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1.0 INTRODUCTION 

Tetra Tech has prepared this Environmental Hazard Evaluation (EHE) on behalf of Hickam 
Communities LLC (HC) to evaluate potential environmental hazards associated with chemicals 
sampled in shallow soil within the HC Remedial Action site at Joint Base Pearl Harbor-Hickam 

(JBPHH), Oʻahu, Hawaiʻi. The Remedial Action site consists of four neighborhoods that include 
the Earhart Village I-2, the Earhart Village I-3 neighborhood, the Onizuka Village II-1 
neighborhood, and the Hale Na Koa I-1 neighborhood. Figure 1-1 shows the locations of the 
Remedial Action site (hereinafter the “Site”). In addition to the neighborhoods, the EHE also 
considers soil located within long-term management units (e.g., burial pits and soil berms), 
within utility trenches, and under buildings and hardscapes.  

This EHE report is being submitted as part of the requirements of Voluntary Agreement for 
Environmental Response Actions (Voluntary Agreement) between the Hawai‘i Department of 
Health (HDOH) and HC.

1
 The Voluntary Agreement provides a means of allowing Tetra Tech 

(on behalf of HC) to conduct environmental investigation and remediation activities under the 
oversight of the HDOH Hazard Evaluation and Emergency Response (HEER) Office pursuant 

to Hawaiʻi Revised Statutes Chapter 128D Part I
2
. Once the activities listed in the Voluntary 

Agreement have been completed in accordance with HDOH requirements, HC will request a no 
further action (NFA) letter, which will state that no further environmental investigation or 
remediation is required for the Site.  

The Voluntary Agreement consists of numerous tasks and deliverables, some of which have 
already been completed to date. This report documents the work conducted to complete the 
EHE component of the Voluntary Agreement. Primary tasks completed to date are summarized 
briefly below. 

Task 1: Develop Sampling and Analysis Plans (SAPs) 

Two Sampling and Analysis Plans (SAPs) were prepared to present the scope of work for a 
comprehensive soil investigation to characterize the current soil conditions at the Site. The 
purpose of this investigation was to provide sufficient data to evaluate potential environmental 
hazards to human and ecological receptors posed by contaminants present in soils at the Site. 

Task 2: Implement SAPs 

Tetra Tech followed the SAPs during the comprehensive soil investigation that was conducted 
at the Site from August 12 to October 12, 2010. During site activities, Tetra Tech was in regular 
contact with HDOH to discuss site conditions and operations. Throughout the investigation, 
Tetra Tech did not deviate from the SAP methodology unless required to do so based on Site 
conditions. If required, deviations were only made using an alternate method that had been 
agreed upon with HDOH. The analytical results associated with this investigation were shared 
with HDOH soon after they were received from the laboratory and are summarized in the 
Remedial Investigation report. 

                                                
1
 (HC 2011) 

2
 Hawaiʻi Revised Statutes (HRS) Hawaiʻi Environmental Response Law, Chapter 128D, Part I: Environmental 

2
 Hawaiʻi Revised Statutes (HRS) Hawaiʻi Environmental Response Law, Chapter 128D, Part I: Environmental 

Response Law. As Amended 1990. 
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Task 3: Removal Actions (ROs) 

Three Removal Actions (ROs) have been conducted at the Site. The first two ROs conducted at 
the Site were implemented to address potential short-term health risks. The third RO conducted 
at the Site was implemented to address long-term health risks. Brief summaries of the three 
ROs are listed below.  
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1. Removal Action No. 1 (RO# 1) – Oct-Dec 2010.  RO# 1 addressed pesticide-
impacted soils ("PI soil") at the ground surface which posed the most urgent short-
term public health risks. RO #1 was implemented using criteria in the 9/2010 HC 
Immediate Action Plan, which was presented in RO# 1 Work Plan.

3
 HDOH approved 

the RO #1 Work Plan in a 9/24/2010 email.
 4
 

2. Removal Action No. 2 (RO# 2) – Jan-Apr 2011.  RO# 2 addressed PI surface soils 
not addressed under RO #1 which posed lesser but still significant short-term public 
health risks. Following submittal of the Work Plan (Tetra Tech 2010n), RO #2 was 
implemented using criteria in the 11/10/2010 Revised Analysis of Potential Removal 
Alternatives memorandum ("APRA Memo").

5
 HDOH approved the APRA Memo on 

11/23/2010
6
. 

3. Removal Action No. 3 (RO# 3) – Jun-August 2011.  RO# 3 addressed PI surface 
soils not addressed under RO# 1 or RO# 2 which could pose long-term public health 
risks. RO #3 was implemented using criteria in the 5/13/2010 Draft Preliminary Human 
Health Risk Evaluation Work Plan for Hickam Communities ("HHRE Work Plan"

7
). 

HDOH approved the HHRE Work Plan on 6/7/2011.
 8

 

Task 4: Resident Involvement Plan(s) 

The goal of the Resident Involvement Plan is to effectively disseminate important information to 
residents in a timely manner to help ensure their safety and understanding of pesticide-
impacted (PI) soil in HC neighborhoods in JBPHH. As per the Resident Involvement Plan,

9
 

resident involvement reporting is conducted on an ongoing basis to serve as a progress update 
memo on how site activities are being implemented. At a minimum, communication with 
affected residents takes place on a monthly basis to provide residents with a general update on 
soil removal activities and emphasize safety surrounding PI soil in their area. 

Task 5: Environmental Hazard Evaluation 

The EHE is the link between the discovery of contaminated soil or groundwater during site 
investigation and response actions taken (if warranted) to address contamination. The purpose 
of the EHE is to identify and evaluate potential hazards to human health and sensitive 
ecological receptors posed by contaminants of concern identified at a site under current and 
potential future site conditions and provide the basis for evaluating if remedial actions or the 
implementation of engineering/institutional controls is warranted. The potential hazards 
evaluated as part of the EHE are as follows:  

 Direct exposure threats to human health (this includes reasonably expected future 
exposure scenarios such as potential for residential and industrial worker exposure 
to previously buried PI soil due to excavation or erosion); 

 Intrusion of subsurface vapors in buildings; 

 Leaching; 

                                                
3
 (Tetra Tech 2010L) 

4
 (HDOH 2010a) 

5
 Tetra Tech 2010m) 

6
 (HDOH 2010b) 

7
 (Tetra Tech 2011b) 

8
 (HDOH 2011b) 

9
 (Tetra Tech 2011c) 
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 Impacts to terrestrial habitats;  

 Gross contamination and general resource degradation; and 

 Impact to drinking water supplies. 

This EHE has been prepared in accordance with HDOH guidelines summarized in the HDOH 
guidance document titled, Screening for Environmental Hazards as Sites with Contaminated 
Soil and Groundwater

10
. 

Remaining tasks to be completed as part of the Voluntary Agreement include a final Removal 
Action Report (RAR), a Remedial Alternatives Analysis (RAA), an Environmental Hazard 
Management Plan (EHMP), a Response Action Memorandum (RAM), and a NFA letter. 

                                                
10

 (HDOH 2008a) 
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2.0 BACKGROUND 

This Chapter describes the environmental setting of the Site, as well as past and current land 
uses.  

2.1 Site History 

Hickam Field was established in 1934.
11

 Prior to 1930, the area that now contains Hickam Air 
Force Base (HAFB) was used for agriculture and fish ponds.

12
  

The Earhart Villages I-2 and I-3 housing areas were constructed in the 1960s and 1970s on 
land that was previously part of the airfield and originally contained 89 residential buildings. 
Onizuka Village II-1 was constructed in 1975 on land that was also previously part of the airfield 
and originally consisted of 18 multi-family dwellings.

13
 

Starting in 2005, Lend Lease Americas LLC (Lend Lease; legacy Actus Lend Lease, LLC), was 
contracted by the US Air Force (USAF) to develop, design and construct 1,182 new homes, and 
to renovate 1,260 existing homes at JBPHH as part of the Department of Defense (DoD) 
Residential Communities Initiative (RCI). Construction Phase I of this contract, which included 
the Earhart I-2 and Earhart I-3 neighborhoods, was awarded in 2005, and Construction Phase 
II, which included the Onizuka II-1 neighborhood, was awarded in 2007. Earhart I-2, which was 
developed in the second stage of construction in the Construction Phase I project, is on the 
eastern end of the former Earhart Village Housing Area. In Earhart I-2, 46 existing housing 
structures were demolished beginning in 2008, and were replaced with 69 new multi-family 
structures. In the Earhart I-3 neighborhood, 40 existing housing structures were demolished 
and replaced with 61 new multi-family structures. In the Onizuka II-1 neighborhood, eighteen 
original structures were demolished beginning in 2009, and 27 new multi-family structures were 
constructed, along with two administrative buildings for the housing management offices. The 
locations of the three neighborhoods are shown in Figure 1-1. 

Prior to the 1980s, organochlorine pesticides were used to control subterranean termites under 
and around the foundations of buildings at JBPHH. The pesticides used for this purpose 
included aldrin, chlordane, and dieldrin. Because of their persistence in the environment, these 
chemicals were gradually taken out of production, and licensing for most uses was discontinued 
in the mid-1980s, as alternative treatments were developed. However, due to their persistence, 
pesticide impacted soil was still present under the building foundation slabs when the buildings 
at the Site were demolished in 2008/2009. 

In August 2009, pesticide concentrations significantly above the action levels that had been 
established for the Program Area

14
 were discovered in surface soil within open areas at the 

nearly-completed Earhart I-4 neighborhood.
15

 The concentrations of pesticides in surface soil 
indicated improper implementation of the PI Soil Management Program.    

                                                
11

 (HAFB 2006) 
12

 (KJC 1991) 
13

 (USAF 2005) 
14

 Tetra Tech 2009a 
15

 (Tetra Tech 2009b, 2009d) 
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HC’s response at Earhart I-4 itself has been addressed separately and is not covered in the 
Remedial Investigation Report;

16
 however, the improper management of PI soil during 

construction at Earhart I-4 raised concerns that previously-completed neighborhoods such as 
Hale Na Koa I-1, Earhart I-2, Earhart I-3, and Onizuka II-1, could have similar conditions. Unlike 
at Earhart I-4, residents had already moved into the new housing in these neighborhoods. At 
the time of the discovery of the problem at Earhart I-4, Hale Na Koa I-1 had been occupied for 
more than two years, Earhart I-2 for about 13 months, Earhart I-3 for about two months, and 
Onizuka II-1 had just begun to be occupied.   

In a preliminary investigation in June 2010, HC found evidence of pesticide concentrations at 
concentrations significantly above the screening levels established for the Program Area in 
surface soils in the Earhart I-2, Earhart I-3, and concentrations slightly above the screening 
levels in parts of the Onizuka II-1 neighborhood.

17
 Confirmation soil sampling was also 

conducted by HC in the Hale Na Koa I-1 neighborhood in June 2010.
18

 The results of that 
investigation indicated concentrations generally below the screening levels. The results of these 
investigations are summarized more fully in Section 2.0, below. 

HDOH considered the observed pesticide levels in the Earhart I-2 and Earhart I-3 
neighborhoods to be a significant potential human health risk, and directed HC to conduct a 
thorough and detailed Remedial Investigation to collect information for reliable cleanup action 
decision-making at all three of the newly-occupied neighborhoods: Earhart I-2, Earhart I-3, and 
Onizuka II-1 (together, the Remedial Investigation Study Area). HC conducted the field portion 
of the Remedial Investigation in August-October 2010.

19
 

2.2 Site Description 

Joint Base Pearl Harbor-Hickam is situated on approximately 2,700 acres of the Pearl Harbor 

coastal plain on the southern coast of Oʻahu. The topographic relief of the area is generally flat 
with elevations ranging from 0 to 20 feet above mean sea level.

20
 Most of the soils on the Base 

are mapped as fill land. The fill consists of dredge material from Pearl Harbor and other 
sources. Placement of the fill changed the topography of the Base from an uneven series of low 
lying coastal ridges and swales to a level plateau. Excess surface drainage flows to local 
drainage swales which flow to major storm drainage channels. 

The Earhart Village I-2 and I-3 housing areas are located on the northern portion of JBPHH. 
The overall Earhart I-2 and I-3 area is bounded by the inter-island terminal of the Honolulu 
International Airport to the east, the Nimitz Highway to the north, Kuntz Avenue to the south, 
and residential housing the west. The Earhart I-2 area comprises approximately 47 acres and 
the Earhart I-3 area comprises approximately 32 acres. The Onizuka Village II-1 housing area 
is located approximately one mile to the west of the Earhart neighborhoods and covers 
approximately 16.5 acres. 

                                                
16

 (Tetra Tech  2010a, 2010c, 2010f, 2010i) 
17

 (Tetra Tech 2010d, 2010e, 2010b) 
18

 (Tetra Tech 2010j, 2010k) 
19

 (Tetra Tech 2010g, 2010h)    
20

 (USAF 2002a) 
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Current Land Use 

All three neighborhoods are currently developed for residential multi-family use and are 
managed under a 50-year lease by Hickam Communities LLC, which has responsibility for 
maintaining the buildings and grounds. As described above, there are currently 69 newly 
constructed multi-family housing structures in the Earhart I-2 area, 61 multi-family structures in 
the Earhart I-3 area, and 27 multi-family structures in the Onizuka II-1 area. In addition to 
residential lots, the residential areas include children’s playgrounds, hiking and biking paths, 
and large common areas (i.e., open spaces), most of which are covered by Bermuda grass. 
Due to the fact that the neighborhoods associated with the Site were constructed on land that 
was previously part of the Hickam airfield, which may be associated with residual 
concentrations of chemicals used as part of routine airfield operations, the residential lease 
agreements between HC and current residents stipulate that residents are prohibited from 
digging, excavating or gardening in an effort to minimize any potential exposures.

21,22
 

Landscaping and landscaping maintenance is provided by the property manager (i.e., HC).  

2.3 Climate 

The climate in the Honolulu area is mild to very warm, with dry to moderate humidity and 
northeasterly trade winds approximately 90 percent of the summer months, and 50 percent of 

the winter months. There is very little diurnal or seasonal variation in temperature on Oʻahu 
because of its tropical latitude, marine influence, and the prevailing northeasterly trade winds. 
The average daytime temperatures range between 22 to 27 degrees Celsius (°C) [72 and 81 
degrees Fahrenheit (°F)], and humidity varies between 58 and 90 percent.

23
  

The average annual precipitation at HAFB is approximately 56 cm (22 in). December is typically 
the wettest month of the year, and the June is the driest.

24
 

2.4 Soils/Geology 

Joint Base Pearl Harbor-Hickam lies on the coastal plain on the leeward side of the Koʻolau 
Range, immediately east of Pearl Harbor. The Pearl Harbor coastal plain is underlain by a 
succession of terrestrial alluvial and marine sedimentary layers. As the island subsided over 
thousands of years, alluvial sediments interspersed with volcanic flows and volcanic ash were 
deposited on the margin of the island, building a reef platform. During periods of lower sea 
levels, the reef was exposed. This so-called caprock (because it caps the underlying volcanic 
rock, which contains the basal aquifer), contains strata of alluvium, lagoonal mud, beach sands, 
volcanic tuff, and corals. At depth, these strata overlay volcanic bedrock of the Honolulu 
volcanic series.  

                                                
21

 (HC 2010) 
22

 Beginning in 2007, with the lease of new housing units in the Hale Na Koa neighborhood, HC has included 
notification  to residents of the potential presence of pesticides in soils.  Section 5.13 of the Resident Guide, which is 
Appendix A of the standard tenant lease agreement, specifies that tenants may not dig into the ground for any 
reason without first obtaining approval to do so from HC. Following HC approval of any digging requests, tenants 
must then obtain a WCR form (647th CES, JBPPH: Form 103) from the CES office at JBPHH. 
23

 (USACE 1997) 
24

 (HAFB 2006) 
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Most of JBPHH soils are mapped as fill, comprising material dredged from the ocean or hauled 
in from elsewhere. In addition to the fill, there are five naturally occurring soil types present 

(Māmala stony silt clay loam, Makalapa clay, Keaʻau stony clay, Jaucus sand, and coral 
outcrop) that are associated with the coastal plain and coral reef substratum over which JBPHH 
lies. The fill and naturally occurring soil types are considered poor for vegetation growth, and 
high-maintenance landscaping areas usually contain topsoil fill from off-base sources. The 
erosion potential for the JBPHH soils is generally slight to moderate, with the exception of 
Jaucus sand, which is highly erodible.

25
 

2.5 Surface Water 

There are no natural lakes, rivers, or streams on the Onizuka or Earhart Village housing areas; 
however, Manuwai Canal, which provides storm drainage for the eastern third of JBPHH, flows 
adjacent to the southern boundary of the Earhart Village housing area. The Manuwai Canal 
empties into Māmala Bay to the south. 

The housing areas being evaluated are not within the area on JBPHH designated as a potential 
flood inundation zone. The housing areas utilize a storm drainage system that collects surface 
water and sends it to a series of canals that eventually empty into Māmala Bay.  

No natural wetlands are present on the Onizuka or Earhart Village housing area properties. The 
Manuwai Canal, which flows adjacent to the southern boundary of the Earhart Village area, has 
been classified by the National Wetland Inventory as an estuarine, open water, subtidal 
inundation, and excavated wetland.

26
  

2.6 Groundwater 

There are two groundwater aquifers below HAFB. Most of the installation is underlain by a 
brackish aquifer that is not suitable for commercial, residential, or recreational use. General 
groundwater flow in the area is towards the Pacific Ocean to the south. A small portion of the 
base is underlain by a protected freshwater aquifer that has stringent requirements for water 
quality protection. Potable water is supplied to HAFB from Navy storage tanks outside the 
base.

27
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26
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27
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3.0 SUMMARY OF INVESTIGATION HISTORY 

3.1 Hickam Air Force Base (HAFB) Investigations 

Sources of contaminants from past operations at HAFB have been identified under the DoD 
Installation Restoration Program (IRP). A number of contaminant source sites have been 
identified in the vicinity of the Site, and have undergone investigation and remediation. Data 
from the IRP site investigations provide an important source of information about the 
environmental conditions in the Site.  

A review by of the Preliminary Assessment/Site Inspection submitted by HAFB to the US 
Environmental Protection Agency (EPA) in 1991 summarized the investigations performed up to 
that date. As described in the review, 24 source areas were initially identified in a Phase I 
Records Search.

28
 Eleven of these sites involved fuel leaks from underground fuel distribution 

lines and were investigated in a Phase II, Stage 1 Confirmation/Quantification study.
29

  

Additional investigation led to identification of other sites. By 1996, 37 of 41 identified source 
sites had been evaluated, and an additional 72 areas of concern were identified.

30
 Among the 

IRP sites nearest to the Site was a large fuel spill site designated as SS-01, with a floating 
product plume that extended beneath a residential area east of Onizuka Village. Product 
removal activities were initiated in 1986 and continued until 2007. A Record of Decision for the 
SS-01 was prepared in 2007, which identified Monitored Natural Attenuation and institution of 
Land Use Controls as the long-term remedy for the residual fuel in soils and groundwater at the 
site.

31
  

A Management Action Plan prepared in May 2007 summarized the status of the IRP sites.
32

 No 
IRP sites were identified within the Site. In addition to the SS-01 site west of Onizuka Village, 
several IRP sites were listed that lie adjacent to and south of Earhart Village. These include site 
MY158 (a former motor pool site with petroleum hydrocarbons, solvents and metals), and SS-
25 (the Hickam Village Shoppette site, with petroleum hydrocarbons). Both of these sites have 
been investigated and Records of Decision have been signed indicating that NFA is required at 
these sites.  

3.2 Previous Investigations of the Site 

From 2004 through 2006, pre-construction sampling was conducted at the Site as part of Phase 
I and Phase II Environmental Site Assessment (ESA) investigations. In late 2006 and 2007, 
additional pre-construction sampling was conducted to evaluate pesticide levels in areas of the 
Site where new construction was planned and under homes that had been vacated prior to 
demolition. In 2010, post-construction sampling was conducted to evaluate pesticide levels in 
soil beyond the footprints of former buildings that had been demolished prior to the construction 
of new residential buildings. 

                                                
28

 (USAF 1991) 
29

 (Dames and Moore, 1986) 
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 (Tetra Tech 2007a) 
31

 (Parsons 2007) 
32

 (HAFB 2007) 



Environmental Hazard Evaluation (T26535)   Hickam Communities, LLC 
3.0 Summary of Investigation History 

Tetra Tech June 7, 2012 11 

3.2.1 Pre-Construction Sampling (2004 – 2007) 

In 2004, Tetra Tech was contracted by Lend Lease to prepare a Phase I ESA for the 
Construction Phase I project sites, including the Earhart Village Housing Area.

33
 The Phase I 

ESA identified several recognized environmental conditions (RECs), including suspected former 
underground storage tanks, former underground fuel pipelines, IRP sites in the vicinity of the 
housing areas, polychlorinated biphenyl (PCB) sites, and past applications of pesticides to soils 
beneath housing foundations. Tetra Tech recommended that sampling be performed to 
evaluate pesticide concentrations after the building foundations were removed.  

Later in 2004, Tetra Tech performed a Phase II ESA of the Site to investigate the RECs 
identified in the Phase I ESA.

34
 The Phase II ESA included sampling at three locations next to 

building foundations, and 16 locations abutting transformers, where discrete shallow soil 
samples were collected prior to demolition of the existing buildings for analysis of metals, PCBs, 
and pesticides. These sampling locations, where no evidence of pesticide application is known, 
typically have significantly lower pesticide levels compared to those from under foundations 
where pesticides were specifically applied. Dieldrin was detected in three samples at 
concentrations slightly above the HDOH Tier 1 Environmental Action Level of 0.03 milligrams 
per kilogram (mg/kg). Tetra Tech recommended performing additional sampling beneath and 
immediately adjacent to building foundations to further characterize the pesticides, and 
recommended developing a management plan to protect workers and future residents. The 
Management Plan for Pesticide-Impacted Soil (MPPIS) was prepared in 2006, as a guide to the 
D/B contractor during demolition and earth-moving activities that might disturb the soil beneath 
building foundations.

35
  

In April 2006, Tetra Tech performed additional shallow soil sampling to characterize pesticide 
occurrence in the Earhart Housing Area.

36
 Discrete soil samples were collected from selected 

points and multi-incremental (MI)
37

 soil samples were collected from common areas in the 
Earhart I-2 and I-3. One of the objectives of this MI sampling was to evaluate whether 
concentrations in the surface soil in the common areas between residential housing units posed 
a potential health risk to residents. It was generally expected that pesticides were applied 
specifically to subfoundation soils, rather than over broad areas, and it was generally assumed 
that concentrations of pesticides would be elevated in the subfoundation soils because the 
organochlorine pesticides are persistent and immobile, so would remain within the localized 
area where treatments had occurred. The MI soil sampling results of the common areas in 
Earhart I-2 and I-3, were very similar. Aldrin, dieldrin, and chlordane were not detected in the MI 
samples from Earhart I-3. Dieldrin was detected at the HDOH Tier I EAL (0.03 mg/kg) in the MI 
sample from Earhart I-2. These results provided an indication of the baseline conditions within 
the common areas of the Earhart Village Housing Area prior to demolition of the old buildings 
and construction of new buildings. 

In June 2006, after discussion with HDOH, Tetra Tech prepared a memorandum documenting 
the basis for and the assumptions used in defining site-specific EALs (referred to as “2006 
HHRA Standard”) for the HC Housing Area

38
, which were approved by HDOH. A copy of the 
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 (Tetra Tech 2004a 
34

 (Tetra Tech 2004b) 
35

 (Tetra Tech 2006e) 
36

 (Tetra Tech 2006b) 
37

 Multi-incremental samples are composite samples consisting of 30 to 50 sample increments collected at randomly 
distributed points throughout an area of interest called a decision unit (DU). MI sampling is recommended by HDOH 
for characterizing DUs. 
38

 (Tetra Tech 2006c) 
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memorandum is included in Appendix B. The primary pesticides of concern at the site, based 
on sampling results up to that time, were chlordane, dieldrin, and aldrin.  The use of the Site-
specific EALs was contingent on the concurrent, continuing application of specific land-use 
controls which included stringent residential activity prohibitions (e.g., prohibitions on 
excavation) as well as limitations on residential exposure periods based on the assumption of 
military housing as the ongoing land-use.  

In Setpember 2006, in order to characterize the distribution of pesticides in the target areas of 
the Site where new construction was to be located, the Earhart I-2 and I-3 neighborhoods were 
divided into DUs containing an average of two residential buildings measuring approximately 1 
acre (43,560 square feet [sq ft]). Decision units were designed to distinguish a 10-feet zone of 
soil around each building that was most likely to be pesticide-impacted. Prior. Multi-incremental 
samples consisting of a minimum of 40 sample increments, were collected from each of the 
sub-areas within the upper 6 inches of soil. The results of this investigation were generally 
consistent with the previous sampling of the common areas. Concentrations of all of the 
pesticides were low, and dieldrin and aldrin concentrations were nearly all below the method 
detection limit (MDL) or the practical quantitation limit (PQL). Chlordane concentrations were 
generally below the HDOH Tier 1 EAL of 1.6 mg/kg.

 39
  

In February 2007, as some of the buildings were vacated in anticipation of demolition, Tetra 
Tech sampled beneath the slabs of eight vacated buildings in the Earhart I-2 area and one 
building in the Earhart I-3 area.

40
 The purpose of this sampling was to evaluate the presence of 

pesticides at elevated concentrations relative to the Tier 2 Screening Levels. The samples 
consisted of composite samples from five points under each building. At each of the sample 
locations 6-inch core samples representing the depth intervals from 0 to 6 inches, 6 to 12 
inches, and 12 to 18 inches were collected and combined to produce a 5-point composite 
sample representing that depth interval. The results of this sampling showed a high degree of 
heterogeneity, with concentrations ranging from below the 2006 HHRA Standard to many times 
higher than the 2006 HHRA Standard. The primary constituents encountered were aldrin and 
dieldrin.  

In April 2007, in order to further investigate the depth of pesticide occurrence beneath the 
foundation slabs of the vacated buildings, Tetra Tech collected additional core samples from 
depths of 18 to 24 inches and 24 to 30 inches in three of the buildings previously sampled in 
February 2007.

41
 The results were consistent with the results from the shallower samples, 

suggesting that pesticides were present beneath the foundation slabs to depths greater than 30 
inches. Based on these results, it was concluded that soil beneath the foundation slabs would 
be assumed to contain pesticides and would be managed as such.  

3.2.2 Post-Construction Sampling (2006 and 2010) 

Hale Na Koa I-1 

In 2006, a comprehensive Phase II soil investigation was conducted within the Hale Na Koa I-1 

neighborhood from February to April. At the time of the sampling, the former buildings and 

foundations were demolished and the new buildings constructed. The area was not yet at final 
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grade and was awaiting import of soil for landscaping. MI soil sampling was conducted within a 

10-foot zone surrounding each building footprint which was considered to be the area most 

likely to be impacted by organochlorine pesticides. Analytical results indicated that 

organochlorine pesticides were present at concentrations exceeding the 2006 HHRA Standard 

and were designated as PI soil.
42

 In February 2007, areas identified as having PI soil during the 

2006 Phase II investigation were excavated to 1-foot below final grade and were backfilled with 

stockpiled soil from the area that had been tested and identified as not being PI soil.   

Preliminary Investigation (June 2010) – Earhart I-2, Earhart I-3, and Onizuka II-1 

During pre-construction preparation activities, PI soil was to be excavated from building 
footprints to a depth of 1-foot below the final grade. The excavated soil was to be staged on the 
site pending final disposition of the soil. During construction, the soil was to be placed beneath 
new hardscapes, including roads, parking lots, sidewalks, and buildings. In addition, PI soil was 
used to backfill utility trenches. As per the soil management plan

43
, in all areas not covered by 

hardscapes, including the footprints of former buildings and utility trenches, 1 foot of clean soil 
was to be placed over the PI soil as a barrier to prevent exposure.  

Upon completion of construction activities, it was suspected that PI soil was inadvertently 
spread to exposed areas of the site. However, the areas affected by this cross-contamination 
could not be accurately delineated without sampling. For this reason, a preliminary investigation 
of the Earhart I-2, Earhart I-3, and Onizuka II-1 areas was undertaken in June 2010, to 
determine if PI soil had been spread beyond the former building footprints. The results of the 
preliminary investigation revealed that pesticide concentrations exceeded the 2006 HHRA 
Standard in common areas of the Earhart I-2 and Earhart I-3 areas. The results for soil in 
common areas of the Onizuka II-1 neighborhood indicated that pesticide concentrations were 
generally below the 2006 HHRA Standard, except in two subareas of the site where the 
concentrations were slightly above the 2006 HHRA Standard. Based on the results of the 
preliminary investigations, HDOH requested that HC conduct a more detailed investigation to 
evaluate potential environmental hazards. Based on the HDOH request, a Site-wide, post-
construction soil investigation was conducted from August 12 through October 12, 2010 within 
the three Hickam neighborhoods. This investigation is described below in Section 3.3. 

3.3 Analytical Data to Support the Environmental Hazard Evaluation 

As described above, numerous soil investigations have been conducted at the Site. In order to 
evaluate current post-construction conditions, only analytical results associated with the Site-
wide, post-construction soil investigation conducted from June 3rd through October 12, 2010 
have been included in the EHE because this data is the representative of current soil 
conditions. Additionally, the soil sampling conducted as part of this investigation was designed 
to fully characterize exposure areas (referred to as “decision units”) that were delineated in 
accordance with HDOH guidelines

44
 and with HDOH oversight following the preliminary 

investigation conducted in June 2010. Field sampling activities associated with this investigation 
were conducted in accordance with three HDOH-approved SAPs that were prepared following 
the guidelines presented in the HDOH HEER Technical Guidance Manual (TGM)

45
, previous 
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sampling protocols provided in SAPs from other HC sites, and the Program Manual
46

. The three 
SAPs prepared for this sampling effort are entitled: 1) Sampling and Analysis Plan, Earhart I-2 

and Earhart I-3 Neighborhoods, Hickam Air Force Base, Oʻahu, Hawaiʻi (Tetra Tech 2010L); 2) 

Sampling and Analysis Plan, Onizuka II-1 Neighborhood, Hickam Air Force Base, Oʻahu, 

Hawaiʻi (Tetra Tech 2010m); and 3) Sampling and Analysis Plan, Soil Investigation, Hale Na 
Koa I-1, Earhart I-2, Earhart I-3, and Onizuka II-1 Neighborhoods, Hickam Air Force Base, 

Oʻahu, Hawaiʻi (Tetra Tech 2010j). 

Earhart I-2, Earhart I-3, and Onizuka II-1 Neighborhoods 

For the Site-wide post-construction soil investigation, Tetra Tech collected a total of 1,156 
samples; 712 samples from the Earhart I-2 neighborhood, 398 samples from the Earhart I-3 
neighborhood, and 46 samples from the Onizuka II-1 neighborhood from August 12 through 
October 12, 2010. For this investigation, multi-increment (MI) soil samples were collected using 
the method recommended by the HEER TGM.

47
 For each area evaluated, one MI sample was 

collected from the 0 to 6-inch depth interval and one MI sample was collected from the 6 to 12-
inch depth interval. The MI soil sampling results associated with this investigation were used to 
evaluate potential environmental hazards at the Site and are summarized in Appendices C 
and E. 

Hale Na Koa I-1 Neighborhood  

For the Hale Na Koa I-1 neighborhood, Tetra Tech collected a total of 20 samples from 11 DUs. 
For this investigation, MI soil samples were collected using the method recommended by the 
HEER TGM

48
. In five DUs associated with areas where PI soil was previously identified and 

removed, two MI soil samples were collected, one from the 0 to 6 inch depth interval and one 
from the 6 to 12 inch depth interval. In the six remaining DUs that are associated with areas 
where PI soil was not identified during previous investigations, one MI soil sample was collected 
from the 0 to 6-inch depth interval. The MI soil sampling results associated with this 
investigation were used to evaluate potential environmental hazards at the Site and are 
summarized in Appendices C and E. 
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4.0 CONTAMINANTS OF CONCERN 

4.1 Contaminants of Potential Concern 

Chemicals of potential concern (COPCs) are chemicals that have been detected in the 
environment that may adversely impact human or ecological receptors. Based on historical 
activities described in Section 2 and Site investigations conducted from 2004 through 2010 
described in Section 3, organochlorine pesticides in soil were identified as COPCs at the Site. 

4.2 Contaminants of Concern 

Contaminants of concern (COCs) were identified based on the most recent soil sampling data 
collected from August 12 through October 12, 2010 to characterize the decision units identified 
in accordance with HDOH guidelines within the Earhart I-2, Earhart I-3, Onizuka II-1, and Hale 
Na Koa I-1 neighborhoods (refer to Section 5 for discussion of decision units [DUs]). All soil 
samples were analyzed by EPA Method 8081 for organochlorine pesticides. For this evaluation, 
all pesticides detected in at least one soil sample were identified as COCs and evaluated 
further in the EHE. Chemicals detected at the Site are summarized in Table 4-1 and include 
aldrin, chlordane, dieldrin, dichlorodiphenyldichloroethane (DDD), 
dichlorodiphenyldichloroethylene (DDE), and dichlorodiphenyltrichloroethane (DDT), endrin, 
endrin ketone, endosulfan sulfate, delta-BHC, and methoxychlor. The primary chemicals of 
concern are aldrin, chlordane, dieldrin, DDD, DDE, and DDT. The other organochlorine 
pesticides listed in Tale 4-1 have been detected sporadically at concentrations close to their 
detection limits. As indicated in Table 4-1, endosulfan sulfate, delta-BHC, and methoxychlor 
were each detected once at low levels. 

Table 4-1. Contaminants of Potential Concern 

Chemical
 (a)

 

Aldrin 

Chlordane
 (b)

 

Dieldrin 

DDD 

DDE 

DDT 

Endrin 

Endrin Ketone 

Endosulfan Sulfate
 (c)

 

Delta-BHC
c
 

Methoxychlor
c
 

Notes: 

(a)
 All organochlorine pesticides detected in soil as part of past site investigation activities conducted at the Site in 
2010 are included in this table. 

(b)
 Chlordane is representative of technical chlordane which consists of chlordane isomers, heptachlor, and 
heptachlor epoxide. For this reason, other chlordane isomers, heptachlor, and heptachlor epoxide are 
evaluated as chlordane and are not listed individually in this table. 

(c)
 Listed chemical detected at low levels in one sample. 
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5.0 POTENTIAL ENVIRONMENTAL HAZARDS 

As indicated in HDOH guidance,
49

 a basic understanding of environmental hazards associated 
with contaminated soil and groundwater is a critical component in the overall environmental 
response process. Common environmental hazards that should be evaluated at release sites 
include: 

Table 5-1. Potential Environmental Hazard 

Medium Potential Environmental Hazard 
Potentially 

Significant? 

Soil 

Direct exposure threats to human health Yes 

Intrusion of subsurface vapors in buildings No 

Leaching and subsequent impacts to groundwater No 

Impacts to terrestrial habitats No 

Gross contamination and general resource degradation No 

Groundwater 

Impacts to drinking water sources No 

Impacts to aquatic habitats No 

Intrusion of subsurface vapors into buildings No 

Gross contamination and general resource degradation No 

 

Potential environmental hazards were evaluated for their applicability to the Site. Potential 
environmental hazards that are considered to be insignificant at the Site based on available 
information were eliminated from further consideration and are not evaluated further. Potential 
environmental hazards identified as posing a potential threat to human health and/or the 
environment are evaluated further in the EHE. 

5.1 Direct Exposure 

Direct exposure hazards to human health and the environment involved direct contact with 
contaminated soil. Direct contact can be made via incidental ingestion of soil, dermal contact 
with soil, and inhalation of soil particulates by human and ecological receptors. 

In the absence of institutional and/or engineering controls (e.g., lease restrictions prohibiting 
tenants from digging, and requirement for maintaining groundcover, as documented in the 
EHMP

50
 and LUCID

51
), current and future human and ecological populations at the Site could 

be exposed to contaminated soil and dust, therefore, the direct exposure hazard is evaluated in 
the EHE. 
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5.2 Vapor Intrusion from Soil 

Volatile chemicals detected in groundwater, soil, or soil gas can potentially migrate in a vapor 
phase through the unsaturated zone to indoor or ambient air where human populations could 
potentially be exposed. 

As indicated in Table 5-2, none of the chemicals being evaluated in the EHE are classified as 
volatile compounds by HDOH or EPA. A chemical is classified as volatile if it has a Henry’s 
constant greater than 1 x 10

-5
 atmospheres-cubic meter per mole (atm-m

3
/mole) and a 

molecular weight less than 200 grams per mole (g/mole)
52

. For this reason, the potential for 
vapor intrusion exposures for these chemicals is insignificant. Therefore, the vapor intrusion 
hazard is not considered to be a concern and will not be evaluated further in the EHE.  

Table 5-2. Physio-Chemical Properties 
(a)

 

Chemical 
Physical  

State
 (b)

 

Molecular  

Weight  

(g/mol) 

Henry's 

Law  

Constant  

H 

(atm-

m
3
/mol) 

Henry's 

Law  

Constant  

H' 

(unitless) 

Organic 

Carbon  

Partition  

Coefficient  

Koc 

(cm
3
/gram) 

Solubility  

(mg/L) 

Soil-Water 

Partition 

Coefficient 

Kd (Foc = 

0.1%)
 (c)

 

Soil-Water 

Partition 

Coefficient 

Kd  (Foc = 

0.6%)
c
 

Aldrin NV S 365 4.39E-05 1.80E-03 1.06E+05 1.7E-02 1.06E+02 6.36E+02 

Chlordane
(d)

 NV S 410 4.88E-05 2.00E-03 8.67E+04 5.6E-02 8.67E+01 5.20E+02 

Dieldrin NV S 381 1.00E-05 4.10E-04 1.06E+04 2.5E-01 1.06E+01 6.36E+01 

DDD NV S 320 6.59E-06 2.70E-04 1.53E+05 9.0E-02 1.53E+02 9.18E+02 

DDE NV S 318 4.15E-05 1.70E-03 1.53E+05 4.0E-02 1.53E+02 9.18E+02 

DDT NV S 354 8.29E-06 3.40E-04 2.20E+05 5.5E-03 2.20E+02 1.32E+03 

Endrin NV S 381 6.34E-06 2.60E-04 1.06E+04 2.5E-01 1.06E+01 6.36E+01 

Endrin 
Ketone

(e)
 NV S 381 2.01E-08 8.26E-07 9.72E+03 7.55E-02 9.72E+00 5.83E+01 

Endosulfan 
sulfate

(e)
 NV S 423 3.24E-07 1.33E-05 9.85E+03 4.80E-01 9.85E+00 5.91E+01 

delta-BHC
(e)

 NV S 291 5.12E-06 2.10E-04 2.81E+03 3.14E+01 2.81E+00 1.69E+01 

Methoxychlor NV S 346 2.02E-07 8.30E-06 4.26E+04 1.00E-01 4.26E+01 2.56E+02 

Notes: 

atm-m
3
/mol = atmosphere-cubic meter per mole g/mol = gram/mole S= solid 

cm
3
/g = cubic centimeter/gram mg/L = milligrams/Liter 

Foc = fraction of organic carbon NV = nonvolatile 
(a)

 Listed values are recommended by HDOH (2008) unless noted otherwise. 
(b)

 Chemical is considered to be volatile if it has a Henry's constant is greater than 1.0E-05 and the molecular weight is less than 
200 (HDOH 2011a). 

(c)
 Listed Kd values calculated by multiplying corresponding organic carbon partition coefficients (Koc) by listed HDOH default for 
fraction organic carbon (Foc) 

(d)
 Chlordane is representative of technical chlordane which consists of chlordane isomers, heptachlor, and heptachlor epoxide.  For 
this reason, other chlordane isomers, heptachlor, and heptachlor epoxide are evaluated as chlordane and are not listed 
individually in this table. 

(e)
 Listed values for these compounds taken from Risk Assessment Information System (USDOE 2011). 
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5.3 Leaching 

Leaching refers to the movement of contaminants dissolved in water percolating through soil in 
the vadose zone and potentially into underlying groundwater. Leaching potential is governed by 
chemical-specific properties and soil characteristics. Chemicals that are highly soluble in water 
and do not sorb tightly to soils have the highest leaching potential (i.e., are considered “mobile”) 
and chemicals with low water solubilities that bind tightly to soils have low leaching potential. 
(i.e., low mobility). 

As shown in Table 5-1, the chlorinated pesticides detected at the Site have low solubilities 
(range from milligrams per liter (mg/L) 0.0055 for DDT to 31.4 mg/L for delta-BHC) compared to 
other common organic contaminants such as acetone and trichloroethylene, which have 
solubilities of 1 x 10

+6
 mg/L and 1.28 x 10

+3
 mg/L, respectively. The pesticides listed in Table 

5-1 also bind tightly to soil. The organic carbon partition coefficients (Koc) values included in the 
table indicate how much a chemical will bind to soil. The higher the number, the tighter the 
chemical will bind to soil. Chemicals with a Koc greater than 300 (3 x 10

+2
) are generally 

considered to be relatively immobile. As indicated in Table 5-1, the Koc values range from 
2.81 x 10

+3
 cubic centimeters per gram (cm

3
/g)(delta BHC) to 2.20 x 10

+5
 cm

3
/g (DDT), which 

are all well above 300, indicating the they will bind tightly to soil and be relatively immobile .  

Similar to the evaluation of Koc values, HDOH evaluates the potential mobility of chemicals in 
soil leachate using a soil-water partition coefficient (Kd). Large Kd values indicate lower mobility 
in soil. HDOH considers chemicals with a Kd value less than 1 to be highly mobile in soil. 
HDOH considers chemicals with a Kd values greater than 20 to be essentially immobile.

53
 As 

indicated in Table 5-1, generic Kd values calculated for detected pesticides range from 3 cm
3
/g 

(delta BHC) to 220 cm
3
/g (DDT) assuming a total organic carbon content in soil of 0.1 percent 

(%) (HDOH default assumption for generic Kd calculations) and range from 17 cm
3
/g (delta 

BHC) to 1,320 cm
3
/g (DDT) assuming a total organic carbon content in soil of 0.6% (default 

listed in HDOH Tier 1 EAL spreadsheets
54

). Based on the Kd values calculated using the HDOH 
default organic carbon content of 0.6%, only delta-BHC has a Kd value slightly lower than the 
HDOH threshold of 20. All other Kd values are at least 3-fold higher than the HDOH default. 
Lastly, although the generic Kd value for delta-BHC (based on organic carbon content of 0.6%) 
was slightly below the HDOH threshold, it should be noted that delta-BHC was only detected in 
one sample (refer to Table 4-1).  

Based on the results of a site-specific leachate study, the generic Kd values based on an 
organic carbon content of 0.6% may be more representative of actual Site conditions than the 
generic Kd values calculated based on an organic carbon content of 0.1%. This observation is 
based on the results of a 2009 leachability evaluation

55
 conducted in accordance with HDOH 

guidance
56

 on soil from the Earhart I-4 neighborhood, which is located adjacent to Earhart I-3 
(to the west). Due to its close proximity, the soils present within the Earhart I-4 neighborhood 
are likely similar soil within the neighborhoods being evaluated. Although aldrin, chlordane, and 
dieldrin were the only pesticides evaluated as part of this study, the results for these three 
chemicals suggest that Kd values associated with actual Site conditions are likely higher than 
the generic Kd values calculated based on an organic carbon content of 0.6%. As indicated in 
the 2009 leachate study, the site-specific Kd values for Aldrin ranged from 5,800 cm

3
/g to 6,600 

cm
3
/g, the Kd value for chlordane was 3,100 cm

3
/g, and the Kd values for dieldrin ranged from 
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650 cm
3
/g to 690 cm

3
/g (leachate study is included as Appendix A). These site-specific Kd 

values are roughly 9-fold higher for aldrin, 6-fold higher for chlordane, and 10-fold higher for 
dieldrin than the corresponding generic Kd values calculated based on the assumption of an 
organic carbon content of 0.6%, which suggests that the detected pesticides are likely far less 
mobile under actual Site conditions.  

Based on the information presented above, the pesticides detected at the Site are considered 
to have limited mobility and are not considered to pose a significant soil leaching hazard in 
regard to contamination of groundwater. For this reason, the leaching hazard will not be 
evaluated further in the EHE.  

5.4 Ecotoxicity 

Ecotoxicity is the degree to which a contaminant released into the environment from human 
activities affects the organisms in that environment. The potential ecotoxicity of a contaminant 
is based on its persistence in the environment, the potential to bioaccumulate, and toxicity to 
potentially exposed species. For this evaluation, potential impacts to flora and fauna in 
terrestrial habitats and aquatic (i.e., surface water) habitats are considered. 

5.4.1 Impacts to Terrestrial Habitats 

As indicated in HDOH guidance,
57

 impacts to terrestrial flora and fauna can occur via exposure 
to contaminated soil. In general, contaminants associated with potential ecological impacts are 
relatively immobile, non-volatile, and toxic to ecological receptors. HDOH EAL guidance 
(Section 4.3.5) indicates that the need for a detailed evaluation of terrestrial ecotoxicity hazards 
should be based on an inspection of the site by a qualified individual and the identification of 
potentially threatened habitats and endangered or threatened species. The ecological 
assessment was performed as part of the Environmental Impact Statement (EIS) for Phase II of 
the Hickam AFB/Bellows Housing Privatization project, which contains the credentials of the 
primary preparers.

58
    

Vegetation 

Vegetation at JBPHH has been disturbed or removed throughout the installation and there are 
no significant naturally occurring, native plant communities in the vicinity of the JBPHH.

59
 Much 

of JPBHH was constructed on a filled area that previously had been coral reef, so the lower 
elevation areas of JBPHH had no historic vegetation.  Since JBPHH is largely developed, there 
is relatively little unmanaged vegetation. Most of the vegetative cover is in landscaped areas, 
including extensive turf that is mowed regularly. The managed landscaped areas occur mostly 
around buildings, main roads and recreational areas.

60
 Unmanaged vegetation is mostly found 

in the southern portion of the Base near the coastline, which is a mile or more away from the 
Site. 
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Sensitive Habitats/Wildlife 

Due to past disturbance, there are no naturally occurring vegetative plant communities or 
optimum wildlife habitats at JBPHH. However, there is sufficient habitat for a variety of fish and 
wildlife species within particular areas that tend to fall within hydrological zones such as 
wetlands that are located in flat or depressional areas along the coastline and edges of 
channels, which are not located within the three neighborhoods associated with the Site.

61
   

Rare, Threatened, or Endangered Species 

The United States Fish and Wildlife Service (USFWS) maintains a list of threatened or 
endangered species determined to be potentially occurring on or in the vicinity of JBPHH. The 
list of threatened or endangered species consists of three marine animals and six terrestrial 
animals. No known occurrences of threatened or endangered invertebrate species have been 
recorded at JBPHH

62
. Endangered land snails are not expected to occur on JBPHH because 

the native forest habitat that supports the snails is not found on the installation.
63

 The listed 
marine animals are discussed below in Section 5.4.2 (Impacts to Aquatic Habitats).  

The six listed terrestrial animals include: the endangered black-necked stilt; endangered 
Hawaiian hoary bat; endangered Hawaiian coot; endangered Hawaiian duck; endangered 
common moorhen; and Hawaiian short-eared owl (Pueo). The Hawaiian Stilt was observed on 
JBPHH during field surveys in January 1996 in the Reef Runway Lagoon area in the vicinity of 
the mouth of the Manuwai Canal approximately a mile to the south of the Site. Habitat for the 
Hawaiian coot and the common moorhen exists at the Manuwai Canal, but these species have 
not been recorded at this location. The common moorhen has been recorded in the tidal flats 
near Fort Kamehameha on the southwest coastline of JBPHH approximately a mile from the 
Site and both species have been observed on Waipio Peninsula in Pearl Harbor, two to 3 miles 
away from JBPHH. The Hawaiian duck has also been recorded on Waipio Peninsula. The 
Hawaiian short-eared owl was captured at the base commissary prior to 2002. The current 

number and distribution of these owls on Oʻahu is unknown, but it is unlikely to nest on the 
installation due to the abundance of ground predators. Additionally, vegetation management in 
the vicinity of the airfield for the Bird-Aircraft Strike Hazard (BASH) program has directly 
resulted in reduction of available bird habitat and elimination of food sources and bird roosting 
sites in the airfield area of JBPHH. The northern boundary of the managed BASH zone borders 
the southern border of the Onizuka II-1 neighborhood and is approximately 1,400 feet south of 
the Earhart I-2 and Earhart I-3 neighborhoods associated with the Site.  Although not observed 
at the Site, a few scattered occurrences of the Hawaiian hoary bat have been reported on 

Oʻahu. It is possible that this bat species would utilize portions of JBPHH, but such use is 
thought to be infrequent since this animal is normally found on Kauai and the Big Island.

64
 

As described above, there is little unmanaged vegetation and no naturally occurring vegetative 
plant communities or optimum wildlife habitat at JBPHH. Additionally, the neighborhoods 
evaluated in this report have been developed for residential land-use and will likely remain so 
for the foreseeable future. Due to the developed nature of JBPHH and the residential areas 
being evaluated, the only ecological receptors likely to be exposed to soil at the Site are 
common, abundant species that are routinely observed in residential areas or agricultural lands. 
None of the threatened or endangered species described above are known to nest or otherwise 
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utilize the housing areas on Hickam AFB as habitat.
65

 For this reason, the potential for adverse 
impacts to terrestrial habitats and receptors is not considered to be a significant concern and 
will not be evaluated further in the EHE. 

5.4.2 Impacts to Aquatic Habitats 

Joint Base Pearl Harbor-Hickam is a flat area that drains impervious surfaces. Groundwater 
does not discharge to the surface at the Site and no permanent surface water bodies exist 
within the three neighborhoods. Therefore, uptake by aquatic receptors within the Site is 
considered to be an incomplete pathway. Beyond the Site boundary, there is a canal (Manuwai 
Canal) that provides storm drainage for the eastern portion of JBPHH that flows adjacent to the 
southern boundary of Earhart Villages I-2 and I-3 and empties into Māmala Bay to the south 
near the eastern boundary of the Māmala Bay golf course. As indicated in Section 5.4.1, the list 
of endangered species identified three marine animals that could potentially occur in waters off 
JBPHH. The listed marine animals include the green sea turtle, Hawaiian monk seal, and 
humpback whale. The green sea turtle was observed on JBPHH during field surveys in January 
1996 along the southwestern coast of JBPHH near Fort Kamehameha.  None of these species 
are associated with areas that are on or near the Site.

66
 

As described above in Section 5.3, the COCs detected at the Site have low solubilities and bind 
tightly soil and, therefore, are considered to be essentially immobile. Based on these properties, 
it is unlikely that the COCs detected at the Site would be present in stormwater runoff. If 
present at all, it is much more likely that the COCs would be associated with suspended 
sediments rather than dissolved in the runoff. However, the erosion potential for soil within the 
Site is generally slight to moderate.

67
 Additionally, as described above, most areas not covered 

with pavement or buildings are landscaped and maintained by HC such that the portion of the 
Site comprised of bare soil is very limited, which significantly limits the potential for sediments to 
be present in runoff and transported to Māmala Bay. Lastly, the wetland habitat within the 
canals at JBPHH is generally disturbed by human activities and of low value for wildlife.

68
 For 

these reasons, the potential for adverse impacts to aquatic habitats is not considered to be a 
significant concern and will not be evaluated further.  

5.5 Contamination of Drinking Water Supplies 

In the event contamination of drinking water supplies occurs, human receptors could potentially 
be exposed to chemicals that are present in the drinking water aquifer. Depending on the site, 
contamination of drinking water supplies can occur directly (chemicals enter directly into an 
aquifer when released) or indirectly (e.g., impacted groundwater at shallow depths migrates into 
deeper aquifers). As described in HDOH guidance

69
, chemicals that tend to pose a threat to 

drinking water are typically soluble chemicals that do not sorb tightly to soils and have the 
potential to migrate within the vadose zone (i.e., are “mobile”). 

As described above (Section 5.3 - Leaching), the chlorinated pesticides detected within the Site 
have low solubilities and tend to bind tightly to soils and, therefore, are generally considered to 
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be essentially immobile. Thus, it is considered unlikely that the pesticides detected in soil would 
migrate into groundwater beneath the Site. Additionally, most of the Hickam installation is 
underlain by a brackish aquifer that is not suitable for commercial, residential, or recreational 
use. Potable water is supplied to HAFB from Navy storage tanks outside the base. For these 
reasons, contamination of drinking water supplies is not considered to be a significant concern 
at the Site and will not be evaluated in the EHE.   

5.6 Gross Contamination 

Gross contamination of soil and groundwater encompasses the presence of potentially mobile 
free product, offensive odors and objectionable taste (i.e. in drinking water), unaesthetic 
appearance, generation of explosive vapors or other safety hazards, and general resource 
degradation. As described in HDOH guidance, it can be possible for soil to be contaminated at 
such high levels with some chemicals (e.g. xylenes and gasoline) that the soil could be 
flammable, but would not be considered toxic in the toxicological sense.  

Based on the soil data collected at the Site, organochlorine pesticides are present at levels that 
are significantly below levels identified by HDOH as indicative of gross contamination. The 
maximum detected soil concentration of any pesticide is 46 mg/kg (aldrin) and the HDOH 
screening level for gross contamination for any of the detected pesticides range from 
500 mg/kg (DDD, DDE, endrin, endrin ketone, endosulfan sulfate, and methoxychlor) to 
1,000 mg/kg (all other detected pesticides)

70
. Since the maximum detected levels of all detected 

pesticides are well below gross contamination screening levels, gross contamination of soil is 
not considered to be a concern and will not be evaluated further. 

5.7 Retained Potential Environmental Hazards 

A conceptual site model (CSM) summarizing the potential and retained environmental hazards 
for organochlorine pesticides at the Site is presented in Table 5-2. As described in the 
preceding sections, one of the common potential environmental hazards identified by HDOH 
(i.e., direct exposure to soil) was retained for further evaluation in the EHE. Vapor intrusion was 
eliminated as a potential environmental hazard because none of the COCs are classified as 
volatile compounds buy EPA or HDOH. Gross contamination was eliminated because the 
maximum detected levels of pesticides within the Site are well below the corresponding HDOH 
screening levels for gross contamination. The chlorinated pesticides detected at the Site have 
low solubilities and bind tightly soil (i.e., have very limited mobility) and therefore, are not 
considered to pose a significant soil leaching hazard in regard to contamination of groundwater. 
Contamination of drinking water supplies was eliminated due to the following: the limited 
mobility of the COCs, groundwater beneath the Site is brackish and is not suitable for 
commercial, residential, or recreational use, and because potable water is supplied to HAFB 
from Navy storage tanks outside HAFB. Terrestrial and aquatic ecotoxicity was eliminated from 
consideration due to the low mobility of the COCs and due to a lack of sensitive habitat within 
the Site and immediately adjacent to the Site.  

                                                
70 

Endrin used as a surrogate for endrin ketone; endosulfan used as a surrogate for endosulfan sulfate; and gamma-
BHC (Lindane) used as a surrogate for delta-BHC. 
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Table 5-3. Conceptual Site Model for Organochlorine Pesticides(a) 

Primary  

Sources 

Primary  

Release  

Mechanism 

Secondary  

Sources 

Potential  

Environmental  

Hazards 

Hazards Present Under Current or Future Conditions? 

Current 

Residents 

Construction/ 

Maintenance  

Workers 

Future 

Residents 

Construction/ 

Maintenance  

Workers 

Historical  
Maintenance  
Activities for  
Residential 

Units 
(Application 
of pesticides 
under and 

around 
building 

foundations 
for termite 

control) 

Soil moving 
activities 

associated 
with recent 

construction 
work 

Soil 

Risk to  
Human  
Health 

Direct Exposure
(b)

 
     - ingestion 

     - dermal contact 
     - dust inhalation 

No
(i)

 No
(i)

 Yes Yes 

Vapor Intrusion into 
Buildings 

---- ---- ---- ---- 

Risk to Terrestrial Ecological Habitats
(c)

 No No 

Leaching
(d)

 No No 

Gross Contamination
(e)

 No No 

Groundwater 

Risk to  
Human  
Health

(f)
 

Direct Exposure ---- ---- 

Vapor Intrusion into 
Buildings 

---- ---- 

Risk to Aquatic Ecological Habitats
(g)

 ---- ---- 

Gross Contamination
(h)

 ---- ---- 

Notes: 
(a)

 Conceptual Site Model (CSM) is based on EAL Surfer Summary Reports for organochlorine pesticides (HDOH 2011a).  It is assumed that the Site is not located within 150 meters 
of a surface water body or sensitive aquatic habitat, and groundwater is not a current drinking water resource. 

(b)
 Human health hazards include direct exposure to contaminated soil or inhalation of airborne dust. 

(c)
 Assumes significant terrestrial ecological habitat is impacted due to contamination with resulting toxicity to flora/fauna. 

(d)
 Assumes potential leaching of soil contaminants resulting in impacts to underlying groundwater. 

(e)
 Gross contamination hazards for soil include potential explosive hazards, odors and general nuisance concerns, and general resource degradation. 

(f)
 Human health hazards include ingestion of contaminated groundwater and potential dermal and inhalation exposures during showering. 

(g)
 Assumes contaminated groundwater discharges/migrates to an aquatic habitat.  Contaminants in groundwater screened using chronic aquatic toxicity action levels for sites < 150 
meters from a surface water body. 

(h)
 Gross contamination hazards for groundwater include taste and odor concerns for drinking water, presence of free product, odors, and general resource degradation. 

(i) 
 Due to remediation activities completed at the Site, current hazards are not likely to exist for current residents.  Similarly, for landscape/maintenance and construction workers who 
may engage in intrusive soil activities, institutional controls are currently in place to ensure that Occupational Safety and Health Administration safe practices are followed by 
maintenance and construction workers in areas of the Site associated with remaining PI soil.   
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6.0 EXPOSED POPULATIONS AND EXPOSURE PATHWAYS 

The identification of potentially exposed populations and exposure pathways is a critical 
component of developing health protective EALs. An exposure pathway describes the course a 
chemical takes from a source to an exposed individual. Based on current and anticipated future 
conditions at the Site, the chemical exposures that could potentially be associated with the 
three neighborhoods were identified considering the following four factors: 

 Sources of COCs; 

 Environmental media in which COCs have been detected (i.e., soil); 

 Exposure of contact points with the environmental media (e.g., direct contact with 
soil); and 

 Exposure routes for chemical intake by a receptor (e.g., soil ingestion). 

The exposure pathways identified for the Site are based on evaluations of the likelihood of 
receptors directly contacting COCs and the mechanisms governing the fate and transport of the 
COCs. 

6.1 Potentially Affected Human Populations 

Potentially exposed human populations (receptors) were identified for current and expected 
future land-use scenarios. As described above, the Site is currently developed for residential 
land use and it is anticipated that it will remain this way for the foreseeable future. Human 
populations that could potentially be exposed to PI soil within the Site under current and 
expected future conditions, include residential receptors (adults and children), 
landscaping/maintenance workers, and construction workers.  

6.2 Retained Potentially Affected Human Populations 

Within the Site, all work performed by landscaping/maintenance workers and construction 
workers is conducted in accordance with the HDOH approved site-specific Soil Management 
Plan (SMP)

71
 and the Pesticide-Impacted Soil Investigation and Management Program Manual 

(the “Program Manual”)
72

. As described in the Program Manual, landscaping/maintenance 
workers and construction workers must be provided with adequate training so they are familiar 
with the potential health hazards posed by PI soil. This training consists of a hazard 
communication briefing conducted by the employer’s Certified Industrial Hygienist (CIH) and a 
PI soil awareness briefing conducted by Tetra Tech. Site workers are also familiarized and 
provided with the required personal protective equipment (PPE) to eliminate or minimize any 
potential exposures. Lastly, in addition to the training and use of PPE, all activities performed by 
Site workers are conducted following required safeguards in accordance with the HDOH 
approved HC Project Health and Safety Plan (HASP).

73
 Although potential exposures to 

maintenance/landscaping workers and construction workers are covered under the HDOH 
approved documents described above, a reasonably anticipated future exposure scenario for 
these worker populations includes exposure to previously buried PI soil due to excavation or 
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erosion. Therefore, these worker populations were retained for further evaluation in the EHE. 
Similarly, if PI soil remaining at the Site is brought to the surface in the future, residents could 
also be potentially exposed. 

In summary, the following potentially affected human populations were retained for further 
evaluation: 

 Residential receptors (adults and children); 

 Landscaping/Maintenance Workers; and 

 Construction Workers. 

6.3 Exposure Media and Exposure Pathways 

The potentially contaminated exposure media within the Site that will be the focus of the EHE is 
soil. The complete exposure pathways evaluated for potentially exposed residential receptors 
are identified in the following sections.  

For this evaluation, it is assumed that potential receptors may ingest soil inadvertently (e.g., 
transfer soil from fingers to mouth) while at home or work. It is also assumed that potential 
receptors may be exposed to soil through dermal contact with soil and windblown particulates. 
Based on these considerations, the complete exposure pathways evaluated in the EHE include: 
1) incidental ingestion of soil; 2) dermal contact with soil; and 3) inhalation of airborne 
particulates. Each potentially complete exposure pathway is summarized below. 

Table 6-1. Potential Receptors and Exposure Pathways 

Receptor Medium Exposure Pathway 

On-Site Resident  
(Adult and Child) 

Soil 

Incidental Ingestion 

Dermal Contact 

Dust Inhalation 

Landscaping/Maintenance 
Worker 

Soil 

Incidental Ingestion 

Dermal Contact 

Dust Inhalation 

Construction Worker Soil 

Incidental Ingestion 

Dermal Contact 

Dust Inhalation 

6.4 Identification of Exposure Areas 

In order to evaluate potential exposures to all soil not covered by hardscapes, the Earhart I-2, 
Earhart I-3, and Onizuka II-1 neighborhoods were subdivided into DUs. The maximum size of 
the DUs was set to 5,500 sq ft of ground not covered by buildings or pavement. The 5,500 sq ft 
constraint was based on HDOH guidance

74
 recommending that residential exposure areas 

should be limited to approximately 5,000 sq ft. Since the HDOH guidance is based on a typical 
single-family residential lot, and because all of the residences within the Site are multi-family 
buildings, the criterion was increased somewhat to allow for site-specific conditions. 
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The factors used to delineate DU boundaries were based on anticipated location-specific 
patterns of land use by residents. Four DU types were identified for the Site. 

Playground DUs. The playground areas are covered with either impact matting or tan-bark 
over plastic. Playground DUs are defined such that they contain an area at least 30 feet beyond 
the perimeter of the matting/tan bark-covered playground area. Some of the Playground DU 
boundaries were extended beyond these minimum boundaries to incorporate similar adjacent 
areas, to facilitate the field delineation of the DUs, and to facilitate implementation of the any 
corrective action that may be applied to the DU. Playground DUs do not include the area inside 
the perimeter of the playground area, as the matting/tan bark-cover eliminates potential 
exposure to surface soil within the playground.  

Backyard DUs. The Backyard DUs include the area from the rear walls of the housing units out 
to a minimum of 30 feet behind each housing unit. HC permits residents to install backyard 
fencing up to 24 feet from the rear wall of the housing structure. The 30-foot distance selected 
for backyard DU boundaries includes additional distance to account for attached lanais which 
can protrude up to 5-feet from the rear walls. Backyard DU boundaries extend beyond these 
minimum distances in some cases to incorporate similar adjacent areas, to facilitate the field 
delineation of the DUs, and to facilitate implementation of corrective actions that may be applied 
to the DU. Every residential building includes one or more Backyard DUs.  

Front Yard DUs. The Front Yard DUs include the area measured from the rear walls of the 
housing units forward to the curb in front of the housing units. Side-yards between buildings are 
included in the Front Yard DUs. Each residential building is covered by one or more Front Yard 
DUs.  

Common Area DUs. The Common Area DUs include areas that are not included in the 
Backyard and Playground Area DUs. The Common Area DUs include areas such as ball fields, 
dog parks, and large grassy areas between groups of housing units. Common Areas are 
expected to have generally less intensive use by any specific individual and less use by 
children. Use is more broadly dispersed among the larger community.  

The decision units identified for Earhart I-2, Earhart I-3, Onizuka II-1, and Hale Na Koa I-1 are 
presented in Figures 6-1 through 6-3.  

6.5 Exposure Concentrations 

In accordance with HDOH guidance
75

, MI soil samples were collected from each DU to 
determine the representative exposure concentrations for COCs present in soil. This sampling 
approach is recommended by HDOH because it reduces the variability and improves the 
reliability of decision unit data in comparison to conventional discrete sampling strategies. For 
each DU within the Site, one MI sample was collected from the 0 to 6-inch depth interval and 
one MI sample was collected from the 6 to12-inch depth interval. For each depth-specific MI 
sample, a total of 30 soil increments were collected from stratified-random sub-sampling 
locations across the entire DU (e.g., grid format) and then physically combined into one sample.  
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The combined sample was then analyzed to obtain the representative chemical concentration 
for the entire DU. As described in HDOH guidance, multi-increment sampling data typically 
have low variability and high reproducibility, which results in a high level of confidence for 
decision making. The multi-increment soil sampling results for all of the identified DUs are 
presented in Appendices C and E. 
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7.0 PREVIOUS ENVIRONMENTAL ACTION LEVELS 

The HDOH has derived conservative screening values for contaminants called environmental 
action levels (EALs) (HDOH 2011a). The EALs are concentrations of contaminants in soil, soil 
gas and groundwater above which the contaminants could pose a potential adverse impact to 
human health and the environment. Individual EALs have been developed for each of the 
potential environmental hazards discussed in Section 5 (e.g., gross contamination, direct 
exposure, vapor intrusion, leaching, ecotoxicity, etc.). As described in the HDOH TGM (Section 
13.1), “the environmental hazard that drives the potential need for remedial action at a 
contaminated site depends on the toxicity and mobility of the targeted contaminants.”

76
 Soil 

containing chemicals that are toxic to humans and relatively immobile (e.g., organochlorine 
pesticides detected at the Site) primarily pose a potential direct exposure hazard. As indicated 
in Section 5, direct exposure to humans is the potential environmental hazard retained for 
evaluation in the EHE. Therefore, EALs protective of direct exposure are used to identify areas 
the Site that could pose a potential human health risk. 

The remainder of this section describes the applicability of site-specific EALs, summarizes 
previous EALs developed for the Site in 2006 (referred to as the “2006 HHRA Standard”), and 
presents a comparison of the 2006 HHRA EALs to Site soil data.  

7.1 Applicable Site-Specific Environmental Action Levels 

As described in HDOH guidance
77

, the most important use of HDOH Tier 1 EALs (the most 
conservative screening levels) is the rapid identification of potential environmental hazards 
associated with contaminated soil or groundwater at a site. The guidance also notes that, 
exceeding the HDOH Tier 1 EALs does not necessarily indicate that contamination at a site 
poses an environmental hazard; however, it is an indication that additional evaluation is 
warranted. When measured concentrations of contaminants at a site do exceed Tier I EALs, a 
more advanced evaluation of potential environmental hazard may be done in which site-specific 
EALs are derived by incorporating site-specific considerations into the equations used to derive 
the default Tier 1 EALs. As indicated in Section 3, after discussions with HDOH, Tetra Tech 
conducted a site-specific evaluation and prepared a memorandum documenting the basis for 
and the assumptions used to derive the site-specific EALs under the 2006 HHRA Standard for 
the HC Housing Area for aldrin, chlordane, and dieldrin, which were approved by HDOH. A 
copy of the 2006 memorandum, which includes a summary of the equations and parameters 
used to derive the site-specific EALs (under 2006 HHRA Standard) for aldrin, chlordane, and 
dieldrin is included in Appendix B.  

7.2 2006 Site-Specific Environmental Action Levels 

The 2006 HHRA Standard for aldrin, chlordane, and dieldrin were derived based on two site-
specific adjustments to the default HDOH Tier 1 EALs associated with the assumed residential 
exposure duration and target risk levels. Specifically, a 6 year residential exposure duration 
(HDOH Tier 1 default is 30 years) and target risk level of 1 x 10

-5
 were used (HDOH Tier 1 

default is 1 x 10
-6
). For the noncancer endpoint, a target hazard quotient (HQ) of 1 was used 

(HDOH Tier 1 default is 0.2). For other detected pesticides, HDOH Tier 1 EALs were used to 

                                                
76

 (HDOH 2009a) 
77

 (HDOH 2009a) 
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evaluate cumulative risks and hazards assuming a target cumulative risk of 1 x 10
-5
 and a 

target hazard index (HI) of 1. A summary of the parameters used to derive the EALs under 
2006 HHRA Standard for aldrin, chlordane, and dieldrin is presented in Appendix B.  

7.3 Comparison of 2006 HHRA Standard to Site Data 

This section presents an evaluation of the retained potential environmental hazards identified in 
Section 5. Potentially exposed residential receptors were evaluated based on current and 
expected future conditions at the Site (i.e., residential use).  

Direct Exposure Evaluation 

The 2006 HHRA Standard for the contaminants of concern in soil for the direct exposure 
hazard are summarized in Table 7-1 for child and adult residents.  As described in Section 6,  
 

Table 7-1. 2006 Environmental Action Levels (EALs) for Soil –  

Child and Adult Residents
(a),(b)

 

Chemical 

HC Site-Specific Soil Screening Levels (mg/kg) 

Final EAL 

Child Adult 

Cancer-based  

Noncancer-

based Cancer-based 

Noncancer-

based 

Target Risk
(c)

 Target HQ = 1
(d)

 Target Risk
(c)

 Target HQ = 1
(d)

 

Aldrin 0.42 1.8 3.6 15.7 0.42 

Chlordane
e
 23.4 35.2 209.8 314.7 23.4 

Dieldrin 0.45 3.1 3.8 26.1 0.45 

DDD 2 - 2 - 2 

DDE 1.4 - 1.4 - 1.4 

DDT 1.7 36 1.7 36 1.7 

Endrin - 18 - 18 18 

Endrin ketone - 18 - 18 18 

Endosulfan sulfate - 370 - 370 370 

delta-BHC - 21 - 21 21 

Methoxychlor - 310 - 310 310 

Notes: 

HC = Hickam Communities mg/kg = milligram per kilogram 
HQ = Hazard quotient  - identifies Tier 1 EALs 
(a)

 EALs for aldrin, chlordane, and dieldrin listed in this table were derived based on the EAL equations listed in HDOH Guidance 
(HDOH 2011a) using the 2006 Site-Specific EAL adult and child exposure parameters and toxicity criteria listed in Table 8-1 (refer to 
"2006 Hickam EAL" section of the table).  Equations used to calculate 2006 EALs are presented in Appendix B. 

(b)
 Listed EALs for chemicals other than aldrin, chlordane, and dieldrin (i.e., shaded compounds) are the HDOH Tier 1 EALs for direct 
contact with soil (refer to Table I-1 HDOH 2011a). 

(c)
 The target risk of 1E-05 applies only to aldrin, chlordane, and dieldrin.  Target risk of 1E-06 applies to all other chemicals. 

(d)
 For chemicals other than aldrin, chlordane, and dieldrin, the listed noncancer Tier 1 EALs are based on a target HQ of 1 for purpose 
of estimating cumulative hazard. 

(e)
 Chlordane is representative of technical chlordane which consists of chlordane isomers, heptachlor, and heptachlor epoxide.  For 
this reason, other chlordane isomers, heptachlor, and heptachlor epoxide are evaluated as chlordane and are not listed individually 
in this table. 
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the direct exposure EALs for residential receptors were developed based on the following 
exposure pathways: 

 Incidental ingestion of soil; 

 Dermal contact with soil; and 

 Inhalation of airborne particulates. 

Of these direct exposure pathways, the majority of the estimated risk and hazard is associated 
with soil ingestion with only minor contributions from dermal contact and inhalation.  The results 
of the direct exposure evaluation are presented below for each neighborhood. The lowest EALs 
under the 2006 HHRA Standard are associated with the child resident and, therefore, are 
protective of other potential receptors (i.e., adult residents). For this reason, only the evaluation 
results for the child resident are discussed below.  

Risk Characterization 

The estimated risks and hazards were calculated using ratio of each pesticide’s representative 
soil concentration and its corresponding cancer and noncancer 2006 HHRA Standard EALs. 
The risk and hazard ratios for each chemical were summed to determine the cumulative multi-
pathway carcinogenic risk estimates and noncarcinogenic HI for potentially exposed receptors. 
For this evaluation, a target cumulative risk of 1 x 10

-5
 and target HI of one were used to 

evaluate if pesticides in soils presented a potential health risk. The cumulative risk is estimated 
using the following equation: 

 061x

EAL 1Tier  HDOH carc

051x

EALHHRA carcEALHHRA carcEALHHRA carc

Risk E-
O

E-
DCA

















   

where A, C, D, and O are the detected concentrations for aldrin, chlordane, dieldrin, and other 
pesticides divided by the corresponding carcinogenic EALs (the 2006 HHRA EALs or HDOH 
Tier 1 EALs). 

The HI is estimated using the following equation: 











EAL Tier1 HDOH noncarcEALHHRA noncarcEALHHRA noncarcEALHHRA noncarc

HI
ODCA

 

where A, C, D, and O are the detected concentrations for aldrin, chlordane, dieldrin, and other 
pesticides divided by the corresponding noncarcinogenic EALs (the 2006 HHRA EALs or HDOH 
Tier 1 EALs). 

The estimated risks and hazards associated with potential residential child and adult exposures 
within all neighborhoods and DUs are summarized in Appendix C. 
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7.3.1 Earhart I-2 Neighborhood 

Child Resident 

Figure 7-1 identifies DUs within the Earhart I-2 neighborhood associated with cumulative risks 
for the child resident exceeding the target risk level of 1 x 10

-5
 based on the soil sampling 

results collected within the 0 to 12-inch depth interval and the site-specific child resident 2006 
HHRA Standard EALs. A total of 280 DUs are associated with estimated cumulative risks 
greater than 1 x 10

-5
. A histogram summarizing the distribution of the residential child 

cumulative risk estimates for all of the DUs located within the Earhart I-2 neighborhood is 
presented in Figure 7-2. As indicated in the histogram, the vast majority of DUs are associated 
with cumulative risk estimates ranging from 1 x 10

-5 
to 5 x 10

-4
.  

Figure 7-4 identifies DUs within the Earhart I-2 neighborhood associated with an estimated HI 
for the residential child exceeding the target hazard level of 1. A total of 160 DUs are 
associated with an estimated HI for the residential child exceeding the target hazard level of 1. 
A histogram summarizing the distribution of the estimated HIs for the residential child for all of 
the DUs located within the Earhart I-2 neighborhood is presented in Figure 7-5. As indicated in 
the histogram, most of the estimated HIs exceeding the target level of 1 are less than 6 with 
most being between 1 and 4.  

7.3.2 Earhart I-3 Neighborhood 

Child Resident 

Figure 7-1 identifies the DUs within the Earhart I-3 neighborhood with cumulative risks for the 
child resident exceeding the target risk level of 1 x 10

-5
 based on the soil sampling results 

collected within the 0-12 inch depth interval and the 2006 site-specific child resident EALs. A 
total of 170 DUs are associated with estimated risks for the residential child exceeding the 
target risk level of 1 x 10

-5
. A histogram summarizing the distribution of the residential child 

cumulative risk estimates based on the 2006 HHRA Standard for all of the DUs located within 
the Earhart I-3 neighborhood is presented in Figure 7-3. As indicated in the histogram, the vast 
majority of DUs are associated with cumulative risk estimates ranging from 1 x 10

-5
 to 5 x 10

-4
.  

Figure 7-4 identifies DUs within the Earhart I-3 neighborhood associated with an estimated HI 
for the residential child exceeding the target hazard level of 1. A total of 65 DUs are associated 
with an estimated HI for the residential child exceeding the target hazard level of 1. A histogram 
summarizing the distribution of the estimated HIs for the residential child for all of the DUs 
located within the Earhart I-3 neighborhood is presented in Figure 7-6. As indicated in the 
histogram, all of the estimated HIs exceeding the target level of 1 are less than 4 with most 
being between 1 and 3.  
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Figure 7-2. Earhart I-2: Distribution of Estimated Cumulative Risks for DUs 

(0-12 inches) – 2006 EALs 

 

Figure 7-3. Earhart I-3: Distribution of Estimated Cumulative Risks for DUs 

(0-12 inches) – 2006 EALs 
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Figure 7-5. Earhart I-2: Distribution of Hazard Indices for DUs  

(0-12 inches) – 2006 EALs 

 

Figure 7-6. Earhart I-3: Distribution of Hazard Indices for DUs  

(0-12 inches) – 2006 EALs 
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7.3.3 Onizuka II-1 Neighborhood 

Child Resident 

Figure 7-7 identifies DUs within the Onizuka II-1 neighborhood with cumulative risks for the 
child resident exceeding the target risk level of 1 x 10

-5
 based on the soil sampling results 

collected within the 0 to 12-inch depth interval and the site-specific child resident 2006 HHRA 
Standard EALs. As indicated in the figure, nine DUs are associated with estimated risks for the 
residential child exceeding the target risk level of 1 x 10

-5
. A histogram summarizing the 

distribution of the residential child cumulative risk estimates for all of the DUs located within the 
Onizuka II-1 neighborhood is presented in Figure 7-8.  

Within the Onizuka II-1 neighborhood, no DUs (21 total) are associated with an estimated HI for 
the residential child exceeding the target hazard level of 1. 

7.3.4 Hale Na Koa I-1 Neighborhood 

Child Resident 

Within the Hale Na Koa I-1 neighborhood, no DUs (11 total) are associated with a cumulative 
risk exceeding the target risk level of 1 x 10

-5
 based on the soil sampling results collected within 

the 0 to 12-inch depth interval and the site-specific child resident 2006 HHRA Standard EALs 
(Figure 7-9).  

Within the Hale Na Koa I-1 neighborhood, no DUs (11 total) are associated with an estimated 
HI for the residential child exceeding the target hazard level of 1 (Figure 7-10). 
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Figure 7-8. Onizuka II-1: Distribution of Estimated Cumulative Risks for DUs  

(0-12 inches) – 2006 EALs 

 

Figure 7-9. Hale Na Koa:  Distribution of Cumulative Risks for DUs  

(0-12 inches)- 2006 EALs 
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Figure 7-10. Hale Na Koa:  Distribution of Hazard Indices for DUs  

(0-12 inches)- 2006 EALs 
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8.0 2011 AND 2012 REVISED ENVIRONMENTAL ACTION LEVELS 

As described in Section 7, when measured concentrations of contaminants at a site exceed 
EALs, a more advanced evaluation of environmental hazard may be done in which EALs are 
refined to better reflect actual site conditions by incorporating site-specific considerations into 
the HDOH equations used to derive the default HDOH Tier 1 EALs. Based on discussions with 
HDOH, refined site-specific EALs protective of direct exposure (referred to as “2011 HC HHRE 
Standard”) were developed based on the following five adjustments to the 2006 HHRA 
Standard EALs: 

 Cancer slope factors for aldrin and dieldrin;  

 Target risk levels;  

 Noncancer toxicity criteria for aldrin and dieldrin; 

 Child soil ingestion rate; and  

 Dermal absorption factors for aldrin and dieldrin.  

In 2012, HDOH approved revisions to the EALs for chlordane proposed by HC.  These 
combined revisions have been incorporated into the “2012 EHE Standard.” The exposure 
parameters, toxicity criteria, and methodology used to derive these revised EALs are described 
below.   

8.1 Quantitative Exposure Analysis 

Quantitative exposure analysis consists of estimates of the type, timing, and magnitude of 
exposures that potential human receptors may experience at the Site. In order to calculate the 
2012 EHE Standard EALs protective of potential receptors, exposure parameters were 
determined for residential receptors based on HDOH guidance

78
, EPA guidance

79
, and site-

specific information when available. Exposure parameters were estimated for current and future 
on-site receptors potentially exposed to COCs in soil at the Site via the complete exposure 
pathways identified in Section 6.1.3 (i.e., soil ingestion, dermal contact with soil, and inhalation 
of particulates).  As descried in more detail in Section 8.4, the lowest Site-specific EALs are 
associated with the residential scenario, and therefore, residential EALs are protective of other 
potential receptor populations (i.e., landscape/maintenance workers and construction workers).  
For this reason, only the exposure parameters for the residential receptors are described below 
and are also provided in Table 8-1 (refer to parameters listed under 2012 EHE Standard). The 
exposure parameters used to derive the 2006 HHRA Standard EALs are also presented in 
Table 8-1 for reference purposes.  

                                                
78

 (HDOH 2009a, 2011a) 
79

 (EPA 1989, 1991a, 1997a, 2002, and 2004) 
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Table 8-1. Summary of Parameters Used to Derive Site-Specific EALs for Hickam 

Neighborhoods 

Parameter 

Potentially Exposed Population 

2006 Hickam EALs 2012 Site-Specific EALs 

Child Resident Adult Resident Child Resident 
Adult 

Resident 

Target Risk 1.0E-05 
(a) 

1.0E-05 
(a)

 1.0E-04 
(b) 

1.0E-04 
(b)

 

Target Hazard Quotient 1 
(a)

 1 
(a)

 1 
(b)

 1 
(b)

 

Inhalation of Particulates 

Inhalation Rate (m
3
/day) 10 

(c) 
20 

(c)
 10 

(d) 
20 

(d)
 

Particulate Emission Factor 
(mg/kg)/(mg/m

3
) 

1.32E+09 
(c)

 1.32E+09 
(c)

 1.32E+09 
(d)

 
1.32E+0

9 
(d)

 

Ingestion of Soil 

Ingestion Rate (mg/day) 200 
(c)

 100 
(c)

 100 e 100 
(d)

 

Dermal Contact with Soil 

Surface Area (cm
2
/day) 2,800 

(c)
 5,700 

(c)
 2,800 

(d)
 5,700 

(d)
 

Adherence Factor (mg/cm
2
) 0.2 

(c)
 0.07 

(c)
 0.2 

(d)
 0.07 

(d)
 

Absorption Factor - aldrin and 
dieldrin (unitless) 

0.1 
(c)

 0.1 
(c)

 0.05 
(e) 

0.05 
(e)

 

Population-Specific Assumptions 

Exposure Frequency (days/year) 350 
(c)

 350 
(c)

 350 
(d)

 350 
(d)

 

Exposure Duration (years) 6 
(a)

 6 
(a)

 6 
(a)

 6 
(a)

 

Body Weight (kg) 15 
(c)

 70 
(c)

 15 
(d)

 70 
(d)

 
Averaging Time for Carcinogens 

(days) 
25,550 

(c)
 25,550 

(c)
 25,550 

(d)
 25,550 

(d)
 

Averaging Time for 
Noncarcinogens (days) 

2,190 
(c)

 2,190 
(c)

 2,190 
(d)

 2,190 
(d)

 

Toxicity Criteria 

Cancer Slope Factor (mg/kg-
day)

-1
         

Aldrin 17 
(c),(f) 

3.4 
(e)

 
Dieldrin 16 

(c),(f)
 7 

(e)
 

Reference Dose (mg/kg-day) 
        

Aldrin 3.00E-05 
  

(c),(f)
 1.00E-04 

(e)
 

Dieldrin 5.00E-05 
  

(c),(f)
 8.00E-05 

(e)
 

Notes: 

  -  variables used to derive Alternative EALs that are different from those used to derive the 2006 Hickam EALs or 
differ from HDOH default parameters. 
(a)

 Tetra Tech 2006a.  HDOH default residential target risk is 1E-06 and the default target hazard quotient for residents is 0.2. 
(b)

 HDOH 2011.  Target risk for aldrin and dieldrin =  1 x 10-4.  Target risk for other pesticides is 1 x 10-5.  HDOH default residential 
target risk is 1E-06 and the default target hazard quotient for residents is 0.2. 

(c)
 HDOH 2005 

(d)
 HDOH 2008 

(e)
 Tetra Tech 2011a - All chemical-specific toxicity criteria and dermal absorption factors used to derive 2012 EALs are 
summarized in Table 8-2. 

(f)
 EPA 2011b 
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8.1.1 General Exposure Assumptions 

Exposure parameters common to all exposure analyses are the exposure time, exposure 
frequency, exposure duration, body weight, and averaging time. The receptor-specific values 
used for these parameters are described below. 

Exposure Time, Exposure Frequency, and Exposure Duration 

The three parameters – exposure time, exposure frequency and exposure duration – together 
define the total extent of exposure of a receptor. The exposure time is the number of hours per 
day (or hours per event) during which a receptor is exposed; it is used to describe the inhalation 
pathway. The exposure frequency is the number of days per year (or events per year) on which 
exposure occurs. The exposure duration is the total number of years over which exposure 
occurs. 

HDOH and EPA default values for residential exposure time and exposure frequency
80

 are used 
for this evaluation. The exposure time is assumed to be 24 hours per day and the exposure 
frequency is assumed to be 350 days per year for both the adult and child resident. The value 
for the exposure frequency is based on the assumption that residents are present in their 
homes seven days a week for 50 weeks a year, with approximately two weeks (or 15 days) 
away from home.  

For this evaluation, a residential exposure duration of 6 years was used for both adults and 
children rather than the default residential exposure duration of 30 years based on site-specific 
conditions. Since HAFB is a military base, the average length of stay in the on-base housing is 
shorter than in the general US population. For example, a study entitled Military-specific 
Exposure Factors Study by the USAF Research Laboratory

81
 determined that the mean number 

of years that USAF enlisted personnel are at a single base is 5.7 years and the mean for 
officers is 2.6 years. An additional study found that the duration of residency for personnel at 
HAFB is 5 years or less for approximately 98% of residents (HC and HAFB Housing Office 
2006; refer to Appendix B). Based on these studies, HDOH approved a residential exposure 
duration of 6 years for the 2006 HHRA Standard EALs developed previously for HAFB for 
aldrin, chlordane, and dieldrin. The 6 year residential exposure duration has also been used to 
derive the 2012 EHE Standard EALs.

82
  

Body Weight 

A default adult body weight of 70 kg was used for adult residential receptors and a default body 
weight of 15 kg is used for the child resident.

83
  

Averaging Time 

The averaging times for estimating chemical intake depend on the type of effect being 
assessed. The basis for using different averaging times for carcinogens and noncarcinogens is 
related to the currently held scientific opinion that the mechanisms of action for the two 
categories of chemicals are different. In accordance with regulatory guidance (HDOH 2011a; 
EPA 1989), intakes for carcinogens are calculated by averaging the dose received over a 
lifetime (i.e., 70 years or 25,550 days). The 70-year averaging time is used for consistency with 

                                                
80

 (HDOH 2011a; EPA 1991a) 
81

 (USAF RL 1998) 
82

 (HDOH 2011c, 2012) 
83

 (HDOH 2011a; EPA 1989, 1991a) 
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the basis of the cancer slope factors ([CSFs] are discussed in Section 8.2.1). For 
noncarcinogens, the averaging time is equal to the exposure duration (in years) times 365 days 
per year. 

84
 

8.1.2 Exposure Parameters for Ingestion of Soil 

Individuals may be exposed to COCs by inadvertently ingesting contaminated soil. The intake is 
estimated as the amount of chemical at the exchange boundary (gastrointestinal tract). The 
exposure parameter specific to the soil ingestion pathway is the soil ingestion rate.  

For potential residential receptors, the HDOH and EPA recommended default soil ingestion 
rates are 100 milligrams per day (mg/day) for adults and 200 mg/day for children.

85
 For this 

evaluation, an alternative child soil ingestion rate of 100 mg/day was approved by HDOH
86

 and 
used to evaluate potential exposure to children. This ingestion rate is the mean soil ingestion 
rate for children listed in EPA’s Exposure Factors Handbook

87
 and is considered to be more 

representative of site-specific conditions than the default child soil ingestion rate. This is due to 
the fact that there is a restriction on digging associated with the residential leases at HC and 
because engineering controls, such as maintaining good lawn cover, will likely be instituted as 
part to the long-term management of the site. 

Additional Support for Use of an Alternative Child Soil Ingestion Rate 

As described in the Revised APRA Memo submitted to HDOH (Tetra Tech 2010m), the New 
Zealand Ministry for the Environment (ME) recently conducted an extensive review of available 
literature regarding child soil ingestion rates and identified a median soil ingestion rate ranging 
from 20 to 30 mg/day and a mean ingestion rate of 60 mg/day. Based on their review, the New 
Zealand ME opted to use a child soil ingestion rate representing the midpoint between the 
median and mean values (i.e., 45 mg/day) for the development of their long-term dieldrin soil 
action level. 

Additionally, Edward Calabrese, one of the leading investigators in the field of soil ingestion, 
recently reevaluated much of the earlier data from which the EPA default of 200 mg/day was 
developed and noted that a central tendency value is likely 20 mg/day with an upper bound (95

th
 

percentile) rate of 100 mg/day.
88

  

Based on the information discussed above, a child soil ingestion rate of 100 mg/day likely 
represents an upper bound estimate based on site-specific conditions. 

8.1.3 Exposure Parameters for Dermal Contact with Soil 

Individuals may be exposed to COCs in soil by direct contact with skin. For the dermal pathway, 
the intake is estimated as an absorbed dose, which is the amount of chemical that crosses the 
skin and passes into the bloodstream. The exposure parameters specific to the dermal pathway 
are the skin surface area (the area of skin in contact with soil), the amount of soil adhering to 

                                                
84

 (HDOH 2011a; EPA 1989) 
85

 (HDOH 2011a; EPA 1991a) 
86

 (HDOH 2011c, 2012) 
87

 (EPA 1997) 
88

 (Calabrese 2003) 
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the skin (adherence factor), and the chemical-specific absorption fraction (i.e., the fraction of 
chemical in contact with the skin that crosses the skin barrier). 

The adult resident is assumed to wear a short-sleeved shirt, shorts, and shoes; the exposed 
skin surfaces are the face, hands, forearms, and lower legs, corresponding to a default surface 
area of 5,700 square centimeters (cm

2
). The child resident is assumed to wear a short-sleeved 

shirt and shorts (no shoes); the exposed skin surfaces are the face, hands, forearms, lower 
legs, and feet, corresponding to a surface area of 2,800 cm

2
.
89

 For this evaluation, default soil 
adherence factors of 0.2 milligrams per square centimeter (mg/cm

2
) for the child resident and 

0.07 mg/cm
2
 for the adult resident were used.

90
 

The chemical-specific dermal absorption values for soil are presented in Table 8-2. With the 
exception of aldrin and dieldrin, the listed values correspond to HDOH and EPA recommended 
default values.

91
  

For aldrin and dieldrin, the recommended default dermal absorption factor noted in HDOH 
guidance is 0.1. However, this is the generic default value recommended by EPA for organic 
compounds for which chemical-specific dermal absorption studies are not available. For 
chlorinated pesticides such as aldrin and dieldrin, a dermal absorption factor 0.05 is a 
commonly used as a default value. For example, it is the recommended default value used by 
the California Environmental Protection Agency (Cal/EPA)

92
 for chlorinated pesticides. 

Additionally, it is noteworthy that EPA
93

 and HDOH
94

 recommend a default absorption factor of 
0.04 for chlordane, which is a structurally similar pesticide detected at the Site. As noted in EPA 
guidance

95
, the default value for chlordane was derived based on a chemical-specific dermal 

absorption study. Based on this information, a dermal absorption factor of 0.05 was approved 
by HDOH

96
 for both aldrin and dieldrin. 

8.1.4 Exposure Parameters for Inhalation of Airborne Particulates 

Individuals may be exposed to COCs in soil through inhalation of airborne particles released to 
air through wind erosion or mechanical disturbance. The exposure parameter specific to this 
pathway is the particulate emission factor (PEF).  

Particulate Emission Factor 

For this evaluation, the HDOH recommended PEF of 1.32  10
9
 cubic meter per kilogram 

(m
3
/kg) is used to estimate airborne concentrations of non-volatile pesticides from 

corresponding soil concentrations for potentially exposed residents. This default residential PEF 
value was developed based on EPA screening guidelines

97
 and is equivalent to an airborne 

dust concentration of approximately 0.76 microgram per cubic meter (µg/m
3
).  

The particulate emission factor for inhalation of windblown soil particulates is presented in 
Table 8-1. 

                                                
89

 (HDOH 2011a; EPA 2004 
90

 (HDOH 2005; EPA 2004) 
91

 (HDOH 2011a; EPA 2004) 
92

 (Cal/EPA 1999 and 2005) 
93

 (EPA 2004) 
94

 (HDOH 2011a) 
95

 (EPA 2004) 
96

 (HDOH 2011c, 2012) 
97

 (EPA 1996a) 
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Table 8-2. Toxicity Criteria and Dermal Absorption Factors Used to Derive 2012 Site-Specific EALs 

Chemical 

Toxicity Criteria Dermal Criteria 

Cancer 

Source 

Noncancer  

Source 

Dermal  

Absorption 

Factor 

(Unitless) Source 

Slope Factor 

(mg/kg-day)
-1

 

Unit  

Risk Factor  

(ug/m
3
)
-1

 

Reference  

Dose 

(mg/kg-day) 

Reference  

Concentration 

(mg/m
3
) 

Oral  Inhalation Oral  Inhalation 

Aldrin
(a)

 3.4E+00 9.7E-04 Tetra Tech 2011a 1E-04 ---- Tetra Tech 2011a 0.05 HDOH 2012 

Chlordane
(b)

 3.5E-01 1.0E-04 IRIS; HDOH 2011a 3E-04 7E-04 HDOH 2012 0.04 
EPA 2004; HDOH 

2011a 

Dieldrin
(c)

 7.0E+00 2.0E-03 Tetra Tech 2011b 8E-05 ---- Tetra Tech 2011b 0.05 HDOH 2012 

DDD 2.4E-01 6.9E-05 
EPA 2011a; HDOH 

2011a 
---- ---- IRIS; HDOH 2011a 0.1 

EPA 2004; HDOH 
2011a 

DDE 3.4E-01 9.7E-05 
EPA 2011a; HDOH 

2011a 
---- ---- IRIS; HDOH 2011a 0.1 

EPA 2004; HDOH 
2011a 

DDT 3.4E-01 9.7E-05 IRIS; HDOH 2011a 5E-04 ---- IRIS; HDOH 2011a 0.03 
EPA 2004; HDOH 

2011a 

Endrin ---- ---- IRIS; HDOH 2011a 3E-04 ---- IRIS; HDOH 2011a 0.1 
EPA 2004; HDOH 

2011a 

Endrin ketone 
(d)

 ---- ---- IRIS; HDOH 2011a 3E-04 ---- d 0.1 d 

Endosulfan II 
(e)

 ---- ---- IRIS; HDOH 2011a 6E-03 ---- e 0.1 e 

Endosulfan 
sulphate 

(e)
 

---- ---- IRIS; HDOH 2011a 6E-03 ---- e 0.1 e 

delta-BHC 
(f)

 ---- ---- IRIS; HDOH 2011a 3E-04 ---- f 0.04 f 

Methoxychlor ---- ---- IRIS; HDOH 2011a 5E-03 ---- IRIS; HDOH 2011a 0.1 
EPA 2004; HDOH 

2011a 

Notes:      ---- = No cancer slope factor or noncancer reference dose available            DDT = Dichlorodiphenyltrichloroethane 

DDD = Dichlorodiphenyldichchloroethane IRIS = Integrated Risk Information System (EPA 2012)  
DDE = Dichlorodiphenyltrichloroethylene mg/kg = milligram per kilogram  
   - identifies parameters that differ from HDOH default parameters. 

(a)
 HDOH defaults:  cancer slope factor = 17 (mg/kg-day)

-1
, unit risk factor = 4.9E-03, oral reference dose (RfD) = 3 E-05 (mg/kg-day), and dermal absorption factor = 0.1. 

(b)
 HDOH default is 5E-04 

(c)
 HDOH defaults:  cancer slope factor = 16 (mg/kg-day)

-1
, unit risk factor = 4.6E-03, oral reference dose (RfD) = 5E-05 (mg/kg-day), and dermal absorption factor = 0.1. 

(d)
 Endrin is used as a surrogate for endrin ketone. 

(e)
 Endosulfan is used as a surrogate for endosulfan II and endosulfan sulfate. 

(f)
 Gamma-BHC (hexachlorocyclohexane [Lindane]) used as a surrogate for delta-BHC. 



Environmental Hazard Evaluation (T26535)   Hickam Communities, LLC 
8.0 HC HHRE Environmental Action Levels 

Tetra Tech June 7, 2012 54 

8.2 Evaluation of Toxicity 

Toxicity analysis is the process of identifying the relevant and appropriate toxicity values 
required for deriving environmental action levels. This process considers the characteristics of 
the potential exposure (e.g., chronic), the route of exposure (e.g., oral, inhalation, dermal), and 
the chemical-specific toxic response (e.g., carcinogenic and/or non-carcinogenic). All potential 
exposures of on-site receptors were treated as long-term chronic exposures regardless of 
exposure duration. Where appropriate, route-specific toxicity values were used.  

In accordance with risk assessment guidelines, chemicals are evaluated for their potential 
health effects in two categories, carcinogens and noncarcinogens, with different methods used 
to estimate the potential for carcinogenic and noncarcinogenic health effects to occur. All 
chemicals produce noncarcinogenic effects at sufficiently high doses, however, only some 
chemicals are associated with carcinogenic effects. Regulatory agencies generally consider 
carcinogens to pose a cancer risk at all exposure levels (i.e., a “no-threshold” assumption); that 
is, any increase in dose is associated with an increase in the probability of developing cancer. 
In contrast, for reasons described below, noncarcinogens generally are thought to produce 
adverse health effects only when some minimum exposure level is reached (i.e., a threshold 
dose). As applicable, both carcinogenic and non-carcinogenic effects were considered in 
deriving environmental action levels. 

Carcinogenic Effects 

Current risk assessment practice for carcinogens is based on the assumption that there is no 
threshold dose below which carcinogenic effects do not occur and that carcinogenic processes 
are the same at high and low doses. This approach has generally been adopted by regulatory 
agencies as a conservative practice to protect public health. The "no-threshold" assumption 
was used in this EHE for evaluating carcinogenic effects. Therefore, the magnitude of the risk 
declines with decreasing exposure, however, the resulting risk is believed to be zero only at 
zero exposure. If there is in fact a threshold for carcinogenicity, actual risks could be zero at 
sufficiently low doses. 

Noncarcinogenic Effects 

For the purpose of assessing risks associated with noncarcinogenic effects, the EPA has 
adopted a science policy position that protective mechanisms such as repair, detoxification, and 
compensation must be overcome before an adverse noncarcinogenic health effect is 
manifested. Therefore, a range of exposures exists from zero to some finite value (i.e., a 
threshold) that can be tolerated by an organism without appreciable risk of adverse effects. 

Sources of Toxicity Values 

For this evaluation, HDOH recommended toxicity values
98

 were used for all chemicals with the 
exception of aldrin and dieldrin. The HDOH recommended toxicity criteria were obtained from 
five primary sources. The sources are prioritized based on EPA guidance

99
 as follows:  

 EPA Integrated Risk Information System (IRIS)
100

; 

                                                
98

 (HDOH 2011a) 
99

 (2003, 2011a) 
100

 (EPA 2011b) 
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 EPA Provisional Peer Reviewed Toxicity Values (PPRTVs)
101

; 

 The Agency for Toxic Substances and Disease Registry (ATSDR) minimal risk levels 
(MRLs); 

 Cal/EPA Office of Environmental Health Hazard Assessment (OEHHA) cancer 
potency values and chronic reference exposure levels (RELs); and  

 EPA Health Effects Assessment Summary Tables (HEAST)
102

.  

Table 8-2 lists the toxicity values used in this assessment to derive the cancer and non-cancer 
EALs used to evaluate potential human health risks. Special issues associated with the 
assessment of aldrin and dieldrin are discussed in Sections 8.2.1 and 8.2.2. 

8.2.1 Cancer Slope Factors for Aldrin and Dieldrin 

The EPA released its quantitative risk assessment of the carcinogenicity of aldrin and dieldrin in 
1987

103
, which was conducted in accordance with EPA’s guidelines for carcinogen risk 

assessments published in 1986
104

. The current cancer (CSFs) for aldrin and dieldrin listed in 
EPA’s Integrated Risk Information System, which were used to derive the 2006 HHRA Standard 
EALs

105
 for these compounds, are still based on the 1987 risk assessment. In 1996, EPA 

published a draft document of proposed guidelines for carcinogen risk assessment, which 
incorporated revisions to the 1986 guidelines

106
. In 2005, EPA published the final version of the 

updated guidelines for carcinogen risk assessment
107

. The 2005 guidelines for carcinogen risk 
assessment indicate that the EPA recommended rationale and methods for developing cancer 
risk assessments have evolved substantially since 1986. EPA’s 2005 guidelines provide the 
most scientifically appropriate options for evaluating the carcinogenic potential of chemicals to 
reflect what is currently known about the mechanisms by which chemicals cause cancer. This 
fact is also noted in HDOH’s 2009 document, Rationale for the Proposed Revisions to 
Department of Health Water Quality Standards

108
, which is a document that was produced to 

provide support for revisions to water quality standards that were being proposed for various 
reasons, one of which was “...to incorporate over 20 years of new nationwide scientific research 
to update standards that have been in effect since 1990 and are based on outdated USEPA 
recommendations.”  

Application of EPA’s 2005 guidelines would result in CSFs for aldrin and dieldrin that are lower 
than the current aldrin and dieldrin CSFs listed in IRIS, which were obtained from the 1987 
carcinogen risk assessment of these compounds. Thus, the 2006 HHRA Standard EALs 
calculated based on the current aldrin and dieldrin CSFs obtained from EPA’s 1987 carcinogen 
risk assessment are lower (i.e., more conservative) than those that would be estimated if the 
1987 slope factors were updated to be consistent with current EPA guidelines

109
. This means 

that the 2006 HHRA Standard EALs are lower than required to be protective of human health. 

                                                
101

 (as cited in EPA 2011a) 
102

 (EPA 1997b) 
103

 (EPA 1987) 
104

 (EPA 1986) 
105

 (Tetra Tech 2006a) 
106

 (EPA 1996b) 
107

 (EPA 2005) 
108

 (HDOH 2009b, pages 1 and 4) 
109

 (EPA 2005) 
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For this evaluation, the CSFs for aldrin and dieldrin incorporate two modifications/updates that 
are consistent with EPA’s 2005 guidelines for carcinogen risk assessment. One modification 
entails updating the mathematical approach used by EPA for scaling experimental doses from 
rodents to humans and the other is the use of a benchmark dose to evaluate the cancer dose 
response assessment. Each of these modifications is described briefly below. The use of the 
updated CSFs for aldrin and dieldrin are supported by a toxicity evaluation conducted by Tetra 
Tech, which is included as Appendix D and provides supporting documentation regarding the 
derivation of the updated CSFs. 

Inter-Species Scaling  

Inter-species scaling factors are used to account for differences in body size between 
laboratory test species (mice in the cases of aldrin and dieldrin) and potential receptor species 
(e.g., humans) and is common practice in human health risk assessment.

110
 The current aldrin 

and dieldrin CSFs used by EPA, which were developed in 1987, are based on human 
equivalent doses calculated using a body weight ratio (rodent to human) to the 1/3 power

111
. 

However, in 1992 an updated methodology for calculating inter-species scaling factors was 
adopted by EPA, the Food and Drug Administration, and the Consumer Products Safety 
Commission (CPSC) as a consensus approach for risk assessment of carcinogens

112
. The 

updated scaling factor is based on a rodent to human body weight ratio to the 1/4 power and is 
the default approach for inter-species scaling as per EPA’s 2005 Guidelines for Carcinogen 
Risk Assessment

113
.  Similarly, the updated scaling factor based on a rodent to human body 

weight ratio to the 1/4 is also the default approach for the derivation of the oral reference dose 
(refer to Section 8.2.2).

114
 

It is noteworthy that EPA applied this same modification to chlordane, which is another 
structurally similar pesticide detected at the site, when the CSF for chlordane was re-evaluated 
in 1997. 

Benchmark Dose 

The EPA cancer dose response assessment
115

 for aldrin and dieldrin used a linearized 
multistage model to estimate risk, which the Agency described as leading to an upper limit on 
risk. The current EPA approach to a cancer dose response assessment would be to use a 
benchmark dose.

116
  

Cancer slope factors for aldrin and dieldrin based on a benchmark dose were developed using 
the same data used by EPA in its 1987 cancer risk estimates. The only exception to this was 
that only data sets comprised of two or more dose groups were used since the benchmark dose 
approach requires at least two dose groups and a control. When the benchmark dose approach 
was combined with the update to the inter-species scaling factor described above, the resulting 
CSFs for aldrin and dieldrin are 3.4 (mg/kg-day)

-1
 and 7 (mg/kg-day)

-1
, respectively. 

                                                
110
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It is important to note that the modifications to the CSFs for aldrin and dieldrin presented in this 
document do not represent a departure from default procedures; but rather an update to the 
toxicity criteria for aldrin and dieldrin to reflect current risk assessment guidelines. 

8.2.2 Noncancer Toxicity Criteria for Aldrin and Dieldrin 

The current EPA oral reference doses (RfDs) for aldrin and dieldrin were derived using a lowest 
observed adverse effect level (LOAEL) and no observed adverse effect level (NOAEL), 
respectively. The current EPA approach would be to use a benchmark dose methodology. Tetra 
Tech derived updated RfDs of 1 x 10

-4
 mg/kg per day for aldrin and 8 x 10

-5
 mg/kg per day for 

dieldrin using the benchmark dose methodology (see Appendix D. The updated toxicity criterion 
for dieldrin is 1.6-fold higher than the oral RfD for dieldrin (i.e., 5 x 10

-5
 mg/kg-day) and the 

updated toxicity criterion for aldrin is roughly 3-fold higher than the oral RfD for aldrin (i.e., 
3 x 10

-5
 mg/kg-day) listed in EPA’s IRIS, which were used to develop the 2006 HHRA Standard 

EALs for aldrin and dieldrin. The use of the updated RfDs for aldrin and dieldrin are supported 
by a toxicity evaluation conducted by Tetra Tech, which is included as Appendix D, and 
provides supporting documentation regarding the derivation of the updated RfDs.  

The updated RfDs for aldrin and dieldrin are quite similar to the RfD that was selected for these 
compounds as part of the analysis of potential interim removal alternatives. As indicated in the 
APRA Memo dated November 10, 2010

117
, an alternative oral reference dose (RfD) of 1 x 10

-4
 

mg/kg per day (mg/kg-day) was used for aldrin and dieldrin. This noncancer toxicity criterion 
was originally developed by the World Health Organization (WHO) and the New Zealand 
Ministry for the Environment (ME) recently identified the same dose as its chronic tolerable daily 
intake. Similarly, Health Canada has also identified this dose as the chronic acceptable daily 
intake to derive the Canadian maximum acceptable concentration for aldrin and dieldrin in 
drinking water. 

As indicated above, it is important to note that the modifications to the reference doses 
presented in this document do not represent a departure from default procedures; but rather an 
update to the toxicity criteria for aldrin and dieldrin to reflect current risk assessment guidelines. 

8.2.3 Noncancer Toxicity Criteria for chlordane 

The current EPA oral RfD for chlordane is based on hepatic necrosis (NOAEL = 0.15 mg/kg-
day; LOAEL = 0.75 mg/kg-day) after chronic dietary exposure in mice. The current EPA 
approach would be to use a benchmark dose methodology. Tetra Tech derived an updated oral 
RfD of 3 x 10

-4
 mg/kg per day using the benchmark dose methodology (see Appendix F), which 

was approved by HDOH (2012). The updated toxicity criterion for chlordane is 1.6-fold lower 
than the oral RfD for chlordane (i.e., 5 x 10

-4
 mg/kg-day) listed in EPA’s IRIS website, which 

were used to develop the noncancer 2006 HHRA Standard EAL for chlordane.  

8.3 Target Risk Levels 

The 2006 HHRA Standard EALs
118

 for aldrin, chlordane, and dieldrin were developed based on 
a target risk level of 1 x 10

-5
. As noted in the 2006 EAL document, the target risk level of 1 x 10

-

                                                
117

 (Tetra Tech 2010m) 
118

 (Tetra Tech 2006d) 
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5
 is within the EPA (1990) acceptable risk range of 1 x 10

-6
 to 1 x 10

-4
. Additionally, the Hawaiʻi 

State Contingency Plan, Chapter 11-451, Hawaiʻi Administrative Rules (1995) states, “For 
known or suspected carcinogens acceptable cleanup levels are generally concentration levels 
that represent an excess upper bound lifetime cancer risk to an individual of between 10

-4
 and 

10
-6
 using information on the relationship between dose and response.”  

As noted in EPA (1991b) guidance, EPA uses the general 10
-4
 to 10

-6
 range as a target range 

within which the Agency strives to manage risks. It is also noted that the upper boundary of the 
risk range is not a discrete line at 1 x 10

-4
, although EPA generally uses 1 x 10

-4
 in making risk 

management decisions. Additionally, it is noted that in certain cases EPA may consider risk 
estimates slightly greater than 1 x 10

-4
 to be protective if justified based on site-specific 

conditions.  

In addition to the fact that 1 x 10
-4
 represents the upper end of the EPA target risk range, there 

is also uncertainty in regard to whether or not aldrin and dieldrin should even be classified as 
human carcinogens. For example, EPA

119
 considered aldrin and dieldrin to be probable human 

carcinogens based on liver tumors in mice, but the mode of action for liver tumors in mice may 
not be applicable to humans. Additionally, the National Toxicology Program

120
 does not 

consider aldrin or dieldrin to be human carcinogens or to be reasonably anticipated to be 
human carcinogens. The International Agency for Research on Cancer (IARC 1987) concluded 
that aldrin and dieldrin could not be classified as to their carcinogenicity in humans. Studies 
published since the EPA (1987) and IARC (1987) reports provide no evidence of a causal 
association between aldrin and dieldrin and an excess risk of cancer in humans. The WHO 
(2008) accepted the IARC classification of aldrin and dieldrin and went on to state that, “It is 
considered that all available information on aldrin and dieldrin taken together, including studies 
on humans, supports the view that, for practical purposes, these chemicals make very little 
contribution, if any, to the incidence of cancer in humans.” 

2012 EHE Standard 

For this evaluation, the soils within each DU are evaluated using the 2012 Environmental Health 
Evaluation (EHE) standard developed by HC and approved by HDOH.

121
 As per the HDOH-

approved 2012 EHE standard, a DU is not considered to pose a threat to human health and the 
environment due to organochlorine pesticides if all of the following criteria are met: (1) the 
cumulative excess cancer risk (ECR) for aldrin plus dieldrin must not exceed 1 x 10

-4
; (2) the 

cumulative ECR for all other organochlorine pesticides must not exceed 1 x 10
-5
;
 
(3) the 

cumulative ECR for all COPCs must not exceed 1 x 10
-4
; and (4) the hazard index for all 

COPCs must not exceed 1. If any of these criteria are not met, then the soil within the DU is 
considered to pose a threat to human health and the environment and must be treated 
accordingly.  

8.4 Derivation of Site-Specific EALs for Direct Exposure to Soil 

This section presents the derivation of the cancer and non-cancer residential EALs for soil. The 

EALs represent chemical concentrations in soil corresponding to a cancer risk of 1  10
-4
 for 

aldrin and dieldrin, a cancer risk of 1 x 10
-5
 for other carcinogenic pesticides, or a hazard 
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quotient of one (1) and are derived using the exposure parameters and toxicity values 
discussed in Sections 8.1 and 8.2. The exposure pathways included in the development of the 
residential soil EALs are ingestion of soil, dermal contact with soil, and inhalation of particulates 
released from soil. 

The residential soil EALs for individual chemicals are calculated using the following equations: 

For carcinogens, 

 

 

 

and for noncarcinogens, 

 

 

 

 
where: 

EALCarc = EAL concentration for soil, based on the cancer endpoint 

TR = Target risk level for carcinogens (unitless, set equal to 1  10
-4
 for aldrin 

& dieldrin and 1 x 10
-5
 for other carcinogenic pesticides) 

AT = Averaging time - the period over which exposure is averaged (days) 

EF = Exposure frequency (days/year) 

ED = Exposure duration (years) 

IR = Soil ingestion rate (milligrams [mg] per day) 

SFo = Oral cancer slope factor ([mg chemical/kg body weight [bw]-day]
-1
) 

BW = Body weight (kilograms [kg])) 

SA =  Surface area of exposed skin (square centimeters [cm
2
]/day) 

AF = Soil-to-skin adherence factor (mg/cm
2
) 

ABS = Absorption fraction (unitless) 

ET = Exposure time (hours/day) 

URF = Inhalation unit risk factor (µg/m
3
)
-1
 

PEF = Particulate emission factor (kg/m
3
) 

EALNC = EAL concentration for soil, based on the noncancer endpoint 

THQ = Target hazard quotient (unitless; set equal to 1) 

RfDO = Oral reference dose (mg chemical/kg bw-day) 

RfC  = Reference concentration - inhalation (mg/m
3
) 

The exposure parameters and toxicity values used in these equations were discussed in 
Sections 8.1 through 8.2 and are summarized in Tables 8-1 through 8-3. The chemical-specific 
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cancer and non-cancer soil EALs for the child and adult resident are presented in Table 8-4.  As 
indicated above in Section 8.1, the Site-specific EALs for the residential scenario (i.e., child 
resident) are the lowest Site-specific EALs, and therefore, are protective of potential worker 
populations.  This is due primarily to children having a higher assumed exposure frequency and 
a higher assumed soil ingestion rate per unit body weight.   

8.5 Risk Characterization – Comparison of Site Concentrations to 2012 EHE 

Standard 

Potential environmental hazards were characterized for residential receptors using the ratio of 
soil concentrations measured at the Site to the receptor-specific and chemical-specific 
residential soil 2012 EHE Standard EALs. The risk characterization process consists of three 
components: (1) estimating exposure point concentrations (EPCs) within each decision unit; (2) 
specifying the target risk and hazard quotient used to derive the EALs; and (3) comparing the 
EPCs to the soil EALs to estimate risks and hazards for each receptor. Each of these steps is 
described below. 
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Table 8-3. 2012 Site-Specific Environmental Action Levels (EALs) Equations and Parameters 

EAL for carcinogens: 
      

 
 

           EAL for non-carcinogens: 

    
 

           Variable Parameter Value Source/Rationale 

Cs Concentration in soil 
 

mg/kg Units for soil 

TR Target Risk 
   

 
Aldrin and Dieldrin 1.00E-04 unitless HDOH 2011a (HDOH residential default = 1.0E-06) 

 
Other chemicals 1.00E-05 unitless HDOH 2011a (HDOH residential default = 1.0E-06) 

THQ Target Hazard Quotient 1 unitless EPA 1989; HDOH 2011b 

BW Body Weight 
   

  
Adult resident 70 kg EPA 1989, 1991; HDOH 2011b 

  
Child resident 15 kg EPA 1989, 1991; HDOH 2011b 

AT Averaging Time 
   

  
Carcinogens 70 years x 365 days/year Lifetime (EPA 1989; HDOH 2011b) 

  
Non-carcinogens ED x 365 days/year EPA 1989; HDOH 2011b 

EF Exposure Frequency 
   

  
Adult resident 350 days/year EPA 1991; HDOH 2011b 

  
Child resident 350 days/year EPA 1991; HDOH 2011b 

ED Exposure Duration 
   

  
Adult resident 6 years Tetra Tech 2006a, HDOH 2011 (HDOH defualt = 30 years) 

  
Child resident 6 years USEPA 1991; HDOH 2011b (HDOH default = 30 years) 

IR Soil Ingestion Rate 
   

  
Adult resident 100 mg/day USEPA 1991; HDOH 2011b 

  
Child resident 100 mg/day Tetra Tech 2011a (HDOH default =200 mg/day) 

SFo Oral/dermal carcinogenic slope factor chemical-specific (mg/kg-day)
-1

 (refer to Table 3) 

URF Unit Risk Factor (inhalation) chemical-specific (µg/m
3
)
-1

 (refer to Table 3) 

RfDo Oral/dermal reference dose chemical-specific mg/kg-day (refer to Table 3) 

RfC Reference Concentration (inhalation) chemical-specific mg/m
3
 (refer to Table 3) 

SA Skin Surface Area 
   

  
Adult resident 5,700 cm

2
 USEPA 2004; HDOH 2011b 

  
Child resident 2,800 cm

2
 USEPA 2004; HDOH 2011b 

AF Soil Adherence Factor 
   

  
Adult resident 0.07 mg/cm

2
 USEPA 2004; HDOH 2011b 

  
Child resident 0.2 mg/cm

2
 USEPA 2004; HDOH 2011b 

ABS Absorption Fraction chemical-specific unitless (refer to Table 3) 

PEF Particulate Emissions Factor 1.32E+09 m
3
/kg USEPA 1996; HDOH 2011b 

ET Exposure Time (resident) 24 hours/day USEPA 1991; HDOH 2011b 

Notes:      -  variables used to derive site-specific EALs that differ from HDOH default parameters.   
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Table 8-4. 2012 Site-Specific Environmental Action Levels (EALs) for Soil - Child and Adult Residents
(a)

 

Chemical
(b)

 

HC Site-Specific Soil Screening Levels (mg/kg) 

Final EAL 

Child Adult 

Cancer-based  Noncancer-based Cancer-based Noncancer-based 

Target Risk
(c)

 Target HQ = 1 Target Risk
(c)

 Target HQ = 1
(d)

 

Aldrin 42.1 12.2 209.4 60.9 12.2 

Chlordane
(d)

 42.6 38.3 219.8 188.8 38.3 

Dieldrin 20.4 9.8 101.4 48.7 9.8 

DDD 48.7 - 253.6 - 48.7 

DDE 34.4 - 179 - 34.4 

DDT 46 67 223.7 326 46 

Endrin - 30.1 - 156.5 30.1 

Endrin ketone
(e)

 - 30.1 - 156.5 30.1 

Endosulfan sulfate
(e), (f)

 - 601.6 - 3,130.5 601.6 

delta-BHC
(e), (f)

 - 38.3 - 188.9 38.3 

Methoxychlor
(e), (f)

 - 501.4 - 2,609 501.4 

Notes: 

HC = Hickam Communities mg/kg = milligram per kilogram 
HQ = Hazard quotient HDOH = Hawaii Department of Health 
(a)

 EALs listed in this table were derived based on the EAL equations listed in HDOH Guidance (HDOH 2011) and presented in Table 8-3 using the child and adult parameters listed in 
Table 8-1 and the toxicity/dermal criteria summarized in Table 8-2.  A summary of modifications to default HDOH parameters is as follows:   

Modifications to Chemical-Specific Parameters 
1)  Aldrin - cancer slope factor modified to 3.4 (mg/kg-day)

-1
, oral reference dose (RfD) modified to 1 x 10

-4
 (mg/kg-day), and dermal absorption factor modified to 0.05. 

2)  Dieldrin - cancer slope factor modified to 7 (mg/kg-day)
-1

, oral reference dose (RfD) modified to 8 x 10
-5

 (mg/kg-day), and dermal absorption factor modified to 0.05. 
Modifications to Site-Specific Parameters 
3)  Target Risk - target risk for aldrin and dieldrin modified to 1 x 10

-4
; target risk for other pesticides is 1 x 10

-5
. 

4)  Target hazard quotient (HQ) - HQ = 1 for all chemicals. 
5)  Exposure duration - assumed to be 6 years for adult and child residents 
6)  Child soil ingestion rate - soil ingestion rate for residential child modified to 100 mg/day based on site-specific considerations.  

(b)
 All organochlorine pesticides detected in soil as part of site investigation activities conducted at the site in 2010 are included in this table. 

(c)
 As indicated in Footnote a, the target risk of 1 x 10

-4
 applies only to aldrin and dieldrin.   

(d)
 Chlordane is representative of technical chlordane which consists of chlordane isomers, heptachlor, and heptachlor epoxide.  For this reason, other chlordane isomers, heptachlor, 
and heptachlor epoxide are evaluated as chlordane and are not listed individually in this table.  

(e)
 Endrin used as a surrogate for endrin ketone; endosulfan used as a surrogate for endosulfan II and endosulfan sulfate; and gamma-BHC (Lindane) used as a surrogate for delta-
BHC. 

(f)
 Listed chemical detected at low levels in one sample. 
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8.5.1 Exposure Point Concentrations  

As indicated in Section 6.5, the representative EPCs used in this evaluation were determined in 
accordance with HDOH guidelines based on multi-increment soil samples collected within each 
of the identified DUs. As described in HDOH guidance (HDOH 2011a), multi-increment 
sampling data typically have low variability and high reproducibility, which results in a high level 
of confidence for decision making. 

8.5.2 Risk and Hazard Calculations 

The EALs were calculated for a specified target risk of 1 x 10
-4

 for aldrin and dieldrin, 1 x 10
-5
 

for other carcinogenic pesticides, and a target HQ of 1 for the noncancer endpoint. Therefore, 
soil concentrations greater than the EALs represent carcinogenic risks or hazards proportionally 
greater than the corresponding target risk or target hazard. Similarly, concentrations less than 
the EALs represent carcinogenic risks or hazards proportionally less than the target risk or 
hazard. 

Potential risks are estimated as follows, using the ratio of each COC’s representative soil 
concentration and its corresponding soil EAL:  

 scarcinogenother  10 diedrin,aldrin  10
ionConcentrat Soil 5-4-

CancerEAL
Risk  

Potential hazards are estimated in a similar manner as follows:  

         

EALNoncancer

ionConcentrat Soil
Hazard  

In accordance with HDOH and EPA guidance, the risk and hazard ratios for each chemical and 
potentially complete exposure pathway were summed to determine the multi-pathway 
carcinogenic risk estimates and noncarcinogenic HI for potentially exposed receptors. The 
multi-incremental soil sampling results and corresponding estimated risks and hazards 
(chemical-specific and cumulative) for all of the identified DUs are presented in Appendix E. 
These results are discussed in more detail in Section 9. 

8.5.3 Target Risk and Hazard Levels – 2012 EHE Standard 

For this evaluation, the soils within each DU are evaluated using the 2012 EHE standard 
developed by HC and approved by HDOH.

122
  As per the HDOH-approved 2012 EHE standard, 

a DU is not considered to pose a threat to human health and the environment due to 
organochlorine pesticides if all of the following criteria are met: (1) the cumulative ECR for 
aldrin plus dieldrin must not exceed 1 x 10

-4
; (2) the cumulative ECR for all other organochlorine 

pesticides must not exceed 1 x 10
-5
;
 
(3) the cumulative ECR for all COPCs must not exceed 1 x 

10
-4
; and (4) the hazard index for all COPCs must not exceed 1.0. If any of these criteria are not 

met, then the soil within the DU is considered to pose a threat to human health and the 
environment and must be treated accordingly.  

                                                
122

 (Tetra Tech 2011b; HDOH 2011b and 2011c) 
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9.0 SUMMARY OF POTENTIAL ENVIRONMENTAL HAZARDS 

This section presents an evaluation of the retained potential environmental hazards identified in 
Section 5. Potentially exposed receptors are evaluated based on current and expected future 
conditions at the Site using the site-specific 2012 EHE Standard EALs summarized in Section 8.  

9.1 Direct Exposure Evaluation 

The residential EALs for the contaminants of concern in soil for the direct exposure hazard are 
summarized in Table 8-4. As described above, the direct exposure EALs for residential 
receptors were developed based on the following exposure pathways: 

 Incidental ingestion of soil; 

 Dermal contact with soil; and 

 Inhalation of airborne particulates. 

Of these direct exposure pathways, the majority of the estimated risk and hazard is associated 
with soil ingestion with only minor contributions from dermal contact and inhalation.  The results 
of the direct exposure evaluation are presented below for each neighborhood. As described in 
Section 8, the lowest site-specific EALs are associated with the child resident and, therefore, 
are protective of adult residents and potential worker populations. As shown in Table 8-4, the 
child-specific EALs are roughly 5-fold lower (i.e., more conservative) than the EALs developed 
for adult residents. For this reason, only the evaluation results for the child resident are 
discussed/summarized below. The estimated risks and hazards associated with potential 
residential child and adult exposures for all DUs are summarized in Appendix E. 

9.1.1 Earhart I-2 Neighborhood 

Child Resident 

Table 9-1 summarizes the DUs within the Earhart I-2 neighborhood with cumulative risks for the 
child resident exceeding at least one of the HDOH cumulative risk criteria associated with the 
2012 EHE standard (described in Section 8.5.3) based on the soil sampling results collected 
within the 0 to 12-inch depth interval and the site-specific 2012 EHE Standard EALs. As 
indicated in the table, two DUs (DU-37a and DU-15b) are associated with estimated cumulative 
risks exceeding at least one of the HDOH cumulative risk criteria. The locations of these DUs, 
where contaminants have the potential to pose a direct exposure risk, are shown in Figure 9-1. 
A histogram summarizing the distribution of the residential child cumulative risk estimates for all 
of the DUs located within the Earhart I-2 neighborhood is presented in Figure 9-2. As indicated 
in the histogram, the vast majority of DUs are associated with cumulative risk estimates less 
than 5 x 10

-5
. 

As shown in Table 9-1, a total of 19 DUs are associated with an estimated HI for the residential 
child exceeding the target hazard level of 1. The locations of these DUs, where contaminants in 
soil have the potential to pose a direct exposure hazard, are shown in Figure 9-4. A histogram 
summarizing the distribution of the estimated HIs for the residential child for all of the DUs 
located within the Earhart I-2 neighborhood is presented in Figure 9-5. As indicated in the 
histogram, all of the estimated HIs exceeding the target level of 1 are less than 4 with most (i.e., 
15 out of 19) being between 1 and 2.  
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Table 9-1. Evaluation of Decision Units with Cumulative ECRs and Hazard Indices 

Exceeding Target Levels
(a),(b)

 

Decision Unit
(c)

 

Cumulative ECR - Child Resident  HI Screening - Child Resident
(d)

 

ECR (0-6 inches) ECR (6-12 inches) HI (0-6 inches) HI (6-12 inches) 

Earhart I-2 
    

27d 
(e) (e)

 1.46 2.19 

38d 
(e)

 
(e)

 1.35 0.89 

11b 
(e)

 
(e)

 1.34 1.28 

15b 5.5E-05 1.1E-04 1.34 3.01 

42b 
(e)

 
(e)

 1.22 2.43 

37a 4.5E-05 1.2E-04 1.21 3.44 

23b 
(e)

 
(e)

 1.14 0.31 

29a 
(e)

 
(e)

 1.08 0.57 

14c 
(e)

 
(e)

 1.07 0.48 

23a 
(e)

 
(e)

 1.06 1.36 

42a 
(e)

 
(e)

 0.95 2.06 

19b 
(e)

 
(e)

 0.90 1.80 

35b 
(e)

 
(e)

 0.89 1.25 

27c 
(e)

 
(e)

 0.88 1.67 

15c 
(e)

 
(e)

 0.72 1.15 

30f 
(e)

 
(e)

 0.70 1.85 

28d 
(e)

 
(e)

 0.54 1.48 

23d 
(e)

 
(e)

 0.52 1.06 

30e 
(e)

 
(e)

 0.35 1.27 

Earhart I-3 
    

12b 
(e)

 
(e)

 1.50 2.90 

34c 
(e)

 
(e)

 1.49 0.39 

20a 
(e)

 
(e)

 1.21 1.90 

33c 
(e)

 
(e)

 1.19 0.95 

4b 
(e)

 
(e)

 0.68 1.62 

14b 
(e)

 
(e)

 0.27 1.12 

12d 
(e)

 
(e)

 0.21 1.14 

33b 
(e)

 
(e)

 0.22 1.40 

Notes: 

ECR = Excess cancer risk HI - Hazard index 
   = DUs where the estimated HI for surface soil (i.e., 0-6 inch depth interval) are below target HI of 1. 
(a)

 No other decision units within the Site had cumulative ECRs or HIs exceeding the four HDOH target risk and hazard criteria 
associated with the HC 2012 EHE standard (HDOH 2011c, 2012), which are as follows:   

Criteria #1 - the cumulative ECR for aldrin plus dieldrin must not exceed 1 x 10
-4

 
Criteria #2 - the cumulative ECR for all other organochlorine pesticides must not exceed 1 x 10

-5
 

Criteria #3 - the cumulative ECR for all chemicals of potential concern (COPCs) must not exceed 1 x 10
-4

 
Criteria #4 - the hazard index for all COPCs must not exceed 1.0. 

(b)
 The chemical-specific risks and cumulative ECRs and HIs for all DUs are presented in Appendix E. 

(c)
 No decision units within the Onizuka II-1 or Hale Na Koa neighborhoods were associated with a hazard index exceeding the 
target HI of one for the child resident. 

(d)
 Target HI is 1 (Criteria #4 in footnote a). 

(e)
 Cumulative ECR does not exceed target risk criteria associated with the HC 2012 EHE standard (see footnote a). 
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Figure 9-2. Earhart I-2: Distribution of Estimated Cumulative Risks for DUs  

(0-12 inches) – 2012 EALs 

 

Figure 9-3. Earhart I-3: Distribution of Estimated Cumulative Risks for DUs  

(0-12 inches) – 2012 EALs 
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Figure 9-5. Earhart I-2: Distribution of Hazard Indices for DUs  

(0-12 inches) – 2012 EALs 

 

Figure 9-6. Earhart I-3: Distribution of Hazard Indices for DUs  

(0-12 inches) – 2012 EALs 
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9.1.2 Earhart I-3 Neighborhood 

Child Resident 

Within the Earhart I-3 neighborhood, no DUs are associated with estimated risks for the 
residential child exceeding the HDOH cumulative risk criteria associated with the 2012 EHE 
Standard based on the soil sampling results collected within the 0 to 12-inch depth interval and 
the site-specific 2012 EHE Standard EALs. A histogram summarizing the distribution of the 
residential child cumulative risk estimates for all of the DUs located within the Earhart I-3 
neighborhood is presented in Figure 9-3. As indicated in the histogram, the vast majority of DUs 
are associated with cumulative risk estimates less than 5 x 10

-5
.  

As shown in Table 9-1, a total of 8 DUs are associated with an estimated HI for the residential 
child exceeding the target hazard level of 1. The locations of these DUs, where contaminants in 
soil have the potential to pose a direct exposure hazard, are shown in Figure 9-4. A histogram 
summarizing the distribution of the estimated HIs for the residential child for all of the DUs 
located within the Earhart I-3 neighborhood is presented in Figure 9-6. As indicated in the 
histogram, all of the estimated HIs exceeding the target level of 1 are less than 3 with most (i.e., 
5 out of 6) being between 1 and 2.  

9.1.3 Onizuka II-1 Neighborhood 

Child Resident 

Within the Onizuka II-1 neighborhood, no DUs are associated with estimated risks for the 
residential child exceeding the HDOH cumulative risk criteria associated with the 2012 EHE 
Standard based on the soil sampling results collected within the 0 to 12-inch depth interval and 
the site-specific 2012 EHE Standard EALs. A histogram summarizing the distribution of the 
residential child cumulative risk estimates for all of the DUs located within the Onizuka II-1 
neighborhood is presented in Figure 9-7. As indicated in the histogram, no DUs are associated 
with cumulative risk estimates greater than 1 x 10

-5
. 

Similar to the cumulative risk estimates described above, no DUs (21 total) are associated with 
an estimated HI for the residential child exceeding the target hazard level of 1. As shown in 
Appendix E, the estimated HIs for the child resident range from 0.02 to 0.19, which are well 
below the target level of 1. 

9.1.4 Hale Na Koa I-1 Neighborhood 

Child Resident 

Within the Hale Na Koa I-1 neighborhood, no DUs are associated with estimated risks for the 
residential child exceeding the HDOH cumulative risk criteria associated with the 2012 EHE 
Standard based on the soil sampling results collected within the 0 to 12-inch depth interval and 
the site-specific 2012 EHE Standard EALs. A histogram summarizing the distribution of the 
residential child cumulative risk estimates for all of the DUs located within the Hale Na Koa I-1 
neighborhood is presented in Figure 9-9. As indicated in the histogram, no DUs are associated 
with cumulative risk estimates greater than 1 x 10

-5
. 
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Figure 9-7. Onizuka II-1: Distribution of Estimated Cumulative Risks for DUs  

(0-12 inches) – 2012 EALs 

 

Similar to the cumulative risk estimates described above, no DUs (11 total) are associated with 
an estimated HI for the residential child exceeding the target hazard level of 1. As shown in 
Figure 9-10, the estimated HIs for the child resident are well below the target level of 1.  

9.2 Summary of Principal Environmental Hazards 

Based on the evaluation presented above, a total of 28 DUs were associated with contaminant 
levels in soil corresponding to a cumulative risk greater than at least one of the HDOH 
cumulative risk criteria or a cumulative hazard (i.e., HI) greater than the target level of 1. As 
indicated in Table 8-4, the noncancer EALs for the child resident associated with the primary 
COCs detected at the Site (i.e., aldrin and dieldrin) are lower than (i.e., more 
conservative/health protective) the corresponding EALs developed to be protective of 
carcinogenic effects. Thus, only two DUs were identified with estimated cumulative risks greater 
than at least one of the HDOH cumulative risk criteria and 28 DUs were identified with 
estimated HIs greater than the target level of 1 (including the two DUs with estimated 
cumulative risks exceeding at least one of the 2012 EHE Standard target risk criteria [DU-37a 
and DU-15b]).  

The 28 DUs identified within the Earhart I-2 and Earhart I-3 neighborhoods with contaminants in 
soil resulting in an estimated HI greater than 1 for the child resident are summarized in Table 
9-1. These DUs were screened in a conservative manner in which the maximum HI estimated 
for either the 0 to 6-inch depth interval or the 6 to 12-inch depth interval was used to identify 
DUs with an HI greater than 1. In an effort to determine which DUs may require remedial vs. 
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mitigation efforts, the estimated child resident HIs for both the 0 to 6-inch and 6 to 12-inch 
depth intervals are summarized in Table 9-1.  

Surface Soil (0 to 6-inch Depth Interval)  

As shown in Table 9-1, ten DUs in Earhart I-2 and four DUs in Earhart I-3 have contaminant 
levels in soil that result in an estimated HI greater than 1 for the child resident within the 0 to 6-
inch depth interval. Without remediation or the implementation of engineering and/or 
institutional controls, direct exposure to soil in these DUs could potentially pose threat to 
residential receptors under current and future conditions. The ten DUs in Earhart I-2 with an HI 
greater than one within the 0 to 6-inch depth interval include DU-37a, DU-15b, DU-27d, 
DU-42b, DU-11b, DU-23a, DU-38d, DU-29a, DU-14c, and DU-23b. The four DUs in Earhart I-3 
with an HI greater than one within the 0 to 6-inch depth interval include DU-12b, DU-20a, 
DU-33a and DU-34c. The locations of these DUs are shown in Figures 9-8. 

Sub-surface Soil (6 to 12-inch Depth Interval)  

As shown in Table 9-1, nine DUs in Earhart I-2 and 4 DUs in Earhart I-3 have contaminant 
levels in soil within the 6 to 12-inch depth interval that result in an estimated HI greater than 1 
for the child resident. However, the estimated HIs for the child resident within surface soil (i.e., 
0 to 6-inch depth interval) in these DUs are below the target hazard level of 1 indicating that 
potential residential exposures to surface soil would not be expected to result in adverse health 
effects. Thus, for these DUs, as long as institutional and/or engineering controls are in place to 
control contact with soil within the 6 to 12-inch depth interval, potential residential exposures 
within these DUs would not be expected to result in adverse health effects. The nine DUs in 
Earhart I-2 requiring engineering or institutional controls to mitigate potential residential 
exposures to soil within the 6 to 12-depth interval include DU-42a, DU-19b, DU-27c, DU-30f, 
DU-35b, DU-28d, DU-15c, DU-30e, and DU-23d. The four DUs in Earhart I-3 requiring 
engineering or institutional controls to mitigate potential residential exposures to soil within the 6 
to 12-inch depth interval include DU-4b, DU-14b, DU12d, and DU-33b. The locations of these 
DUs are shown in Figure 9-8. 
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Figure 9-9. Hale Na Koa: Distribution of Cumulative Risks for DUs  

0-12 inches) – 2012 EALs 

 

Figure 9-10. Hale Na Koa: Distribution of Hazard Indices for DUs  

(0-12 inches) – 2012 EALs 
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10.0 POST-REMOVAL SITE CONDITIONS 

This section summarizes potential risk and hazard levels associated with post-removal site 
conditions within each neighborhood. As was done in the previous section, only the evaluation 
results for the child resident are discussed below since the child-specific EALs are lower (i.e., 
more conservative) than the EALs developed for adult residents. The estimated risks and 
hazards associated with potential residential child and adult exposures under post-removal Site 
conditions for all DUs are summarized in Appendix E. In addition to evaluating potential 
residential exposures to PI soil within the Site DUs, potential risks posed under reasonably 
anticipated future exposure scenarios are also described.   

10.1 Earhart I-2 Neighborhood 

Child Resident 

As described in Section 9, two DUs (DU-37a and DU-15b) in Earhart I-2 were associated with 
estimated cumulative risks exceeding at least one of the HDOH cumulative risk criteria 
associated with the 2012 EHE standard (described in Section 8.5.3). Both of these DUs were 
excavated as part of RO #3 conducted at the Site. Thus, under post-removal site conditions, no 
DUs in Earhart I-2 are associated with levels of organochlorine pesticides in soil that result in 
estimated risks exceeding the HDOH cumulative risk criteria. For the noncarcinogenic endpoint, 
nineteen DUs were identified with estimated HIs for the residential child exceeding the target 
hazard level of 1. Ten of the nineteen DUs were associated with levels of organochlorine 
pesticides in soil within the 0 to 6-inch depth interval that exceed the target HI of 1 for the child 
resident and were excavated as part of RO #3. The other nine DUs have levels of 
organochlorine pesticides in soil within the 6 to 12-inch depth interval that exceed the target HI 
of 1 for the child resident, but the estimated HIs for the child resident within the 0 to 6 inch 
depth interval (i.e., surface soil) in these DUs were below the target hazard level of 1. For these 
9 DUs, engineering controls (e.g., maintaining good lawn cover) and institutional and controls 
are in place to mitigate contact with soils within the 6 to 12 inch depth interval. As described in 
Section 2, residential lease agreements stipulate that residents are prohibited from digging, 
excavating or gardening in order to control potential exposures. For this reason, potential 
residential exposures within these DUs would not be expected to result in adverse health 
effects. The locations of the nine DUs, where institutional controls are in place to control contact 
with subsurface soil, are shown in Figure 9-8.  

A histogram summarizing the post-removal distribution of the residential child cumulative risk 
estimates for all of the DUs located within the Earhart I-2 neighborhood is presented in 
Figure 10-1. Under post-removal conditions, the soil within all DUs meets all of the target risk 
criteria associated with the 2012 EHE standard. As indicated in the histogram, no DUs exceed 
the target risk level of 1 x 10

-4
 for aldrin and dieldrin and the vast majority of DUs are associated 

with cumulative risk estimates less than 5 x 10
-5
. A histogram summarizing the post-removal 

distribution of the estimated HIs for the residential child for all of the DUs located within the 
Earhart I-2 neighborhood is presented in Figure 10-2. As indicated in the histogram, there are 
nine DUs remaining with estimated HIs exceeding the target level of 1. However, these are the 
nine DUs described above (and shown in Figure 9-9) where the estimated HIs for the child 
resident in surface soil (i.e., 0 to 6 inch depth interval) are below the target level of 1 and 
institutional controls are in place to control potential contact with sub-surface soils. The  
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Figure 10-1. Earhart I-2: Distribution of Post-Removal Cumulative Risks for DUs  

(0-12 inches) – 2012 EALs 

 

Figures 10-2. Earhart I-3: Distribution of Post-Removal Cumulative Risks for DUs  

(0-12 inches) – 2012 EALs 
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estimated risks and hazards associated with potential residential child and adult exposures 
under post-removal Site conditions for all DUs are summarized in Appendix E. 

10.2 Earhart I-3 Neighborhood 

As described in Section 9, no DUs in Earhart I-3 were associated with estimated cumulative 
risks exceeding any of the cumulative risk criteria associated with the 2012 EHE Standard. 
Thus, under post-removal site conditions, no DUs in Earhart I-3 are associated with levels of 
organochlorine pesticides in soil that result in estimated risks exceeding the HDOH cumulative 
risk criteria. For the noncarcinogenic endpoint, eight DUs were identified with estimated HIs for 
the residential child exceeding the target hazard level of 1. Four DUs were associated with 
levels of organochlorine pesticides in soil within the 0 to 6-inch depth interval that exceed the 
target HI of 1 for the child resident and were excavated as part of RO #3. Four DUs have levels 
of organochlorine pesticides in soil within the 6 to 12-inch depth interval that exceed the target 
HI of 1 for the child resident, but the estimated HIs for the child resident within the 0 to 6-inch 
depth interval (i.e., surface soil) in these DUs were below the target hazard level of 1. For these 
four DUs, engineering controls (e.g., maintaining good lawn cover) and institutional and controls 
are in place to mitigate contact with soils within the 6 to 12-inch depth interval. For this reason, 
potential residential exposures within these DUs would not be expected to result in adverse 
health effects. The locations of the four DUs, where institutional controls are in place to control 
contact with subsurface soil, are shown in Figure 9-8.  

A histogram summarizing the post-removal distribution of the residential child cumulative risk 
estimates for all of the DUs located within the Earhart I-3 neighborhood is presented in 
Figure 10-3. As indicated in the histogram, no DUs exceed the target risk level of 1 x 10

-4
 for 

aldrin and dieldrin and the vast majority of DUs are associated with cumulative risk estimates 
less than 5 x 10

-5
. A histogram summarizing the post-removal distribution of the estimated HIs 

for the residential child for all of the DUs located within the Earhart I-3 neighborhood is 
presented in Figure 10-4. As indicated in the histogram, there are four DUs remaining with 
estimated HIs exceeding the target level of 1.  These are the four DUs described above (and 
shown in Figure 9-8) where the estimated HIs for the child resident in surface soil (i.e., 0 to 6-
inch depth interval) are below the target level of 1 and institutional control are in place to control 
potential contact with sub-surface soil. The estimated risks and hazards associated with 
potential residential child and adult exposures under post-removal Site conditions for all DUs 
are summarized in Appendix E. 

10.3 Onizuka II-1 Neighborhood 

As described in Section 9, no DUs within the Onizuka II-1 neighborhood are associated with 
estimated risks for the residential child exceeding the HDOH cumulative risk criteria based on 
the soil sampling results collected within the 0 to 12-inch depth interval and the site-specific 
2012 EHE Standard EALs (see Figure 9-7). Similarly, there are no DUs with estimated HIs for 
the child resident that exceed the target level of 1. 

10.4 Hale Na Koa I-1 Neighborhood 

As described in Section 9, no DUs within the Hale Na Koa I-1 neighborhood are associated with 
estimated risks for the residential child exceeding the HDOH cumulative risk criteria based on  
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Figure 10-3. Earhart I-3: Distribution of Post-Removal Cumulative Risks for DUs  

(0-12 inches) – 2012 EALs 

 

Figure 10-4. Earhart I-3: Distribution of Post-Removal Hazard Indices for DUs  

(0-12 inches) – 2012 EALs 
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the soil sampling results collected within the 0 to 12-inch depth interval and the site-specific 
2012 EHE Standard EALs (see Figures 9-9 and 9-10). Similarly, there are no DUs with 
estimated HIs for the child resident that exceed the target level of 1. 

10.5 Potential Future Exposures to PI Soil Remaining at the Site 

In addition to potential exposures to PI soil remaining with the Site DUs, other reasonably 
anticipated future exposure scenarios to PI soil remaining at the Site include potential worker 
and residential exposures to:  

1) PI soil that has been or will be placed into long-term management units (e.g., burial pits 
and soil berms); 

2) PI soil that was placed into utility trenches as backfill; 

3) PI soil currently beneath buildings and hardscapes; and 

4) Any other soil at the Site that is presumed to be pesticide-impacted, such as soil deeper 
than 12 inches below grade located beneath former building footprints. 

Landscape/maintenance workers and construction workers could potentially contact PI soil 
remaining at the Site in areas described above because they may perform intrusive soil 
activities as part of their jobs. Similarly, if PI soil remaining at the Site is brought to the surface 
in the future, residents could potentially be exposed. For this reason, institutional controls 
should be implemented to ensure Occupational Safety and Health Administration safe work 
practices are followed by landscape/maintenance workers and construction workers in areas of 
the Site associated with remaining PI soil. Soil management practices should also be 
implemented to ensure that PI soil is not moved to, and left at the surface, where residents 
could potentially be exposed.  
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11.0 CONCLUSIONS 

This environmental hazard evaluation fulfills one of the key requirements associated with the 
Voluntary Agreement between HDOH and HC. Requirements of the Voluntary Agreement 
fulfilled to date and those that will be completed in the future were described in Section 1. As 
described in this report, the Site has been thoroughly investigated and as part of the EHE, 
specific portions of the Site have been identified where either remediation or the implementation 
of engineering and/or institutional controls were required to mitigate direct exposures to 
contaminants in soil that could pose a potential environmental hazard. Remaining tasks to be 
completed in fulfillment of the Voluntary Agreement include the completion of a RAA, a Final 
RAM, a remedial implementation plan, an EHMP, and a letter of completion.  

Based on current and anticipated future conditions at the Site (i.e., residential use) and the 
evaluation of potential residential exposure to soil using the site-specific 2012 EHE Standard 
EALs developed in coordination with HDOH, a total of 27 DUs were identified where 
organochlorine pesticides are present at levels that could pose a potential environmental 
hazard to residents via direct exposure to soil without remediation or the implementation of 
engineering and/or institutional controls. Fourteen of the 27 DUs had levels of organochlorine 
pesticides within surface soil (i.e., 0 to 6-inch depth interval) that were excavated to mitigate 
potential residential exposures that could potentially result in adverse health effects (DUs are 
identified in Figures 9-9 and 9-10). Thirteen of the 27 DUs have levels of organochlorine 
pesticides in soil within the 6 to 12-inch depth interval that exceed the target HI of 1 for the child 
resident. However, the estimated HIs for the child resident within the 0 to 6 inch depth interval 
(i.e., surface soil) in these DUs are below the target hazard level of 1 indicating that potential 
residential exposures to surface soil would not be expected to result in adverse health effects. 
For these thirteen DUs, institutional and engineering controls are in place to control contact with 
soil within the 6 to 12-inch depth interval, therefore, potential residential exposures within these 
DUs would not be expected to result in adverse health effects (DUs are identified in Figures 9-9 
and 9-10). 

Based on the results of the EHE, the vast majority of DUs associated with the Site are 
associated with organochlorine pesticides that are present at levels below site-specific EALs 
developed to be protective residential receptors. In the near future, Tetra Tech will complete a 
RAA for all PI soil remaining at the Site that could pose a potential environmental hazard to 
current or future residents, landscape/maintenance workers, and construction workers. The 
purpose of the RAA is to select the most efficient, cost-effective, and reliable remedial solution 
that will mitigate the potential environmental hazard associated with these eleven DUs and any 
other PI soil remaining at the Site.  As described in Section 10.5, reasonably anticipated future 
exposure scenarios include potential exposures to other PI soil remaining at the Site that was 
not addressed in the Removal Actions (e.g., PI soil in burial pits, soil berms, utility trenches, and 
beneath building footprints and hardscapes). These reasonably anticipated future exposure 
scenarios will be managed using a combination of institutional and engineering controls, 
exposure management practices, and long-term monitoring to prevent physical contact by 
potential receptors with any remaining PI soil at the Site. These measures will be described in 
an EHMP that will be produced by Tetra Tech for all future managers/owners of the Site that will 
summarize any future land use guidelines and restrictions. Lastly, Tetra Tech will produce a 
RAM that will provide a detailed discussion of the Site including a description of all ROs, site-
specific EALs, and the recommended remedy to mitigate any risks not addressed by the ROs. 
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APPENDIX A 
 

Results of Leachability Testing for Organochlorine Pesticides in Soil – 
Earhart I-4 

  



December 18, 2009

Mr. Robert Lloyd via e-mail: Robert.Lloyd@actuslendlease.com
Development Manager
Actus Lend Lease LLC
200 Kokomalei Street
Honolulu, Hawai`i 96818

Re: Task Order—31: Results of Leachability Testing for Organochlorine
Pesticides in Soil using the Synthetic Precipitation Leaching Procedure,
Earhart I-4 Neighborhood, Hickam Air Force Base, Hawai`i

Dear Mr. Lloyd,

Tetra Tech is pleased to present the results of leachability testing for organochlorine
pesticides in soil from the Earhart I-4 neighborhood, located Hickam Air Force Base
(HAFB), O`ahu, Hawai`i (hereinafter the “Site”). This work was conducted at the request
of Hickam Community Housing LLC (HCH).

Three open area multi-incremental (MI) soil samples were selected for analysis using the
Synthetic Precipitation Leaching Procedure (SPLP). The MI soil samples were collected
at the Site October 2009, and were selected to be representative of pesticide-impacted soil
at the Site. Dieldrin and its potential leachability was of particular concern at the Site.
Based on results of samples collected by Tetra Tech in October 2009, the average open
area dieldrin concentration at Earhart was 1.49 mg/kg. The three samples selected for this
leachability study all have dieldrin levels that are higher than the site average.

ANALYTICAL METHODS AND RESULTS

The three MI soil samples were submitted to Torrent Analytical Laboratory of Milpitas,
California for the following analyses:

" Organochlorine pesticides by US Environmental Protection Agency (EPA)
Method 8081; and

" SPLP by EPA Method 1312.
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Due to the selected soil samples being outside the hold time for EPA Method 8081, Tetra
Tech reanalyzed the samples for organochlorine pesticides concurrently with the SPLP.
The samples were analyzed on a RUSH basis, 1-day turn-around-time (TAT). A copy of
the laboratory analytical record is provided in Appendix A.

Organochlorine Pesticides in Soil Results

Organochlorine pesticides were detected at concentrations at or above the reporting limit
in all three MI soil samples submitted for analysis by EPA Method 8091. The analytical
results were compared to the Hawai`i Department of Health (HDOH) Tier 1
Environmental Action Levels (EALs) (HDOH 2008) and the Tier 2 EALs established for
HCH property (Tetra Tech 2009a). The analytical results are presented in Table 1, and
results for the organochlorine pesticides dieldrin, aldrin, and chlordane are summarized
below.

" Dieldrin was detected in all three soil samples submitted for analysis at
concentrations ranging from 2.0 milligrams per kilogram (mg/kg) to 4.5 mg/kg.
All three detections exceed the Tier 2 EAL for dieldrin (0.45 mg/kg).

" Aldrin was detected in all three soil samples submitted for analysis at
concentrations ranging from 2.1 mg/kg to 8.2 mg/kg. All three detections exceed
the Tier 2 EAL for aldrin (0.42 mg/kg).

" Chlordane was detected in all three soil samples submitted for analysis at
concentrations ranging from 2.4 mg/kg to 8.8 mg/kg. All three detections were
below the Tier 2 EAL value for chlordane (23.4 mg/kg).

Synthetic Precipitation Leaching Procedure Results

Organochlorine pesticides were detected at concentrations at or above the reporting limit
in all three MI soil samples submitted for analysis by the SPLP. The analytical results are
presented in Table 2, and results for the organochlorine pesticides dieldrin, aldrin, and
chlordane are summarized below.

" Dieldrin was detected in all three soil samples submitted for analysis at
concentrations ranging from 0.0025 milligrams per liter (mg/L) to 0.0063 mg/L.

" Aldrin was detected in all three soil samples submitted for analysis at
concentrations ranging from 0.00034 mg/L to 0.0014 mg/L.

" Chlordane was detected in one of the three soil samples submitted for analysis at a
concentration of 0.0028 mg/L.
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DISCUSSION

Tetra Tech evaluated the leachability of the organochlorine pesticides aldrin, dieldrin,
and chlordane by using the analytical results to calculate a site-specific partitioning
coefficient (Kd value) for aldrin, dieldrin, and chlordane. As presented in Tetra Tech’s
draft memorandum Leachability of Aldrin, Dieldrin, and Chlordane from Soils Literature
Review, dated December 1, 2009 (Tetra Tech 2009b); the HDOH recommends that the
site-specific Kd value be determined for the soil of interest using the SPLP batch test
method. If the calculated Kd is lower than the HDOH’s recommended threshold of
20 cubic centimeters per gram (cm3/g), then site-specific conditions should be evaluated.
The assumption that the Kd value must be at least 20 cm3/g to be protective under
leaching conditions is based on a number of further assumptions regarding environmental
conditions at the site, which can be incorporated into standard infiltration and transport
models.

The Kd values were only calculated for dieldrin, aldrin, and chlordane concentrations
detected by SPLP. The Kd values were calculated using the HDOH Batch Test Leaching
Model worksheet (HDOH 2008b). The Kd values calculated from the SPLP analytical
results are presented in Table 3, and results for the organochlorine pesticides dieldrin,
aldrin, and chlordane are summarized below.

" Dieldrin Kd values were calculated for all three samples where dieldrin was
detected by the SPLP. The calculated Kd values ranged from 650 cm3/g to
690 cm3/g.

" Aldrin Kd values were calculated for all three samples where aldrin was detected
by the SPLP. The calculated Kd values ranged from 5,800 cm3/g to 6,600 cm3/g.

" The chlordane Kd value was calculated for the sample where chlordane was
detected by the SPLP. The calculated Kd value was 3,100 cm3/g.

CONCLUSIONS

The calculated Kd values for dieldrin, aldrin, and chlordane were all significantly greater
than the HDOH’s recommended threshold of 20 cm3/g.
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Tetra Tech. 2009a. Pesticide-Impacted Soils Investigation and Management Program.
Prepared for Hickam Community Housing, LLC. DCN: 2492501.0001.F01. May
2009.

Tetra Tech. 2009b. Leachability of Aldrin, Dieldrin, and Chlordane from Soils Literature
Review. Draft Memorandum to Hickam Community Housing LLC. December 1,
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If you have any questions or comments about this report, please contact me at (415) 490-
2930 or Yvonne Parry in our Honolulu office, at (808) 533-3366.

Sincerely,
TETRA TECH

Tom Whitehead
Principal Hydrologist

Attachments:
Table 1 – Analytical Results for Earhart 1-4 Neighborhood Soil
Table 2 – Synthetic Precipitation Leaching Procedure Analytical Results
Table 3 – Soil-Water Partitioning Coefficient (Kd) Values Calculated for Earhart 1-4

Neighborhood Soil
Appendix A – Laboratory Analytical Report
Appendix B – HDOH Batch Test Leaching Model Calculation Sheets

cc: Gary Floyd, Tetra Tech
Gail Eaton, Tetra Tech
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Table 1

Analytical Results for Earhart 1-4 Neighborhood Soil

Hickam Air Force Base, Hawai`i

Sample ID EAR-FP-E-
6-3

EAR-OA-1-
6

EAR-FP-D-
12

HDOH
Tier 1
EAL1

HDOH
Tier 2
EAL2

(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

Sample Date 10/1/2009 10/2/2009 10/9/2009

Analyte

4,4´-DDE 0.34J 0.065 0.12J 1.4 24.8

4,4´-DDT 0.93 0.20 0.43 1.7 24.8

Aldrin 8.2 2.1 2.5 0.029 0.42

alpha-Chlordane 0.69 0.24 0.83 NE NE

Chlordane 6.3 2.4 8.8 16 23.4

Dieldrin 4.5 2.0 3.0 0.03 0.45

Endrin ketone 0.22J 0.065 0.095J NE NE

gamma-Chlordane 0.66 0.26 0.92 NE NE

Heptachlor < 0.22 0.021 < 0.11 0.1 NE
Notes:

Exceeds HDOH Tier 2 EAL

Exceeds HDOH Tier 1 EAL

Only detected analytes shown in table.

Samples analyzed for organochlorine pesticides by EPA Method 8081.

HDOH Hawai`i Department of Health

EAL Environmental Action Level

mg/kg milligram per kilogram

< less than the laboratory reporting limit

DDE dichlorodiphenyldichloroethylene

DDT dichlorodiphenyltrichloroethane

J estimated value; analyte detected below the quantitation limit

NE not established
1 HDOH Tier 1 EALs are for soil with an unrestricted land use at a distance greater

than 150 meters from surface water, and groundwater is a non drinking water
resource (Table B-1).

2 Site-specific HDOH Tier 2 EALs calculated for Hickam Community (Tetra Tech
2009a). Tier 2 EALS for DDD, DDE, and DDT are not established for HCH

property at Hickam AFB.
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Table 2

Synthetic Precipitation Leaching Procedure Analytical Results

Earhart 1-4 Neighborhood Soil

Hickam Air Force Base, Hawai`i

Sample ID EAR-FP-E-6-3 EAR-OA-1-6 EAR-FP-D-12

(mg/L) (mg/L) (mg/L)

Sample Date 10/1/2009 10/2/2009 10/9/2009

Analyte

4,4´-DDT 0.00021 < 0.00020 < 0.00020

Aldrin 0.0014 0.00034 0.00038

Chlordane < 0.0025 < 0.0025 0.0028

Dieldrin 0.0063 0.0025 0.0045

Endrin ketone 0.0014 0.00043 0.00062
Notes:

Only detected analytes shown in table.
Samples analyzed for organochlorine pesticides by EPA Method 1312.

mg/L milligram per liter

< less than the laboratory reporting limit

DDT dichlorodiphenyltrichloroethane

J estimated value; analyte detected below the quantitation limit
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Table 3

Soil-Water Partitioning Coefficient (Kd) Values

Calculated for Earhart 1-4 Neighborhood Soil

Hickam Air Force Base, Hawai`i

Sample ID EAR-FP-E-6-3 EAR-OA-1-6 EAR-FP-D-12

(cm3/g) (cm3/g) (cm3/g)

Sample Date 10/1/2009 10/2/2009 10/9/2009

Kd Value

Dieldrin 690 780 650

Aldrin 5,800 6,200 6,600

Chlordane >2,520(1) >960 (1) 3,100

Notes:
Soil-water partitioning coefficient (Kd) values only calculated for dieldrin,
aldrin, and chlordane concentrations detected by SPLP. The Kd values were
calculated using the Hawai`i Department of Health Batch Test Leaching Model
worksheet (HDOH 2008b).
(1) Where chlordane was not detected in leachate, Kd is estimated using the
detection limit. Where initial concentration in soil is low, as in sample EAR-
OA-1-6, Kd is probably severely underestimated.

cm3/g cubic centimeter per gram
Kd soil-water partitioning coefficient

NA not applicable
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LABORATORY ANALYTICAL REPORTS



December 16, 2009

Yvonne Parry

Tetra Tech, Inc.

737 Bishop St., Ste 3020

Honolulu, HI 96813

TEL: (808) 533-3366

FAX

RE: 1OO-SFO-T24989/Earhart

Order No.: 0912121
Dear Yvonne Parry:

Torrent Laboratory, Inc. received a request for the analysis of 3 samples on 12/14/2009 for

the analyses presented in thefollowing report.

All data for associated QC met EPA or laboratory specification(s) except where noted in the

case narrative.

Reported data is applicable for only the samples received as part of the order number referenced

above.

Torrent Laboratory, Inc, is certified by the State of California, ELAP #1991. If you have any

questions regarding these tests results, please feel free to contact the Project Management Team

at (408)263-5258;ext: 204.

Sincerely,

/?/I ~(Df
Date

483 Sinclair Frontage Rd., Milpitas, CA 95035 I tel: 408.263.5258 I main fax: 408.263.8293 I project manager fax: 408.263.2708

www.torrentlab.com



16-Dec-09Date:Torrent Laboratory, Inc.

Project: 100-SFO-T24989/Earhart

CLIENT: Tetra Tech, Inc.

Lab Order: 0912121
CASE NARRATIVE

Analytical Comments, General, For all samples, Note:Samples processed under Incremental Sampling
Procedure SOP TCI0109.

Analytical Comments for METHOD 8081S_Tetra Tech, ALL SAMPLE, Note: Per client request,
whenever possible (where matrix interference does not preclude it),sample data is reported to the
MDL. Results reported between the MDL and PQL are qualified with the appropriate "J" flag and
should be considered as estimated values

Note: Extraction of 100 g sample / 500g SPLP Fluid # 2 (pH 5.0 +/-0.05) was performed according to
Synthetic Precipitation Leaching Procedure (SPLP) which was rotated in a rotary shaker for 18 hours.

Date Prepared: 12/13/09 at 5:00PM to 012/14/09 at 11:00 AM.

Page 1 of 1



TORRENT LABORATORY, INC.
483 Sinclair Frontage Road • Milpitas, CA • Phone: (408) 263-5258 • Fax: (408) 263-8293

Visit us at www.torrentlab.com email: analysis@torrentlab.com

Date Received: )*'),'*((1

Date Reported: )*').'*((1

Report prepared for: >NJIIC 9?KKQ

=CMK? =CAF$ 6IA&

Client Sample ID: 42;%59%4%.%+

Date/Time Sampled )(')'*((1

Sample Matrix: <867 "<979 CPMK?AMGJI DJHHJOCB @Q 492 0(0) ?I?HQLGL#

Parameters Result UnitsDate
Analyzed

RL

Lab Sample ID: (1)*)*)%(()

Dilution
Factor

Sample Location: 4?KF?KM

Analysis
Method

MRL

Date Prepared: )*')-'*((1

Analytical
Batch

4,4´-DDD 12/15/2009 0.00020 mg/L1 NDSW8081A 0.0002 R22130

4,4´-DDE 12/15/2009 0.00020 mg/L1 NDSW8081A 0.0002 R22130

4,4´-DDT 12/15/2009 0.00020 mg/L1 0.00021SW8081A 0.0002 R22130

Aldrin 12/15/2009 0.00020 mg/L1 0.0014SW8081A 0.0002 R22130

alpha-BHC 12/15/2009 0.00020 mg/L1 NDSW8081A 0.0002 R22130

alpha-Chlordane 12/15/2009 0.00020 mg/L1 NDSW8081A 0.0002 R22130

beta-BHC 12/15/2009 0.00020 mg/L1 NDSW8081A 0.0002 R22130

Chlordane 12/15/2009 0.0025 mg/L1 NDSW8081A 0.0025 R22130

delta-BHC 12/15/2009 0.00020 mg/L1 NDSW8081A 0.0002 R22130

Dieldrin 12/16/2009 0.00080 mg/L4 0.0063SW8081A 0.0002 R22130

Endosulfan I 12/15/2009 0.00020 mg/L1 NDSW8081A 0.0002 R22130

Endosulfan II 12/15/2009 0.00020 mg/L1 NDSW8081A 0.0002 R22130

Endosulfan sulfate 12/15/2009 0.00020 mg/L1 NDSW8081A 0.0002 R22130

Endrin 12/15/2009 0.00020 mg/L1 NDSW8081A 0.0002 R22130

Endrin aldehyde 12/15/2009 0.00020 mg/L1 NDSW8081A 0.0002 R22130

Endrin ketone 12/15/2009 0.00020 mg/L1 0.0014SW8081A 0.0002 R22130

gamma-BHC 12/15/2009 0.00020 mg/L1 NDSW8081A 0.0002 R22130

gamma-Chlordane 12/15/2009 0.00020 mg/L1 NDSW8081A 0.0002 R22130

Heptachlor 12/15/2009 0.00020 mg/L1 NDSW8081A 0.0002 R22130

Heptachlor epoxide 12/15/2009 0.00020 mg/L1 NDSW8081A 0.0002 R22130

Methoxychlor 12/15/2009 0.00050 mg/L1 NDSW8081A 0.0005 R22130

Toxaphene 12/15/2009 0.010 mg/L1 NDSW8081A 0.01 R22130

Surr: Decachlorobiphenyl 12/15/2009 52-116 %REC1 49.4SW8081A 0 R22130

Surr: Tetrachloro-m-xylene 12/15/2009 40.3-118 %REC1 69.0SW8081A 0 R22130

Note: Surrogate recovery of DCBP is bias low possibly due to matrix effects; recovery of second surrogate supports data quality.

9?EC ) JD /
These analyses were performed according to State
of California Environmental Laboratory
Accreditation program, Certificate # 1991



Date Received: )*'),'*((1

Date Reported: )*').'*((1

Report prepared for: >NJIIC 9?KKQ

=CMK? =CAF$ 6IA&

4,4´-DDD 12/15/2009 0.094 mg/Kg200 NDSW8081A 0.00047 R22104

4,4´-DDE 12/15/2009 0.096 mg/Kg200 0.336 JSW8081A 0.00048 R22104

4,4´-DDT 12/15/2009 0.16 mg/Kg200 0.93SW8081A 0.00081 R22104

Aldrin 12/15/2009 0.088 mg/Kg200 8.2SW8081A 0.00044 R22104

alpha-BHC 12/15/2009 0.088 mg/Kg200 NDSW8081A 0.00044 R22104

alpha-Chlordane 12/15/2009 0.072 mg/Kg200 0.69SW8081A 0.00036 R22104

beta-BHC 12/15/2009 0.072 mg/Kg200 NDSW8081A 0.00036 R22104

Chlordane 12/15/2009 2.0 mg/Kg200 6.3SW8081A 0.01 R22104

delta-BHC 12/15/2009 0.098 mg/Kg200 NDSW8081A 0.00049 R22104

Dieldrin 12/15/2009 0.086 mg/Kg200 4.5SW8081A 0.00043 R22104

Endosulfan I 12/15/2009 0.12 mg/Kg200 NDSW8081A 0.00059 R22104

Endosulfan II 12/15/2009 0.31 mg/Kg200 NDSW8081A 0.00153 R22104

Endosulfan sulfate 12/15/2009 0.096 mg/Kg200 NDSW8081A 0.00048 R22104

Endrin 12/15/2009 0.11 mg/Kg200 NDSW8081A 0.00057 R22104

Endrin aldehyde 12/15/2009 0.20 mg/Kg200 NDSW8081A 0.001 R22104

Endrin ketone 12/15/2009 0.080 mg/Kg200 0.223 JSW8081A 0.0004 R22104

gamma-BHC 12/15/2009 0.080 mg/Kg200 NDSW8081A 0.0004 R22104

gamma-Chlordane 12/15/2009 0.080 mg/Kg200 0.66SW8081A 0.0004 R22104

Heptachlor 12/15/2009 0.22 mg/Kg200 NDSW8081A 0.0011 R22104

Heptachlor epoxide 12/15/2009 0.060 mg/Kg200 NDSW8081A 0.0003 R22104

Methoxychlor 12/15/2009 0.12 mg/Kg200 NDSW8081A 0.0006 R22104

Toxaphene 12/15/2009 2.0 mg/Kg200 NDSW8081A 0.01 R22104

Surr: Decachlorobiphenyl 12/15/2009 52.5-139 %REC200 DSW8081A R22104

Surr: Tetrachloro-m-xylene 12/15/2009 50.2-139 %REC200 DSW8081A R22104

Note: D - Surrogate diluted out. Reporting limits increased due to dilution necessary for quantitation.

9?EC * JD /
These analyses were performed according to State
of California Environmental Laboratory
Accreditation program, Certificate # 1991



Date Received: )*'),'*((1

Date Reported: )*').'*((1

Report prepared for: >NJIIC 9?KKQ

=CMK? =CAF$ 6IA&

Client Sample ID: 42;%82%)%.

Date/Time Sampled )('*'*((1

Sample Matrix: <867 "<979 CPMK?AMGJI DJHHJOCB @Q 492 0(0) ?I?HQLGL#

Parameters Result UnitsDate
Analyzed

RL

Lab Sample ID: (1)*)*)%((*

Dilution
Factor

Sample Location: 4?KF?KM

Analysis
Method

MRL

Date Prepared: )*')-'*((1

Analytical
Batch

4,4´-DDD 12/15/2009 0.00020 mg/L1 NDSW8081A 0.0002 R22130

4,4´-DDE 12/15/2009 0.00020 mg/L1 NDSW8081A 0.0002 R22130

4,4´-DDT 12/15/2009 0.00020 mg/L1 NDSW8081A 0.0002 R22130

Aldrin 12/15/2009 0.00020 mg/L1 0.00034SW8081A 0.0002 R22130

alpha-BHC 12/15/2009 0.00020 mg/L1 NDSW8081A 0.0002 R22130

alpha-Chlordane 12/15/2009 0.00020 mg/L1 NDSW8081A 0.0002 R22130

beta-BHC 12/15/2009 0.00020 mg/L1 NDSW8081A 0.0002 R22130

Chlordane 12/15/2009 0.0025 mg/L1 NDSW8081A 0.0025 R22130

delta-BHC 12/15/2009 0.00020 mg/L1 NDSW8081A 0.0002 R22130

Dieldrin 12/15/2009 0.00020 mg/L1 0.0025SW8081A 0.0002 R22130

Endosulfan I 12/15/2009 0.00020 mg/L1 NDSW8081A 0.0002 R22130

Endosulfan II 12/15/2009 0.00020 mg/L1 NDSW8081A 0.0002 R22130

Endosulfan sulfate 12/15/2009 0.00020 mg/L1 NDSW8081A 0.0002 R22130

Endrin 12/15/2009 0.00020 mg/L1 NDSW8081A 0.0002 R22130

Endrin aldehyde 12/15/2009 0.00020 mg/L1 NDSW8081A 0.0002 R22130

Endrin ketone 12/15/2009 0.00020 mg/L1 0.00043SW8081A 0.0002 R22130

gamma-BHC 12/15/2009 0.00020 mg/L1 NDSW8081A 0.0002 R22130

gamma-Chlordane 12/15/2009 0.00020 mg/L1 NDSW8081A 0.0002 R22130

Heptachlor 12/15/2009 0.00020 mg/L1 NDSW8081A 0.0002 R22130

Heptachlor epoxide 12/15/2009 0.00020 mg/L1 NDSW8081A 0.0002 R22130

Methoxychlor 12/15/2009 0.00050 mg/L1 NDSW8081A 0.0005 R22130

Toxaphene 12/15/2009 0.010 mg/L1 NDSW8081A 0.01 R22130

Surr: Decachlorobiphenyl 12/15/2009 52-116 %REC1 41.5SW8081A 0 R22130

Surr: Tetrachloro-m-xylene 12/15/2009 40.3-118 %REC1 65.8SW8081A 0 R22130

Note: Surrogate recovery of DCBP is bias low possibly due to matrix effects; recovery of second surrogate supports data quality.

9?EC + JD /
These analyses were performed according to State
of California Environmental Laboratory
Accreditation program, Certificate # 1991



Date Received: )*'),'*((1

Date Reported: )*').'*((1

Report prepared for: >NJIIC 9?KKQ

=CMK? =CAF$ 6IA&

4,4´-DDD 12/15/2009 0.0047 mg/Kg10 NDSW8081A 0.00047 R22104

4,4´-DDE 12/15/2009 0.0048 mg/Kg10 0.065SW8081A 0.00048 R22104

4,4´-DDT 12/15/2009 0.0081 mg/Kg10 0.20SW8081A 0.00081 R22104

Aldrin 12/15/2009 0.022 mg/Kg50 2.1SW8081A 0.00044 R22104

alpha-BHC 12/15/2009 0.0044 mg/Kg10 NDSW8081A 0.00044 R22104

alpha-Chlordane 12/15/2009 0.0036 mg/Kg10 0.24SW8081A 0.00036 R22104

beta-BHC 12/15/2009 0.0036 mg/Kg10 NDSW8081A 0.00036 R22104

Chlordane 12/15/2009 0.10 mg/Kg10 2.4SW8081A 0.01 R22104

delta-BHC 12/15/2009 0.0049 mg/Kg10 NDSW8081A 0.00049 R22104

Dieldrin 12/15/2009 0.022 mg/Kg50 2.0SW8081A 0.00043 R22104

Endosulfan I 12/15/2009 0.0059 mg/Kg10 NDSW8081A 0.00059 R22104

Endosulfan II 12/15/2009 0.015 mg/Kg10 NDSW8081A 0.00153 R22104

Endosulfan sulfate 12/15/2009 0.0048 mg/Kg10 NDSW8081A 0.00048 R22104

Endrin 12/15/2009 0.0057 mg/Kg10 NDSW8081A 0.00057 R22104

Endrin aldehyde 12/15/2009 0.010 mg/Kg10 NDSW8081A 0.001 R22104

Endrin ketone 12/15/2009 0.0040 mg/Kg10 0.065SW8081A 0.0004 R22104

gamma-BHC 12/15/2009 0.0040 mg/Kg10 NDSW8081A 0.0004 R22104

gamma-Chlordane 12/15/2009 0.0040 mg/Kg10 0.26SW8081A 0.0004 R22104

Heptachlor 12/15/2009 0.011 mg/Kg10 0.021SW8081A 0.0011 R22104

Heptachlor epoxide 12/15/2009 0.0030 mg/Kg10 NDSW8081A 0.0003 R22104

Methoxychlor 12/15/2009 0.0060 mg/Kg10 NDSW8081A 0.0006 R22104

Toxaphene 12/15/2009 0.10 mg/Kg10 NDSW8081A 0.01 R22104

Surr: Decachlorobiphenyl 12/15/2009 52.5-139 %REC10 114SW8081A R22104

Surr: Tetrachloro-m-xylene 12/15/2009 50.2-139 %REC10 108SW8081A R22104

Note: Reporting limits increased due to dilution necessary for quantitation.

9?EC , JD /
These analyses were performed according to State
of California Environmental Laboratory
Accreditation program, Certificate # 1991



Date Received: )*'),'*((1

Date Reported: )*').'*((1

Report prepared for: >NJIIC 9?KKQ

=CMK? =CAF$ 6IA&

Client Sample ID: 42;%59%3%)*

Date/Time Sampled )('1'*((1

Sample Matrix: <867"<979 CPMK?AMGJI DJHHJOCB @Q 492 0(0) ?I?HQLGL#

Parameters Result UnitsDate
Analyzed

RL

Lab Sample ID: (1)*)*)%((+

Dilution
Factor

Sample Location: 4?KF?KM

Analysis
Method

MRL

Date Prepared: )*')-'*((1

Analytical
Batch

4,4´-DDD 12/15/2009 0.00020 mg/L1 NDSW8081A 0.0002 R22130

4,4´-DDE 12/15/2009 0.00020 mg/L1 NDSW8081A 0.0002 R22130

4,4´-DDT 12/15/2009 0.00020 mg/L1 NDSW8081A 0.0002 R22130

Aldrin 12/15/2009 0.00020 mg/L1 0.00038SW8081A 0.0002 R22130

alpha-BHC 12/15/2009 0.00020 mg/L1 NDSW8081A 0.0002 R22130

alpha-Chlordane 12/15/2009 0.00020 mg/L1 0.00026SW8081A 0.0002 R22130

beta-BHC 12/15/2009 0.00020 mg/L1 NDSW8081A 0.0002 R22130

Chlordane 12/15/2009 0.0025 mg/L1 0.0028SW8081A 0.0025 R22130

delta-BHC 12/15/2009 0.00020 mg/L1 NDSW8081A 0.0002 R22130

Dieldrin 12/16/2009 0.00060 mg/L3 0.0045SW8081A 0.0002 R22130

Endosulfan I 12/15/2009 0.00020 mg/L1 NDSW8081A 0.0002 R22130

Endosulfan II 12/15/2009 0.00020 mg/L1 NDSW8081A 0.0002 R22130

Endosulfan sulfate 12/15/2009 0.00020 mg/L1 NDSW8081A 0.0002 R22130

Endrin 12/15/2009 0.00020 mg/L1 NDSW8081A 0.0002 R22130

Endrin aldehyde 12/15/2009 0.00020 mg/L1 NDSW8081A 0.0002 R22130

Endrin ketone 12/15/2009 0.00020 mg/L1 0.00062SW8081A 0.0002 R22130

gamma-BHC 12/15/2009 0.00020 mg/L1 NDSW8081A 0.0002 R22130

gamma-Chlordane 12/15/2009 0.00020 mg/L1 NDSW8081A 0.0002 R22130

Heptachlor 12/15/2009 0.00020 mg/L1 NDSW8081A 0.0002 R22130

Heptachlor epoxide 12/15/2009 0.00020 mg/L1 NDSW8081A 0.0002 R22130

Methoxychlor 12/15/2009 0.00050 mg/L1 NDSW8081A 0.0005 R22130

Toxaphene 12/15/2009 0.010 mg/L1 NDSW8081A 0.01 R22130

Surr: Decachlorobiphenyl 12/15/2009 52-116 %REC1 42.1SW8081A 0 R22130

Surr: Tetrachloro-m-xylene 12/15/2009 40.3-118 %REC1 71.1SW8081A 0 R22130

Note: Surrogate recovery of DCBP is bias low possibly due to matrix effects; recovery of second surrogate supports data quality.

9?EC - JD /
These analyses were performed according to State
of California Environmental Laboratory
Accreditation program, Certificate # 1991



Date Received: )*'),'*((1

Date Reported: )*').'*((1

Report prepared for: >NJIIC 9?KKQ

=CMK? =CAF$ 6IA&

4,4´-DDD 12/15/2009 0.047 mg/Kg100 NDSW8081A 0.00047 R22104

4,4´-DDE 12/15/2009 0.048 mg/Kg100 0.121 JSW8081A 0.00048 R22104

4,4´-DDT 12/15/2009 0.081 mg/Kg100 0.43SW8081A 0.00081 R22104

Aldrin 12/15/2009 0.044 mg/Kg100 2.5SW8081A 0.00044 R22104

alpha-BHC 12/15/2009 0.044 mg/Kg100 NDSW8081A 0.00044 R22104

alpha-Chlordane 12/15/2009 0.036 mg/Kg100 0.83SW8081A 0.00036 R22104

beta-BHC 12/15/2009 0.036 mg/Kg100 NDSW8081A 0.00036 R22104

Chlordane 12/15/2009 1.0 mg/Kg100 8.8SW8081A 0.01 R22104

delta-BHC 12/15/2009 0.049 mg/Kg100 NDSW8081A 0.00049 R22104

Dieldrin 12/15/2009 0.043 mg/Kg100 3.0SW8081A 0.00043 R22104

Endosulfan I 12/15/2009 0.059 mg/Kg100 NDSW8081A 0.00059 R22104

Endosulfan II 12/15/2009 0.15 mg/Kg100 NDSW8081A 0.00153 R22104

Endosulfan sulfate 12/15/2009 0.048 mg/Kg100 NDSW8081A 0.00048 R22104

Endrin 12/15/2009 0.057 mg/Kg100 NDSW8081A 0.00057 R22104

Endrin aldehyde 12/15/2009 0.10 mg/Kg100 NDSW8081A 0.001 R22104

Endrin ketone 12/15/2009 0.040 mg/Kg100 0.095 JSW8081A 0.0004 R22104

gamma-BHC 12/15/2009 0.040 mg/Kg100 NDSW8081A 0.0004 R22104

gamma-Chlordane 12/15/2009 0.040 mg/Kg100 0.92SW8081A 0.0004 R22104

Heptachlor 12/15/2009 0.11 mg/Kg100 NDSW8081A 0.0011 R22104

Heptachlor epoxide 12/15/2009 0.030 mg/Kg100 NDSW8081A 0.0003 R22104

Methoxychlor 12/15/2009 0.060 mg/Kg100 NDSW8081A 0.0006 R22104

Toxaphene 12/15/2009 1.0 mg/Kg100 NDSW8081A 0.01 R22104

Surr: Decachlorobiphenyl 12/15/2009 52.5-139 %REC100 DSW8081A R22104

Surr: Tetrachloro-m-xylene 12/15/2009 50.2-139 %REC100 DSW8081A R22104

Note: D - Surrogate diluted out. Reporting limits increased due to dilution necessary for quantitation.

9?EC . JD /
These analyses were performed according to State
of California Environmental Laboratory
Accreditation program, Certificate # 1991



Definitions, legends and Notes

Note Description

ug/kg Microgram per kilogram (ppb, part per billion).

ug/L Microgram per liter (ppb, part per billion).

mg/kg Milligram per kilogram (ppm, part per million).

mg/L Milligram per liter (ppm, part per million).

LCS/LCSD Laboratory control sample/laboratory control sample duplicate.

MDL Method detection limit.

MRL Modified reporting limit. When sample is subject to dilution, reporting limit times dilution factor yields MRL.

MS/MSD Matrix spike/matrix spike duplicate.

N/A Not applicable.

ND Not detected at or above detection limit.

NR Not reported.

QC Quality Control.

RL Reporting limit.

% RPD Percent relative difference.

a pH was measured immediately upon the receipt of the sample, but it was still done outside the holding time.

sub Analyzed by subcontracting laboratory, Lab Certificate #

9?EC / JD /
These analyses were performed according to State
of California Environmental Laboratory
Accreditation program, Certificate # 1991
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12/14/09

Tetra Tech

100-SFO-T24989

P Sandrock via email

14:02

0912121

Earhart

Yvonne Parry via email

0912121-001 EAR-FP-E-6-3 Re run as 8081 MI as well as SPLP

0912121-002 EAR-FP-E-6-3 Re run as 8081 MI as well as SPLP

0912121-003 EAR-FP-D-12 Re run as 8081 MI as well as SPLP

Please re-run each of the smaples for 8081 MI Tetra Tech. SPLP should also be weighed as MI

2 Day TAT!! Due to client COB 12/16/09!!

12/14/09 P Sandrock
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