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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, surface water, and
sediment were considered. Because an exposure pathway from OU2 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 health risks and does not address ecological risks or potential
offshore impacts from OU2. 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," McLarenlHart, March, 1994. The FS for OU2 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.

• ES·1 and Section 1·1, first paragraph, first sentence: "human health" will be added before "risk
assessmenf'

• ES-1 and Section 1-1, second paragraph, first sentence: "receptors af' will be added before "OU2"
• ES·1 and Section 1~ 1" second paragraph, last sentence: "human health" will be added before "risk

assessmenf'
• 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 3-5 and 3-6, and the
tex.t on pages 3-9 and 3-10 present data for 0~1' and>l' 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 OU2 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...n

The text on Page 2-10 is part of Section 2.2.5, Previous Human Health Risk Assessment Summary, 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 atSite 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.

"
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5. Comment: Page E5-5, Site 29. What is the basis Jor 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 (1 x1 0.6

to 1x1 0'\ 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:

• For a future hypothetical military adult resident, the estimated cancer risks would be approximately
3.2x10·6

.

• For the future hypothetical military child resident, the estimated cancer risks would be approximately
2.8x10·5

. .' \

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 Impact 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 [RFI], McLarenlHart, 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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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.

8. 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.

9. 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 potentially 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 investigation. A reference to the RFt (Mclaren/Hart, 1992) will be added to the sentence.
The RFI is provided in the reference list.

10. Comment: Page 2-8, Section 2.2.4 OU2 Physical Characteristics. The last sentence in the second
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 addition, what is the (approximate) timeframe for the installation of the
retaining wall?

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.

11. 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.

I .

12. 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 adult (1.2x1 0'5) marginally
exceeded the State of Maine risk guidelines of 1x1 0'5 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 [TEQsJ) 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 1uglkg (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, 88-02, had a
lead concentration of 12, 100 mglkg. 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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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 included 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.

16. Comment: Pages 3-4 & 3-5, Section 3.2 SITE 29 - TEEPEE INCINERATOR. The text on page 3-4
states that soil boring TPI-SB03 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 location. 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 within the area assumed to
be the ash disposal area....." .

17. 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 DOE and DOD should be described 'for the individual
compounds and collectively, as the sum o~ concentrations.

Response: Please see the Navy's June 22, 2000 response to MEDEP Specific Comment NO.6.

18. 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 ar.ld 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.

19. 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.

'4
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20. Comment: Page 5-17, Section 5.1.2.6.1 Incidental Ingestion of Soil. The scenario described in this.
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 8.5 of the OU2 risk assessment for informational purposes in accordance with
the Technical Memorandum'for 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.

21. Comment: Pages 5-25 through 5-34, Section 5.1.5. Uncertainty Analysis. We appreciate the
discussion of the uncertainties affecting the OU2 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 S.APL Comment No.4, the data collected for Site 29
are adequate to characterize the risks for Site 29.

22. 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.

23. Comment: Page 5-41, Section 5.2.3.1 Quantitative 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).

Response: 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) .

. 22. 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 s,ee the Navy's June 22, 2000 response to MEDEP Comment No. 21 for the text
revisions based on this comment.

23. Comment: Page 6-3, Section 6.1.1 Revised Human Heaith 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 PAHs.
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Dr. Brown's Comments and Questions

1. Comment: There are contaminates at th'e 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 metals over the SSL.

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

The revised OU2 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 evaluated for the inhalation pathway. '

A follow-up Phase II 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 II report:

"The strong influence of offshore sources of volatile mercury along with the potential 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 mglkg) 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 volatile,
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 results/conclusions of the
Phase II monitoring indicate that OU2 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 exceeding 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. Is 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 (Le., 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 intervel)tion.

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 health 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 dioxinifurans are selected as chemicals of concem (Le.,
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 (1X10-6 to 1x10'\
generally less than the State of Maine risk guidelines (1 x1 0'5), and identified as risk drivers for Site 29
risks.

RTC SAPL Comments on draft OU2 Risk Assessment 9 July 28, 2000



6. 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 for 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).

7. 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.

8. 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.

9. 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 a~ti~ities

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.

10. 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.

"

'.
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CALCULATION WORKSHEET Page 1 of 2

CLIENT: IJOB NUMBER:
OU2-PNS 1549
SUBJECT:
ESTIMATE OF RISKS FOR HYPOTHETICAL FUTURE MILITARY RESIDENTS AT SITE 29
BASED ON: IUSEPA, DEC. 1989
BY: IDATE:
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 contaminated source (unitless) =1

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

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 assumed to be exposed for 4 years.

Because exposure duration 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 page 2.

24ReslngCalc.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.J 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:

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.

(1) review of available site information
(Section 4.2); 4.1.1 TYPES OF DATA

:f·

.-.

(2) cOnsideration of modeling parameter
. needs (Section 4.3);

(3) definition of background sampling needs
(Section 4.4);

"-
(4) preliminary identification 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 A.7);

I

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

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

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

• contaminant identities;
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•

•

•

contaminant concentrations in the key
sources and media of interest;2

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 (PNSI)
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;



(2) determination of the nature of the

wastes;

(3) risk assessment; and

(4) treatability testing.

The site and waste characterization components of

the RIIFS 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
. "',c,.~:t.-5'''''''......:M''-'..~~,'r''I''::~-<i:\(A'~a''''ilt::"t'''~~'1\;·;:';''''¥._· .."-~'.- . , '° 0

' "'<"~'

thro'!~A_. saIDP'~~g_....~,1,1~(!.~~pl;llYSis .of_sq\lr~",and

potentially contaminated media. Quantitative risk

assessrnent)iice'site charaCi'eriiation, 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 evaluating 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 RIIFS 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 ina 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 (QNQC) , procedures for use in

quantitative risk assessment.

4.1.3 EARLY IDENTIFICATION OF DATA

NEEDS

Because the RI!FS apd 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 earlj,er the

requirements are identified, the better the chances
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are of developing an RIIFS that meets the risk

assessment data collection needs.

One of the earliest stages of the RIIFS at

,which risk assessment data needs can be addressed

is the site scoping meeting. 'As discussed in the

Guidance for Conducting Remedial Investigations

and Feasibility Studies Under CERCLA (EPA

1988a, hereafter referred to as RIIFS 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. RIIFS

components (e.g., site and waste characterization)

are addressed together. Scoping meeting attendees

include the RPM, contractors conducting, the

RIIFS (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 RIIFS 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

RIIFS 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 adeq!J1ltely.

Section 4.5 and Chapter 6 provide guidance for

identifying exposure pathways that may exist at

hazardous waste sites. ~teIitial" exposure

.g~~~~-.1',~~early in the - _ ' __,

It Will be eaSIer to reac a eClSlon on the

'nuIiii)er;"iy!>e';A'an,fiocariOn6'f"sampTeS'neede<i""iQ'
~assess~';~6SUi:'e.L_""__",..,.,..~--,..~
.',:.....~.""';-.IiQ!,..~ ..;t~"-~"'-"'''

During the planning stages of the RIIFS, 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.)

4.1.4 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).

..........•.....-:.:..;:. . :;:;::::>; ::: : ::.:;:.. ;.:-:.;.;-::: :::.;.: ;.; ;. .
<.;.;.;<;;.;.:.;.: .:.:-: :.;.:.;.:;:;:.;.;..•:.:. :.:.;.: .•.••..•;.;..;.. (.:~..:•.:.:'.;..:..:..:.~ {:f.~~·.:

.
:.:~.~.. :~:r:i·:::~.~:~:i::·::.~.:~:~:~:~:~.j.:~ '." ".", :' ;.:.;'." '.", ..'." ,".".", .." ", '.' '.' .".', .: '.' " , "."."." ', ;.:.:.:.:.;.;.;..'..;.;.:.:.;

:Q~BYJ~Qfj~g9::M~~¢~ ::t:
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Use of this guidance will help ensure that all
environmental data. S911ected in support of RIIFS
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;

• PNSI data and Hazard Ranking System
(HRS) documentation;

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

• photographs (e.g., EPA's Environmental
Photographic Interpretation Center
[EPIC]);

• 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 should fonnulate 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 ~lement 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 RIIFS guidance (EPA 1988a).

In most cases, site information available at

the start of the RIIFS is insufficient to fully

characterize the site and the potential exposure

pathways. The conceptual model developed at this

stage should be adequate to 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 ooncentratiQns.

Therefore, a preliminary site modeling strategy

should be developed during RIIFS 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 default 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 assessmenL

4.4 DEFINING BACKGROUND
SAMPLING NEEDS

Background sampling is conducted to

distinguish site-related contaminatiQn from

naturally occurring.or other non·si~relatedJevels.

ofchemicals. The following subsections define the

types of background contamination and provide

guidance on the appropriate location and number

of background samples.

4.4.1 lYPES 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 (e.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 (e.g.,

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 (e.g.,
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EXHIBIT 4-1

ELEMENTS OF A CONCEPTUAL EVALUATION MODEL

SOURCES

SOURCE: EPA 1987a

i
I,
! !

VARIABLES

• CONTAMINANTS

• CONCENTRATIONS

·TIME

• LOCATIONS

• MEDIA

• RATES OF MIGRATION

.TIME

• LOSS AND GAIN FUNCTIONS

• TYPES

• SENSITIVITIES

• TIME
• 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 wmCH

INFORMATION MAY NEED TO BE OBTAINED DURING

A SITE SAMPLING INVESTIGATION

Type of Modelipg

Source Characteristics

Soil

Ground-water

Air

Surface Water

Sediment

Biota

Modeling ParametersQ

Geometry, physical/chemical conditions, emission rate, emission

strength, geography

Particle size, dry weight, pH, redox potential, mineral class, organic

carbon and clay content, bulk density, soil porosity .

Head measurements, hydraulic conductivity (pump and slug test'

results), saturated thickness of aquifer, hydraulic gradient, pH,

redox potential, soil-water partitioning

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

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

Particle size distribution, organic content, pH, benthic oxygen

conditions, water content

Dry weight, whole body, specific organ, and/or edible portion

chemical concentrations, percent moisture, lipid content,

size/age, life history stage

Q 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).

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.)

4.4.3 BACKGROUND SAMPLE SIZE

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

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.

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 (Le., 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, .

A statistical test of a hypothesis is a rule
used for deciding whether or not a statemeni (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 onsile." This expresSion
of the alternative hypothesis implies a one-tailed
test of significance.

BACKGROUND SAMPUNG
LOCATIONS

4.4.2

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.

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.
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'are not. 111"~•• _.. ?onding Type II error would
be to conclude 'that onsite contaminant
concentrations are not higher than background
concentrations when in fact they are. A Type I
error could result in unnecessary remediation,
while a Type II error could result in a failure to
clean up a site when such an action is necessary.

In customary notations, ex (alpha) denotes the
probability that a Type I error will oCcur, and f3
(beta) denotes the probability that a Type II error
will occur. Most statistical comparisons refer to
ex, also known as the level of significance of the
test. If ex = 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 f3 and a
concept called "power." The power of a statistical
test has the value 1 - f3 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 ex (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., f3
= 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
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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 normally
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 wit~ 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
ex = 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 I error will occur among all 20 tests.
Statistical Analysis of Ground-water Monitoring
Data at ReRA 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 rat
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 and site-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., jeneral 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.)

detailed evaluation ofexposure 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 to 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 RIIFS 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
on SJt~specIfi~lfa'nt"Cteristics. These areas are
chosen purposively by the investigators during the
initial scoping meeting. Areas of concern should
include areas of the site that:

-

4.5.1 GENERAL INFORMATION (1) have different chemical types;

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:

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

• 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

(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



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+3

versus Cr+6), the species should be noted when
possible.

Routes of contaminant transport. In addition
to meQium-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
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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 prob.lems 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 t<? obtain a more homogeneous sample
of a particular area; however, as discussed in a
later section, compositing samples also serves to
mask contaminant hot spots (as well as areas of
low contaminant concentration).

Designation of hot spots. Hot spots (i.e.,
areas of very high contaminant concentrations)
may have a significant impact on dir~t 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. SHACKLElTE and JOSEPHINE G. BOERNGEN

~.

ABSTRACT

Samples of soils or other regoliths.· taken at a depth of approxi­
mately. 20 em from locations about 80 Ian 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 results
of the sample analyses for 50 elements were plotted on mapa. The
arithmetic and geometric mean. the geometric deviation. and a histog­
r.un showing frequencies of analytical values are given for 47 ele­
ments.

The lower concentrations of some elements (notably, aluminum.
barium. calcium. magnesium. pot&88ium. sodium. and strontium) in
moo samples of surficial materiala from the Eastern United States,
and the greater abundance of heavy metala in the same materiala
of the Western United States. indiates • regional geochemical pat­
tem of the largest. scale. The low concentrationa of many elements
in soilll characterize the Atlantic Coutai Plain. Soils of the Paci1ic
Northwest generally have .high concentrations of aluminum. cobalt.
iron. scandium, and vanadium•. but are low in boron. Soilll of the
Rocky MountaiD region tend to have high concentrationa of copper,
lead, and zinc. High memuy concentrations in surftcial materials are
characteristic of Gulf Coaat sampling sites and the Atlantic Coast sites
of COMectieut, MaaaaclIuetta. and Maine. At the State level, Florida
hall the mOllt striking geoc:hemic:al pattem by having soils that are
low in the concentrations of mClllt elements consKiered in this study.
Some sma1Ier ~ma of element abundanc:e can be noted. but the
degree of confidence in the vaUdity of theee patt.ema dec:reueI u
the patt.erna become leu exteJlllive.

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 effec:ts
of climatic and biolog;c:a1 !acton 88 well 88 by in1luences
of agricultural and industrial operations that have acted
on the materials for various periods of time. The diver­
sity of these t'acton in a large area is expected to result
in a corresponding divenity in the element contents
of the BUrficial materials.

At 1bebeginning of this study (1961), few data were
available on the abundance of elements in surficial ma­
teriaJa of the United States 18 a whole. Most of the
early reporta diVUlsed only the elements that. were of
ec:onomie importanee to mining or agrieu1ture 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 W88 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 contennin­
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 fonn
that W88 available to plants. Because of the great
amount of travel necessary to complete this sampling,
we asked geologists and othen of the U.S. Geologic:a1
Survey to assist by collecting samples when traveling
to and from their project areas and to contribute app~
priate data they may have collected for other purposes.
The reponseto 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
sites. The analyses of surficial materials sampled in this
phase of the study were published for 35 elements by
plotting element concentrationa, in two to five fre:­
quency 'classes, on maps (Shacklette, Hamilton, and
othen, 1971).

Soon after the publication of the results of this study,
interest in environmental matten, particularly in the
effec:ts of contamination and industrial pollution, in­
creased greatly. At the same time, technological ad­
VaDce8 in analytic:a1 methods and data processing facili­
tated measurements of geochemic:a1 and other parame­
ten of the environment. In response- to the need for
background data for concentrations of certain e1ementa
of puticu1ar environmental concern, the samples of sur­
ficial materiaIa that were collected for the tint study
(Sbacldette, Hamilton.cand,others;...I971) (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 Shack.lette,
and others (1973); and for selenium, fluorine, and arse­
nic, Shacklette and others (1974).

The collection of samples for this study continued.
as opportunities arose, until autumn 1975, resulting in
the sampling of an additional 355 sites that were
selected to give a more unifonn geographiCal coverage
of the contenninous 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 results given in
the present report. In addition, the availability of
analytical methods for elements not included in the ear­
lier reports pennitted 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 UTERATURE

The literature on the chemical analysis of soils and
other surficial materials in the United States is exten­
sive and deals Iarg.!ly with specific agrieu.ltural prob­
lems of regional interest. Many of the papers were writ­
ten by soil scientists and chemists associated with State
agrieu.ltural experiment stations and colleges of agrieu.l­
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 Agrieu.lture
prepared most early reports of element abundance in
soils for Iarg.! 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
~ occur. Most of these reports included oi'lly a fewele­
ments in soils from small areas. This early geochemical
work was c:iiscussed 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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W nethods were improved, many elements in soils were ' or other subdivisions and smaller areas, -as follows:
analyzed; still; the areas studied were commonly small. Erdman and others (1976&, 1976b); Tidball (1976, 1983a,

An estimate of the amounts of elements in average,
or nonnal, 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
,d 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 detennined in two areas of
Georgia that had contrasting rates of cardiovascular dis­
'''Ses (Shacklette and others, 1970). In an extensive

.. .iOChemical study of Missouri, also con~ coopera­
".vely with medical researc:hers, both cultivated and

natural soils were sampled. The resultS were presented
for the State as a whole, and for physiographic regions

1983b); and Ebens and others (19'73). The results of
these studies, and of other regional geochemical investi­
gations; were summarized and tabulated by Connor and
Shacldette (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
results 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 Shacldette (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), Jac:k.son
(1964), Mitchell (1964), and Brooks (1972). The averages
from the present study given in table 1 are the arithme­
tie means. Although the averages were computed by
the methods deseribed by Wesch (1967), the values ob­
tained are directly comparable with the arithmetic
means derived by common computational procedures.

COLLECTION AND ANALYSIS OF
GEOCHEMICAL DATA

SAMPUNG 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 nec:essity, incidental
to other duties of the samplers, the instnlctions 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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Cr---­
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F-----
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1---
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lAuthor'a u...e; ._rally ....d to ladlc.te the _at c-.u, occurrtlll'Ya!ue.

l

collected by U.S. Geologic:al 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
wu kept at a minimum by selecting only one sampling
Bite every 80 km (about 50 miles; seleeted for eonveni­
enee because vehicle od meters were ealibrated in
miles) -along the routes. The specific: sampling sites

were seleeted, insofar II possible, that bad IUI'fic:ial ma­
terials that were very tittle altered from their natural
condition and that supported native plants suitable for
sampling.' In praetiee, this site selec:tion necessitated
sampling away from roadc:uts and filla. In some areas,
only c:ultivated fields and plants were available for sam­
pling.

Contamination of the samplingsitel by vehieular
emissions wu seemingly insignifieant, even though
many sites were within 100 m or less of the 1'OIIdI., Col-
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l.

lecting samples at about 20 cm depth, rather than at
the upper soil horizons, may have avoided the effectsof 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-. Ii
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 priinary 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 Ian 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.

SAMPUNG 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 distinc­
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 cm, 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 instnunents 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-

.urn, 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 (!liesch, 1967, p. B1) 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.

(

Concentrations of 46 elements in samples of this
study are presented in table 2, which gives the detenni­
nation ratios, geometric-mean concentrations and devia­
tions, and observed ranges in concentrations. The
analytical data for moat elements as received from the
laboratories were transfonned into logarithms because
of the tendency for elements in natural materials, par­
ticularly the trace elements, to have positively skewed
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DISCUSSION OF RESULTS 7

"'" frequency distributions. For this reason, the geometric
mean is the more proper measure of central tendency

for these elements. The frequency distributions for p0­

taSsium and silicon, on the other hand, are more nearly
nnal if the data are not transformed to logarithms

nOd the mean is expressed as the arithmetic average.an.
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 MID and M·D, where M repre­
sents the geometric mean and D the geometric devia­
tion. About 95 percent should fall between Mid and
M·[jl, and about 99.7 percent between Mlfi! and M·fi!.

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

\. 3tatistiCS 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 pennits inclusion of the censored
values in the calculation of expected mean conc~ntra-

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-pennit 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
~ites are presented on maps of the conterminous UnitedL ~tates (figs. 147). 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 ~on­

centration of the element, shown by a symbol 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 values 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, gennanium, 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, ar.d t~eir 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; tallu­
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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ronJ 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 met8ls
in the same materials of the Western United States
indicate a 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 llUIjor groups-the peda1fers
that lie to the east, and the pedocal.s to the west. Mar­
but (1928) attributed the llUIjor 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-tcrwet 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, broniine, 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 sho\\·
well-defined patterns of distribution, and the region&.
concentrations of some other elements cannot bt
evaluated because they were not present in detec:tablt
amounts in most of the samples, or bec:ause the sam·
pling density was insufficient. The degree of confidenCf
in regional patterns of element abundanee is expectec
to be in direct proportion to the number of samplef
analyzed from the region. AB the observed patterns be­
come smaller, the probability increases that the charac·
teristics that form the patterns are the results 0

chance.
Some features of element-abundance patterns proba

ely reflect geologic characteristics of the areas that th.
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 anI
other elements, as mentioned earlier.. A few soil sam
pIes with high phosphorus content are associated witl
phospi\ate deposits in Florida, and a single sample iJ
Michigan with high copper content is known to be 0

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 I'f

gimes under which the surficial materials· developeO
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 4O"N.; see fig. 1).

The world averages of abundance for some element
in soils, as given by Vinogradov (1959) and by other
(table I), do not correspond to the averages of abUll
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 surfici2
materials, and too high for beryllium, chromium, galli
um, manganese, nickel, phosphorus, titanium, vanadi
urn, and yttrium. .

The stability of values for concentrations of most ele
ments seema to be satisfactory because the addition c·
analytic:al values for 355 samples of phase two of tht
study to values for 963 samples of the first. phase dil
not significantly change the geometric means and devia
tions of element abundance that were reported earlie:
(Shaeklette, Boerngen, and Turner, 1971; ShacklettE
Hamilton, and others, 1971; Shacldette and other.:
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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 detennining if a site (i.e ..
hazardous waste site/area of concern) has elevated,
levels of inorganics relative to the local background
concentrations. 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 detennine
whether activities conducted at a site have resulted
in elevated concentrations of inorganic contaminantS
in soils or sediments compared with naturally
occuning 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.
Compensation. and Liability Act) Sites." Part A is
a modification of the State of Michigan guidance on
conducting soil surveys {Michigan 1991a. 1991 b)
and discusses issues that need to be considered by
investigators anempting 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
delennining 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 infonnation and approaches.

This paper addresses tedmicaJ issues for scientists
and engineers' faced with how to detennine
background concentrations. It is not intended to

.'

address agency policy-related decisions on how ,0

use background data to achieve cleanup leveis or
achieve applicable or relevant and appropnate
requirements (MARs). Technical issues discussed
here include selection of background sampiing
locations. considerations in the selection of sampiing
procedures. and statistical analyses for detenruning
whether contaminant levels are significantly'
different on a potential waste site and a background
site. How to statistically define background for
purposes of remediating a hazardous waste site to
background levels is not addressed.

This paper focuses on inorganics and. in
particular. metals. Radionuclides are not spec,irically,
addressed: however. metals with radioactive isotooes
(e.g.,cobalt~60) that may be encountered at
hazardous waste sites are included. This paper does
not specifically address background concentr:ll1ons
of organics at a site. but'the approach would be \'ery
similar in many respects (except for partitiOnIng).
and some unique aspects regarding organics .:.re
noted.

Statistics play a major role in establishing
, background concentration levels, and methods vary
widely in their degree of complexity. ~o speciric
recommendations regarding statistical techniques are
provided because they could be misused or have
policy implications. However, some ~enerJl

guidance is presented to acquaint the reader wi(h
issues that should be discussed with a statistician
early in the design of a study. Statistics should be
used throughout the development of a sampling plan
in the same manner as quality assurance. Sampiing
objectives, design, data analysis. and reponing can
all be influenced by statistical considerations.

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

, The ap roach emplo ed b the \ .
I 91 b rovides one of the rna t

straightforward and scientifically sound strate2ies
that. in combination with EPA documents (EPA
1989a. 1989b) and scientific IireAtlJte (I Tnderwood

1970; Kab;na-PcndiM and Pendias 1984>. form the .
basis for this issue paper. This paper discusses the
generic issues, from various strategies that should be

2



~'

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

STATE!\tENT OF ISSUE

Hazardous waste sites may pose a threat to human
health and the environment when toxic substances
have been released. The hazardous substances at a
site may originate from either "on-site" (i.e..
resulting from releases attributable to site-specific
activities) or "off-site" (i.e .. resulting from sources
not on-site). These "off-site" substances mav result
either from natural sources (e.2.. erosion or naturallv
occurring mineraI deposits) or~thropogenic sources
,c:. g.. Widespread lead contamination from auto­
mobile exhaust in urban areas) (EPA 1992a). To

, determine the appropriate action to take at a hazard­
ous waste site. EPA must distinguish between
substances directly anributable to the hazardous
waste site (i.e.. "site" contaminants) and those
attnbutable to "natural background" concentrations.

Definitions

Soils and sediments for, this issue paper are
.s!,.efined as all mineIil and naturally occurring
or2aniC material located at a site and will mostlv be
related to the matenaI <2 mm m size because 'it is
usually me fmer ffiatenat that has a greater affinity
tor inorganic contanunants. The U.S. Depanmegr of
.-\2riculture and the International Soil Science'
Society use the 2-mm' breakpoint to differentiate
between soils or sediment (consisting of sands. silts.
and clays) and gravel (Breckenridge et al. 1991:
t eWls et al 1991 ). ~en establishIng backgrouna
concentration levels. it is usually more cost effective ,
to focus on the finer materials: however, some bias
is introduced. Large panic1escan be rinsed and the',
rinsate analyzed if necessary. Soils arid sediments
are hetero eneous and contain a wide ran e of sizes
rom fine clays to larger gravel and coarse fra

(Soil Science oclety 0 America 1978).

In the soils literature. the tenn "background"
usually refers ·to areas in which the concentrations,

of chemicals have not been elevated by SIre
activities. In the sediment literature. terms such as
"background sediment" (in the Code of Fe::erai
Regulations lCFR)-40 eFR 131.35-91) and
"reference sediment" (ASTM 1990) are used In

similar manners and are often interchangeable.

To minimize confusion. 'the tenn "back2round
co-;;Centranon" IS defined in this document 3as the
concentration of inoIJanics found in soils or
sediments surrounding a waste site. but which
are not influenced by site actiyjties or releases, .-\
"background site" should be a site t'hii is
.leologically similar and has similar biolo2lcal.
E!!yslcaL and chemical characteristics (e.g., panicle
size, percent organic carbon. pH) as the·
contaminated site (ASTM 1990) but also shouid be
upstream. up2Tlldient. or upwind of the ~ile.

Samples taken from a site to determine baCKl!round
concenuations will be referred to as bacKl!round
samples.-Almost anyone involved with hazardous waste site
evaluations will at some time be involved in
detennining background concentrations or

, inorganics at a site. There are two issues to be
considered when addressing baCKground. The rim
is whether the site and local area have a high narural
variability in concentrations of inorganics. The
second is to differentiate between naturai ;lnd
anthropogenic sources at a site with :'igh
background concentrations (e.g.• lead in soil due to
automobile emissions). The broad range In
concentrations of naturally occurring inorganics may
lead to the erroneous conclusion that an area has
been contaminated with inorganics. Establishment
of background concentrations based on adequ'ate
site-specific sampling data and comparison to
nonnal background ranges for a specific area arid
land use can help resolve the confusion.

EPA in its Risk Assessment Guidailce jor Super­
fund: Volume 1, Human Health Evalualion Manual
(Part A) (often referred to as RAGS) (EPA 1989cl
discusses two categories of background:



I. Naturally occurring--substallces present in the
environment in fO~ ibat have not been influenced

. bv human activity., ,

2. Anthropogenic--natural and man-made sub­
stances present in the environment as a result of
human activities not specifically related to the
CERCLA site....

Figure I shows the relationship between the on­
site-related and off-site-related "populations" of
substances that contribute to concentrations at a site.
In some locations. the background concentrations
resulting froin naturally occurring or anthropogenic'
sources may exceed contaminant-specific standards
promulgated 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 I).

Background concentrations are needed when
deciding whether a site is contaminated. Knowledge
of background concentrations helps 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 1 illustrates a process for determining
whether contaminant concentrations in soil and
sediments at a hazardous waste site are elevated
relative ro 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· health 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 bya site and to determine whether immediate
response is required.

_Usually, remedial action is talsen only gn sites
rbat SIrm1 a JQ~ jncttmeDtal cancc;r riSk Of ssrc;esd
a hazant index of 1 0 fpr systemic effects
Superfund cleanups are generally conducted to 10-0
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incremental cancer risk or to a safe hazard index.
However. many Slates have developed' statures
(MARs) that require more stringent cleanup levels
than risk-based levels and sometimes reauire
cleanup to natural background concentrations.

It is often best to compare mean concenrrauons
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 plan
(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 probabilityof exceeding background. In
this case. the single value can be compared to the
background maximum limit (mean background
concentration plus three Standard deviations I. ·.\hich
is discussed later.

Background Concentration

Numerous natural and anthropogenic sources
influence background concentrations and need to 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 a single u"lversal
backsrround concentration for soils or sediments: it
is more useful to discuss the range of backeround
concentrations for a contanunant.. SlOg!e values are
hard to establish because concentrations ';arv

aepending on how physical. chemical. and biolo~cal

processes. and anthropogenic conbibutions have
affected parent geological material.at a site. I~e
has various soil or sediment textures (e.g.. sands,

·Ioams). a range in inorganic concentrauons should
be developed for different soil series or te;qurai .
sroupings. 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 imponant because
there are often different soil types at a site. :lIld
sediments differ depending on where (e.g.• in a pool
or main channel) and when samples are collecred.
The following parameters should be similar when
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Figure 1. ReJationsrup belw~n 00- and orr-site conceotratioo groupings when defioioa bacqround concenlrations
for hazardous waste sites. .

comparing paired hazardous waste site samples to
background samples:

pHIEh

salinity

cation exchange capacity (CEC)

percent organic carbon

panicle size and distribution

• thickness of horizon (soil)

soil type. structure (soil)

5

sample design

depth of sampling

• sampling equipment and compositing regIme I if
applicable) .

number of samples

digestion/analytical method

acid volatile sulfide concentrations (sedime~tI

simultaneouslyexuacted meta! concentr:ll:ons
(for determining sediment toxicity)
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:\1 times some Of these soq parameters such as
percent organic carbon. pH and salinity may be'
altered bv hazardous waste site activities. These
changes in soil chemistry could falsely imply that the
hazardous waste site and background site
soiUsediment matrices are totally very comparable.
For example. if oil were released 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
\:onclusion that the sites are not similar for
comparison of inorganic concentrations.

\1any of these soil parameters can be' obtaiped bv
\:ontacnng the local Narural Resgurces Conservatjon

Service (NRCS) Office and Fv~~;~~~~ ~~I sprrey
repon for the county (usyaHv;;; ;i;h;;ree I where
the site is located. ~10st soils on private lands in the
C.S. have been mapped by the NRCS. By usmg a
soil survey repon. the tield personnel can evaluate
how the soils were originally classified and gain
:lccess to average values ior 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. Aerial photographs used to map soils
are also helpful in evaluating past land use. locating
stream channels. determining parent material for
sediment loading. and determining site factors that
:lffect movement of contaminants (e.g.. low
percolation rate l. ~10re detail pn how and why to
Qlaracterize soils at haZilrdous waste sites can be
found in a comoanion issue pacer I Breckepridge et
;ll. 1991).

o..specjal case occurs for hazardous waste sites
that contain filL "Fill areas" maybe 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 identify fill locations and areas disturbed by
construction because of the disturbed nature of the
soil profile.

:"Iatural and Regional Anthropogenic
Contributions to Background Concentrations

Table I presents concentration ranges and me:JJl
values of inorganics in selected surface soils or" :::e
United States. Most of this contribution is due to
natural and regionaUglobal anthropogenic sources.
The soil types presented are genera!. but cover ma.ny
of the major categories found in the United SL1tes.
There is one omission from the table and that IS for
cadmium. since cadmium mobility is strongly
dependent on soil pH and percent organic carcon.
The mean lobal content of cadmium in Salis is
between 0.07 and 1.1 m m~ we t - m"iklZ
for 51 units); for the United States. values r~:,lZe

from 0.41 to 0.57 ppm. but values of up to 1.5 ;:?~
have been documented in some forest soils (Kaba.ta­

.Eendias and Pendias 1984), In all cases. the hl~her

.:a.dmium values rerlect anthropogenic contnbut:ons
I from local and regional sources) to topsolis.'

Table 2 provides average. range. and nO~:7'e:t

levels for selected inorganics in sediment and ~·~lis

that can be used to compare to background concen­
trations for a site. The no-effect levels are the metal
concentrations in sediment that have a low rn ' ­

bt ttv 0 causing a measurable impact on ber;;hi~

populations. The conuol values for soils and 5~di­

ments approximate the average concentrations of
metals contributed by natura! and anthropogenic
(local and global) values (Lee et aI. 1989: E?:\
1992b). These values should not be used as i:~ck­

ground concentrations but can be used \ to ~'':lde

investigators in determining whether elevated k'..~is
of contaminants may be present at a hazardous \, aste ­
site.

Local Anthropogenic Sources that Influence
Background Concentrations

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

Numerous local anthropogenic activities can'
contribute to the inorganic concentrations Jt a
hazardous waste site yet are not directly related to
site activities. Local soils and sediments may be
conwninated by ore deposits or mining. by

7



TABLE I. CONCENTRATION (W INOHGANICS IN Sl.IRI;ACE SOILS OF TIlE lJ.S. liN PPM-DRY WEIGIIT. DW). EQUIVALENT TO
.mg/kg-dwl (SOURCE: KABATA-PENDIAS AND PENDIAS 1984).

Eklllents

A., lIa ("" (",' ("u Ill:

Soil RaJIG" Mean 1t;"'Ge Mean RallGe Mean RaIlG" Meall Ran!:': Mean Ran!:e Mean

Sandy soils and lilho>ols lin sauJshlnc, dl.1 JIIII 5.1 111 I~CHI 41MI 04 :20 ,\ 5 ,\ llHI 411 I 'W 14 dUll 115·1 11011

I j!:"1 lIullly "Iils 04 .11.11 7 I m ItHHI 55~' .1·.\11 l'i III I'HI 5'i .1 7ll 15 11111 IIt,1I 11111

.locu 8ml soils on sill dcpll,il' 1.':I-lb.O b.11 lIM),15IMI 1,75 J ..\0 1111 III IIHI 55 7 ·IIMI 15 OOI·fUK .11 11K

Clay IUId dlly loamy soils' 17-271l 7.7 1511·15tMI 5.15 .l·JIl KO 111 IIHI 55 7 711 2') 1101 0. ')11 III.l

"Alluyial soil, 2.1-22.11 II 2 21M) 15110 I>W .1·211 ')0 I~ IIHI 55 551l 27 Oil! 0 15 11115

Soils oyC, l:'anilc5 and gncis5cs 0.7 ··1 S.1l .111 ]IMI 151H) 711S J·15 1>11 III IlHI 45 7 711 2·1 /1111 0.14 11111>

00
Soib oyC, yokanic ,ock, 2.1 '1.1.11 5.') 51MI ·151HI nil S~511 11,11 !II 71H) liS III 150 41 011111111 1105

Soils uy&:, Iilllcslonc:s IUId calelll'COU5 rod.s U··21.1l 7.11 150 151MJ 520 J·211 ') 5 5 1511 511 770 2\ 11.111 ·1150 1I1111

Soils on !:Iadal lill and drirl 2.1 ·12 Il 1>'1 .IIMI 151HI 1M 5 ·15 '15 .111 1511 KO 15 511 21(a) OIl!·tUI> 11117

IjGhl dcsclI suils 1.2-1110 11.·1 .IIMI 21HHI K.15 .1-20 Ill./I III '!IMI W S.. JlMI 2·, OO! 0.12 1I111.fal

Silo, prairie ,"ib 211 12.1l 5 II !IH) 151Hl 'It,S .1 ·15 '15 !II II~ I 511 III 511 :!IlIa) Oil! (11111 1I1~1I.11

Chcmolellls and tl:u k pi iliric soils 1.9 ·2l.11 1111 IIMI JlHMI 5')5 .I·IS '15 15 DII 5S 111·70 27 o liZ 115.1 II III

Orpilic lipl soils <il.1-48.0 S.O 1(}-700 265 )-10 6.0 I lOll 20 1-100 IS 0.01-4.60 0.211

Nesl soils I.S-Ib 0 b.5 150-21HlO 50S 5-20 10.1l IS ISO 55 7-151l l7(a) lI.m -014 o (J(,(a,

VariutI, ,,,.1, <I,ll IJ.l Z 70 7ll .1IMHI 5W .1 50 III 5 'I 151HI 511 I .IlHI 2t> OO! I 511 017



TAIII.!: I. (CONTINI lEI I)

l:lclIll'lIb

Soil

Sandy suils and lilhnsuls un sand,lnnes

Ught ioarlly suils

l..ICSS and suils llfI sill dep..,ils

Clay and clay loamy suils

Rang~

7 - 2UIIU

50 ·IO()()

511 151NI

50· 2IMM)

Mn

M~;tn R;lnj;~

).15 <5 71l

4H1l 5 21MI

S!5 'i III

5HU 5 ~II

Nt

M~;tfl

1.111

2:! II

1/11

211S

Rane~

<111·711

<111-511

III .Ill

111·70

I'h

M~afl Il;tflj;~

17 IIIKI5 15

2U II II~ I !

1'1 1I11~ II I

!! • II I I 'J

s~

M~;lfl R;IIlj;~

II 5(;1) 5 IINMI

II J.I"" III 5/MI

II 2/,(.,1 :!II liNN)

II) l'i .IINI

s.

M~afl

125

1'15

111.\

I.!II

R;lng~

<5 ·11,1

211 11K

211 10"

!II !!II

ZII

M~;ln

·1011

'i'ill

5n

(0'/11

Alluvial suils 150 151M) 4115 I ~II 1')11
/

III .Ill IK • II I 2 II II 'i 511 "1m 2'/5 211 IIIK 'iK 5

\,()

Suils over &Jani.es and eneisses

Suils over vulcanic ruclr.s

1511 liMN)

JIM) ·JIMM)

. 5·111

H·IO

• 5 'ill

7 I 'ill

IH 5

.111.1)

111511

III 711

21

!II

·.11 I I 2,

II 111-;

11·1

II:!

'ill IIMNI

'ill IINIII

·1211

·1·1'\

III 12.\

III 1110

"II'i

"JK .\

Suils ove. Iimeslunes and calCaiCUUS "",ls

Soils on glacial.ill and d. if!

Ugh. olesen suils

Silly prair ie suils

Che.mll~llls alld dalk I'.ai.i~ "Ills

Or gani.: hglll ,uils

I',~e.....il.

Various soils

a. Da.a fur whole suil prulile.

'Ill :!IMM)

21M) 71M)

150 IIMM)

2011· liMN)

IIMI :!IMNI

'1 I ~tMl

1511 151MI

20-.lllClO

4"JU

475

JI,II

410

(.IMI

!(,U

h·l~

4'JII

.) III

II) .111

"1 1511

.) )11

111

w

liN'

d 1511

IK II

IK II

:!:! II

III II

I') 'i

I! II

!.! U

IU

III 511

1lI.l11

III 711

III .\11

III 711

III 511

III SII

< 111·711

"

171;11

:!I

! ILol

1'/

.!·I

2111;1)

20

III I I

II ~ II K

·111 I I

·111 III

·111 I:!

. II I I'

·111 I C,

<.11 I ,,"

II 1'/1..' I ~ IIKIII

II ·1 IIMI IIHI

11.5 "JU !IHHI

II .I 711 'iIHI

11.-1 "JU 'iIHt

II I -; liNt

II·' 211 ~INI

1l.J I 7· IIMMI

I 'J.\

1'/11

·I'HI

! I 'i

1"10

1111

1511

21M}

III Ill{.

.1/ 1.11

!, 1,\11

.111 KK

:!II 2·11,

., IIiK

:!.'i 1.,5

1.\·.lfMI

~1I11

/..1111"1

'i! 'i

5·1 '1(;11

HI)

1111

·I~ 11."

7.1S



TABU:: 2. AVI:I(I\(:I: I{Af'!l( iE AND I.OW· TO N()·I:I+I:CT I.EVU.S (II: SI:I.I:Crl:IlIt!( )1« iANICS
IN SI:OIMf:NTS AND SOII.S (lIlb/kg UNI.ESS OTIIf::RWISE NOTED).

Media and source Ali As lIa e,1 Cr ell h'~' IIIi Mil Ni I'h .ZII

SEUlMENTS~'

Non·polluled. Grelll Ulkcs '" <J dll .... ·d5 <!5 ..:17 dO <.\(MI <!II ,.1lI <')11

(U.S. Aimy Corps of Engineers 1911)

No dfect kvd (Persaud el aI. 1989)' -- -IU O/) 2~ 15 !tI 01 -IIMI 15 1.1 h.~

0.5 II .. I.() )) 211 . - 0.1 _. -. 21 (,II

E((eClS range low, marine sedimenlS 1.0 11.2 .-. U III J.j 015 - - 211.') -1(,.7 1511
(Lonl el aI. 1995)'

No adverse biologicll1 crfecls, maline lJl 57 51 2hll JI)II 0-11 ·150 ·JIlI
sedimcnls (WOOE 199\)'

Control sedimenls, Soulhcrn California 0.06-2() ) IS II.(MII- ! 6.5 -III ! K.lo <I 0 <21111 <11111 <1110
(loU d aI. 1989)'

COIlUoi "dimenls, Pugel Sound 12 ) IS .II 111 ..1 :?II'J III 511 1I11:! IIU 1.1.11 II
(Lee: d aI. 1989)'

Conuol sedimenu, ViMluina Uay () 55 11-17 I') J hi 1·15 5 .~ ~l, .1
(Lee:d aJ. 1989)'

No dfectlhreshold. freshwaler - .I.ll '112 55 !K 11115 15 ,-!,I IeHI
sedimcnlli' (Envlronmcnl Canada 1992)

lowesl dfect Ievd. freshWaler scdilllClI1S 0.5 /) tlb !t, Ih II ! ~(,II 110 .11 I!II
(Persaud eul. 1992)

0 11Irc:shold erfeL1 levels for freshwalcr - 51) ... O.5'Jb J7.) 157 1117-1 11111 :150 I! \.1
sedlmcnlS (Environmcnl Canada 1994)

11Irc:shold effect levels fOl marine 0.13 1.2-1 lI.b1/) 52J 1111 01.1 -- IS.'! .Ill! I!·I
sedimcnlS (Environmenl Canada 199-1)

ECfeClS range luw, frcshwaler IIngersoll el - 13 ... 0.111 .\') -II !II 1JII 2·' 55 I III
aI. 1995)

SOII.S h:unlwl values)'

Average and common rangc in natural 005 5 ·1111 lI0h IeMI ttl 1111 hlMI -III III ~II

sDib; (sulilllwiud in Shields 1')88)
Ci.OI-5 01·-111 IeMI .\5IMI· 1I111· 7 5-.\CMMI ! IeMI lilli-ilK IeMI·-IIMMI 5 .. lolHl ! l(HI III .IIMI

AverDr CtIllccnlraaion in cal1h'~ crusl --. 11.5 51MI II I 112 100·)011 711 5 O.S K511 IKII 211 21MI
(Mere 1989)

Avcngc ooncenlnllion in earth's cruSI 0.01 I.K -125 0.2 100 55 5bJ II.OK 9511 15 125 111
(eRC 1992)

Rclaaive ;l/lundance in ~ui" ()CIS /)tI II )5 711 .1·1 ·1 II IIMMI 511 .I.~ ~JO

(Martin and Whilficld 19K))

a {"ulll",1 VOllu.:s apl"n.illl;'I" IlOlIlIlOlIIt;..-l,:,,""ltl

It Nu l'lh.'l'l "'I~'I~ Iu lIu 1I1,'a'lu;,hll' fllIl'.h • h_ h.-IIlhit l'lr....... llh \, ... II I' \ 1', •.•• 1,.• ·.• ·.III'h·llb \\ III. ',1.11.',1 k\.-I .....I 111.1.11.



J !:!ood source of aerial photolmlphs for hazarc:.:s
waste site assessmenb Information on soil SUf"\'~:- 5,

aerial photographs. and other sources that mJy :~

useful for identifying soil types and land use In :;-,~

United States is presented in Table 5.

PART A

COMPARING THE CONCENTRATlO~SOF
INORGANICS IN SOILS,AND SEDIME~lS

AT HAZARDOUS WASTE VERSUS
BACKGROUND SITES

SOILS

Step I-Evaluation of Land Use Histor~' and
Existing Data

Purpose: This effon is designed to identify land
use history both on and near the hazardous waste'site
(i.e.• within the air and watershed connected to

The objective of Pan A is to determine whether
hazardous waste site-related activities have c:lUsed
an increase in the levels of inorganic conwninams in
soils and sediments compared to background
concentrations.

Approach for Establishment of Background
Reference Values

The approaches described in this document. ,'or
the most part. combine discussion of issues gen~nc

to soils and sediments. However. when waITJnted.
attributes unique to the two di'fferent media :lre
discussed in separate sections. One such sec::on
discusses sediments that require sampling lhrc;:gh
overlying water.

Several large projects have been conduclec ,0

address the issue of characterizing background se,1l
concentrations. For example. the Oak Ric5!e'
Reservation (a U.S. Depanment of Energy faciEt")
conducted a background soil characterization prolecl
to establish a database. to recommend how to use :.'1e
data for contaminated site assessments. and :0

p;ovide estimates of the potential health ~!'ld
environmental risks associated with the backerot:nd
level concentrations of potentially hazaro0us
s]r\$rtLUeuL$ (see 'fable 3. QRNt 1993). This source
provides a detailed approach for those faced with
conductin2 a detailed back2Tound investi2ation.

r • -

Jgricultural application Of pesticides or sewage
sludge. and' by emissions from motor vehicles. In
urban areas. sites may become contaminated by air
~missions 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 i

. waste site. Table 4 provides a review of some of the
more common agricultural sources of inorganics
associated with practices such as sludge. pesticides.
:l:Ild 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 area wjth high agricultural chemica!

. usage. elevated bac'k2Tound concentrations of
arsenic. bromine. lead. vanadium. and zinc could be
~.'(pected. Todetermine what background concen­
trations mIght be without the Jgricultural
contribution. the investigator needs to rely on some
investigative skills. These skills are detailed in Pan
A of this document.

.-\ccessing Data and Methods for Establishing
Background Concentrations

The previous discussion presented information
on ranges of background concentrations that could
be expected for inorganics of greatest concern at
hazardous waste sites. .~dditional information
sources that should be consulted include soil
scientists from the NRCS and county extension
J2ents who mav have conducted soil survevs that
describe the natyral soils' physical. chemical. and
bjplgiical status. However. many of these surveys

-were conducted for purposes such as mineral
development. farming. and SO,il conservation: the.u
data focus. on properties of soils. The NRCS:ft'
maintains the SOll..S-5 data base that provides'
attributes of soils (e.g.• texture, pH. CEC, salinity,
clay content) that can be accesgrl at the 'oca' NBcS .
Office or through the NRCS Office of Technology,
Cano ra hy and Geo hie Information S stem
Division at _ 447-5421. Many data sets are

available on World Wide web (WWWl;, The U.S.
Geological Survey (USGS) Global Land Information
lGLD system is another source for most land-based'
data and can be located on WWW at hnp://
~dgywwcr.us8s.gov/glisiglis.htmJ. The AWcu1iU@
stabilization and Conservation Service can also be

11



TABLE 3. INORGANlC CONTAMINATION OF SURFACE SOILS. AVERAGE V.-\LL'ES
FROM VARlOUS ANTHROPOGENIC SOURCES IN THE UNITED STATIS

(PPM-OW)' (SOURCE: KABATA-PENDlAS AND PENDIAS 1984).

·,I

Element

A~enic (As)

Cadmium (Cd)

Cobalt (Co)

Copper (Cu)

Lead (Pb)

Mercury (Hg)

Zinc (Zn)

.:l. Equivalent to mglkg-OW.

Site and oollution source

Metal-processing industry
Application of arsenal pesticides

Metal-processing industry
Urban garden
Vicinity of highways

Mining or ore deposit
Metal-processing industry
Roadside or aiIt>on area

Urban gardens. orchards. and parks
Sludged farmland .

Metal processing industry .
Urban garden and urban vicinity
Roadside soil
~on-ferric metal mining

Hg mining or ore deposit
Urban garden. orchard. and parks

Non-ferric metal mining
Metal processing industry
Urban eardens and orchards

Mean or ranee of content

10-380
31-625

26-160
0.02-13.6

1-10

13-85
42-154

7.9

3-140
90

500-6.500
:!18-1 0.900
960-7.000
15-13.000

0.1-40
0.6

500-53.000
155-12.400
20-1.l00

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 detennined by
examining available records and by interviewing
pe~onnel familiar with the site. This information
can be used to assess the types of contaminants
associated with past operations that may be of
concern and may be compared to Appendix IX.
Superfund and Priority Pollutant Compounds•. lists
which identify the inorganic contaminants of
concern. E.valuaQoQ of site history can provide,
im nant data when detennining those compounds
for which background concentrabons n to be
established. For example. if releases· of.cadmium'· .

and lead are suspected at a hazardous waste site ~nd

. the site is located in a beayjly industrialized ilTeil­
there is high potential that metals like mercY,\, h;ad
and cadmium may be present and eleyatc;d in soj!s
and sediment from off-site contributions. An initial
evaIuauon of on-site data should be sensitive to the
iSsue of elevated ,~ackground· so that oif-site
contributions can be properly accounted for.

Another advantage. of evaluating t:xisting
hazardous waste site data is to determine if pre-site
operation values are available for inorganics in
sediments or soil. These data can be obtained from
site records or other existing sources discussed later.
in this paper. NRCS soil surveys should be checked
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 agricultural

12



TAII1.E -I .. A(i1UClJlTlJl<AI. ~()lJl{CI:~ OF INOIHiANIC CONTAMINATiON IN ~Oll.~ Il'l't\·1 I>W)·
IKABATA-I'ENDIAS AND PENDIAS 19IH).

Element Sewage sludges Phosphate fertilizers l.illlcslnnes Nilrogen fCrlilizers Manure Peslicides «};,)

As 2-26 2-1.2()() 0.1-240 2.2 120 3-25 22-60

II 15 -J,I)()() 5 115 10 1I.3·0Cl
Uil I 50-4 .000 :200 1211 ·2511 nil
He 4-13 .1

IIr 20-lbS .l :i IK.") JIll 1(, ·11 . 20 Wi

Cd 2-1.50() 0. I 1"111 tl.(~ll1. I 11.(15 n.5 11.3 II.H

Ce 20 211 12
Co 2-260 1-12 n.·1-3.n 5." ·12 0.3-2·1

Cr 20-40.600 66-245 10-15 ).2-1~ 5.2-55
CII 50-3,300 1-·3()() i-125 <I 15 2-611 12-50

F 2-740 !I,500-3t1.1I()() JOO 7 ItI-45

Ge 1-10 - 0.2 II)
fig 0.1-55 o.() 1-1.2 0.05 II.J -2.'J 11119-1I:! IIH--t2

In - - J.I
Mn bl)-3,'JIK) 40-2.IIIKI 41)-I,20() 311··5511
Mil I -.J II O.I·bll 1).1-15 I ./ II.IIS .,

w ,
Ni I u-S.3110 7·]1{ 10-211 -/ J.I 7.tI-31)

Ph 50-3.IX)() 7-·nS 20-1.2S11 2·27 6.6-15 611

Rh . 4-9S 5 3 0.116
Sc 11.5-7 7 .. JIl I S
Se 2-9 O.S '·25 ll.OtI-O.1 2.-1

Sn 40-71)() )··I'J O.S-4.11 1.-' . 111.11 3.t!

Sr 40-360 25 ··SOIl 610 tlO

1'e - 20D - 0.2

U - )O.. )I)()

V 20-400 2-1 ,bOO 211 - 45

Zn 70Cl-49.(lOO 51~1.4511 1lI-450 1·42 15-250 1.3-25

Zr 5-1)0 SII 20 5.5 -,

il. ElJuivalent In IIlgllq;-I>W.



TABLE 5. SOURCES OF U'.!"J=ORMATI0N FOR IDENTIFYING SOIL TYPES. LAND eSE.
:~ND DETERMINING BACKGROUND LEVELS OF INORGAl'{JCS IN SOILS

.~'\ffi SOME SEDIMENTS IN THE U.S.

Supporting background'
Source information Locations Contact point

Bureau oi Llnd Provides data on areas in the country "Iostly BLM Service Center
"1anagement-BL:-'1 that have naturally occurring '''''estern U.S. Denver Federal Center

substances that pose a hazard to Lakewood. CO 80225
humans or the environment. (303) 23f>.0142

~ ~ational ParK Service Inventory and monitoring oi trace \,'ationwide Local NPS Headquane~

(NPS) levels oi inorganics in soils in narural
lIeas.

*" C.S. Geological Several repom on the concentration or' \ationwide \Vater Resources Infonnation Cer.::::

Survey inorganics in the environment: • I 703) 648-6818

3ackground geochemistry or' some \ationwide \ational Technicallnfonnation Sc;.·::
:oco. soils. plant. md vegetables In ' "TIS)
:he contemunous U.S. "Geolo~cal l·.S. Depanment oi COmmUnlc:lllo~.
Survey," proiesslonaJ paper 57J-F. ,703) 487-1650
1975-Summary oi determination
between narural and anthropogenic
~ontnbutions-showsnarural values
vary widely and are highly site Specll!C

lIld regionally dependant.
I

..1Jl accounting of pesticides in soils "lidwest :"oTIS
md groundwater in the Iowa River
Basin. 1985-88 (IA 86-055).

C.S. GeolOgical Aerial photographs oi sites. \ationwide l·SGS. Salt Lake City ESIC
Survey 8105 Federal Bldg.

1:5 South State SI.
SJ.lt Uke City. lIT 84138-117i
I SO I) 5:!J-56521Fax: (801) 524·65 ...·:·

~ L'SDA-Agnculrural ..\erial photographs oi current and :'oiationwide ..1,SCS/SCS
Stabilization and :revious land use and soils types Aerial Photography Field Office.
Conservation Service ·.~Iuding erosion potential. P.O. Box 30010
I ASCS/SCS) Salt Lake City. lIT 8413D-OOlO

(801) 975-3503IFax: (801) 975·3~::
)

:'oiational Ocean Coastal and Geodetic Surveys Coastal areas Sational Ocean Service
Service (NOS) including aerial photographs. Coast and Geodetic Survey Support

Sec. N/CG236
SSMC'3. Rm. 5212
1315 East-West Highway
Silver Spring. Mi> 20910
(3D\) 713-26921Fax: (301) 713·~:
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TABLES. (CONTINUED)

Supponing background
Source infonnation Locations Contact point

\'ational Archives Series oi infrared Landsat photographs Sation..... ide \'ARAfNASC
Research Administra- for mid-1970s by state. \ational Air Survey
rionlNational Air ~321 Baltimore Ave.
Survey Bladensburg. MD 20710
i :-.IARAINASC) DOl) 927·71801Fax: (30\) 927 ·5013

~ C.S. Forest Service· Often have data on trace elements as :'>iationwide :"earest FS experiment station
IFS) pan of soils inventory and mOnitoring

program.

.. U.S. Depanment of Collects and publishes data on trace. \ationwide :-;earest DOE office. EnvironmentJi
Energy (DOE) metals and radionuclidl: concentrallons \lonitoring Division

around DOE facilities and for
reierence sites.

1# Oak. Ridge National The background soil charactenzation Local • D.R. Watkins
L.1boratory project prOVIdes backgrouna leveis or' Roane Oak Ridge Reservation

selected metals. organIc compounds. County. T>1 Environmental Restoration Div.
ltld radionuclides in soils from P.O. BOll 2003
uncontaminated sites at the Oak. Ridge Approach Oak Ridge. T:'I 37831-7298
Reservation. Also a good approach for useful ,615) 5i6-9931
eval~ating background for use in nationwide Sec: rei. ORNL 1993.
baseline risk assessments

\'ational Climatic Provide data on wind roses and climate :"Iationwide L'ser Service Branch
Data Center parameters ior most areas of the .~sheville. SC

country. (704) 2S9.Q682

EPA '.iost complete source oi data that :-lationWlde EPAl54Q/1-861061 (EPA 1986)
includes EPA and other Agency
iniormauon on Hazard 10. Dose-
Response. and Risk Ch:tractenZ<1tion.

STORET (physical and chemical EPA Office oi Water and Hazardous
parameters in soils and sediments). '.iatenal

(~02) 382-n:o
Commercial product-more user
friendly, Earthlnfo: (303) 938·1788

Journal Anicles Can provide local. regional. or national Local to Selected references: (1) Metals in
background concentration values. Can :-lational Determining Natural Background
be accessed via li~ture searches. but Concenuations in 'Mineralized Are3S.
usually need to be searched by element 1992 (RuMells et aI. 1992). and (2)
or media. Sediment Quality and Aquatic Life

Assessment (Adams et aI 19921.

15



'agents and state. county. and federal environmental
quality officials are also sources of infonnation 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
good source of chemicals used or stored in the local
:irea EPA's STORET data base should be checked'

Step . ~Establishment of Data· Quality
Objectives

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 described in
"Standard Practice for Generation of Environmental
Data Related to Waste ~1ana§:emept :\qjyitjes.:
Development of Data Quality Objectiyes" (ASTM
l.2.2.22 and is summarized in a companion issue paper
titled. "Characterizin§: Soils for Hazardous Waste
,Site Assessments" (Breckenridge et al. 199U. 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
~995). is helpful in discussing the rote of statistics in .
the D 0 rocess. This document has a companion
PC-based software program to e p support t e
document. 'Since this IS deSIgned :.lS a hvmg
document." contact the Quality Assurance Division
[Fax number (202) "'60=+3461 in the Office of
Research and Dsve!opmc;nt 140 I M StreS[ S W
WashinlZton. D.c "'0460> !O obtain Jbe Ijl!rst
\:,wwJl.

Step 3-Detennining Sample Location and
~umbers to Collect

Purpose: The purpose is to design a statistically
valid approach that yields representative samples
from areas of concern and from background areas
and to, factor judgement (bias sampling) into
selecting sampling locations to max~mize 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 i~vestigatorneedsto

discuss the DQOs wnh a statistician to sei~c: ::-,=,
appropriate design. 0iumerous design options ::e
available. ' One option is for those areas where ::-,e
sites' soil and sediment matrix and djstribu!JOo pr'

SUSpected contaminants appear tp be bomo-~enecus,

Establishing a consjstent grid (i.e.. svstematlC
sampling grid) across the entire site and sampling at
set locations should provide a reasonaole
characterization of the contamination values across
the site. A second option may apply if certain pans
of a site are suspected of being contaminated due to
historical use [P this Pl!iC bias Sampling or
intensifying the grid in highly suspected areas couid
be considered. This approach maximizes ihe
'pos~ibility of detennining whether contaminant
concentrations at a site are above background an~

minimizes the nsk of not taking action :lot.a
hazardous waste site. .

There is a wealth of guidance on soil sampitng,
One document thaI is useful because o~· its co\'er:lge
of soil sampling methods and design for reducliig
various sources of sampling error is mied.
"Preparation of Soil Sampling Protocols; Samolin£

-Techniques and Strategies" (EPA 1992c).. This
document also provides information for those
uncertain about sampling design options :lnd
(amposite collection techniques.

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

Point A~Fora given site. there may be s~\'er:ll

areas of concern based on known or suspected ~ast

site activities. Once these areas are identitied. .1

sampling plan can be developed. Historical data
should be identified and evaluated early in .the
process to detennine their use in identifying areas of
concern or if the entire site needs to be sampled.
Historical and land use information identified from
Step 1 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) should 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 .
identify if the pH of the soil is in a range to mobilize
contaminants. In acid soils, (pH <6.5). inorganlcs
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Cation Exchange Capacity (CEO: The :lcliity

of the solid soil phase to exchange cations is one or

the most important soil propenies governing

movement of inorganics in soils. In genera1. the

CEC is related to the surface area of the sods and

sediments (Kabata-Pendias and Pendias 1984). Soils

and sediments that have larger surface areas I ~_g_.

clays) have a greater CEC. while those with smaller

surface areas (e.g.• sands) have a lower CEC.

Transport: The transpon of dissolved or

colloidal inorganics takes place through the soil

solution (diffusion) and with the moving soil

solution (leaching) (Kabata-Pendias and Pendias

1984). Investigators should be aware that in cool.

humid climates. morgamcs generally leach

downward through the profile; in warm. drY climates

and hot. humid areas. the movement is often upward_

However. specific soil properties, mainly the sojl's

CEC and moisture availability. control the pIe p(

migration 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. 1f the site

has excavations or steep depressions. sample points

along both sidewallS and the base of any excavations

should be included in the grid. If samples are

collected from excavations. similar soils (i.e .. ~ame

depth. type. and honzon) should be sampled r'ro~

the back.2t'ound site for evaluation. However. soils

are hete~genous and-spatial panerns 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

propQrtional to the size of the area for equal

weighting and be equal to or ~r than the

operable unit (discussed earlier). One of the

followjng eQuations max be used to detenrune g d

ijueryals for three different size categories (Michiean

!22J,h):

I '

such as zinc. manganese. copper. imp cgba!! agd

boron are easilv leached. However. if soil pH is

above 7,0. these inorganics fonn stable compounds.

Other inorganics. such as molybdenum' and

selenium. are mobi~zed in alkaline soils. whereas in

acid soils they become almost insoluble. Thus. eH

and contaminants of concern need to be factored inlO

the selectIon of samphng depth In soils,

Soil Texture: Most soils are a combination of

the follOWing grain sizes:

Medium to large grain size material 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 srrain interstices.

due to low cation exchange capacitv and low

capillary action. InvestigatQrs shoyld look fer
- surface staining and consider sampling at deeper

depths.

Fine sands' tQ 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 material

layers and larger grains. or where fine sand lenses

are mixed in clay soils (these often form conduits for

contaminant movement).

Clavs are fine particles and possess a net negative'

charge. and most have high cation exchange

capaclUes. This may cause heavy metal cations

(e.g.• Cr:g. Cd·2
• Pb·2

) to adsorb to the clay surface.

Clays also form large cracks and fractures due to

shrink/swell and freeze/thaw effects. Investigators

shQuld look. at the profile in clay soils to determine

if inQrganics (e.g.. iron and manganese) have

oxidized or been reduced in fractures causing a color

change (e.g.• under oxidation. iron changes to a

redlyellowlbrQwnish color compared to the namra!

'bluelgraycolor). 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

conwninants. Special attentiQn should be given to

sampling layers that have excessive organic carbon

(e.g.• darker SQils. upper soil layers. peat).
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..; AJ1t = G I
~

I A1t = GI
~GL

where:

~1edium sile
(0.25 to 3

.acre)

Large site

(>3.0 acre)

(3) .

Grid systems are useful but have limitations. An
option is to select a sampling area that is equal to an
operable unit (Le.. 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.

GI = grid interval
A = area to be gridded (in square feet)

GL = length (or longest side) of area to be
gridded.

For example. for a I.S-acre site (the longest side
being 280 feet). and given that 1 acre =43.560
square feet. substituting values in Equation (2)

above. we have:

Point C-After the grid "ojp[ interval is
determined. a scaled grid overlay Can be made and

- ~penmposed 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 gridorientation
maybe necessary for unusually shaped areas. Also.
the site can be subdivided with different calculated
grid intervals so that proportional sampling can be
intensified for suspect areas. sucq 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:

/65.340/3.14
4

36 feel belween gnd points

Point D--Several options exist for collecting
samples: (a) collect a sample at all (or a minimum of
four) grid points as discussed under Point B. (b) use
the systematic random sampling approach rejerenced Jj
in SW-846. Third Edition, Secrjon 9 J 1 ~ ~ or~
(c) use a stratified random desjgn wjth an jmeOSlIjed
grid for suspected problem areas. The seiected
number of sample locations are detemtined by
sampling objectives. number of analvtes to be
evaJuated per sample. the analytical techniques to be
used. and budget constraints.

Point E-The detemtination of depth sampling
increments are dependent on DQOs and the capacity
of different soil layers to hold (sorb) metals.
Recommended depth samplin2 increments jl[e for
the following: clay and organjc SOils on-sire Q" ~ [Q

0.5 feet or by major horizon: silts and loarns I 0 [9

2.S-foot intervals or by mast~r ho;jZX~'1;;;:5
1.0 to 5.0 feet. Die selecu~m L2
increments also de nds on the sus ted amou

. contamination released. mobi ty of contanunant.
amount of water or hquid available for trans
(e. '. , amples collected
rom specified depths can be either single or in

multiple replicates. depending on the statistical
method used for background data comparison (see
Step,S). ,bt locations where soil type is the sam~.

compositing' can be considered to save costs and
more preCisely esumate the mean valve. However.
compositing may be a concern if the data are usea
for future enforcement purposes.

Point F For a background site, a minimum Of
fS?UT samples CQllsgcd from the sams soH tllV are
needed to establish· "background" concentratiop fQr
a soil tree (Michigan 1991a). These sample
numbers will help account for narural constituent
occurrences and inherent variability (i.e.. range)
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figure 3. Approach for sampliDi sita when compar­
ison is n~ed between major soil horizons
or layers within a soil type.

Purpose: The 'objective is to· determJDe 1[

concentrations of inorganics from a hazardous waste
site are elevated compared tathose from a back-
2round,site. --. --- . ; .. :;: '. . .

Approach: The following discussion outlines
some. basic. statistical concepts in the context or
backiround data evaluation. A general statistics
textbook such, as Statistical Mtthods /or

.Environmtnral Pollution Moniloring (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. ~
~proaches presented here have been adopted by the .

We of :gan (MIchigan l~. 199* ilJJSl
mOdified on Die aulliors' expenence. Theyare
readily understandable and easy to use. However. it
is recommended that investigators consult a

consideration must be given to the mobility C'l ::-:e
contaminant and texture of the soil.

Step ~ample Collection, Presenation.
Handling, Analysis, and Data Reporting

, ,

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

,methods.
, .
Approach: The following is the recommended

approach:.

1. All sample collection. preservation, preparation.
handling, and analytical methods should follow
standard methods [e.g., U.S. EPA SW-846. "T~st

Methods for Evaluating Solid waste.
Physical/Chemical Methods" (EPA 1986)). rt is
important that all samples are handled USlDg

comparable methods when preparing for and during
analysis. For example. using different digestlon
methods can change results significantly. '

I 2. For inorganics it is recommended to yse jl IQ!hlj
metals procedure with results reported in m2lk2 (or
percent tor tron) on a dry weIght basis. This
rrumrruzes aadmonat sources of vanauon. ~iOC~

these constituents are often natural~CUrrin2.1£
.assess the bioavijliQility of m~ jnan031c
sediments, acid volatile sulfide and simultaneousl\'
extracted metals should be detenmnea:ml Toro ~t
aI. 1990, 1992) .

Step S-Statistical Comparison of Hazardous
Wasteand.Background Sites

4 'samples

4 samples

GROUND SURFACE

2nd major horizon-Lt. brown
silty fine SAl'lD

3rd major horizon~raysilty -+ samples
CLAY w/trace of fine-medium
sand

1st major horizon-Brown
medium,oarse SAND

Point H-Wind rose data can be used to identify __
background sample locations 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 airborne deposition is the primary
method of contaminant release from sites in arid
environments. the investigator should focus on
sampling the soils near the surface. However.

Point G-Background samples should be taken
from areas unaffected bv site activities. If similar ,
soils cannot be found in areas unaffected by site
;lcuvities. possible locations for determining back·
2round are areas on-site. such as under stationarY
objects like storage sheds or porches. large flag'.
stOnes, and old trees.

within each distinctive soil type. When 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
backsrround site and the hazardous waste site. If site

.envi;onmenW conditions have resulted in leaclllii2
of contaminants into the soi1prpfjle the major sojl
horizons (i.e.. O. A. and B) for a soil type mav need
10 be samoled at both the contaminated and,.
background site. If the site is sampled by major
horizon, a minimum of four samples should be
collected from each horizon) (see Figure 3). Sample
size fe.g., weight) at all locations at the hazardous
waste and background sites should be the same.
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statism;:ian to assist in the design or review or a .
sampling plan pnor to collecung samples.

I. Careful consideration must be given to me
selection of a statistical procedure based on sile­
specific factors. These include the size of the
background data base and the number of samples
available for comparison. variability of soil type. and
coefficient of variation of data. The following are
some statistical methods that can be used if data
from the site fC)Uow a nonnaJ distribution. Some
environmental sample sets are nonnally distributed.
However. the majority of environmental contamin­
ation data sets are not nonnally distributed. Some of
the more commonly used tests of nonnality are
presented in Table 6. Tests should be conducted on

all data to determine if the data meet the assumctlon
of nonnality. If the data are not no~aiiv
distributed. log or other types of transformations...
should be conducted to approlUmate normality Dnor
lO using the data sets in statistical comparisons, such
as Hem or analysis of variance procedures
(ANOV A.l.

If the data cannot be normalized. additional
anention needs to be given to selecting appropnale
statistical tests. and the situation needs to be
discussed with a statistician. Special statistical
consideration may be warranted if samples :ll'e
composited and the data are needed to su!'port
regulatory requirements discussed in Pan B,

Statistical Methods Guidance i

Basic

Statistical ,Jrfethods for Environmental PoilU/ion Monltorzng, Van Nosrrand Reinhold Company (Gilbert 19~~·

GuidJ:mce jor Data Qualiry Assessment (EPA 1995)..

Soils Sampling Quality Assurance Guide (EPA 1989d),

GuidJ:mce jor Conducting Remedial Investigations and Feasibility Studies under CERCLA (EPA 1988).

EPA's Guidance Manual.' Bedded Sediment Bioaccumulation Tests. pp, 82-91 (~e et al. 1989),

Statistical Guidance for Ecolog)' Site Managers. Washington State Department of Ecology (WDOE 1992),

Risk Assessment Guidance for Superfund. Volume I: Human Health Evaluation Manual (Pan A). pp. ~·S to ~-; I)

(EPA 1989c).

Advanced

Estimation oj BacJcground Le~'els oj Contaminants (Singh and Singh 1993),

Statistical Analysis oj Ground- Water Monitoring Data at RCRA Facilities (EPA 1992d),

Background and Cleanup Standards

Methods for £vaiuming the Attainment oj Cleanup Standards, Volume l,' SoUs and Solid Medic. (EPA 1989b I

I detailed statistical discussion).

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

the most relevant Statistical information,

figure 4. StatisdcaJ Methods Guidautt.
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TABLE 6. TESTS FOR EVALUATING NORJvtALITY OF DATA SETS. SOURCE: EPA (199~'

Tesr Sample Size IN) ~otes on Use Reference

Shapiro Wilk W Test $ 50 Highly recommended Gilben (1987)
EPA (1992c)

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 Madanslcy (1988)
SmirnoffTest are not available

Coefficients of Skewness > 50 Useful for large sample sizes EPA (1995)
and Kunosis Tests

Geary's Tests > 50 Useful when tables for other tests EPA (1995)
are not available.

Coefficient of Variation $ 50 Use only to discard assumption of . EPA (1995)
Test normality 'quickly.

Chi-Square Test Large: Useful for group data and when Introductory Sl:ltlS;::;
the companson dismbution IS Booles
known.

'By order of Recommendation.
'TIle necessary sample size depends on the number of groups formed when implementing this test
Each group should contain at least rive 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
contamjnant cqncenrwciqD gr the hazardous waste
site and background site. The alternate hYpothesis
would be: The mean concentrarion (or the
contaminated sire is di trent rom that 0 the
ac groUnd site. If parametric StaDSDCS are used for

thiS assessmenL such as a,t-test or ANOVA. the daIa
can be· normalized to selected' QaraIDc,ca (e &.a
o!!y"c carbon. panicle size). Man parametric and
non- arameuic .. . 0

ompare a back und site with one or m re
waste sites. A variety of such procedures

are reviewed in Lee et al. (1989), EPA's Risk
Assessment Guidance for Superfund. Volume J
(EPA 1989c). and EPA's Guidance for Data Quality ,
AsseSsment (EPA 1995). The latter ~,ource provides
examples and a discussion of most of the tests
needed to conduct comparisons between data sets.

a. Empirical Rule. (Note: Many of the folloWing
calculations can be performed using calculators that
are£reprogrammed.) Uss mean ex,) and variance
(Sb) of background concentrations to esiabhSh an

upper limit"for delineating si2nifi·:=:.nt
concenrrauons. such as:

ti\ Calculate the background mean (XII) by diViding
~ sum of the total baclcground readings by the :otal

number of background readings for each eleme::: or'
concern:

X, • x~'" . :ell

n

Gi) Calculate the background vari~ce {S;: by
taking the sum of the squares of the difference
between each reading and the mean. and dividing
by the degrees of freedom (the total number of
background samples minus one):

- , - , - ..
S- = (Xl - x lI)- .. (~ - x~)· ..... (xn - .'(,J"

II n-1

l"'3))Calculate the baclcground standard deviation 15~)¥ taking the square root of the variance:
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s; (variance) • ( 156 - 33.5)l • (2.5 - 33.5)l • (\8 - 33.5)l

, (35 - 33.5)1 J /3 = E!. • 273.67
3

Sb (standard deviation) = v'S: = ';273.67 = 16.5

Cy -fi . f .. Sb 16.5 0 9(coellclcnt 0 vanallon) " - " - = .4x 33.5

The test for a single outlier in a nonnal sampleI.
with the popUlation mean and variance unknown
(Barnett and LeWis 1994. p. 218-222) is appropriate
for the above identified sample. The test staQsric is:-Xmall -:; 56-33.S

--- a 1.36
S 16.5

~) The Coefficient of Variation Test (CV) where
CV =S. / Z. is used to evaluate data distribution. Ills:­
background data should have a Cy Of less than 0 5
for sandy soils. less than Q 75 fpr finer soils. or an
explanation aCCQunting for hj~hercy yaiues .J:bs..
maximum recommended CV is 1.00. If the data
distribution exceeds a CV of 1 00, then a thorougp
evaluation should be made to accoynt fpr thjs
"N'iabilirv (e.g., laboratory QAJQc, soil
classification, Sample location, outlier classjfication,
and sample 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.

There are several classical procedures (Gilbert
. 1987; EPA 1995) and robust outlier tests (Singh and
~ocerino 1994) available in the statistical literature.
Consult Outliers in Statistical Data b Barnen d
leWIS or a tull account of this issue.
Outlters orten distort staUStlcaI estimation. and
resulting inferences and can lead to incorrect
conclusions. The solution is to consult a statistician
who understands outliers and kgo u

• c; how to yse
robust procedures to identify multipll:: outliers.

If an outlier IS 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 mgikg. The investigator wants to examine
the data set to determine if the 56·mglkg sample is
an outlier. The summary statistics for these samples
are:

.'(~ (mean) 56 - :5 • 18 • 35 = 33.5..

The theoretical cut-off point (Barnen anci L:'.\ IS

(1994), Table xm. p. 485) for ex = 0.05 is ;.':6.
Since the calculated value of the test statistic I 1.':6)
is less than the theoretical cyt=9ff pojm (1 46), l!:e : 5
mg/kg sample is not an outlier.

Background concentrations should be detenrJnea
for major soil types at the hazardous waste site. If
this is not feasible, then a mean back2Tou~
concentration should be determined on the SOli r.pe
at the hazardous waste and background sites WIth the
lower absorption capacity (usually the; silndjest snU)
and those with the higher abS9l:ption c:macitv
(usually silts and clays). The finer-texture soils ISlitS

and clays) will usually sorb the most contaminants
and provide a good value for comparison. ..!f the
mean concentration from the fine texwred soils irom
the hazardous waste site is above similar values ior
the background site. there is a high probability that
the site is contaminated.

..Once a mean backitoynd concentratlo:1 :5

established, similar statistical tests shouici '::'e
conducted on the data from the bazamous waste me.
After the data sets have met the assumptions ior
normality or have been corrected (see Figure 2), :.hen
statistical 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. ine
Gosset Student T·test has good application \\ hen
comparing background siteS to potentially
contaminated sites (Michigan 1991 a).

e, Cochran's Approximation to the Behrens-Fi5ner
Student's t·test. Thi~ test is also available ior
evaluating background variance versus exceedances
(i.e., contamination) as referenced in 40 CFR
Pan 264, Appendix IV. Note that this statistical
comparison method does~ 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 backFund concentration
(x ) Ius three standard deVWlODS <3S com nses
a reasona Ie maxImum ow e or upper limit..-
2. Procedures for non-detcct values. If more than
50 percent of the background analytical values are
below the deteetion limit (DL), either of the
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["allowing procedures couid be
preceding statistical methods:

SEDIMENT

Step l-Collection of Available Data for Use as
Background ~efereDceSediment

:.,,. .•.. , ._~ ".:,,: :.~.~ :..: •.. : .!':'''l~'..

Prior to implementing a sampling and analysis
project. an effon should be made to determine
whether useful background sediment concentration

9. . Is the quality of the data acceptable?

The levels of metals in sedimentS are stron!!lv
. rel~ to total organIc carbon and sediment panicle
size;Yhil~C contaminants an sediments are,
rei, r4 pri!!!!!LJ9 totalOrpnjc ca&m. The higher
the level of organic carbon in a sediment. me greater
the pOlential concentration" of non-ionic organic
contaminants. "For ~e~s, the finer the panicle si~

aodthe higher the organic carbon;, the greater the
potential for accumulating metals.- .Toxic effects are
less likely as the organic carbon content in~reases ior
a given non-ionic organic contaminant level. For---

data are available: Samples may have been colk::e:J
at the same site prior to the contaminated source, 0f

data may have been collected at sites upstream cy
the state. EPA. USGS. or penninees and may oe
documented inSTORET (Bolton et al. 1985) 11iso
see Table 5) or the developing National Sediment
Inventory (E~A 1994a).

.The use of existing background site data i',X

comparison with on-site data is valuable. However.
it is critical to detennine whemer both sets oi Colta
~ comparable. Questions thal need to be addressed
are:

1. We're comparable analytica1"~eihodsused ior
both on-site and background site samples (e.g."nd.
eJtrapable metals or total ~igestion ¥'ethodsr~

2. Are the total organic carbon (for or!2anic
contaminants) and anicle, Size (for metals .:.nd
inorgarucs or 0 SIteS aVaJlable and simiiar ~

"'l Is the background site acceptably represenL:.u\'e
of the chemical contamination levels immeol:ltelY
upcurrent of the hazardous waste site?

-1 Were similar sample collection methods used
[different sampling devices can produce gre.:!tiy
different results (Baudo 1990)]?

5. Were the depths of sampling similar (e.g.. ,op
10 cm of sediment)? "

6. How long ago were the background sediments
collected compared -to the contaminated ~ile

sediments?
I "'

7. Are contaminant levels expressed on the S1me
basis (wet or dry weight)?

8. "If data on acid volatile sulfides (AYS) ,ind
"" ,simultaneous extracted metals were collected. were

both data sets collected during the same season oi
the year (AYS affects the biological availability oi
some metals in "anoxic sediments)?"

, -

,DL"

o
DL

o

Substitute Value

provides a good robust estimate.

If data are not normally distributed. which is
often the case for environmental data [see On (1990)
and McBean and Rovers (1992) for discussions of
why environmental measurements follow .a
lognormal panernJ. an alternative approach like the

...one discussed in EPA (198ge) or EPA (1995) cpyls!
be used if data are 10gnormaUy djstributed.

b. The Continuity Correction procedure with the
t-test (EPA 1983). If the background data are non­
detect (<DL): then the value can be detennined to be
1),25 x DL (consultation with a statistician is recom­
mended to explain and perform the t-test with
Continuity Correction). Other tests such as the
Wilcoxon "rank" sum test [see Gilben ( 1987).
pp. 247-249] can be 'used to test for a shift in
location between two independent populations even
with non-deteet values.' There are also numerous .
other approaches/memOds for handling non­
deteetion limits thal could be considered but need to
be discussed with a statistician.

Note: This process assumes that values below
the DL are normally distributed in a regulatory
context; this may not ,be detennined to be
conservative enough. For n;gylatgrv cases, a more
robust estimation of mean and variance wjth Igwest
DL values should be used. The resaicted maximum
I e I method (Pemon and Roetzen

. Haas and Sche IS re aove slm e

:\ctual Value

<DL

<DL

<DL

<DL

/
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metals. toxiC potential is reduced as panicle size
decreases or organic carbon Increases. if the particle
size or organic carbon content of the background and
contaminated site sediments differ significantly, it is
not appropriate to directly compare contaminant
residue levels without normalizing the data. -.§ome
organic contaminants can be normalized to organic
carbon by dividing by the fraction of organic carbon
(Adams et aI. 1992); the same approach has been'
used for divalent cationic metals-lead. nickel.
copper. cadmium and zinc. \1eta'Ldata can be
normalized to acid volatile sulfide levels (Di Toro
et al. 1990. 1992). a key element such as aluminum
(Schropp and Windom 1988; Daskalakis and
O'Conner 1995). or panicle size (NOAA 1988).
EPA is also refining its equilibrium panitioning
approach. which could be used to· normalize
contaminant levels· among different sediments
(Adams et al. 1992; EPA I 992b). Further

. discussion of these procedures is beyond the scope
of this paper. and expen assistance should be
obtained.

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

Simply comparing the level of metals in bulk
i,ediments, deposited under similar conditioQs.
upstream and downstream from a suspected facility
can provide an indication tbar a faciJjty may ha'tE
£,ontaminated the downstream siq:, 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
determinin toxicitv is the are water concentration
of a metal. In situations where no backgroun stte
data exist, yet contaminated site data do. it may be
useful to c9mpare sediment contamination levels to
various sediment quality criteria. ,

is d velo in sediment uali criteria for
metals hilt the factors determining bioavailabl 'ti
are com lex. and an a proach has yet to be selected
(AnkJey et al. 19 4). as s own In

anaerobiC seaiments~ toxic im due to cadmium,
copper, lead. mc , an ZInc arc not present w en
!he. sum of the molar concentiations of these metals
divided by the AVS concentration is less than one
(DI lorb El 31. [990, 1992). ESsenuatly, when
e . resent. the metals are complexed
and metal concentrations.in pore water are ow.

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

statistically based. sediment-quality indices i:::',:
been developed. if resources are limited. and use:~l

background site data do not exist. concentrations ~t
the contaminated site Can be compared with me:;;j
concentrations in bulk sediment known to baye ~

low probability of causing adverse impacts ;::1

benthic ore:anisms. Several "n~ffect" levels .:.:e
presented in Table 2, NOAA developed efiec:s-
based uidelines indud' SIDI

e ects. and probable~ffects levels Lone: :;.::d
Mor an as on ational Status and Trer:ds
Program an ac onald (1992 u e sa:ne
approacH wuh aadmonij data to deyelgQ simiiar
marine guidelin;,s. The guidance for manne
sediments was further updated by Long et aL (1995'1.
The most recent guidance on metals is presented in
Interim Sediment Quality Assessment Values
(Environment Canada 1994). in which ~O..;.-\

:--rational Status and Trends Program data~jd

spiked-sediment toxicity tests were used to de\'e:co
threshold effects values for fresh arid marine wate:-s.
presented in Table 2. If the contaminated site k\·e:s
are below the n~ffects levels. further investigat:::n
may· not be required even if the site has been
contaminated. If the no-observed-effeets levels :::e
exceeded. further investigation may be justifIed.
Bulk sediment guideliries have also been developed
by·EPA Region V (U.S. Anny Corps of Enginee:-s
1977) for classifying sediments of Great L:lkes
harbors. The Ontario Ministry of Environment
(Persaud et aI. 1989) and other guidelines .:.:e
summarized in EPA's Guidance Manual: Bea"ced
Sediment Bioaccumulalion Tests (Lee et al. 19~91.

In addition. these and other guidelines have beer)
reviewed and summarized by Giesy and Hc!-;e
(1990).

In areas where an entire watershed has been
impacted. such as from mining activities. it may not
be possible to select a suitable background site. Ln
such situations. historical daIa (Runnells et al. 1991)
or archived samples may be the best source of data.
Another approach would ·be to sample sunicial
sediments and compare them to deeper
uncontaminated sediments (those laid down prior to
the watershed being impacted).

No specific rules can be provided regarding the
use of existing background reference data ior
sediments or soils. Judgement should be.made \\,;th
full knowledge of the specificobjcctives or the
investigation. daIa limitaa"ons, and qualifications and
with the help of appropriate expens (e.g., chemists.
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hydrologists. statistiCIans. benthic ecologists. and
sampling experts).

Step 3-Selection of Sites for Collection of
Background Sediment

The ideal background site data for comparison
with contaminated site data are obtained 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 panicle size and organic
carbon content.

.... Colletted using identical sampling equipment.

.:; Collected using the same statistically based
sampling design (i.e.• numbers and contiguration)
:md compositing handling procedures (if any).

6. Analyzed using identical analytical methods.

When comparing 'data sets. it is imponant that
everything about the sampling and ana1ytjq.1
procedures for the background and contaminated site
sediments be as smular as practical. If both fine and
coarse sediments are available for sampling at the
contaminated site and the background site, the finer
sediments are preferred because they have a greater
Jffinity for metals.

The ideal situation is seldom achieved. and
compromises may have to be made. For streams. it
may be practical to sample djrectly opjin;ite from th;
contaminant or contaminant spurce or even
downstream as long as the background site is DOl
i.mpacted by the plume of concern. Contaminated
and background SIte sediment characteristics will be
most a.like.where the currents are similar. with fines
being deposited in areas of low currents and coarser
material being: associated with faster currents. A
.. .. -

~gt!ificant complication Qf sampljnr streams is the

potential for· severe' erosiQn which may remQye
massive· amounts of sediments during 0001.

..cppdjtiQDS•. Thus. even the contamination observed
i!1 the sediments directly downstrean\ of a point.
source may not be amibutable to the existing source.
The surtacesealments 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

effluent. the processes generating the effluem. :l:1Q

historical stream flow information can be helprul to
link the suspected source and the contaminated site's
metal concentration. Since it is difficult to establish
a background reference site after a major flood event
has occurred. previous data or deep sediments may
be the best source for background reference data.

For estuarine and marine sites. selection or a
similar but unimpacted background site also can' be
difficult. The process may inyolyc thc me gf
hydrologic models to simulate tides and currents to
avoid areas impacted bv the contaminated plume. It
may be necessary to 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 expen who
is familiar with the hydrology of the area.

When it is not possible to obtain background
sediment with the same particle size and organIc
carbon content. normalization procedures. discussed
previously. should be considered. While it is beyond
the scope of this document to recommend speCIfic
sampling and assessment methods. exceilem
comprehensive references for such information are
Procedures or the Assessment 0 Contaminated
ediment Problems in the Gregt LaJces mc 1988),

Assessment and Remediation of Contaminated
Sediments (ARCS) Program, Asswment Guidance
Document (EPA 1994b). and Manual 0 A ualic

e ,ment amp InK ( u roch and Azcue 199S).
Additlonally, EPA's Office of Science :l!1d
Technology within the Office of Water is developmg
a methods manual that will cover all aspects or
sediment monitoring. from sample' collection to

. analytical methods to assessment techniques I EPA
1994C)'

PARTB

APPROACHES FOR DETERMINING
BACKGROUND'LEVELS OF INORGANICS

THAT CAN BE COMPARED WITH
CONCENTRATIONS OF INORGANICS AT

CERCLASITES

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

. background under CERCLA is required. Part 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 statistical evaluation
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should seek the expertIse of a statistician and mav
benefit from a paper that addresses estimation of

J5ackground concentrations of contaminants, for
example Singh and Singh (1993) or Hardin and
'Gllben (1993). '

Step l-Conduct On- and Off-site
Reconnaissance as Preliminary Assessment
Phase of CERCLA

Purnose: The initial reconnaissance IS,

perfonned to identify concerns associated with on­
site or off-site activities that may have resulted in
contributing to enhanced inorganic background
concentrations.

Aooroach: See Step 1 under Part A (a similar
approach should be considered).

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

Purnose: During the preliminary assessmenrJ
site investigation (PAlSn stage. existing soil and
sediment analytical data for contaminated sites and
background sites can provide initial infonnation to
identify problems that might be encountered with
establishing background values.

Approach: The PAlSl stage is not designed to
evaluate all concerns at the site. However. an initial
site visit can be advantageous to evaluate site con­
dition. assess analytical data. or collect samples of
equal number (Le,. 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) propenies.
During the SI phase. sufficient infonnation is needed
to suppan the hazard ranking score' (HR5) to
identify if a contaminated site should be nominared
for inclusion to the National Priority List (NPL) due '
to high threat to humans or the environment (HRS
scores ~ 28.5 are usually nominated for inclusion to
the NPL). The 51 stage may present the tint
opponunity to actually measure background con­
centrations for assessing if observed releases have
occurred, Section G of the preamble to the HRS
final rule (55 FR 51546) on "06scryeg RgIMMi.
states that an observed release is established when a
sample measurement that equals or exceeds the
sample quantitation limit is at least .times the

ac u eve 1992 -3).

Step 3--Determine Potential Magnitude oi a
Problem by Combining Information from
Steps 1 and 2

Purpose: Combining information on past i:lnd
use and site operations with data from Ic..:al.
regional. and global contributions can help aiert
investiga!:TS that the issue of background
concentr;,. :>n might require more attention wnen
developing a sampling and analysis plan during the
remedial investigation (Rl) process.

Approach: Information sources other than
chemical analysis (e.g.• information or data obtained
from other sources or Steps 1 and 2) may be used for
characterizing the background concentrations for a
site. A multi-tiered approach' is often helpful to
lump background concentrations. such as:

I. Global contributions-mostly atmospheric
contributions from wet and dry deposition.

., Regional contributions-influence ,)f
geological formations (e.g.. increased selenium In

western regions).

3. Local contributions~ontributions due to iand
use (e.g.• high arsenic. lead. and mercury values due
to pesticide use in fruit production), locai air
emission sources, arid nearly all industrial acti vities.

Step ~Establisha Clear Statement of the
Problems at the Site and Develop RI Sampling
Strategy

Purpose: The Rl process is the time to conduct
detailed measurements of background concentr.mons
at CERCLA sites. Section 300.430(b)(8) of the
~ational Contingency Plan requires that a sampling
and analysis plan (SAP) be developed during the
scoping phase of the RI process,

Approach: A number of EPA guidance docu­
ments discuss the need to characterize background
concentrations as pan of the 5AP formulation step.
For example. according to th~uidance {or Data
Useability in· Risle. Assessment (Data Useability'
GUidance) (EPA 1989a)• .the SAP should be
developed to resolve folir fundamental risk asses~­

ment deciSIons, one· of. whichc is to determine
N"whCther site concentrations are sYfficiently djffereot
from background" Similarly. the Guidance for
ColitblCiing Remaii4l /nvesrigeuions and FeaSibility
Studies under CERCLA (RIlFS Guidance) (EPA
1988) StaleS that when detennining the nature and
extent of contamination at a site. background
sampling should be conducted to help identify the
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respective areas of both site-related contaminallon
and the back,?round concentrations.

Step 4a-Confidence Interval Determination

Purpose: The purpose is to develop contidence
intervals for detennining_mean metals values and
problem statements for a contaminated site.

Approach: Literature sources such as those
presented in Table 5 can be useful to determine if a
~l(e has a potential contamination problem.
However. literature values should be used only to
suppon or help evaluate data from contaminated and
background site samples. Site variability must be
accounted for when conducting a charal;terization.
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 manY
sites. .1 95 percent confidence interval of the mean .
metals concentrations would be reasonable i.e.. if
the mean or ead is 20 ppm-dry weieht :4. the 95
~rcent confident backgroynd yalue wopld be

between 16 and 24 ppm-dry weight). However. if
the site is complex due to different soils/sediments
and areas of concern. a 90 percent confidence
interval may be more acceptable due to an increased
number of samples and cost. Once a confidence.
interval is developed. a problem statement for the
site can be formulated to guide funher effon. An·
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 4tr-Develop Hypotheses for Testing

Purpose: EPA's RAGS "provid~s guidance on
developing hypotheses to frame. a problem in a
manner that can be tested."

Approach: There are tWQ tYJ)Sis Qf hy;pothesis
most Qften used' nul! hypothesis (a) the site~.

related concentration is less thap or equal tQ the
-backgroupd cQncentration. and null h)QXYhcsjs (h)

the site-related contaminant concentration is·grsater
!ban or equal to the backgrQund cQncepqaligp.
Additional' guidance on selecting hypotheses' is
presented in the Risk Assessm~nl Guidance for .
Superfund, Volume / (EPA 1989c).

Step 4c-Determine Level of Precision

Pumose: RIlFS guidance is that the level of
precision be detennined before sampling and

analysis strategies are developed. This wdl g'.!lde
the number and location of samples.

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

1. Type 1error (ex) (false positive): "Rejectinl! the
null hypothesis when it is uue." Because of the
uncenainty related to sampling variability. an
individual could falsely conclude that the site-reiated
contaminant concentration is greater than

. background concentration when it actually is not. .!n
this case. the null hypothesis is rejected. and the sue.­
related concentration is considered to be statistically
different from the background concentration.

~ Type II 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 it
actually is not. In this case. the Dull b)Gparbesis is
acceeted .and the site-related concentration is
conSidered to be no different from the backlzround
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 is necessary.
The Greek letter alpha (1%) is used to represent the
probability Qf a false; gpsjriveand bela (P~ is !lsed 10

rep~~t the p~~ilityo~afalsenegativ~ decision.

Precision associated with hypothesis testine is
defined by the arameters of confidence level
power. ese-are e n 19 199
<1989a) as: .

I. Confidence level (100 percent - ex}-()ne
hundred percent minus the confidence level is the
percent probability of concluding that the
contaminated site-related concentration is ereater
than backgrOUnd when· it is not. (Type I e~or or
"false positive").. As the confidence. !cvel is lowered
(or alternatively, as ex is increased), the likelihood of
committing a Type I error increases:
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., Power (100 percent - P)--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 Pis increased), the likelihood of
commining a Type II error increases.

Although a range of values can be selected for
these two parameters, as the demand for precision
increases, the number of samples and cost will
generally aJso increase. The Data Useability

Guidance states ~':: ~~==::=es.The minimum recomr;n;;;d ;forma;;m_
are: Confidence, 80 percent «(1 - 20 percent) and
Power. 90 [rcent (13 = 10 i1ifCentg:'E::se values
can be IPtP_!'Cted t!imeap _~ fpIL!!!_:: .
~ . .

1. Confidence level = 80 percent-In 80 out of
100 cases. contaminated site-related concentrations
would be correctly identified as being no different
(statistically) from background concentrations. while
in 20 out of 100 cases. site-related concentrations
could be incorrectly identified as being greater than .
background concentrations.

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 incorrectlv
identified'as being less than or equal to background
concentrations.

If the site situation requires a higher level of
recision to reduce the robabilit comminin2· a

Tvpe I or error. it can only be accomplished bv
increasing the number ot samples and overall cost
[see gulaance 10 EPA (1995)]. These decisions need
to bC-made'on a site-specific basis and are primarily
related to remediation and risk reduction goals.

Step 5-DeveJop a Sampling Approach 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 IT error. The guidance developed: in Step
1ofconducting 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 \:liues
requires knowledge about how the inorganlcs of
concern move in the environment. site variabiiitv.
and level of precision. The environmental scientist
should initiaJlvseek the suppon and gUIdance or
scientists and a statistician familiar with the issues.
.-\ SAP can then be devised to evaJuate questions
about back ound where off-site concentrations are
elevated due to off-site anthro erne conm uuons.

ui ance or reaching decisions in ese cases can.
be obtamed trOm the Draft Issue Paper rePA 1992a).

CONCLUSIONS AND
RECOMMENDATIONS

The issue of establishing background concen­
trations for inorganic metals for comparison to levels
a[ a potentially contaminated site can be complicated
by natural and anthropogenic conaibutions 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 aJso 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 variety of methods that are
available in the literature and in various EPA
documents for evaluating background. Each methcx:i
is slightly different. but there are a number or
common issues that are presented in this paper. The
most imponant factor to consider when determimn2
background- concentrations is to ensure. that the
Ehysica1. chemical. and biologiCaI aspects or the
media [Q be sampled at both the conwninated site
And the background site are as similar as pOSSIble.
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
concenttati()ns that include namral and global
anthropogenic conaibutions. ... These should be
considered but should not take the place of
conducting a thorough site-specificjnvestigation to
detennine the previous land use both on and in the
vicinity of the hazardous· waste site to determine
local anthropogenic conaibutioDS. 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.
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TABLE 3.1 Nalive Soil Concentrations of Various Elements

.ELEMENT CONCENTRATIONS IN SOIL

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.

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:
AI, 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 rel~tionshipto 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, CTOlO.' in a soil is equal to:

0.1 - 3000

3.0 - 10,000
10 - 8000

400 - > 10,000
< 250

1.0 - 1000

0.1 - 700
10 - 5000

3.0 - 3000

1.0 - 70,000
0.1 - 400
400· 30,000
0.8 - 6200

Extreme
Limits

1.0 - 3000

0.1 - 14,000

0.1 - SO

0.1 ·500
0.1 - 3000
10 - 10,000

0.1 - 100

0.01 - 400

0.01 ·500
0.05 - 10,000

0.01 c 45

Concenmllion (ppm~) _

Typical

Range 1V"'~:t
Ag 0.1 - 05.0
AI 10,000 - 300,000
As '. 1.0 - 40
B 2.0 - 130
Da 100 - 3500
De 0.1 - 40
Dr 1.0 - 10·
Ca 100 - 400,000
Cd O-:QL:J.·O ...
Ce 30 - 50
CIIO·IOO
Co 1.0 - 40
Cr 5.0 - 3000
Cs ~3-ll
Cu 2.0 - 100
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

Mg 600 - 6000
Mn 100 - 4000
Mo 0.2 - 5.0
Na 750·7500
Ni 5~0 - 1000.
P 50 - 5000

Pb 2.0 - 200
Ra 10- 6.' - 10-'-1
Rb 20 - 600
S 30 - 10,000

Sb 0.6 - 10
Sc 10 - 25
Se 0.1 - 2.0
Si 230,000 - 350,000
Sn 2.0 - 200
Sr 50 - 1000
Th 0.1 - 12
Ti 1000 - 10,000
U 0.9 - 9.0
V 20-500
Y 10 - 500

Zn 10 - 300
Zr 60 - 2000

Element

o Based on an Analysis of Dala Presented in References 1,2,3,4,5, and 6.

(3. I)CTOIal = Cf~~ + CAdw'bcd + CWo.<f

?f(. Cwo,.,

,~4 CAdwrbcd"

where:
:1.

-.I~ CfUcd = concentration of fixed element comprising part of
the structure of clay and soil minerals, in mg ele­
ment/kg soiL

='concentration of element adsorbed onto the surface
of soil mineralS and onto organic maller exchange
sites, in mg element/kg soiL

= concentration of element in soil water or ground­
water in equilibrium with CAdwrbcd ' in mg soluble
element/kg soiL (See Table 3.2 for natural back'- .
ground levels found in groundwater).

CfiJIcd represents the "immobile" fraction of CTOlO.' The sum of CAdso'bcd and
CWO'<f represents the potentially mobile portion of CTOlO.; 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. I, the parameters listed in Equation 3. I, and the inter­
relationShips of these parameters. First, CTOIal should not be expected to be
uniform with depth. Natural processes involved in the distribution of ele- .
meills in the soil profile include:

"" ...



7it .Element Fixation in Soil

Elemenl

Typkal
Value

Cunl:f!n'r,,'iun
Exlreme

Value

• based on an analysis of dala presenled in references 7,11, and 9.

b in relatively humid regions.
C in brine.
d in relatively dry regions.
C in thermal springs and mine areas.
, picocuries/liler (i.e. 0.037 disilllegraliolls/sec).

70

720<, r

48,000<

10,000<
10,000

120,000<

70
4,000<

200.000< ,

200,000<

70
1600'

> 1000<,·
. 2S,000<

S2,OOO<

0.01·10
1.0 - 10
1.0. SOb

<400<1
O.S • 12()b
< l()()()l

0.2·20
S.O·IOO
3.0 • ISOb
< 2()()()l

0.1 - 4.0 SO
__ Tra~e Element~,(~) '1 __

< S.O uo~.I,;~ ;-()O.·~

< S.O· 1000
< 1.0 - 30 .001 - .02>0 4,000

20. 1000 S,OOO

10· SOO
< 100 - 2000

< 10
< 20
< 1.0
< 10

< 1.0· S.O
< 1.0·30

< 2.0
< 20· SO

< 1.0
< 1.0·1000

1.0· ISO
< 1.0· 1000
< 1.0- 30
< 10· SO

< 100 - 1000
< IS

< 0.1 - 4.0'
< 1.0

< 1.0 - 10
<200

< 1.0 - .ISO
0.1 - 40

< 1.0·10
< 10 - 2000

< 25

__ Major Elements (ppm) --

1.0 • ISOb 9S.000<

< S()()d

1.0 • 70b
< l()()()l

0.1· S.OF

Sr

Ag
AI
As
B
Ba
Hr
Be
Bi
Cd
Co
Cr
Cu
Ga
Ge
Hg
I
li
Mn
Mo
Ni

PO.
Pb
Ra
Rb
Se
Sn
Ti
U
V
Zn
Zr

Na

CI

Fe
K

Mg

Ca

NO)
SiOl
SO.

• 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.

• l:ranslocation, in tbe 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 microbiological
activity.

• Surface enrichment due to trace element uptake by plants.

Second, analytical data derived from the chemical analysis of the total
element content of a soil (Le. CTOl01) relays no information regarding CYlJlod '

CAdlOfbcd' and Cwaur 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
(Le. CAdsorbcd + CWal.,) or if 99 percent is potentially mobile. 0' backsround
~t[ations. the (,laUXG magnitydes of the Rerameters listed in Equa-

t~o.~."~:.~.,!~~..E!~~!~I"l.!'!-<;;_

C Flaod > > CAcIsorbcd > CWOI"

The greater part of CTocaI exists as CYlJlod and is immobile. However, this rela­
tive ranking mayor may' not change as CTOlOI increases above the back­
ground concentration.

Third, the background concentrations listed in Table 3.1 represent the tot~lI

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 loading of
500 ppm Cu into CFiud '

Soil cleanup standards that specify the excavation or treatment 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 e!ementwhich
the soil can immobilize.Jhs: back!:[Qund cQncentr'!tion illreseots the tQlal

S9ncenlraliQQPR~eut.a(t~r...lh~j.QiL~~.f2!.'!!Ss!.~.~~~.erg.~~.~~me d.~gre.!
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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, CEII,ae. provides
no information regarding the magnitude of CFixcd ' CAdso,~' and CW • lt" in~·
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 resull from the fact

of weathering; it gives no indicatio oncentration of an
~t WJiIC a SOl can immobilize, i.e.. the element load;ng capacity of
the soil.
-'Fourth, a number of established, accepted laboratory methods exist for
determining the magnitude of CTOC•• ' CFiud ' CAdso'~d' and Cw••t , in soil. CTOC.'
is usually measured by dry ashing at 500 to 550°C for 3 to 4 hours or by
wet ashing with a mixture of perchloric and nitric or sulfuric acids. CAdSOf~d
and CW•k ' are usually determined by using mineral acids (e.g. 0.1 N HCI),
organic acids, and chelating agents (e.g. EOTA, OTPA); hot water extrac­
tions as usually utilized for elements that exist as anions (e.g. B, Mo, Se).
II 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. CFilOdversus CAdso'~)' and the soil type. There is no "universal" analytical
method which is applicable for all forms of an element in all soils.

II 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 to soils, provide a
value, CEA".el ' where:

CElI,aa = concentration of an element extracted frOnl a soil;
CTotal >CEI..ae•

ELEMENT FIXATION IN CLAY
AND SOIL MINERALS

(3.3)) Prccipil8lion
MgH + CO 2- • • MgCO (s)) Dissolution . )

Now suppose that in addition to Mg2" and CO/-, dissolved Nil t . was
also present in water at a concentration equal to that of dissolved Mg2 t •

Ions such as Nil" which have the same valence and similar size as Mg2 t can
replace Mg2t in the crystal structure of the precipated structure. In other

The quantity CFilOd in Equation 3.1 was defined as the concentration of
fixed element which has been incorporated into ttie 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 HCI. 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 sellie at the bollom 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 Mg2,. and CO)2 -:

that the extractants can (a) selectively dissolve soil minerals, (b) impede
crystallization and formation of 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 materials.
. 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 10, and numerous methods addressing the biological,
chemical, and physical properties of SOilS",I2,Jl.14.

(3.2)CE....el = a CFilc:d + bCAd";r~ + CWalt'
where:
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where:

Vo = Velocity of the chemical at the point where c/co = 0.5.

V = Average linear velocity of groundwater.
Kd = Adsorption or distribution coefficient.

b = Soil bulk density..

PT = Soil total porosity.

The term [I + Kd(b/PT)] is known as the retardation factor. This term
should not be confused with the soil TLC Rr (retardation factor) because
they are not equivalent parameters.
~quation4.42 can provide reasonable estimates of the velocity of an inor­

ganic chemical; however, it is important to note that (he 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-eut, 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 estimates. 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 ~n 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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I. Homogenous and isotropic properties are assumed for both the unsatu­
rated and saturated zones (or media).

2. Steady and uniforrrt 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
zone.

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.. A2, B" and B2) and subsequent evaluation of the result (C/CO>
through use of the nomograph. The parameters required for this.procedure
are: initial contaminant concentration, dispersion coefficient, average inter­
stitial pore water velodty, 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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ABSTRAcr: Polycyclic aromatic hydro::arbons (PAH) are byproduet5 of combustion and are
ubiquitous in the urban environment. They are also present in industrial chemical wastes. such
as coal ca::. petroleum refine!)' sludges. waste oils and fuels. and wood.treating residues. Thus.
PAHs are chemicals of concern at many waste sites. Risk assessment methods will yield risk,
based cleanup levels for PAHs that range from 0.1 10 O.7 mg/kg;.Given,!h~J~~~vp~~hJ?~C7
,in,~.e ~environment;,it isimponanttocompar,e.risk,b~~,c;l~up:l~X~~i;~~ith,rypj~.urban

bac:kgroundlevels'befor~ utilizing.u_!!r:e.al¥cally.lowcleanup_wg~; However, little daLa exist
on PAH levels in urban; nonindustrial soils: 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 anal)oz.ed for total petroleum hydrocarbons .(TPH) and seven .meLals;ETh~iuppe.r

9590~;!C9nfidene:e\jnteryal. on :,the,,·mean.~,,!,~e;3;rn.~g~or't..~(a)pyren~:,tC?xic.;tqUi\"8lentS;
12 milks for total potentially carcinogenic.PAH.and 2S mglkg for total PAH~,The upper 95%
confidence interval .....as 373 m8lkgJor.TPH~ which exceeds the largel level of )00 nig/kg used
by many state regulatory agenciesJ~i~ concentrations were similar.to published background
levels for all metals except lead. TllC'upper9S90 confidir\ce inten;al for lead ....'85 7~7'mg/kg in"
Boston. 463"msJkg in Providence, and 378 mglkg in Springfield;,

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

I. INTRODUCTION
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Polycy~~icaiOmatic'hidrocaroons(PAHsYare'bypfoductso'fC6mousnon:anC!' are "
naturally occurring chemicals in the environment. Forest fues and.volcan.oes,ar;~t:~· ..
major natural sources of PAHs, but there are anthropogenic. sources,as welldue: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 ",'aste pro~rams. Risk assessments performed according to federal guid­
ance for fonner 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 majority of the risk posed by PAHsis 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 risk 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 mglkgfor each carcinogenic
PAH have been set (MDl\TR, 1993).In New Jersey, proposed residential soil c1ean~
up levels are 0.66 mglkg for benzo(a)pyrene (New Jersey Register, 1992). The-use­
of standard CERCLA risk assessment guidance (U.S. ;::PA, 1993b) results in the
derivation of a risk-based cleanup level for benzo{a)pyrene of 0.1 mglkg.

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 mglkg. Menzie et
a1. (1992) report that urban background soil levels of total carcinogenic PAH range
from 0.06 to 5.8 mglkg. Butler et al. (1984) report that total PAH levels in soils
alongside roadways in England range from 4 to 20 mglkg, and potentially carci­
nogenic PAH range from 0.8 to 11.5 mglkg. Blumer et al. (1977) repon that total
PAH levels in soils in a Swiss town range from 6 to 300 mglkg.

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-, nonindusuialurbaJt
locations to define the urban background-level for PARand-to critically evaluate
the role of risk assessment insetting-Jemedial-goalsforPAH:in soils; Accordingl)',
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.

II. 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 10 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 pr9tocols (U.S. EPA, 1986). \

8. Sample Analysis

Chemical analysis of the sampies 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 oy EPA
Method, 8270 for the analysis of semivolatile compou'nds.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 perfonnance, 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. Ifa' Ci:mipolin~was:detected,at,least,oncein'surface,soilione
'halfthe"sample.'quantitation limir(SQu.)~~~se(t,as"apJ;.O~y.t>con~~ttt~tJoJl:f~r.;~J~
sampl~s'.rePo.Tl~'asc"below detection'liiiiit~~in: the'estimation of exposure:poiIit,"
concentrations. However, if a compound was not detected in any sample, that
compound was omitted from further consideration. In":addition~,;,when>a;proxy..;;

concen~tion (i.~." ope half.thede~~,oR'~Jl,~~;~Jh8Jl,~,e higl'!~t~C41~~'
detected value for a compound in any, sampl~,that concentration' was considered
to 'be an aberration and was ominedfrom 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

Semi volatile Organics. EPA Target Compound List

Naphthalene
Acenaphthylene
Acenaphlhene
Fluorene
Phenanlhrene
Anthracene
Fluoranlhene
Pyrene
Benz.o(a)anthracene
Chrysene
Benz.o(b)nuoranthene
Benzo(k)nuoranthene
Benzo(a)pyrene
Indeno( 1.2.3-cd)pyrene

·Dibenzo(a,h)anthracene
Benzo(g.h.l)perylene
2.Methylnaphthalene

Metals

. A~enic. total
Barium. total
Cadmium. total
Chromium. total

. Lead, total
Mercury. total
Selenium. lotal
Silver. total

Other

Total petroleum hydrocarbons
Solids

510 595 0555 P.04/13

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 .....ere 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 reponed for each of the
17 PAH on theanalyte 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 samples.

111. RESULTS

Analysis of the laboratory results for the PAH indicates that quality control criteria
were acceptable. The data were analyz.ed to detennine if any statistically signifi­
cant differences existed between the datasets for the three cities. AHartlei.t.estl,'fot,:;
hom()geneity of variances (Mendenhall, 1979) and a one-factor analysis of Yari~

ance to test for equality of the means (Mendenhall, 1979) indicated no statisticaIly'
,significant differences. The results indicate that the PAH data can be pooled and
treated as one dataset for further statistical analyses.

TABLE 2
Benzo(a)Pyrene Toxic·

, Equivalent Fectors (BAP-TEF)

Compound

Benzo(o)pyrene
Benz(o)anthracene
Beruo(b)nuoranthene

, Ben7.0(k)nuoranthene
Chrysene
Dibenz.o(a,h)antMcene
Indeno(1.2.3<.d)pyrene

3n

EPATEF

1.0
0.1
0.1
0.1
0.001
1.0
0.1
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The results of the?AH analyses are presented in Table 3 for all cities combined.
A summa!')' 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 pr<?vides 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 jf 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 (m~9) (m~g) mean (mglkg) of detection·

2-Methylnaphthalene 0.017 0.64 0.151 0.173 19 62
Acenaphlhene 0.024 0.34 0.201. 0.306 30 62
Acenaphthylene 0.018 1.10 0.173 0.208 24 62
Anthracene 0.029 5.70 0.351 0.535 54 62
Ben2.0(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)nuoranthene 0.049 12.00 1.435 1.973 55 62
Benzo(g.h,')perylene 0.200 5.90 0.891 1.195 36 62
Benzo(k)f1uoranthene 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 2.90 0.388 0.521 32 62
Fluoranthene 0.110 39.00 3.047 4.444 60 62
Fluorene 0.022 3.30 0.214 0.317 35 62

.1 ndeno(1,2,3-e.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 2.398 2.945 61 62
Total BAP-TE 0.257 21.31 2.437 3.324 62 62

. Total carcinogenic PAH 0.680 77.70 8.973 12.423 62 62
Total PAH 2.292 166.65 18.361 24.819 62 62

• F~uency or deleaion =number delecled: number samples.
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TABLE 4
Background PA~ Concentrations in Urban Surface Soils·

Basion Providence Springfield All cities
(n =20) (n =0 20) (n =20) (n =60)

(0)
Arlthmellc Upper 95% Arllhmellc Upper 95% Arllhmellc Upper 95% Arlthmellc Upper 95%

~ Compound mean (ppm) CI (ppm) mean (ppm) CI (ppm) mean (ppm) CI (ppm) mean (ppm) CI (ppm)
to

TOlaI8(a)p.m 2.4 4.6 2.1 ).9 2.8 4.5 2.4 3.3
ToliJl cPAH 8.4 16.0 1.8 11.0 10.6 18.3 9.0 12.4
Tolal PAH 18.1 35.9 16.8 23.5 19.1 29.9 18.4 24.8

TItH 414.9 652.6 261.4 338.2 184.4 233.3 306.2 372.8 -
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Parts Per Million (ppm)
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f2Tolal BAP·TE l§§ Total CPAH ~ Total PAH

FIGURE 1. Background concentrations of PAH in urban soils. Data presented
are the upper 95% confidence inlerval 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. Generally, 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 noL When tested for equality of
variance and means as above, the two popula~i.ons wc;ie_~etermined to be
'significantly different. The mean total PAH concentratiori-~ear.pavementwas
. 22pPl'Jljcompared to 8 ppm not near pavement.:; These results are shown ip
Table 6.

Similar analyses were performed to see if TPH or total organic carbon
concentrations could be used as surrogates for PAH concentrations.. 'I1ie'results;.
showedthat~thereis no correlation between PAH and TPH concentrations, nor
between PAH and total organic carbon concentrations (data not shown). .

The highest total PAH concentration detected was 166'rii~g; taken from a
street comer in Boston. The next highest PAR concentration was 109 mglkg,
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 4S mglkg.
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TABLE 5
Summary Statistics for Metals, TPH, and Soils by City

Boslon Providence Springfield
(n =20) I (n = 20) (n =20) 2

C
A

Arithmetic Upper .95% Arithmetic Upper 95% Arllhmetlc Upper 95% Arlthmellc mean -
:r

mean Inlerval mean Inlerval mean Inlerval In U.S. solis' t:-Compound (mglkg) (mglkg) (mglkg) (mgfkg) (mglkg) (mglkg) (mglkg) c
[T

4.27 J 9.23 J
:z

Arsenic, IOlal 4.20 5.59 3.53 5.63 7.4 c-w Barium. 10lal 53.95 66.25 45.29 59.43 45.17 51.03 420 ;{j
CD 0... Cadmium, 10lal 1.55 2.79 NO NO NO NO 0.25h :z

:3
Chromium. lolal 23.00 27.69 12.08 14.35 12.62 14.45 52 m'z·
Lead.lotsl 398.70 737.44 305.76 462.98 261.69 377.76 17 -l

Mercury. lolal 0.29 0.39 0.19 Oj4 0.20 0.25 0.12
D
r

Selenium, 10lal . 0.51 0.57 0.39 0.48 0.53 0.55 0.45
Total petroleum hydrocarbons 474.90 652.62 267.43 338.19 184.38 233.27
Tolal solids 90% 93% 93% 95% 90% 92%

• ATSDR. 1992. Public f1~a/'h A:Ut$Sm~n' Gllidane~ Manlla/. rD92·147IM. u.s. Department or Hcallh nnd Hlllnan Services.
• ATSDR. 1991. Tone%glen/Profitt lor Cadmium. PD92·147164. DmR. U.S. Dcrartmcnl 'of lIeallh and lIulnan Services.
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TABLE 6
Comparison 01 Background PAH Concentrations In Urban Soils: The Effects of Proximity to Pavement

R..ult, of .tstlstlc.' snll'y,"

T••t for homogeneity or varl.nen Te.t or .qu.llty or m.lln.
Co)

N••, p.wllment Nol ne., plvem.nt~ SI.tI.tlclllly St.t1.tlelllly
~

Arithmetic Arlthmetlc Alloel.ted .rgnrrie.nt .t Alloclllied "gnlnelln' lit
mean SI.ndaRt m••n Sl.nd.,d S.mpl. F· d.gr••• or 0.05 ,."., or Slimp!. d.g,.•• of 0.05 1.".1 of

Compound (p~) devl.llon (ppm) devl.tlon .t.ll.tlc. freedom .Ignlllcinci Student'. , freedom .lgnlllCllncl

TObI 9(0)1'.1£ 2.9 ".2 1.1 0.92 21.3 41. 17 Yes 2.69 ~ Yel
Ta PAH 21.9 30.1 83 1.2 11.4 41.17 Yes 2.69 50 YCl

D
C
G1
I.....

IS)
I.....

l.D
l.D
l.D

IS)
l.D

I\.l
.t>.

z
o
;U
-l
I
t:I

C

rn
Z
c-';U
o
Z
3:rn
Z
-l
D
r

en.....
IS)

Ul
l.D
Ul

IS)
Ul
Ul
Ul

lJ

......
IS)

".....
tJ.



RUG-10-1999 09:24

IV. CONCLUSION

NORTHDIV ENVIRONMENTRL 610 595 0555 P.ll/13

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 differerit and 'canbeconsidered~a~?;,

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::clw.:ftom the results presented. here..th;it; comrnop: r.egIJ.1atory., target
cleanup'fiv"~n":fofcPAHarid B(d)P-nntLrio <i.'6(rnlgJkifaie·much..below th~'
backgrpui)d concentrations of thesecomPPl,mds in.urb~. ~rface soils, (upper;::~

,95% '"Ctoli;fidencc' irit~~af bf 3.3 ~nd'12)i'~mg&iforicitai B(Q)P"TE and' totaU~
cPAHFrespectively)~ 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)

5

r---_ 3

---2

-~o

FIGURE 2. CompArison of B(B)P-TEwlth U.S. EPA Region 111- risk-based concentration
for B(s)P. B(a)P data presented are the upper 95"10 confidence interval on the arithmetic
mean.
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Upper 95% confidence intervals are compared becal1:;e 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 mglkg is approximately ten times
greater than the target cleanup level of 0.33 mglkg and approximately 30 times
higher than the target cleanup level of 0.1 mglkg. 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 appro'ximately 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 designate4)l~i(

pavement had significantly higher, approximately threefold higher, PAH concen~C"

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 mglkg.
This cleanup level is not risk based and is three times lower than the background
concentration ofTPH found in this study (arithmetic mean of 306 mglkg and upper
95% confidence interval on the mean of 373 mglkg).

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 dollars in site investigations.
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