval is developed. a problem statement for the

site can be formulated to guide further effont. An-

Once a confidence.

example of a problem statement could be: "Are .

on-site concentrations of mercury, lead. arsenic. and
zinc statistically different from off-site background
concentrations?”

Step 4b—Develop Hypotheses for Tesi'in_g

Purpose: EPA’'s RAGS “provides guidance on
developing hypothcscs to frame a problem m a
manner that can be testcd .

A roach: Ihﬂmmmmuﬁhmnmms

most thesis (a) — the .
wuwm
background concentration, and nuil hypathesis (h) —

the site-re

jpant concentrati er
to i

Additional: guidance on selecting hypotheses is

different from the background concentration.

-

Type I error (P) (false negative): "Accepting

the null hypothesis when it is false.” Alternatively,

an individual might accept the null hypothesis that

the contaminated site-related concentration is less
than or equal to background concentration when u

actually is not. In this case

accepted and the site-related concentration is

considered to be no different from the background

Concentration.

A decision based on a Type I error could result
in unnecessary remediation, while a Type II error
could result ‘in the failure to clean up the
contaminated site when remediation s necessary.

The Greek letter alpha (¢) js used to represeny the
= £ :

- represent the probablhty of a false negative decision.

presented in the Risk Assessment Guidance for -

Superfund, Volume I (EPA 1989c).
Step 4c—Determine Level of Precision

Purpose: RUFS guidance is that the level of

precision be determined before sampling and

Precxslon assocmed wuh hmthesns testing is

defined by the parameters of confidence level and
power. I§esc are §e§n§ _Ezz §199§i ;EE ng

(1989a) as:

1. Confidence level (100 percent - a»—One

hundred percent minus the confidence level is the
percent probability of concluding that the
contaminated site-related concentration is greater
than background when it is not (Type I error or
"false positive”). As the confidence level is lowered
(or altemanvely, as a is increased), the likelihood of
committing a Type I error increases. -



I

Power (100 percent - §)}—One hundred percent
minus the power is the percent probability of
concluding that the site-related concentration is less

than or equal to background when it is not (Type II ,

error or "false negative"). As the power is lowered
(or alternatively, as f is increased), the likelihood of
committing a Type I error increases.

Although a range of values can be selected for
these two parameters, as the demand for precision
increases, the number of sampies and cost will
generally also increase. The Data Useabilitv
Cmm__ﬂwm;mmhmmmg.
‘the minimum recommended perfopmance measues
are: Confidence, 80 percent (a = 2 ent) and

_Power, 90 percent (B = 10 percent). values

can

1. Confidence level = 80 percent—In 80 out of

100 cases, contaminated site-related concentrations
would be correctly identified as being no different
(stanstcally) from background concentrations, while
in 20 out of 100 cases, site-related concentrations

could be incorrectly identified as being greater than -

background concentrations.
5

2.  Power = 90 percent—In 90 out of 100 cases.
site-related contaminants would be correctly
identified as being greater than background
concentrations, while in 10 out of 100 cases, site-
related- concentrations would be incorrectly
identified-as being less than or equal to background
concentrauons

If situation ire
precision o reduce the probabilit committing a
Tvpe [ or 1l error. it can only be accompiished by

er level of

" increasing the: number of samples and overall cost
[see guidance in EPA (1995)]. These decisions need

to be-made on a site-specific basis and are primarily
related to remediation and risk reduction goals.

Step 5—Develop a Sampling A pproach That Will

Answer the Problem Statement and Meet the

Established. Level of. Precision
Purpose: The environmental scientist can- -

develop a range of costs and options for different
ranges of probability values of committing either a
Type I or O error. The guidance developed:in Step
1 of conducting a preliminary background evaluation
can be expanded, with the assistance of a statistician,
to determine the number of samples, location of
samples, and statistical test to employ.

Approach: Developing a full-scale SAP
directed at determining if there is a difference

between contaminated site and background vaiues
requires knowledge about how the inorganics of
concern move in the environment, site variabiiity.
and level of precision. The environmental scientist
should initially seek the support and guidance or"
scienusts and a statistician famliar with the issues.
A SAP can then be devised to evaluate questions

about background where off-site concentrations are
elevated due to off-site anthropogenic contnibuuons.
“Guidance for reaching decisions in these cases can
be obtain m the Draft Issue Paper (EPA 1992a).

CONCLUSIONS AND
RECOMMENDATIONS

The issue of establishing background concen-
trations for inorganic metals for comparison to levels
at a potentially contaminated site can be complicated
by natural and anthropogenic contributions to total
background concentrations. The issues presented in
this paper are designed to provide investigators with
sufficient knowledge to assess whether concen-
trations of inorganics at a hazardous waste site are
statistically above background concentrations. There
are also discussions on how to approach background
determinations at a hazardous waste site if there is a
high potential for regulatory enforcement action.

There are a wide vanerty of methods that are
available in the literature and in vanous EPA
documents for evaluating background. Each method
is slightly different, but there are a number of
common issues that are presented in this paper. The
most important factor to consider when determimine
background. concentrations is to ensure that the
physxcal chemucal, and bmg;cal aspects of the

sampled at both the contaminated sue

und site are as similar as possiple.

There are references and data included in this paper
that provide average concentrations and reference
values for selected soils and sediments in the United
States. Most of the values.in the literature are for
concentrations that inciude natral and global
anthropogenic contributions.  These should be
considered but should not take: the pilace of
conducting a thorough site-specific investigation to
determine the previous land use both on and in the
vicinity of the hazardous waste site to determine
local anthropogenic contributions. The time spent
using well-documented investigative skills to
identify unaffected background sites that are similar
geologically to the contaminated site will be of great
value when establishing background concentrations.




- This paper presents the issues that are important to
consider when companing if inorganics at a
hazardous waste site are statistically different from
those found at a background site areas.
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natural environmental conditions.

Relatively little is known about the first two types of soil mineral fixation
reactions discussed above. However, these are not considered to be exten-
sively occurring reactions. On the other hand, the fixation of elements via
incorporation into the structure of soil minerals during mineral precipitation
is an extremely important reaction. This chapter will focus on the types and
amounts of elements found in soil, how these elements are fixed into mineral
structures, and how some remedial actions have utilized element fixation.

.ELEMENT CONCENTRATIONS IN SOIL

Eleven of the elements listed in Table 3.1, along with carbon, hydrogen,
and oxygen, constitute over 99 percent of the total elemental content of soil:
Al, Ca, Fe, K, Mg, Mn, Na, P, S, Si, and Ti. The remaining one percent
is comprised of elements known commonly as the “‘trace elements.”’ The word

*“‘trace’’ identifies the fact that they occur in soil in minute amounts; it has -

no bearing or relationship to any concentration limit protecting human health
or biota.

Table 3.1 lists the mean concentrations, typical ranges, and observed limits
of several elements in natural soil (i.e. background concentrations). The total
concentration of any element, Crour in a soil is equal to:

) CTolAI = CFi;ed + CAd.sorbcd + CWalcl (3'1)
where: -
4/ . ..
5 Ch = concentration of fixed element com rising part of
Fixed . X p . P
the structure of clay and soil minerals, in mg ele-
ment/kg soil.

}; Casrvea  =-cONCentration of element adsorbed onto the surface
of soil minerals and onto organic matter exchange
sites, in mg element/kg soil.

A Cwaee = concentration of element in soil water or ground-

water in equilibrium with C atsocbor iN Mg soluble
element/kg soil. (See Table 3.2 for natural back- -

ground levels found in groundwater). -

Crue epresents the “immobile’’ fraction of C, .. The sum of Cadsorbeg @and
Coue Tepresents the potentially mobile portion of Croun these will be dis-
cussed in detail in the next chapter.

There are four important facts that should be understood concerning the
data listed in Table 3.1, the parameters listed in Equation 3.1, and the inter-
relationships of these parameters. First, Co Should not be expected to be
uniform with depth. Natural processes involved in the distribution of ele- -
ments in the soil profile include:

TABLE 3.1 Naitive Soil Concentrations of Various Elements
Conceniration (ppm)
Typical ’ Exlre.me
Element Range pn 9 , K} Limits
Ag 0.1-5.0 0.1 -50
Al 10,000 - 300,000 —_
As 1.0-40 0.1 - 500
B 20-130 0.1 - 3000
Ba 100 - 3500 10 - 10,000
Be 0.1 - 40 0.1 - 100
Br 1.0 - 10 —
Ca 100 - 400,000 —
Cd 001-10... .. .. 001-45
Ce 30 - 50 —
Cl 10 - 100 —
Co 1.0 - 40 0.0} - 500
Cr 5.0 -3000 0.5 - 10,000
Cs 03-25 —
Cu 2.0-100 0.1 - 14,000
F 30 - 300 -
Fe 7,000 - 550,000 - _
Ga 0.4 -300 —
“Ge 1.0 - 50 -
Hg 0.01 - 0.08 —_
I 0.1 -40 - —_
K 400 - 30,000 —_
La 1.0 - 5000 —_
Li 7.0 - 200 1.0 - 3000
Mg 600 - 6000 —
Mn 100 - 4000 1.0 - 70,000
Mo 0.2-50 0.1 - 400
Na 750 - 7500 400 - 30,000
Ni 5.0 - 1000. 0.8 - 6200
P 50 - 5000 —
Pb 2.0 - 200 0.1 - 3000
Ra 10-65 - 10-5.7 —_
Rb 20 - 600 3.0 - 3000
S 30 - 10,000 —_
Sb 0.6 -10 —
Sc 10 - 25 —
Se 0.1-20 0.01 - 400
Si 230,000 - 350,000 —
Sn 2.0 - 200 0.1 - 700
Sr S0 - 1000 10 - 5000
Th 0.1-12 —
Ti 1000 - 10,000 400 - > 10,000
U 0.9-90 < 250
v 20 - 500 1.0 - 1000
Y 10 - 500 —
Zn 10 - 300 3.0 - 10,000
Zr 60 - 2000 10 - 8000

3 Based on an Analysis of Dala Presented in References

1,2,3,4,5, and 6.
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* Leaching of mobilized elements such as calcium, boron, lithium, iron, mag-

nesium, manganese, selenium, or sodium (a) out of the soil profile, or’

(b) into zones of accumulation.

* Translocation, in the course of soil-forming processes such as podzoliza-
tion, of trace elements together with iron and aluminum.

* Mobilization of trace elements through breakdown of soil minerals as a
result of alternate wetting and drying.

® Mechanical translocation of clay, which increases trace element concen-
trations in those soil horizons having higher amounts of clay particles.

* Surface accumulation of relatively soluble elements such as boron, cal-
cium, and sodium in arid regions.

® Mobilization or fixation arising from chemical and/or m|crob|olog|cal
activity.

® Surface ennchment due to trace element uptake by plants.

Second, analytical data derived from the chemical analysis of the total
element content of a soil (i.e. C,,,,) relays no information regarding C,,
Crssomear @8nd C,,,,.. other than the magnitude of their combined concen-
trations. In other words, if a laboratory report states that a soil contains
125 ppm total Cu, this datum cannot reveal if 0.1 percent is potentially mobile
(i.e. CAMM + Cyye) Or if 99 pcrcent is potentially mobile. round

- he parameters listed in Equa-

tion 3. l for cations generally are:

np 0 wrmTEne

Cried 2> Crgions > C

Water

The greater part of C; exists as Cg,, and is immobile. However, this rela-
tive ranking may or may- not changc as C, ., increases above the back-
ground concentration.

Third, the background concentrations listed in Table 3.1 represent the total
concentration of an element present after the soil was formed and weathered.
This concentration gives no information on the element-loading capacity of
a soil. The element-loading capacity can be defined as the maximum amount
of an element that can be added to soil which does not cause water migrating
through this soil to contain a harmful concentration of that element. In other
words, knowing that a soil contains 125 ppm total background Cu will not
reveal if soil will or will not completely convert an additional loadlng of
500 ppm Cu into C,_,

Soil cleanup slandards that specify the excavation or treaunem of soil con-
taining concentrations of an element over a background concentration are -
usually based on an incorrect premise that the background concentration of
an element in soil represents a maximum concentration of an element which

the soil can immobilize. _The hackground congentration represegts the total

concentration present after the soil was formed and undergone some degree

Conceniration

Typical Extreme
Element Value Value
Major Elements (ppm) ——
Ca 1.0 - 1500 95,000¢
< 5004
Cl 1.0 - 70 200,000
< 10004
F 0.1 -5.0 70
. \ . 1600¢
Fe 0.01 - 10 > 1000
K - 1.0- © 25,000¢
Mg 1.0 - 50° 52,000
< 4004
Na 0.5 - 120 120,000¢
< 10004
NO, 0.2-20 70
Si0, 5.0 - 100 4,000¢
SO, - 1500 200,000¢
< 20004
Sr 0.1-4.0 50
“Trace El (ppb) )
Ag <50 uyld THOS
Al < 5.0 - 1000 .
As < 1.0-3 .00 -.020 4,000
B 20 - 1000 5,000
Ba 10 - 500 -
Rr < 100 - 2000
Be < 10
Bi < 20
Cd < Lo
Co < 10
Cr < 10-50
Cu < 1.0-30
Ga < 2.0
Ge < 20-50
Hg < 1.0
} < 1.0 - 1000 48,000¢
Li 1.0-150
Mn < 1.0 - 1000 10,000¢
Mo < 1.0-30 10,000
Ni < 10-50 :
PO, < 100 - 1000
Pb < I5
Ra < 0.1 -4.0' 7205 1
Rb < 1.0
Se < 1.0-
Sn < 200
Ti < 1.0-.150
u 0.1 - 40
v <10-10 70
Zn < 10 - 2000
Zr ’ < 25

b in relatively humid regions.
¢ in brine.
S in relatively dry regions.

< in thermal springs and mine areas.

{ picocuries/liter (i.e. 0.037 disintegrations/sec).

" 2 based on an analysis of data presented in references 7,8, and'9.
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of weathering; it gives no indication of oncentration of an

;I]emcr.nlt whiCh a soil can lmmoblhzel i.e,, mg,g]gmgm logding cagacitx of
e soil.

Fo.lﬁ.th, a number of established, accepted laboratory methods exist for
fielermlmng the magnitude of C.Tm,, Crirca» Cadsorvear and Cy,,, in soil. Crom
is usually measured by dry ashing at 500 1o 550°C for 3 to 4 hours or by
wet ashing with a mixture of perchloric and nitric or sulfuric acids. C, bed
and C,,, . are usually determined by using mineral acids (e.g. 0.1 N Hgl),
organic acids, and chelating agents (e.g. EDTA, DTPA); hot water extrac-
tions as usually utilized for elements that exist as anions (e.g. B, Mo, Se).
It is most important to note that the test method employed is dependent upon
the individual element to be tested; the parameter to be tested (e.g. Cp.y
versus C,, ..., and the soil type. There is no “‘universal’’ analytical
method which is applicable for all forms of an element in all soils.

It is most important to note that there are test methods, which are similar
to the ones mentioned above, that are utilized to determine the amount of
extractable chemical from wastes; these are used to determine if the waste
should be classified as a hazardous waste and must be disposed in a
Class I landfill. These test methods include the U.S. EPA’s EP Toxicity, the
TCLP test method, and the State of California’s CAM-WET procedure
(California Assessment Manual - Wet Extraction Procedure). These methods
should not be utilized for soil cleanup criteria from spills of hazardous materi-
als for two reasons. First, these methods, when applied 1o soils, provide a
value, C where:

Extract?

=a CFixed + bCAdS(;lbtd + CWa(cr (32)

Extract
where:

= concentration of an element extracted from a soil;
CTonl >C

Exract

Extract

a, b = fractions

Since a and b are not determined, it is not possible to relate the parameters
of Equation 3.2 to those of Equation 3.1. In other words, C, .. provides
no information regarding the magnitude of Criear Cadsorper a0d Cy,,_, in-s
formation which is needed to determine the potential migration and trans- »
formation of an element in soil. :

Second, when soils are exposed to the extractants utilized by these test -
methods (acid and citrate or acid and acetate), gross alterations can occur

in soil mineralogy, in naturally occurring soil chemical reactions, and in soil
physical and chemical properties. These gross alterations result from the fact
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that the extractants can (a) selectively dissolve soil minerals, (b) impede
crystallization and formation o_f aluminum hydroxides and other soil minerals
while causing structural distortions in newly formed minerals, (c) perturb

' hydrolytic reactions of aluminum, and (d) desorb, via mass action, elements

and organics from soil adsorption sites which may not normally be desorbed.
Because the extractants cause gross alterations in the chemical and minera-
logical properties of soil systems, the data derived from these test methods,
when soil is utilized as the solid phase, cannot be extrapolated to actual field
conditions. Therefore, they should not be used for soil cleanup criteria from
spills of hazardous malterials.

The cleanup of contaminated soil should be engineered on a case-by-case
basis using published and appropriate soil testing methods; the scientific litera-
ture contains_at least seven test methods addressing the leaching potential
of chemieals in soils'%, and numerous methods addressing the biological,
chemical, and physical properties of soils!!.12.13.14,

'

ELEMENT FIXATION IN CLAY
AND SOIL MINERALS

The quantity Cg, , in Equation 3.1 was defined as the concentration of
fixed element which has been incorporated into the structure of clay and soil
minerals. This section of Chapter 3 will discuss how an element that enters
a soil system can be immobilized by fixation into the structure of clay and
soil minerals.

Some chemicals such.as HCI and water are miscible in all proportions.
In other words, continual additions of HCI into a beaker filled with water
will not result in the precipitation of a solid in a beaker nor the formation
of a separate phase of HCL. For most chemicals, however, there is a limit
to the amount that can be added before a solid will precipitate. For exam-
ple, when a small amount of MgCO, is added to water, it dissolves. As
more MgCO, is added, it dissolves. However, a point will be reached where
additions of MgCO, will not dissolve but will settle at the bottom of the
beaker as a crystalline solid. An equilibriuim is established in which the rate
of precipitation of MgCO, (solid, s) equals the rate of dissolution of MgCO,
(s) into dissolved Mg?* and CO;? -: :

3.3)

Precipitation
———————

R .
Mg+ + CO2- MgCO, (s)

Dissolution

Now suppose that in addition'to Mg?* and CO,?-, dissolved Ni?* was
also present in water at a concentration equal to that of dissolved Mg?+.
lons such as Ni2+ which have the same valence and similar size as Mg?* can
replace Mg?* in the crystal structure of the precipated structure. In other
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where: 4
V. = Velocity of the chemical at the point where ¢c/c, = 0.5.
V = Average linear velocity of groundwater.
K, = Adsorption or distribution coefficient.

b = Soil bulk density. -

P, = Soil total porosity.
The term [1 + K (b/P;)] is known as the retardation factor. This term
should not be confused with the soil TLC R, (retardation factor) because
they are not equivalent parameters.

Equation 4.42 can provide reasonable estimates of the velocity of an inor-
ganic chemical; however, it is important to note that the reactions discussed
in Chapter 3 are not directly accounted for in this equation.

Rapid Assessment Nomograph. This graphical technique was developed as
an integrated methodology for assessing chemical movement through both
the unsaturated and saturated zone*. Although the author has limited ex-
posure to this method, it will be discussed because it appears to be a poten-
tially useful tool. The technique was designed to allow emergency response
personnel to make a first-cut, order-of-magnitude estimate of the potential
extent of chemical migration/contamination from a waste site or chemical
spill within a 24 hour emergency response time frame. The technique was
not intended to provide a definitive, in-depth analysis of the complex fate
and transport processes of chemicals in the subsurface environment.

This section will not discuss the use of this model or the input parameters
needed to utilize the nomograph. However, the reader is encouraged to study
and utilize it because it does provide reasonable cstimates. The procedures
developed in this model are based on a one-dimensional transport equation
for flow through a porous medium. The equation considers dispersion,
advection, equilibrium adsorption (linear isotherm) and degradation/decay
(first order kinetics). Analytical solutions to the transport equation include
both continuous (step function) and pulsed inputs of contaminants. The pulse
solution was used to simulate short-term releases such as might occur from
a spill or tank leak. The nomograph was developed from the continuous input
solution but can also be used on pulse problems by subtracting the solutions
to two continuous inputs lagged by the pulse duration.

Time and resource limitations expected during an emergency response have
required a number of simplifying assumptions in the assessment nomograph;
additional simplifications may be needed by the user due to limited data and
information available at a particular emergency response site. The major
assumptions incorporated into the assessment nomograph are as follows:
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/

1. Homogenous and isotropic properties are assumed for both the unsatu-
rated and saturated zones (or media).

2. Steady and uniform flow is assumed in both the unsaturated and saturated
zones. :

3. Flow and contaminant movement are considered only in the vertical direc-
tion in the unsaturated zone and the horizontal direction in the saturated
zZone. ’

4. All contaminants are assumed to be water soluble and exist in concen-
trations that do not significantly affect water movement.

The nomograph predicts contaminant concentrations as functions of both

" time and location in either the unsaturated or saturated zone. Separate com-

putations, parameter estimates, and use of the nomograph are required for
each zone. The prediction requires evaluation of four dimensionless quanti-
ties (A,, A,, B,, and B,) and subsequent evaluation of the result (C/C)
through use of the nomograph. The parameters required for this.procedure
are: initial contaminant concentration, dispersion coefficient, average inter-
stitial pore water velocity, degradation rate coefficient, soil bulk density, soil
water content or effective porosity, and partition coefficient. Extensive guide-
lines for evaluation of these parameters are provided.
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ABSTRACT: Polycyclic aromalic hydrocarbons (PAH) are byproducts of combustion and are
ubiquitous in the urban environment. They are also present in industrial chemical wastes, such
as coal tar, pewroleum refinery sludges, waste oils and fuels, and wood-treating residues. Thus,
PAHs are chemicals of concern at many waste sites. Risk asscssmcnt methods will yield risk-
based cleanup levels for PAHs that range from 0.1 to 0.7 mg/kg.: .Given. their;universal;presence:
-inthe urban.environment, it is.important to compare risk-based: cleanup: Ievcls.-v.uh typncal urban
background levels-before utilizing unrealistically low. cleanup targets: However, little data exist
on PAH levels in urban; nonindustrial sonls In this study, 60 samples of surficial soils from urban
locations in three New England cities were analyzed for PAH compounds. In addition, all
samples were analyzed for total petroleum hydrocarbons .(TPH) and seven.metais.:The, upper:
95%confidence:interval on :the.mean.was:3. .mp/kgfor. benzo(a)pyrene:ioxics equn\'alcms.
12 mg/kg for total poxenually carcinogenic. PAH -and 25 mg/kg for total PAH:The upper 95%
confidence interval was 373 mg/kg for TPH; which exceeds the target level of 100 mg/kg used
by many state regulatory agencies. Meml concentrations were similar to published background
levels for all metals except lead. The upper:95% confidence interval for lead was 737 mg/kg in”
Boston, 463 mg/kg in Providence, and 378 mg/kg in Springfield.:

 KEY WORDS: background, PAH, metals, urban, anthropogenic, soil.

1. INTRODUCTION

natuxally occurring chemicals in the environment. Forest fires and. volcanpes are..
major natural sources of PAHs, but there are anthropogenic.sources.as well due-to
. burning of fossil fuels, including automobile and industrial emissions.. PAHs are

chemicals of concern in'many waste site investigations that are undertaken pursu-
ant to the Comprehensive Environmental Response, Compensation, and Liability
Act (CERCLA), the Resource Conservation and Recovery Act (RCRA). and state
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hazardous waste programs. Risk assessments performed according to federal guid-
ance for former manufactured gas plant sites, wood treating facilities, petroleum
refineries, and other sites generally conclude that PAHs pose unreasonable risks to
human health and that remedial actions must be taken to reduce risks to acceptable
levels. The majonity of the risk posed by PAHs is generally due to benzo(a)pyrene
and the other PAHs that have been shown to cause cancer in laboratory animals
after repeated dosings. The U.S. EPA (1993a) currently.identifies seven PAHs as
“probable human (B2) carcinogens™: benzo(a)pyrene, benzo(a)anthracene,
benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene, dibenz(a, h)anthracene, and
indeno(1,2,3-c,d)pyrene. ,

Because of the very health-protective assumptions used in regulatory nisk as-
sessments, very low risk-based clean-up levels for PAHs are derived for such sites.
In Michigan, residential soil cleanup levels of 0.33 mg/kg for each carcinogenic
PAH have been set (MDNR, 1993). In New Jersey, proposed residential soil clean-
up levels are 0.66 mg/kg for benzo(a)pyrene (New Jersey Register, 1992). The use.
of standard CERCLA risk assessment guidance (U.S. ZPA, 1993b) results in the
derivation of a risk-based cleanup level for benzo(a)pyrene of 0.1 mg/kg.

All of these risk-based soil cleanup levels are below the urban, nonindustrial
background soil concentrations presently reported in the literature. However, the
availability of such data is very limited. Blumer (1961) reports that benzo(a)pyrene
concentrations in Cape Cod, MA, soils range from 0.04 to 1.3 mg/kg. Menzie et
al. (1992) report that urban background soil levels of total carcinogenic PAH range
from 0.06 to 5.8 mg/kg. Butler et al. (1984) report that total PAH levels in soils
alongside roadways in England range from 4 to 20 mg/kg, and potentially carci-
nogenic PAH range from 0.8 to 11.5 mg/kg. Blumer et al. (1977) report that total
PAH levels in soils in a Swiss town range from.6 to 300 mg/kg.

It is very difficult to compare the data from these studies to the results of site
risk assessments due to the limited dataset and the nonuniformity of the PAH
compounds evaluated.-Clearly, . more.data-are required-from: nonindustrial -urban-
locations: to define the urban background level for PAH.and to critically evaluate
the role of risk assessment in setting:remedial-goals for PAH in soils: Accordingly,
we have collected 60 samples of surficial soils from urban locations in three New
England cities and analyzed them for all 17 PAH compounds present on the EPA’s
Target Compound List, which is used in the Superfund program. In addition, all
samples were analyzed for total petroleum hydrocarbons (TPH) and for seven
metals: arsenic, barium, cadmium, chromium, lead, mercury, and selenium.

Il. METHODS
A. Sample Collection

Samples of surficial soils from urban locations in three New England cities were
collected: Boston, MA; Providence, RI; and Springfield, MA. Twenty independent
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samples and duplicates of two samples were collected in each city. The samples
were collected on July 21, 22, and 23, 1992, respectively. The samples were taken
at a depth of 0 to 6 in. in areas considered to be not directly affected by industrial
sites. Generally, the locations were along roads and sidewalks, and in parks and
open lots. Each location was characterized in writing, including-a soil description,
and photographically documented. The samples were collected following standard
environmental sampling protocols (U.S. EPA, 1986). \

B. Sample Analysis

Chemical analysis of the samples was performed by AnalytiKEM, Inc. (Cherry
Hill, NJ). The samples were analyzed by GC-MS for the 17 PAH compounds
present on the EPA’s Target Compound List using the methods required by EPA
Method 8270 for the analysis of semivolatile compounds. In addition, the samples
were analyzed for the eight RCRA metals, total petroleum hydrocarbons (TPH;
EPA Method 418.1), and total solids. The complete analyte list is given in
Table 1.

C. Data Validation

Validation of the data received from AnalytiKEM was performed according to
U.S. EPA (1991) guidelines. The data were reviewed for completeness, holding
times, GC-MS tuning and system performance, initial and continuing calibrations,
laboratory method blank analysis, surrogate recoveries, matrix spike and matrix
spike duplicate analysis, field duplication precision, and compound quantitation
and detection limits.

D. Data Analysis

The analytical data were summarized in accordance with U.S. EPA (1989) risk
assessment guidance, If a compound Was: detected.at least.once in:surface-soil, one
‘half:the-sample quantitation limit (SQL) was:tised:as.a: proxy,concentmﬂon for:all;

samples:. reported as-“below detection-limit™ in’ the-estimation of exposure:point:
concentrations. However, if a2 compound was not detected in any sample, that

compound was omitted from further consideration. Inzaddition;.when:a:proxy:
concentration (i.., one half the detection limit) was greater-than the highest:actual;.

detected value for a compound in any samplc, that concentration-was considered \
to be an aberration and was omitted from the database. This is consistent with U.S.

EPA (1989) guidance, which recognizes that high 'sample quantitation limits can
“lead to unrealistic concentration estimates. :
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TABLE 1
Chemical Analyses of Urban Soils

Semivolatile Organics, EPA Target Compound List

Naphthalene
Acenaphthylene
Acenaphthene

Fluorene

Phenanthrene
Anthracene
Fluoranthene

Pyrene
Benzo(a)anthracene
Chrysene
Benzo(b)fuoranthene
Benzo(k)luoranthene
Benzo(a)pyrene
Indeno(1,2,3-cd)pyrene
-Dibenzo(a, h)anthracene
Benzo(g.A.i)perylene
2-Methylnaphthalene

Metals

- Arsenig, lotal
Barium, total
Cadmium, total
Chromium, total

. Lead, toual
Mercury, total
Selenium, to1al
Silver, total

Other

Total peroleum hydrocarbons
Solids

618 595 @555

A slightly different method of analysis was used to evaluate PAH. Because PAH
are generally found in groups, it was conservatively assumed that if one PAH was
detected in-a sample, other compounds in that class might also be present in that .
sample: Therefore, if one PAH was detected in a sample, all undetected PAH were
assigned a proxy concentration equal to one half the SQL. If a sample had no
detected PAH, no PAH were assumed to be present in the sample, and a concen-
tration of zero was used for all nondetects.

Summary statistics (minimum, maximum, arithmetic mean, upper 95% confi-

dence limit on the arithmetic mean, and frequency of detection) were generated for
each compound for each city and for all three cities combined.
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The data for PAH were summarized in several different ways. Of the
17 PAH analyzed in each sample, seven are considered to be probable human
carcinogens (Group B2) by the U.S. EPA (1993a). The U.S. EPA has derived
a cancer slope factor, which is a measure of the carcinogenic potency of a
compound, only for benzo(a)pyrene (B(a)P) (U.S. EPA, 1993a). Review of the
literature indicates that not all PAH are equally potent with respect to tumor -
induction. Several researchers have proposed toxic equivalency schemes that
relate the tumorigenic potency of each PAH to that of B(a)P (ICF-Clement
- Associates, 1988; Woo, 1989). B(a)P toxic equivalency factors (B(a)P-TEFs)
can be used to adjust either the B(a)P dose-response value to provide a com-
pound-specific dose-response value, or the concentration of each PAH in a
sample to be expressed in terms of B(a)P toxic equivalents (B(a)P-TE). The
latter method was used here. B(a)P-TE were calculated using the B(a)P toxic
equivalency factors recommended for use by the U.S. EPA (1993c), as shown
_in Table 2. For each sample, PAH concentrations were reported for each of the
17 PAH on the analyte list, for total PAH (tPAH), for total carcinogenic PAH
(cPAH), and for B(a)P-TE, and these values were used to generate the sum-
mary statistics for each group of sampies.

lll. RESULTS

Analysis of the laboratory results for the PAH indicates that quality control criteria
were acceptable. The data were analyzed to determine if any statistically signifi-
cant differences existed between the datasets for the three cities. A Hartley-test‘for*
homogeneity of variances (Mendenhall, 1979) and a one-factor analysis of vari-
ance to test for equality of the means (Mendenhall, 1979) indicated no statistically
‘significant differences. The results indicate that the PAH data can be pooled and
treated as one dataset for further statistical analyses.

.

TABLE2
Benzo(a)Pyrene Toxic:
. Equivalent Factors (BAP-TEF)

. Compound . EPATEF

Benzo(o)pyrene 1.0

~ Benz(a)anthracene 0.1
Benzo(b)fluoranthene -0l

' Benzo(k)fluoranthene 0.1
Chrysene 0.001

* Dibenzo(a, h)anthracene 1.0
Indeno(1,2.3-.d)pyrene 0.1
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The results of the PAH analyses are presenied in Table 3 for all cities combined.
A summary of the PAH results by city and for all cities combined is presented in
Table 4, which reports for each: tPAH, total cPAH, and total B(a)P-TE. The
arithmetic mean and the upper 95% confidence limit concentration are reported for
each. Table 4 provides a summary of the data by city, and the results are graphi-
cally presented in Figure 1.

Table 5 presents a summary of the metals, TPH, -and solids data by city. A
Hartley test for homogeneity of variances and a one-factor analysis of variance to.-
test for.equality of the means indicated that the metals and TPH data from the three
cities cannot be combined. This is due to the fact that the concentrations in each
city are not normally distributed and did not have equal variances. The concentra-
tions of the metals are compared to the arithmetic mean concentrations in the
eastern U.S. (ATSDR, 1992) in Table 5. Most notably, lead concentrations are
much higher than background concentrations. This is most likely due to the effects
of automobile exhaust.

In order to determine if sample location significantly affected PAH concentra-
tion results, individual samples were classified based on the sample location’s

TABLE 3

Summary Statistics for PAH — All Areas Combined
Minimum  Maximum , Upper 95%
, detect detect Arithmetic interval Frequency
Compound (mg/kg) (mg/kg) mean (mg/kg) of detection*
2-Methylnaphthalene 0.017 0.64 0.151 0.173 19 62
Acenaphthene 0.024 0.34 0.201. 0.306 30 62
Acenaphthylene 0.018 10 0.173 0.208 24 62
Anthracene 0.029 5.70 0.351 0.535 - 54 62
Benzo(a)anthracene 0.048 15.00 1.319 1.858 58 62
Benzo(a)pyrene 0.040 13.00 1.323 1.816 57 62
Benzo(b)luoranthene 0.049 12.00 1.435 1.973 55 62
Benzo(g, h,i)perylene 0.200 5.90 0.891 1.195 36 62
Benzo(k)fluoranthene 0.043 . 25.00 1.681 2.522 59 62
Chrysene 0.038  21.00 1.841° 2.693 60 62
Dibenzo(a,h)anthracene 0.020 290 0.388 0.521 32 62
Fluoranthene 0.110 39.00 3.047 4.444 60 62
Fluorene 0.022 3.30 0214 0.317 35 62
Indeno(1.2,3-c.d)pyrene 0.093 6.00 0.987 1.293 43 62
Naphthalene . 0.018 0.66 0.125 0.149 35 62
Phenanthrene . 0.071 36.00 1.838 2.982 - 61 62
Pyrene 0.082 11.00 2398 . 2.945 6} 62
Total BAP-TE 0.257 21.31 2437 3.324 62 62
. Total carcinogenic PAH  0.680 71.70 8.973 12.423 62 62

Total PAH : 2.292 166.65 18.361 24.819 62 62

*  Freguency of detection = number detected: number samples.
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TABLE 4
Background PAH Concentrations in Urban Surface Soils®

Boston Providence Springtield All cities

(n = 20) (n = 20) (n = 20) (n = 60)

Arithmetlc Upper 95% Arithmetlc  Upper 95% Arithmetlc Upper 95%  Arlthmetic  Upper 95%

Compound mean (ppm) Cl (ppm) mean (ppm) Cl (ppm) mean (ppm) Cl (ppm) mean (ppm) Cl (ppm)
Total B(a)P-TE 24 4.6 2.1 29 28 4.5 2.4 33
Total cPAH 84 16.0 7.8 11.0 10.6 18.3 920 124
Total PAH 18.7 359 16.8 235 19.1 299 18.4 24.8
TPH 4749 652.6 2674 338.2 1R4.4 2333 306.2 3728 -
* Qto6in.
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FIGURE 1. Background concentrations of PAH in urban soils. Data presented
are the upper 95% confidence inierval on the arithmetic mean. Data are presented
numerically in Table 4.

proximity to asphalt pavement, based on both written and photographic documen-
tation of sample location. Generaily, samples collected within 4 to 6 ft of a road
were considered to be near pavement. Of the 60 separate locations, 42 were
considered to be near pavement and 18 were not. When tested for equality of-
variance and means as above, the two populations. were. determined to be.
'sxgmﬁcantly different. The mean total PAH concentration near.pavement was
22 ppm;compared to 8 ppm not near pavement.: These results are shown in
Table 6.
Similar analyses were performed to see if TPH or total organic carbon
- concentrations could be used as surrogates for PAH concentrations. The: results.
* showed that-there is no correlation between PAH and TPH concentrations, nor
between PAH and total organic carbon concentrations (data not shown).:
The hxghest total PAH concentration detected was 166'mg/kg, taken from a
street corner in Boston. The next highest PAH concentration was 109 mg/kg,
taken at the base of a telephone pole. Four of the 60 samples were taken at the

bases of telephone poles, with widely varying results. The total PAH concen-
trations in the other three locations were 62, 4, and 45 mg/kg.
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TABLE 5
Summary Statistics for Metals, TPH, and Soils by City

Boston Providence Springfield

{n = 20) i (n = 20) {n = 20)

Arithmetic Upper 95% Arithmetlc Upper 95% Arlthmetic Upper 95% Arithmelic mean
‘ mean interval mean interval mean interval In U.S. soils*

Compound (mg/kg) (mg/kg) - (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Arsenic, total 4.20 559 3.53 427 ) 5.63 9.23./ 7.4
Barium, total 53.95 66.25 45.29 59.43 45.17 51.03 420
Cadmium, total 1.55 279 ND ND "ND ND 0.25%
Chromium, totat 23.00 27.69 . 12.08 14.35 12.62 14.45 52
Lead, total 398.70 737.44 305.76 462.98 261.69 37776 17
Mercury, total 0.29 0.39 0.19 0.24 0.20 0.25 0.12
Sclenium, total - 0.51 0.57 0.39 0.48 0.53 055 0.45
Total petrolcum hydrocarbons - 474.90 652.62 267.43 338.19 184.38 233.27 —
Total solids 90% ) 931% 93% 95% 90% 92% —

ATSDR. 1992. Public Health Assessment Guidance Manual, PB92-147164. U.S. Department of Health and Homan Services.
% ATSDR. 1991. Toxicological Profile for Cadmium. PB92-147164. Draft. U.S. Department of Health and fluman Services.
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TABLE 6 ‘ | o

Comparison of Background PAH Concentrations in Urban Soils: The Effects of Proximity to Pavement

Resulls of statistical analysis

Test for homogeneltly of variances Test of squality of means

Near pavement . Not nesr pavement Statistically _ Statlstically

Arithmetlc Arlthmetic Associated  significant at Asgocinted significant at

: mesh Stendard mean Standerd  Semple F- degrees of 0.05 level of . Sample degrees of 0.05 fevel of

Compound . {ppm) deviation {ppm) devistlon stetlstics freedom significance Student’s f freedom significance
Tots! B(a}P-TE 29 ) 42 1.1 092 ns3 4,17 Yes 2.69 50 Yes

Totl PAH 219 307 83 12 18.4 a.n Yes 2.69 50 Yes
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V. CONCLUSION

In this study, 20 surface soil samples were collected from each of three New
England cities and analyzed for PAH, TPH, and metals: The results of the:
- statistical analyses described in the previous section show that, with respect to "
'PAH ‘the three datasets are not significantly different and can be.considered. 88
one dataset representative of urban environments., The samples were taken in
typical urban areas but not near known industrial sites. Therefore, these data are
considered to be representative of the generalized effects of urban activities.
It is-cledr: from the results presented. here: that. .common: regulatory targct
cleanup Tevels'for éPAH and B(a)P-TE(0.1'10 0.66 mg/kg) are much.below the.
background concentrations of these compounds in urban surface soils. (upper
95% dence interval of 3.3 and 12.4'mg/kg for total B(a)P-TE and total}
cPAH; :’respecuvely) Figure 2 graphically compares the “bright line" target
cleanup level for B(a)P of 0.1 mg/kg with the total B(a)P-TE (upper 95%
confidence interval on the arithmetic mean) measured in urban environments.

Parts Per Million (ppm)

3.3

.
%
L
-

satess
B
o

X
o
!

FIGURE 2. Comparison of B(8)P-TE with U.S. EPA Region Il risk-based concentration
for B(a)P. B(a)P data presented are the upper 85% confidence interval on the arithmetic
mean.
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Upper 95% confidence intervals are compared becauvse this is the statistic
preferred by EPA and many states for risk assessment. Moreover, the State of
Massachusetts defines its background concentrations of metals based on the
upper 95% confidence limit on the arithmetic mean concentration (Massachu-
setts Department of Environmental Protection, 1992). For all cities combined,

_ the background level of B(a)P-TE of 3.3 mg/kg is approximately ten times
greater than the target cleanup level of 0.33 mg/kg and approximately 30 times
higher than the target cleanup level of 0.1 mg/kg. For those regulatory situa-
tions in which the use of B(a)P-TEFs in determining site risk is not allowed,
the background level of cPAH is approximately 40 to 100 times greater than
these' target cleanup levels. ,

“An analysis of the data comparing samples taken near pavement with those
determined to be not near pavement indicated that those samples designated:near:-
pavement had significantly higher, approximately threefold higher, PAH concen-'
trations for both total PAH ‘and total B(a)P-TE: This is most likely due to the
presence of diesel and automobile exhaust particles, perhaps influenced by the
presence of asphalt and runoff of vehicular oil from the roads.

Total petroleum hydrocarbons (TPH) were also found at consistently high levels
in each city. The commonly applied regulatory cleanup level for TPH is 100 mg/kg.
This cleanup level is not risk based and is three times lower than the background
concentration of TPH found in this study (arithmetic mean of 306 mg/kg and upper
95% confidence interval on the mean of 373 mg/kg).

It is incumbent upon the regulatory agencies to recognize that substantial
background levels of PAH and TPH exist in our urban environments and to
acknowledge this information in the development of realistic target cleanup levels.
The use of these background data in setting more realistic target cleanup levels may
result in better allocation of remedial and regulatory doliars in site investigations.
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