


































































































































































































































































































































































































































































 

880 Riverside Parkway West Sacramento, CA 95605 tel 916.373.5600 fax 916.372.1059 www.testamericainc.com 

 
 
 
 
 
 
November 7, 2008 
 
 
TestAmerica Project Number: G8J210326 
 
 
Gary Floyd                               
Tetra Tech  Inc                
737 Bishop Street              
Suite 3020 
Honolulu, HI  96813      
 
 
  
Dear Mr. Floyd, 
 
This report contains the analytical results for the samples received under chain of 
custody by TestAmerica on October 21, 2008.  These samples are associated with 
your 100-SFO-T95M78 project.  
 
The test results in this report meet all NELAC requirements for parameters that 
accreditation is required or available.  Any exceptions to NELAC requirements are 
noted in the case narrative.  The case narrative is an integral part of this report. 
 
If you have any questions, please feel free to call me at (916) 374-4402. 
 
Sincerely, 
 
 
 
 
Jill Kellmann     
Project Manager     
 
CC: Yvonne Parry – Tetra Tech, Inc. 
        Susan Carstenn – Tetra Tech, Inc. 
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Case Narrative 
 

TestAmerica West Sacramento Project Number G8J210326 

 

 
General comments 
There was insufficient sample volume to prepare a matrix spike/matrix spike 
duplicate (MS/MSD) pair with all batches except metals. 
 
BIOLOGIC, 6020 Metals                    
Sample: 1 
This sample required a dilution due to matrix interference.  Reporting limits were 
raised accordingly.   
 
 
 
 
 
 

There are no other anomalies associated with this project. 
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TestAmerica Laboratories West Sacramento Certifications/Accreditations 
Certifying State Certificate # Certifying State Certificate # 

Alaska UST-055 New York* 11666 
Arizona AZ0616 Oregon* CA 200005 

Arkansas 04-067-0 Pennsylvania 68-1272 
California* 01119CA South Carolina 87014002 
Colorado NA Texas TX 270-2004A 

Connecticut PH-0691 Utah* QUAN1 
Florida* E87570 Virginia 00178 
Georgia 960 Washington C087 
Hawaii NA West Virginia 9930C, 334 

Kansas* E10375 Wisconsin 998204680 
Louisiana* 01944 NFESC NA 
Michigan 9947 USACE NA 
Nevada CA44 USDA Foreign Plant 37-82605 

New Jersey* CA005 USDA Foreign Soil S-46613 
*NELAP accredited.  A more detailed parameter list is available upon request. Updated 9/21/07 

QC Parameter Definitions 
QC Batch: The QC batch consists of a set of up to 20 field samples that behave similarly (i.e., same matrix) 
and are processed using the same procedures, reagents, and standards at the same time. 

Method Blank:  An analytical control consisting of all reagents, which may include internal standards and 
surrogates, and is carried through the entire analytical procedure.  The method blank is used to define the level 
of laboratory background contamination. 
Laboratory Control Sample and Laboratory Control Sample Duplicate (LCS/LCSD):  
An aliquot of blank matrix spiked with known amounts of representative target analytes.  The LCS (and LCSD 
as required) is carried through the entire analytical process and is used to monitor the accuracy of the analytical 
process independent of potential matrix effects.  If an LCSD is performed, it may also be used to evaluate the 
precision of the process. 
Duplicate Sample (DU): Different aliquots of the same sample are analyzed to evaluate the precision of 
an analysis. 
Surrogates:  Organic compounds not expected to be detected in field samples, which behave similarly to 
target analytes.  These are added to every sample within a batch at a known concentration to determine the 
efficiency of the sample preparation and analytical process. 
Matrix Spike and Matrix Spike Duplicate (MS/MSD):  An MS is an aliquot of a matrix fortified 
with known quantities of specific compounds and subjected to an entire analytical procedure in order to 
indicate the appropriateness of the method for a particular matrix.  The percent recovery for the respective 
compound(s) is then calculated.  The MSD is a second aliquot of the same matrix as the matrix spike, also 
spiked, in order to determine the precision of the method. 
Isotope Dilution: For isotope dilution methods, isotopically labeled analogs (internal standards) of the 
native target analytes are spiked into the sample at time of extraction.  These internal standards are used for 
quantitation, and monitor and correct for matrix effects.  Since matrix effects on method performance can be 
judged by the recovery of these analogs, there is little added benefit of performing MS/MSD for these methods.  
MS/MSD are only performed for client or QAPP requirements. 
Control Limits: The reported control limits are either based on laboratory historical data, method 
requirements, or project data quality objectives.  The control limits represent the estimated uncertainty of the 
test results. 
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APPENDIX C 

ANALYTICAL DATA QA/QC SUMMARY 

Tetra Tech implemented a quality assurance/quality control (QA/QC) program to ensure 

that the data quality objectives of the marine resources study were met. This QA/QC 

program required that all analytical results be evaluated in accordance with precision, 

accuracy, representativeness, comparability, and completeness (PARCC) to ensure the 

attainment of project-specific data quality objectives. These PARCC parameters were 

evaluated according to the procedures described in the sampling and analysis plan for this 

project, entitled, Marine Resources Sampling and Analysis Plan: Mākua Military Reservation (Tetra 

Tech, 2006).  

C.1 QA/QC SUMMARY 

Selected field samples were analyzed by four laboratories (Columbia Analytical Services, 

Kelso, WA; Battelle Marine Sciences Laboratory, Sequim, WA; Severn Trent Laboratory 

(STL), Sacramento, CA; and APPL Laboratory, Fresno, CA) (Table 2-3).   

All four laboratories generated data that were valid and usable for the stated purpose of this 

project.  Many of the QC exceptions that were noted are the result of either matrix 

interferences or caused by the heterogeneous nature of the tissue being analyzed.  These 

minor exceptions did not result in disqualifying any data. 

Major QC exceptions were primarily isolated to the organochlorine pesticide analyses and 

were caused by confirmation column errors that precluded the accurate quantification of 

specific analytes. In these cases, the data were determined to be not valid and were excluded 

from use in any project analyses. 

The specific results of this QA/QC assessment are discussed in the following sections. 

C.2 PRECISION 

Precision is the degree of mutual agreement between individual measurements of the same 

property under similar conditions. Precision is expressed quantitatively as the measure of 

variability of a group of measurements compared to their average value. 
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Field precision was evaluated by collecting and analyzing field replicates, comparing the 

results, and then calculating the relative percent difference (RPD). The RPD could not be 

calculated on samples where the parameter was “non-detected.” Laboratory precision was 

evaluated by each laboratory as required by the analytical method being used. 

C.2.1 Field Precision 

Field precision was approximated by collecting and analyzing replicate samples of fish and 

limu. Discrete samples of fish and limu (of identical species and similar size/age class) were 

collected and sent to separate laboratories for analysis; thus providing an estimate of the 

relative variability of contaminants within species of the same size/age cohort. Precision was 

evaluated for both fish tissue and limu samples. 

Dioxins/Furans and Gasoline (Purgeable Organics) - RPDs could not be calculated in 

either fish or limu samples for these classes of contaminants since at least one of the 

replicates contained “non-detected” concentrations of the analyte. 

VOCs/SVOCs - RPDs ranging from 174 – 196% were calculated for Di-n-butyl phthalate 

levels in fish tissue replicate samples 6 & 2fd; 10 & Comp 9afd/10a; NW4 & NW1fd; and 

NW8 & NW2fd.  Limu replicate samples NW1SW1-1 & NW1SW1-1fd had a calculated 

RPD value of 184% for Di-n-butyl phthalate. 

Metals - RPDs ranging from 0.7 – 129% were calculated for all metals in every fish tissue 

sample, except for antimony. RPDs ranged from 1.6 – 121% for all metals in limu tissue, 

except for mercury, methyl mercury, and selenium.  

Explosives - Fish tissue replicate samples 6 & 2fd had a calculated RPD of 49% for 

perchlorate. RPDs could not be calculated for the other explosives parameters since at least 

one of the replicates contained “non-detected” concentrations of the analyte. 

RPDs could not be calculated for limu tissue samples since at least one of the replicates 

contained “non-detected” concentrations of the analyte. 

Organochlorine Pesticides - Fish tissue replicate samples NW4 & NW1fd had a calculated 

RPD of 98% for heptachlor epoxide. RPDs could not be calculated for the other explosives 

parameters since at least one of the replicates contained “non-detected” concentrations of 

the analyte. 

RPDs could not be calculated for limu tissue samples since at least one of the replicates 

contained “non-detected” concentrations of the analyte. 

C.2.2 Laboratory Precision 

Laboratory precision was assessed by the analysis of laboratory duplicates (a split of the 

sample carried through the entire sample preparation and analysis process) and duplicate 

matrix spikes.  Precision was expressed as the RPD of replicate results. Precision was 

evaluated for both fish tissue and limu samples. 
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Dioxins/Furans - All RPDs from the duplicate analyses were within control limits. 

Gasoline (Purgeable Organics)/VOCs/SVOCs - All RPDs from the duplicate analyses 

were within control limits. 

Metals - All RPDs from the duplicate analyses were within control limits, with the following 

exceptions: 

Battelle reported that RPD values were within the QC criterion of ≤25% for all detected 

metals except one fish tissue replicate (NW1fd) for aluminum (RPD = 61%). However, 

acceptable precision was demonstrated on the alternate measure of precision for Al. 

Columbia Analytical Services reported that the RPD for the replicate analysis of aluminum 

and iron in sample NW1SW1-1 was outside the normal control limits.   

Since the RPDs for the laboratory control sample (LCS) and laboratory control sample 

duplicate (LCSD) were within the QC criterion of ≤25%, the variability of the results was 

attributed to the heterogeneous nature of the samples. 

Explosives - All RPDs from the duplicate analyses were within control limits, with the 

following exceptions: 

APPL reported that RPD values were within the QC criterion of ≤25% for all detected 

explosives except one limu sample replicate (NW1SW3-1) for nitroglycerine (RPD = 33%). 

STL reported no exceptions to the QC precision criteria.  

Since the RPDs for the laboratory control sample (LCS) and laboratory control sample 

duplicate (LCSD) were within the QC criterion of ≤25%, the variability of the results was 

attributed to the heterogeneous nature of the samples. 

Organochlorine Pesticides - All RPDs from the duplicate analyses were within control 

limits, with the following exceptions: 

APPL reported that laboratory control sample RPD values were within the QC criterion of 

≤30%, however, the RPDs for fish tissue sample NW1fd were outside control limits for the 

for all detected analytes (RPD range = 30.2 – 41.7%).  

Columbia Analytical Services reported no exceptions to the QC precision criteria. 

Since the RPDs for the laboratory control sample (LCS) and laboratory control sample 

duplicate (LCSD) were within the QC criterion of ≤30%, the variability of the results was 

attributed to the heterogeneous nature of the samples and matrix interference. 
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C.2.3 Precision Summary  

Replicate analysis for both fish tissue and limu indicates that there is a significant level of 

intraspecies variability. The noted QA/QC exceptions to precision do not disqualify the data 

for use in this project. 

C.3 ACCURACY 

Accuracy is the degree of agreement between an analytical measurement and a reference 

accepted as a true value.  The accuracy of a measurement system can be affected by errors 

introduced by cross-contamination in the field sampling process, sample preservation, 

sample handling, matrix sample preparation, analytical techniques, and cross-contamination 

in the laboratory.  A program of sample spiking was used to evaluate laboratory accuracy. 

This program included analysis of the matrix spike (MS)/matrix spike duplicate (MSD) 

samples, LCS/LCSD samples, and method blanks.   

Accuracy is expressed as the percent recovery of an analyte that has been added (spiked) to 

either a laboratory or environmental sample in a known concentration before extraction and 

subsequent analysis. 

For the purposes of this project, accuracy was assessed using laboratory QC analyses only. 

The results of this assessment are discussed in the following sections. 

C.3.1 Dioxins/Furans  

All analyses were within control limits, with the following exception: 

CAS reported that the LCS percent recovery (133.8%) for OCDF exceeded the QC limits of 

70-130%.  This did not affect the quality of the data since all MS/MSD percent recoveries 

were within QC limits. 

STL reported no exceptions to the QC accuracy criteria. 

C.3.2 Gasoline (Purgeable Organics)/VOCs/SVOCs 

Columbia Analytical Services reported the following exceptions: 

VOCs 

Surrogate Exceptions -  The control criteria were exceeded for one or more of the 

following surrogates (Dibromofloromethane, Toluene-d8,and 4-Bromofluorobenzene) in 

samples 1; 4; 10; NW4; NW5; NW6; NW7; NW9; NW10; NW1SW2-1; Comp 8, 8a; 3; 1b; 6; 

7; 9; 12; 13; 14; NW2; NW3; and NW8 due to matrix interferences. 

SVOCs 

Matrix Spike Recovery - The matrix spike recoveries of Di-n-butyl phthalate, Pyrene, and 

Bis (2-ethylhexyl) Phthalate for sample 4 were outside control criteria because of matrix 

interference.  All recoveries in the associated LCS were within control criteria limits, 

indicating that the analytical batch was in control.  
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APPL laboratory reported the following exceptions: 

VOCs 

Matrix Spike Recoveries – MS/MSD analysis was performed on sample NW1fd. Most 

target compounds recovered outside the control limits because of matrix interference.  All 

recoveries in the associated LCS/LCSD were within control criteria limits, indicating that the 

analytical batch was in control.  

Metals 

Columbia Analytical Services reported the following exceptions: 

Methyl Mercury  

Matrix Spike Recovery Exceptions – The MS/MSD recoveries of Methyl mercury for 

samples 4 and NW1SW1-1 were outside control criteria.  Recovery in the standard reference 

materials (SRM) as well as all other associated QA/QC results (method blanks, ongoing 

precision and recovery (OPR), and quality control samples (QCS)) was acceptable, which 

indicates that the analyses were in control.  These MS/MSD outliers suggest the presence of 

matrix interference(s) that could cause the results to be biased low.  

Total Metals 

Matrix Spike Recovery Exceptions – The MS recovery of antimony for samples 4 and 

NW1SW1-1 and silver for samples NW2 and NW1SW1-1 were below the lower control 

limit established by the laboratory.  The recoveries suggest a potential low bias to these 

samples for antimony and silver. The laboratory reported that the samples contained a 

relatively high amount of insoluble material which may have contributed to the low 

recoveries.  The recoveries for silver in the SRM were within control limits indicating that 

the analytical batches were in control. The laboratory noted that the SRMs analyzed do not 

have certified values for antimony. 

The control criteria for MS recoveries of aluminum, iron, and manganese for samples 4 and 

of aluminum and iron for sample NW1SW1-1 are not applicable  since the analyte 

concentrations in the samples were significantly higher than the added spike concentrations, 

preventing accurate evaluation of the spike recoveries. Additionally, the MS recovery of 

manganese for sample NW1SW1-1 was outside laboratory control criteria as a result of the 

heterogeneous character of the sample.  The RPD for the replicate analysis supports this. 

Variability between replicates was sufficient to bias the percent recoveries. The associated 

laboratory QA/QC results indicate that the analysis was in control. 

Battelle reported that all accuracy criteria were within control limits. 

Explosives 

All accuracy QA/QC measures were within control limits, with the following exceptions: 

APPL reported that samples 4 and NW1SW3-1 were selected by Tetra Tech for MS/MSD 

analysis. The MS/MSD results for sample 4 indicate that the percent recovery of RDX 

exceeded control limits with a high bias (152% and 194%). The MS/MSD results for sample 
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NW1SW3-1 indicate that the percent recovery for 2,4-DNT recovered below control limits, 

at 77.3% and 68.4%. Additionally, the laboratory reported that nitroglycerine recovered 

below the control limits, at 63.9%. 

STL reported that nitroglycerine was positively identified in sample 2fd on the primary 

column. However, accurate quantification of the analyte could not be made since a large 

interference peak eluted at the retention time of the analyte on the confirmation column. 

Additionally, the nitroglycerine result for sample 9afd/10a Comp was flagged because the 

analyte was below the reporting limit on the confirmation column.  Since this analyte could 

not be accurately quantified, the nitroglycerine result for these two samples should be 

excluded from use and not included in any project analyses. 

STL flagged the RDX result for sample NW1SW1-1fd because the RPD between the 

primary and confirmation column exceeded the control criteria of 40%, which precluded 

accurate quantification of this analyte in the sample. Since this analyte could not be 

accurately quantified, the RDX result for this sample should be excluded from use and not 

included in any project analyses. 

Organochlorine Pesticides 

All accuracy QA/QC measures were within control limits, with the following exceptions: 

Columbia Analytical Services reported that the confirmation comparison criteria of 40% 

difference between the primary and confirmation columns was exceeded for a few analytes 

in most of the field samples. Since these analytes could not be accurately quantified in these 

samples, they should be excluded from use and not included in any project analyses. 

Accuracy Summary – The noted QA/QC exceptions do not disqualify the data for use in 

this project, with the following exceptions: 

• Sample 2fd (Nitroglycerine) 

• Sample 9afd/10a Comp (Nitroglycerine) 

• Sample NW1SW1-1fd (RDX) 

• Sample 1 (beta BHC, delta BHC, Heptachlor) 

• Sample 1b (beta BHC, gamma BHC, Heptachlor epoxide) 

• Sample 3 (Aldrin, 4,4’-DDT, Heptachlor epoxide) 

• Sample 5 (Heptachlor epoxide) 

• Sample 6 (Aldrin) 

• Sample 7 (Aldrin) 

• Sample Comp 8, 8a (gamma BHC, Heptachlor epoxide) 

• Sample 10 (delta BHC, Heptachlor epoxide) 

• Sample 12 (Heptachlor epoxide) 
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• Sample 13 (beta BHC, delta BHC) 

• Sample 14 (beta BHC) 

• Sample NW1fd (Heptachlor) 

• Sample NW2 (beta BHC, Heptachlor epoxide) 

• Sample NW5 (gamma BHC, Heptachlor epoxide) 

• Sample NW6 (gamma BHC) 

• Sample NW10 (Heptachlor epoxide) 

• Sample NW1SW2-1 (Aldrin, beta BHC, Heptachlor epoxide) 

C.4 REPRESENTATIVENESS 

Representativeness expresses the degree to which sample data accurately and precisely 

represent the characteristics of a population, variations in a parameter at a sampling point, or 

an environmental condition.  For this project, representative data were obtained by selecting 

sampling locations and by collecting multiple specimens. The following questions were used 

to assess representativeness: 

• Were the appropriate species used? 

• Were samples handled correctly? 

• Were samples collected from appropriate locations? 

• Were an appropriate number of samples collected and analyzed? 

• Did other factors bias the results? 

C.4.1 Representativeness Summary  

All assessment parameters were in compliance with the project goals as described in the 

project document entitled, Marine Resources Sampling and Analysis Plan: Mākua Military 

Reservation (Tetra Tech, 2006), with the following exception: 

A significant number of organochlorine data were disqualified because they could not be 

accurately quantified. Additionally, nitroglycerine and RDX data from three samples were 

disqualified. This resulted in a reduced number of valid data with which to use in the project 

assessment. 

C.5 COMPARABILITY 

Comparability is a qualitative parameter that expresses the degree of confidence with which 

one data set can be compared to another.  Comparability of data was achieved by 

consistently following procedures for sampling and field activities, by using the same types 

of sampling equipment at each location, and by using standard measurement units in 

reporting analytical data. 
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C.5.1 Comparability Summary 

All assessment parameters were in compliance with the project goals as described in the 

project document entitled, Marine Resources Sampling and Analysis Plan: Mākua Military 

Reservation (Tetra Tech, 2006). 

C.6 COMPLETENESS 

Completeness is a measure of the percentage of project-specific data that are valid.  Valid 

data are obtained when samples are collected and analyzed in accordance with QC 

procedures outlined in the SAP and when none of the QC criteria that affect data usability 

are exceeded. Data that were validated and qualified as estimated will not be counted against 

the completeness goal because they are considered usable. Only rejected data or data not 

collected will be counted against the completeness goal. 

As a guideline, data completeness should be approximately 90% for each analyte for all 

samples. 

C.6.1 Comparability Summary 

All analytes met or exceeded the 90% completeness guideline, with the following exception: 

A significant number of organochlorine data were disqualified because they could not be 

accurately quantified. This resulted in a reduced number of valid data with which to use in 

the project assessment. 
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Appendix D-1.1 Sediment Samples Used for Analysis 

Data Set Site ID Sample ID
BMN-01-MX-1
BMN-02-MX-1
BMN-02-MX-1-D
BMN-03-MX-1
BMS-01-MX-2
BMS-02-MX-2
BMS-03-MX-1
BMS-03-MX-1-D
NMM-02-MX-1
NMM-03-MX-1
NMM-04-FL-1
NMM-05-MX-1
NMM-06-MX-1
NMM-07-MX-3
NMM-09-MX-1
NMM-10-FL-1
NMM-11-MX-1
NMM-11-MX-2
NMM-11-MX-3
NMM-12-FL-3
NMM-13-MX-3
NMM-14-MX-1
NMM-15-MX-1
NMM-16-FL-3
NMM-16-FL-3-D
NMM-17-MX-2
NMM-18-MX-3
NMM-20-FL-1
NMM-21-MX-3
NMM-22-MX-1
SMM-01-MX-1
SMM-02-FL-1
SMM-03-MX-1
SMM-04-MX-1
SMM-05-MX-1
SMM-06-FL-1
SMM-07-MX-1
SMM-08-MX-1
SMM-09-MX-1
SMM-11-MX-1
SMM-12-MX-1
SMM-13-FL-3
SMM-13-FL-3-D
SMM-14-FL-1

Background

Background North

Background South

Site

Makua North Muliwai

Makua South Muliwai



Appendix D-1.2 Tissue Samples Used for Analysis 

Area Data Set Site ID Matrix Species Sample ID
Fish Striped mullet 1
Fish Tilapia 1b
Fish Hawaiian flagtail 3
Fish Tilapia 4
Fish Tilapia 5

Shellfish Samoan crab MNM - 04
Fish Striped mullet 2fd
Fish Striped mullet 6
Fish Striped mullet 7
Fish Medaka Comp 8,8a
Fish Tilapia 9
Fish Tilapia 9afd and 10a Comp
Fish Tilapia 10

Shellfish Rock crab MSM-01
Shellfish Hawaiian prawn MSM-02

Fish Tilapia 12
Fish Tilapia 13
Fish Tilapia 14

Shellfish Hawaiian prawn NM-01
Shellfish Hawaiian prawn NM-01A
Shellfish Rock crab NM-02

Fish Sidespot goatfish NW1
Fish Manybar goatfish NW1fd
Fish Picasso triggerfish NW2
Fish Blackspot sergeant NW3
Fish Manybar goatfish NW4
Fish Christmas wrasse NW5
Limu Limu NW1SW1-1
Limu Limu NW1SW1-1fd
Limu Limu NW1SW2-1
Limu Limu NW1SW3-1

Shellfish Helmet urchin MNS-03
Shellfish Kona crab MNS-05

Fish Blackspot sergeant NW2fd
Fish Christmas wrasse NW6
Fish Saddle wrasse NW7
Fish Blackspot sergeant NW8
Fish Picasso triggerfish NW9
Fish Manybar goatfish NW10

Shellfish Helmet urchin SBNS-01

Near shore - Sandy Beach

Makua North Muliwai

Makua South Muliwai

Nanakuli Muliwai

Near shore - Makua

Background

Site

Muliwai

Background

Site

Nearshore



Appendix D-1.3 Fish Tissue Summary Statistics

Area Riskstats_v1.19_Parameter Units N #D %D MinD MaxD Mean_Arith
Makua North and South Muliwai 1,2,3,4,6,7,8-hpcdd mg/kg 12 1 8.33 5.31E-07 5.31E-07 7.62E-07
Makua North and South Muliwai 1,2,3,4,6,7,8-hpcdf mg/kg 12 1 8.33 2.95E-07 2.95E-07 2.30E-07
Makua North and South Muliwai 1,2,3,7,8-pecdd mg/kg 12 3 25 4.49E-07 1.76E-06 4.38E-07
Makua North and South Muliwai 2,3,7,8-tcdf mg/kg 12 1 8.33 5.90E-07 5.90E-07 2.36E-07
Makua North and South Muliwai 4,4'-ddt mg/kg 11 7 63.64 0.0005 0.0029 0.0011225
Makua North and South Muliwai acetone mg/kg 10 5 50 0.23 0.38 0.34518
Makua North and South Muliwai aluminum mg/kg 12 12 100 48.3 4240 2098
Makua North and South Muliwai antimony mg/kg 12 3 25 0.04 0.0527 0.02234
Makua North and South Muliwai arsenic mg/kg 12 12 100 1.46 29.8 4.5892
Makua North and South Muliwai barium mg/kg 12 12 100 5.53 26.1 18.369
Makua North and South Muliwai beryllium mg/kg 12 8 66.67 0.01 0.051 0.023475
Makua North and South Muliwai bhc,beta mg/kg 10 2 20 0.00081 0.0041 0.0012179
Makua North and South Muliwai bhc,delta mg/kg 10 1 10 0.00031 0.00031 0.00077912
Makua North and South Muliwai bhc,gamma mg/kg 10 4 40 0.00089 0.0017 0.0010165
Makua North and South Muliwai bis(2-ethylhexyl)phthalate mg/kg 12 1 8.33 3.1 3.1 0.34613
Makua North and South Muliwai cadmium mg/kg 12 12 100 0.02 0.147 0.052183
Makua North and South Muliwai chromium mg/kg 12 12 100 0.9 31.5 13.167
Makua North and South Muliwai cobalt mg/kg 12 12 100 0.397 4.17 2.4106
Makua North and South Muliwai copper mg/kg 12 12 100 6.39 166 51.387
Makua North and South Muliwai di-n-butylphthalate mg/kg 12 12 100 0.0098 1.5 0.21548
Makua North and South Muliwai heptachlorepoxide mg/kg 7 3 42.86 0.00051 0.00093 0.0013391
Makua North and South Muliwai hpcdd,total mg/kg 12 9 75 0.000000699 1.02E-05 2.30E-06
Makua North and South Muliwai hpcdf,total mg/kg 12 3 25 0.000000295 1.35E-06 3.59E-07
Makua North and South Muliwai hxcdd,total mg/kg 12 1 8.33 0.000000145 1.45E-07 1.38E-07
Makua North and South Muliwai hxcdf,total mg/kg 12 1 8.33 0.000000129 1.29E-07 7.80E-08
Makua North and South Muliwai iron mg/kg 12 12 100 122 4530 2707.5
Makua North and South Muliwai lead mg/kg 12 12 100 0.973 5.39 2.0952
Makua North and South Muliwai lipids,total percent 10 10 100 2.1 6.4 4.33
Makua North and South Muliwai m,p-xylenes mg/kg 12 2 16.67 0.0016 0.017 0.012746
Makua North and South Muliwai manganese mg/kg 12 12 100 11.9 386 180.98
Makua North and South Muliwai mercury mg/kg 12 12 100 0.024 0.103 0.055775
Makua North and South Muliwai methylmercury mg/kg 12 12 100 0.012 0.17 0.05744
Makua North and South Muliwai ocdd mg/kg 12 2 16.67 6.90E-06 8.70E-06 6.11E-06
Makua North and South Muliwai ocdf mg/kg 12 3 25 5.49E-07 1.31E-06 8.82E-07
Makua North and South Muliwai pecdd,total mg/kg 12 2 16.67 1.42E-06 1.76E-06 4.27E-07
Makua North and South Muliwai percentlipids percent 2 2 100 13.9 16 14.95



Appendix D-1.3 Fish Tissue Summary Statistics

Area Riskstats_v1.19_Parameter Units N #D %D MinD MaxD Mean_Arith
Makua North and South Muliwai percentmoisture mg/kg 14 14 100 0 72.9 0
Makua North and South Muliwai perchlorate mg/kg 12 7 58.33 0.0012 0.16 0.027167
Makua North and South Muliwai selenium mg/kg 12 12 100 1.61 3.71 2.4633
Makua North and South Muliwai silver mg/kg 12 12 100 0.014 1.13 0.36413
Makua North and South Muliwai solids,total percent 10 10 100 24.4 30.6 27.16
Makua North and South Muliwai tcdf,total mg/kg 12 1 8.33 5.90E-07 5.90E-07 1.20E-07
Makua North and South Muliwai thallium mg/kg 12 2 16.67 0.00325 0.00586 0.0060625
Makua North and South Muliwai vanadium mg/kg 12 12 100 1.24 19.3 11.943
Makua North and South Muliwai zinc mg/kg 12 12 100 85.2 201 114.09
Nanakuli Muliwai 1,2,3,4,6,7,8-hpcdf mg/kg 3 3 100 0.000000178 0.000000371 2.52E-07
Nanakuli Muliwai 4,4'-ddt mg/kg 3 2 66.67 0.0013 0.0014 0.00123
Nanakuli Muliwai aluminum mg/kg 3 3 100 3810 5170 4466.7
Nanakuli Muliwai arsenic mg/kg 3 3 100 2.51 2.57 2.54
Nanakuli Muliwai barium mg/kg 3 3 100 39.1 43.6 40.8
Nanakuli Muliwai beryllium mg/kg 3 3 100 0.078 0.094 0.084667
Nanakuli Muliwai cadmium mg/kg 3 3 100 0.11 0.13 0.12
Nanakuli Muliwai chromium mg/kg 3 3 100 19.7 24.7 22.233
Nanakuli Muliwai cobalt mg/kg 3 3 100 4.59 5.25 4.9
Nanakuli Muliwai copper mg/kg 3 3 100 64.9 79.9 71.6
Nanakuli Muliwai di-n-butylphthalate mg/kg 3 3 100 0.012 0.018 0.015333
Nanakuli Muliwai heptachlorepoxide mg/kg 2 2 100 0.00098 0.0011 0.00104
Nanakuli Muliwai hpcdd,total mg/kg 3 3 100 1.73E-06 2.46E-06 2.04E-06
Nanakuli Muliwai hpcdf,total mg/kg 3 3 100 1.78E-07 3.71E-07 2.52E-07
Nanakuli Muliwai hxcdd,total mg/kg 3 1 33.33 3.69E-07 3.69E-07 1.51E-07
Nanakuli Muliwai hxcdf,total mg/kg 3 1 33.33 1.67E-07 1.67E-07 8.11E-08
Nanakuli Muliwai iron mg/kg 3 3 100 5410 7010 5996.7
Nanakuli Muliwai lead mg/kg 3 3 100 2.01 2.15 2.06
Nanakuli Muliwai lipids,total percent 3 3 100 3.3 4.8 3.9667
Nanakuli Muliwai manganese mg/kg 3 3 100 501 611 571.67
Nanakuli Muliwai mercury mg/kg 3 3 100 0.042 0.047 0.044
Nanakuli Muliwai methylmercury mg/kg 3 3 100 0.032 0.053 0.039333
Nanakuli Muliwai ocdf mg/kg 3 3 100 0.000000644 0.000000878 7.2367E-07
Nanakuli Muliwai perchlorate mg/kg 3 1 33.33 0.0014 0.0014 0.00056095
Nanakuli Muliwai selenium mg/kg 3 3 100 2.19 2.57 2.3833
Nanakuli Muliwai silver mg/kg 3 3 100 0.527 0.703 0.608
Nanakuli Muliwai solids,total percent 3 3 100 27.3 28.7 28.067



Appendix D-1.3 Fish Tissue Summary Statistics

Area Riskstats_v1.19_Parameter Units N #D %D MinD MaxD Mean_Arith
Nanakuli Muliwai vanadium mg/kg 3 3 100 19.6 23.6 20.967
Nanakuli Muliwai zinc mg/kg 3 3 100 108 116 111.67
Makua North Muliwai 1,2,3,7,8-pecdd mg/kg 5 2 40 4.49E-07 1.42E-06 4.01E-07
Makua North Muliwai 4,4'-ddt mg/kg 4 2 50 0.0005 0.00074 0.00050445
Makua North Muliwai acetone mg/kg 5 1 20 0.25 0.25 0.43184
Makua North Muliwai aluminum mg/kg 5 5 100 48.3 4240 2415.7
Makua North Muliwai antimony mg/kg 5 1 20 0.04 0.04 0.019314
Makua North Muliwai arsenic mg/kg 5 5 100 2.25 3.81 2.928
Makua North Muliwai barium mg/kg 5 5 100 5.53 26.1 20.786
Makua North Muliwai beryllium mg/kg 5 4 80 0.028 0.051 0.0303
Makua North Muliwai bhc,delta mg/kg 4 1 25 0.00031 0.00031 0.00028256
Makua North Muliwai bhc,gamma mg/kg 4 2 50 0.00089 0.0013 0.00090105
Makua North Muliwai cadmium mg/kg 5 5 100 0.02 0.08 0.054
Makua North Muliwai chromium mg/kg 5 5 100 0.9 14.7 9.24
Makua North Muliwai cobalt mg/kg 5 5 100 0.397 4.17 2.6134
Makua North Muliwai copper mg/kg 5 5 100 6.39 166 62.118
Makua North Muliwai di-n-butylphthalate mg/kg 5 5 100 0.0098 0.015 0.01136
Makua North Muliwai heptachlorepoxide mg/kg 2 1 50 0.00051 0.00051 0.00085604
Makua North Muliwai hpcdd,total mg/kg 5 5 100 1.40E-06 1.02E-05 3.55E-06
Makua North Muliwai hpcdf,total mg/kg 5 1 20 7.99E-07 7.99E-07 2.09E-07
Makua North Muliwai iron mg/kg 5 5 100 122 4530 2612.4
Makua North Muliwai lead mg/kg 5 5 100 1.25 5.39 2.636
Makua North Muliwai lipids,total percent 5 5 100 2.1 6.4 4.42
Makua North Muliwai manganese mg/kg 5 5 100 11.9 386 244.78
Makua North Muliwai mercury mg/kg 5 5 100 0.024 0.074 0.039
Makua North Muliwai methylmercury mg/kg 5 5 100 0.012 0.07 0.0334
Makua North Muliwai pecdd,total mg/kg 5 1 20 1.42E-06 1.42E-06 3.18E-07
Makua North Muliwai percentmoisture ug/l 5 5 100 0 0 0
Makua North Muliwai perchlorate mg/kg 5 1 20 0.0019 0.0019 0.00049314
Makua North Muliwai selenium mg/kg 5 5 100 1.83 3.71 2.382
Makua North Muliwai silver mg/kg 5 5 100 0.014 1.13 0.3952
Makua North Muliwai solids,total percent 5 5 100 24.4 28.1 26.74
Makua North Muliwai vanadium mg/kg 5 5 100 1.24 19.3 12.808
Makua North Muliwai zinc mg/kg 5 5 100 98.8 129 113.96
Makua South Muliwai 1,2,3,4,6,7,8-hpcdd mg/kg 7 1 14.29 5.31E-07 5.31E-07 7.53E-07
Makua South Muliwai 1,2,3,4,6,7,8-hpcdf mg/kg 7 1 14.29 2.95E-07 2.95E-07 3.50E-07



Appendix D-1.3 Fish Tissue Summary Statistics

Area Riskstats_v1.19_Parameter Units N #D %D MinD MaxD Mean_Arith
Makua South Muliwai 1,2,3,7,8-pecdd mg/kg 7 1 14.29 1.76E-06 1.76E-06 4.64E-07
Makua South Muliwai 2,3,7,8-tcdf mg/kg 7 1 14.29 5.90E-07 5.90E-07 3.80E-07
Makua South Muliwai 4,4'-ddt mg/kg 7 5 71.43 0.00067 0.0029 0.0014757
Makua South Muliwai acetone mg/kg 5 4 80 0.23 0.38 0.25853
Makua South Muliwai aluminum mg/kg 7 7 100 1150 2880 1871.1
Makua South Muliwai antimony mg/kg 7 2 28.57 0.0481 0.0527 0.024502
Makua South Muliwai arsenic mg/kg 7 7 100 1.46 29.8 5.7757
Makua South Muliwai barium mg/kg 7 7 100 12.5 21.2 16.643
Makua South Muliwai beryllium mg/kg 7 4 57.14 0.01 0.032 0.018511
Makua South Muliwai bhc,beta mg/kg 7 2 28.57 0.00081 0.0041 0.0015742
Makua South Muliwai bhc,gamma mg/kg 6 2 33.33 0.0016 0.0017 0.0014162
Makua South Muliwai bis(2-ethylhexyl)phthalate mg/kg 7 1 14.29 3.1 3.1 0.56862
Makua South Muliwai cadmium mg/kg 7 7 100 0.02 0.147 0.050886
Makua South Muliwai chromium mg/kg 7 7 100 8.4 31.5 15.971
Makua South Muliwai cobalt mg/kg 7 7 100 1.94 2.58 2.2657
Makua South Muliwai copper mg/kg 7 7 100 9.56 109 43.723
Makua South Muliwai di-n-butylphthalate mg/kg 7 7 100 0.011 1.5 0.36129
Makua South Muliwai heptachlorepoxide mg/kg 5 2 40 0.00058 0.00093 0.0015324
Makua South Muliwai hpcdd,total mg/kg 7 4 57.14 6.99E-07 3.02E-06 1.41E-06
Makua South Muliwai hpcdf,total mg/kg 7 2 28.57 2.95E-07 1.35E-06 4.66E-07
Makua South Muliwai hxcdd,total mg/kg 7 1 14.29 1.45E-07 1.45E-07 2.11E-07
Makua South Muliwai hxcdf,total mg/kg 7 1 14.29 1.29E-07 1.29E-07 1.57E-07
Makua South Muliwai iron mg/kg 7 7 100 1900 3460 2775.4
Makua South Muliwai lead mg/kg 7 7 100 0.973 2.61 1.709
Makua South Muliwai lipids,total percent 5 5 100 2.5 6.4 4.24
Makua South Muliwai m,p-xylenes mg/kg 7 2 28.57 0.0016 0.017 0.012254
Makua South Muliwai manganese mg/kg 7 7 100 94.9 184 135.41
Makua South Muliwai mercury mg/kg 7 7 100 0.034 0.103 0.067757
Makua South Muliwai methylmercury mg/kg 7 7 100 0.038 0.17 0.074612
Makua South Muliwai ocdd mg/kg 7 2 28.57 6.90E-06 8.70E-06 5.44E-06
Makua South Muliwai ocdf mg/kg 7 3 42.86 5.49E-07 1.31E-06 8.30E-07
Makua South Muliwai pecdd,total mg/kg 7 1 14.29 1.76E-06 1.76E-06 5.05E-07
Makua South Muliwai percentlipids percent 2 2 100 13.9 16 14.95
Makua South Muliwai percentmoisture mg/kg 9 9 100 0 72.9 0
Makua South Muliwai perchlorate mg/kg 7 6 85.71 0.0012 0.16 0.04622
Makua South Muliwai selenium mg/kg 7 7 100 1.61 3.59 2.5214



Appendix D-1.3 Fish Tissue Summary Statistics

Area Riskstats_v1.19_Parameter Units N #D %D MinD MaxD Mean_Arith
Makua South Muliwai silver mg/kg 7 7 100 0.046 0.822 0.34194
Makua South Muliwai solids,total percent 5 5 100 25.7 30.6 27.58
Makua South Muliwai tcdf,total mg/kg 7 1 14.29 5.90E-07 5.90E-07 1.7924E-07
Makua South Muliwai thallium mg/kg 7 2 28.57 0.00325 0.00586 0.0058471
Makua South Muliwai vanadium mg/kg 7 7 100 7.76 18.2 11.326
Makua South Muliwai zinc mg/kg 7 7 100 85.2 201 114.19
Sandy Beach 1,2,3,7,8-pecdd mg/kg 6 1 16.67 0.000000172 0.000000172 1.9413E-07
Sandy Beach 4,4'-ddt mg/kg 6 2 33.33 0.0019 0.0021 0.00098958
Sandy Beach acetone mg/kg 5 4 80 0.23 0.6 0.33384
Sandy Beach aldrin mg/kg 6 1 16.67 0.0064 0.0064 0.0026694
Sandy Beach aluminum mg/kg 6 6 100 3.8 4720 796
Sandy Beach antimony mg/kg 6 1 16.67 0.0259 0.0259 0.016102
Sandy Beach arsenic mg/kg 6 6 100 4.52 53 18.673
Sandy Beach barium mg/kg 6 6 100 0.96 14.2 5.6483
Sandy Beach beryllium mg/kg 6 1 16.67 0.069 0.069 0.013503
Sandy Beach bhc,gamma mg/kg 5 1 20 0.0019 0.0019 0.003859
Sandy Beach bis(2-ethylhexyl)phthalate mg/kg 6 1 16.67 0.049 0.049 0.056014
Sandy Beach cadmium mg/kg 6 6 100 0.04 0.2 0.10867
Sandy Beach chromium mg/kg 6 6 100 0.7 31.7 7.2817
Sandy Beach cobalt mg/kg 6 6 100 0.109 4.31 0.8315
Sandy Beach copper mg/kg 6 6 100 1.86 16.5 4.7767
Sandy Beach diethylphthalate mg/kg 6 2 33.33 0.018 0.019 0.03669
Sandy Beach di-n-butylphthalate mg/kg 6 6 100 0.014 0.61 0.13417
Sandy Beach heptachlor mg/kg 6 2 33.33 0.0045 0.0057 0.0029315
Sandy Beach heptachlorepoxide mg/kg 5 3 60 0.0028 0.0076 0.0029628
Sandy Beach hpcdd,total mg/kg 6 4 66.67 3.06E-07 1.62E-06 5.77E-07
Sandy Beach hpcdf,total mg/kg 6 1 16.67 2.87E-07 2.87E-07 1.63E-07
Sandy Beach iron mg/kg 6 6 100 68.4 6960 1229.5
Sandy Beach lead mg/kg 6 6 100 0.463 2.75 1.4398
Sandy Beach lipids,total percent 5 5 100 1.7 9.1 4.04
Sandy Beach m,p-xylenes mg/kg 6 1 16.67 0.016 0.016 0.013863
Sandy Beach manganese mg/kg 6 6 100 1.4 147 28.39
Sandy Beach mercury mg/kg 6 5 83.33 0.024 0.043 0.027782
Sandy Beach methylmercury mg/kg 6 5 83.33 0.027 0.056 0.036351
Sandy Beach percentlipids percent 1 1 100 9.09 9.09 9.09
Sandy Beach perchlorate mg/kg 6 2 33.33 0.01 0.11 0.020094



Appendix D-1.3 Fish Tissue Summary Statistics

Area Riskstats_v1.19_Parameter Units N #D %D MinD MaxD Mean_Arith
Sandy Beach selenium mg/kg 6 4 66.67 0.879 1.8 0.99506
Sandy Beach silver mg/kg 6 1 16.67 0.031 0.031 0.010116
Sandy Beach solids,total percent 5 5 100 26.5 31.8 28.82
Sandy Beach tcdf,total mg/kg 6 1 16.67 2.47E-07 2.47E-07 1.32E-07
Sandy Beach thallium mg/kg 6 1 16.67 0.0126 0.0126 0.007639
Sandy Beach vanadium mg/kg 6 6 100 0.312 20.3 3.8153
Sandy Beach zinc mg/kg 6 6 100 44.7 77 66.417
Nearshore @ Makua 4,4'-ddt mg/kg 5 1 20 0.00018 0.00018 0.00049138
Nearshore @ Makua acetone mg/kg 4 3 75 0.27 0.73 0.48407
Nearshore @ Makua aldrin mg/kg 5 2 40 0.0024 0.0027 0.0019675
Nearshore @ Makua aluminum mg/kg 5 5 100 6.8 65 30.64
Nearshore @ Makua arsenic mg/kg 5 5 100 4.06 37.3 23.012
Nearshore @ Makua barium mg/kg 5 5 100 0.46 31.6 6.984
Nearshore @ Makua bhc,alpha mg/kg 5 1 20 0.0082 0.0082 0.0020529
Nearshore @ Makua bhc,delta mg/kg 5 1 20 0.0003 0.0003 0.0011065
Nearshore @ Makua bhc,gamma mg/kg 4 1 25 0.0063 0.0063 0.0026692
Nearshore @ Makua bis(2-ethylhexyl)phthalate mg/kg 5 4 80 0.055 3.5 1.4039
Nearshore @ Makua cadmium mg/kg 5 5 100 0.12 0.21 0.151
Nearshore @ Makua chromium mg/kg 5 5 100 0.8 10.4 5.672
Nearshore @ Makua cobalt mg/kg 5 5 100 0.107 0.413 0.2306
Nearshore @ Makua copper mg/kg 5 5 100 2.2 9.78 4.21
Nearshore @ Makua di-n-butylphthalate mg/kg 5 5 100 0.022 1.4 0.3094
Nearshore @ Makua heptachlor mg/kg 4 1 25 0.0056 0.0056 0.0018685
Nearshore @ Makua heptachlorepoxide mg/kg 3 2 66.67 0.0032 0.014 0.0061105
Nearshore @ Makua iron mg/kg 5 5 100 62.5 302 163
Nearshore @ Makua lead mg/kg 5 5 100 0.076 2.01 0.6994
Nearshore @ Makua lipids,total percent 4 4 100 2.3 9.6 4.725
Nearshore @ Makua m,p-xylenes mg/kg 5 1 20 0.02 0.02 0.014748
Nearshore @ Makua manganese mg/kg 5 5 100 1.44 15.7 7.682
Nearshore @ Makua mercury mg/kg 5 5 100 0.044 0.0978 0.06436
Nearshore @ Makua methylmercury mg/kg 5 5 100 0.034 0.20009 0.084019
Nearshore @ Makua nitroglycerin mg/kg 5 1 20 0.33 0.33 0.17065
Nearshore @ Makua percentlipids percent 1 1 100 21.3 21.3 21.3
Nearshore @ Makua percentmoisture mg/kg 6 6 100 0 66.9 0
Nearshore @ Makua perchlorate mg/kg 6 1 16.67 0.0088 0.0088 0.0015845
Nearshore @ Makua rdx mg/kg 5 1 20 0.057 0.057 0.056655



Appendix D-1.3 Fish Tissue Summary Statistics

Area Riskstats_v1.19_Parameter Units N #D %D MinD MaxD Mean_Arith
Nearshore @ Makua selenium mg/kg 5 4 80 1.09 1.6 1.1577
Nearshore @ Makua silver mg/kg 5 4 80 0.008 0.0132 0.0093714
Nearshore @ Makua solids,total percent 5 5 100 27.6 34.2 30.6
Nearshore @ Makua vanadium mg/kg 5 5 100 0.106 1.24 0.6132
Nearshore @ Makua zinc mg/kg 5 5 100 36.8 149 74.54



Appendix D-1.4 Limu Tissue Summary Statistics

Area Riskstats_v1.19_Parameter Units N #D %D MinD MaxD Mean_Arith
Nearshore @ Makua 1,2,3,4,6,7,8-hpcdf mg/kg 4 1 25 1.13E-06 1.13E-06 6.89E-07
Nearshore @ Makua 1,2,3,4,7,8-hxcdf mg/kg 4 2 50 8.90E-08 1.14E-07 1.05E-07
Nearshore @ Makua 1,2,3,6,7,8-hxcdd mg/kg 4 1 25 2.42E-07 2.42E-07 1.55E-07
Nearshore @ Makua 1,2,3,6,7,8-hxcdf mg/kg 4 1 25 5.70E-08 5.70E-08 7.33E-08
Nearshore @ Makua 1,2,3,7,8,9-hxcdd mg/kg 4 1 25 3.16E-07 3.16E-07 1.69E-07
Nearshore @ Makua aluminum mg/kg 4 4 100 58 1120 421.75
Nearshore @ Makua antimony mg/kg 4 3 75 0.04 0.145 0.062286
Nearshore @ Makua arsenic mg/kg 4 4 100 4.56 109 66.24
Nearshore @ Makua barium mg/kg 4 4 100 1.48 13.3 8.97
Nearshore @ Makua beryllium mg/kg 4 2 50 0.00559 0.02 0.0076349
Nearshore @ Makua bis(2-ethylhexyl)phthalate mg/kg 4 1 25 0.086 0.086 0.083018
Nearshore @ Makua cadmium mg/kg 4 4 100 0.17 0.28 0.24375
Nearshore @ Makua chromium mg/kg 4 3 75 0.8 6 2.1682
Nearshore @ Makua cobalt mg/kg 4 4 100 0.374 1.25 0.72175
Nearshore @ Makua copper mg/kg 4 4 100 0.85 4.57 2.6475
Nearshore @ Makua di-n-butylphthalate mg/kg 4 4 100 0.02 0.48 0.136
Nearshore @ Makua heptachlor mg/kg 4 3 75 0.00041 0.00072 0.001248
Nearshore @ Makua hpcdd,total mg/kg 4 3 75 3.23E-07 1.65E-05 4.59E-06
Nearshore @ Makua hpcdf,total mg/kg 4 2 50 1.76E-06 4.58E-06 1.66E-06
Nearshore @ Makua hxcdd,total mg/kg 4 1 25 1.91E-06 1.91E-06 5.73E-07
Nearshore @ Makua hxcdf,total mg/kg 4 2 50 8.90E-08 4.30E-07 1.90E-07
Nearshore @ Makua iron mg/kg 4 4 100 67.4 1860 670.6
Nearshore @ Makua lead mg/kg 4 4 100 0.529 3.88 1.521
Nearshore @ Makua lipids,total percent 3 1 33.33 0.079 0.079 0.049904
Nearshore @ Makua m,p-xylenes mg/kg 4 1 25 0.016 0.016 0.02044
Nearshore @ Makua manganese mg/kg 4 4 100 5.51 39 15.862
Nearshore @ Makua ocdf mg/kg 4 1 25 2.01E-06 2.01E-06 1.65E-06
Nearshore @ Makua percentmoisture mg/kg 5 5 100 0 75.4 0
Nearshore @ Makua perchlorate mg/kg 4 2 50 0.011 0.052 0.017217
Nearshore @ Makua selenium mg/kg 4 1 25 0.0743 0.0743 0.27844
Nearshore @ Makua silver mg/kg 4 4 100 0.029 0.141 0.072775
Nearshore @ Makua solids,total percent 3 3 100 11.6 18.8 16.167
Nearshore @ Makua thallium mg/kg 4 2 50 0.024 0.0268 0.016589
Nearshore @ Makua vanadium mg/kg 4 4 100 2.35 13.2 6.005



Nearshore @ Makua zinc mg/kg 4 4 100 8.9 12.3 10.585



Appendix D.1-5 Shellfish Tissue Summary Statistics

Area Parameter Units
Number of 

Samples
Number 
Detected

Percent 
Detected

Minimum 
Detected

Maximum 
Detected Mean_Arithmetic

Makua North and South Muliwai 1,2,3,6,7,8-hxcdd mg/kg 1 1 100 1.20E-06 1.20E-06 -
Makua North and South Muliwai 1,2,3,7,8,9-hxcdd mg/kg 1 1 100 8.30E-07 8.30E-07 -
Makua North and South Muliwai 2,3,7,8-tcdf mg/kg 1 1 100 1.70E-06 1.70E-06 -
Makua North and South Muliwai ocdd mg/kg 1 1 100 3.00E-06 3.00E-06 -
Makua North and South Muliwai tcdd,total mg/kg 1 1 100 3.30E-06 3.30E-06 -
Makua North and South Muliwai tcdf,total mg/kg 1 1 100 1.70E-06 1.70E-06 -
Makua North and South Muliwai aluminum mg/kg 2 2 100 33.3 143 88.15
Makua North and South Muliwai arsenic mg/kg 2 2 100 2.4 3.6 3
Makua North and South Muliwai barium mg/kg 2 2 100 26.3 57.8 42.05
Makua North and South Muliwai chromium mg/kg 2 2 100 0.94 1.3 1.12
Makua North and South Muliwai cobalt mg/kg 2 2 100 0.17 0.8 0.485
Makua North and South Muliwai copper mg/kg 2 2 100 21.3 39.7 30.5
Makua North and South Muliwai iron mg/kg 2 2 100 92.2 226 159.1
Makua North and South Muliwai lead mg/kg 2 1 50 0.16 0.16 -
Makua North and South Muliwai manganese mg/kg 2 2 100 70.3 122 96.15
Makua North and South Muliwai selenium mg/kg 2 2 100 0.68 1.2 0.94
Makua North and South Muliwai vanadium mg/kg 2 2 100 0.35 0.77 0.56
Makua North and South Muliwai zinc mg/kg 2 2 100 28.4 31.2 29.8
Makua North and South Muliwai percentlipids mg/kg 1 1 100 0.7 0.7 -
Makua North and South Muliwai mercury mg/kg 2 1 50 0.022 0.022 -
Makua North and South Muliwai percentmoisture mg/kg 3 3 100 55.9 71.3 61.267
Makua North Muliwai 1,2,3,6,7,8-hxcdd mg/kg 1 1 100 1.20E-06 1.20E-06 -
Makua North Muliwai 1,2,3,7,8,9-hxcdd mg/kg 1 1 100 8.30E-07 8.30E-07 -
Makua North Muliwai 2,3,7,8-tcdf mg/kg 1 1 100 1.70E-06 1.70E-06 -
Makua North Muliwai ocdd mg/kg 1 1 100 3.00E-06 3.00E-06 -
Makua North Muliwai tcdd,total mg/kg 1 1 100 3.30E-06 3.30E-06 -
Makua North Muliwai tcdf,total mg/kg 1 1 100 1.70E-06 1.70E-06 -
Makua North Muliwai aluminum mg/kg 1 1 100 33.3 33.3 -
Makua North Muliwai arsenic mg/kg 1 1 100 2.4 2.4 -
Makua North Muliwai barium mg/kg 1 1 100 26.3 26.3 -
Makua North Muliwai chromium mg/kg 1 1 100 0.94 0.94 -
Makua North Muliwai cobalt mg/kg 1 1 100 0.17 0.17 -
Makua North Muliwai copper mg/kg 1 1 100 21.3 21.3 -
Makua North Muliwai iron mg/kg 1 1 100 92.2 92.2 -
Makua North Muliwai manganese mg/kg 1 1 100 70.3 70.3 -
Makua North Muliwai selenium mg/kg 1 1 100 0.68 0.68 -
Makua North Muliwai vanadium mg/kg 1 1 100 0.35 0.35 -



Appendix D.1-5 Shellfish Tissue Summary Statistics

Area Parameter Units
Number of 

Samples
Number 
Detected

Percent 
Detected

Minimum 
Detected

Maximum 
Detected Mean_Arithmetic

Makua North Muliwai zinc mg/kg 1 1 100 31.2 31.2 -
Makua North Muliwai percentlipids mg/kg 1 1 100 0.7 0.7 -
Makua North Muliwai mercury mg/kg 1 1 100 0.022 0.022 -
Makua North Muliwai percentmoisture mg/kg 1 1 100 71.3 71.3 -
Makua South Muliwai percentmoisture mg/kg 2 2 100 55.9 56.6 56.25
Makua South Muliwai aluminum mg/kg 1 1 100 143 143 -
Makua South Muliwai arsenic mg/kg 1 1 100 3.6 3.6 -
Makua South Muliwai barium mg/kg 1 1 100 57.8 57.8 -
Makua South Muliwai chromium mg/kg 1 1 100 1.3 1.3 -
Makua South Muliwai cobalt mg/kg 1 1 100 0.8 0.8 -
Makua South Muliwai copper mg/kg 1 1 100 39.7 39.7 -
Makua South Muliwai iron mg/kg 1 1 100 226 226 -
Makua South Muliwai lead mg/kg 1 1 100 0.16 0.16 -
Makua South Muliwai manganese mg/kg 1 1 100 122 122 -
Makua South Muliwai selenium mg/kg 1 1 100 1.2 1.2 -
Makua South Muliwai vanadium mg/kg 1 1 100 0.77 0.77 -
Makua South Muliwai zinc mg/kg 1 1 100 28.4 28.4 -
Nanakuli Muliwai 1,2,3,4,6,7,8-hpcdd mg/kg 2 1 50 1.20E-06 1.20E-06 -
Nanakuli Muliwai 1,2,3,6,7,8-hxcdf mg/kg 2 1 50 2.20E-06 2.20E-06 -
Nanakuli Muliwai 1,2,3,6,7,8-hxcdd mg/kg 2 1 50 5.00E-07 5.00E-07 -
Nanakuli Muliwai 2,3,7,8-tcdf mg/kg 2 1 50 4.60E-07 4.60E-07 -
Nanakuli Muliwai ocdd mg/kg 2 1 50 7.10E-06 7.10E-06 -
Nanakuli Muliwai tcdd,total mg/kg 2 1 50 8.00E-08 8.00E-08 -
Nanakuli Muliwai tcdf,total mg/kg 2 2 100 2.30E-07 1.30E-06 7.65E-07
Nanakuli Muliwai aluminum mg/kg 2 2 100 39.7 73.2 56.45
Nanakuli Muliwai arsenic mg/kg 2 2 100 2.2 3.9 3.05
Nanakuli Muliwai barium mg/kg 2 2 100 4.1 14.5 9.3
Nanakuli Muliwai chromium mg/kg 2 2 100 1 1.2 1.1
Nanakuli Muliwai cobalt mg/kg 2 2 100 0.23 0.28 0.255
Nanakuli Muliwai copper mg/kg 2 2 100 31 65.7 48.35
Nanakuli Muliwai iron mg/kg 2 2 100 80.4 110 95.2
Nanakuli Muliwai manganese mg/kg 2 2 100 32.4 32.5 32.45
Nanakuli Muliwai selenium mg/kg 2 1 50 1.7 1.7 -
Nanakuli Muliwai silver mg/kg 2 2 100 0.12 0.24 0.18
Nanakuli Muliwai vanadium mg/kg 2 2 100 0.31 0.36 0.335
Nanakuli Muliwai zinc mg/kg 2 2 100 14.8 485 249.9
Nanakuli Muliwai percentlipids mg/kg 2 2 100 1.5 1.7 1.6



Appendix D.1-5 Shellfish Tissue Summary Statistics

Area Parameter Units
Number of 

Samples
Number 
Detected
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Detected
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Detected
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Detected Mean_Arithmetic

Nanakuli Muliwai percentmoisture mg/kg 1 1 100 74.1 74.1 -



Appendix D.1-5 Shellfish Tissue Summary Statistics

Area Parameter Units
Number of 

Samples
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Detected

Percent 
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Detected
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Detected Mean_Arithmetic

Sandy Beach toluene mg/kg 3 1 33.33 8.90E-04 8.90E-04 -
Sandy Beach 1,2,3,4,6,7,8-hpcdd mg/kg 3 1 33.33 7.40E-05 7.40E-05 -
Sandy Beach 1,2,3,4,7,8-hxcdf mg/kg 3 1 33.33 3.20E-07 3.20E-07 -
Sandy Beach 1,2,3,6,7,8-hxcdf mg/kg 3 1 33.33 2.30E-07 2.30E-07 -
Sandy Beach 1,2,3,7,8,9-hxcdf mg/kg 3 1 33.33 2.30E-07 2.30E-07 -
Sandy Beach 2,3,7,8-tcdf mg/kg 3 1 33.33 3.10E-07 3.10E-07 -
Sandy Beach ocdd mg/kg 3 2 66.67 1.20E-06 2.90E-04 1.46E-04
Sandy Beach tcdd,total mg/kg 2 1 50 1.90E-07 1.90E-07 -
Sandy Beach tcdf,total mg/kg 2 1 50 3.90E-07 3.90E-07 -
Sandy Beach aluminum mg/kg 3 3 100 39.4 61.8 50.7
Sandy Beach arsenic mg/kg 3 2 66.67 1.2 1.2 1.2
Sandy Beach barium mg/kg 3 3 100 1.3 1.6 1.4667
Sandy Beach beryllium mg/kg 3 1 33.33 0.062 0.062 -
Sandy Beach chromium mg/kg 3 3 100 0.92 1.2 1.0733
Sandy Beach cobalt mg/kg 3 3 100 0.14 0.45 0.25667
Sandy Beach copper mg/kg 3 3 100 1 1.9 1.3333
Sandy Beach iron mg/kg 3 3 100 50.8 100 78.133
Sandy Beach lead mg/kg 3 3 100 0.51 0.98 0.70667
Sandy Beach manganese mg/kg 3 3 100 1.3 1.8 1.5333
Sandy Beach selenium mg/kg 3 3 100 0.52 1.2 0.86333
Sandy Beach vanadium mg/kg 3 2 66.67 0.35 0.36 0.355
Sandy Beach zinc mg/kg 3 3 100 4.4 5.9 5.3667
Sandy Beach percentlipids mg/kg 3 3 100 0.77 2.7 1.89
Sandy Beach percentmoisture mg/kg 3 3 100 37.7 44.2 42
Sandy Beach totalhxcdd mg/kg 1 1 100 8.10E-06 8.10E-06 -
Sandy Beach totalhpcdd mg/kg 1 1 100 1.10E-04 1.10E-04 -
Nearshore @ Makua toluene mg/kg 3 1 33.33 0.0011 0.0011 -
Nearshore @ Makua aldrin mg/kg 3 1 33.33 0.0011 0.0011 -
Nearshore @ Makua ocdd mg/kg 3 2 66.67 2.10E-06 8.00E-06 5.05E-06
Nearshore @ Makua tcdd,total mg/kg 2 1 50 2.00E-06 2.00E-06 -
Nearshore @ Makua tcdf,total mg/kg 2 1 50 4.00E-07 4.00E-07 -
Nearshore @ Makua aluminum mg/kg 3 3 100 29.9 102 68.1
Nearshore @ Makua arsenic mg/kg 3 3 100 0.47 26.4 9.3567
Nearshore @ Makua barium mg/kg 3 3 100 1.1 2.3 1.6
Nearshore @ Makua cadmium mg/kg 3 1 33.33 2 2 -
Nearshore @ Makua chromium mg/kg 3 3 100 1.2 1.2 1.2
Nearshore @ Makua cobalt mg/kg 3 3 100 0.23 0.37 0.27667
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Nearshore @ Makua copper mg/kg 3 3 100 1.6 25.7 9.9667
Nearshore @ Makua iron mg/kg 3 3 100 47.2 131 87.7
Nearshore @ Makua lead mg/kg 3 2 66.67 0.13 0.33 0.23
Nearshore @ Makua manganese mg/kg 3 3 100 1.7 3.5 2.7667
Nearshore @ Makua selenium mg/kg 3 3 100 0.49 1.7 0.97333
Nearshore @ Makua silver mg/kg 3 1 33.33 0.15 0.15 -
Nearshore @ Makua vanadium mg/kg 3 2 66.67 0.31 0.56 0.435
Nearshore @ Makua zinc mg/kg 3 3 100 7.2 47.4 22.067
Nearshore @ Makua percentlipids mg/kg 3 3 100 0.97 2.1 1.4567
Nearshore @ Makua mercury mg/kg 3 1 33.33 0.041 0.041 -
Nearshore @ Makua percentmoisture mg/kg 3 3 100 40 61.5 49.867
Nearshore @ Makua perchlorate mg/kg 3 1 33.33 1.05 1.05 -



Appendix D-2.1 TCDD Equivalent Calculations for Fish Tissue Samples

Location ID Field Sample ID Parameter Qualifier Value TEF TCDD-Equiv
M1 (Makua North  Muliwai) 1 1,2,3,4,6,7,8-HpCDD U 7.23E-07 0
M1 (Makua North  Muliwai) 1 1,2,3,4,6,7,8-HpCDF U 6.80E-08 0
M1 (Makua North  Muliwai) 1 1,2,3,4,7,8,9-HpCDF U 9.30E-08 0
M1 (Makua North  Muliwai) 1 1,2,3,4,7,8-HxCDD U 4.30E-08 0
M1 (Makua North  Muliwai) 1 1,2,3,4,7,8-HxCDF U 5.60E-08 0
M1 (Makua North  Muliwai) 1 1,2,3,6,7,8-HxCDD U 3.70E-08 0
M1 (Makua North  Muliwai) 1 1,2,3,6,7,8-HxCDF U 5.30E-08 0
M1 (Makua North  Muliwai) 1 1,2,3,7,8,9-HxCDD U 4.00E-08 0
M1 (Makua North  Muliwai) 1 1,2,3,7,8,9-HxCDF U 7.10E-08 0
M1 (Makua North  Muliwai) 1 1,2,3,7,8-PeCDD U 6.10E-08 0
M1 (Makua North  Muliwai) 1 1,2,3,7,8-PeCDF U 4.10E-08 0
M1 (Makua North  Muliwai) 1 2,3,4,6,7,8-HxCDF U 5.90E-08 0
M1 (Makua North  Muliwai) 1 2,3,4,7,8-PeCDF U 4.00E-08 0
M1 (Makua North  Muliwai) 1 2,3,7,8-TCDD U 3.50E-08 0
M1 (Makua North  Muliwai) 1 2,3,7,8-TCDF U 5.50E-08 0
M1 (Makua North  Muliwai) 1 OCDD U 5.27E-06 0
M1 (Makua North  Muliwai) 1 OCDF U 1.51E-07 0
M1 (Makua North  Muliwai) 1 TCDD Equivalent 0
M1 (Makua North and South M 1b 1,2,3,4,6,7,8-HpCDD U 7.74E-07 0
M1 (Makua North and South M 1b 1,2,3,4,6,7,8-HpCDF U 9.40E-08 0
M1 (Makua North and South M 1b 1,2,3,4,7,8,9-HpCDF U 1.28E-07 0
M1 (Makua North and South M 1b 1,2,3,4,7,8-HxCDD U 5.80E-08 0
M1 (Makua North and South M 1b 1,2,3,4,7,8-HxCDF U 4.20E-08 0
M1 (Makua North and South M 1b 1,2,3,6,7,8-HxCDD U 5.00E-08 0
M1 (Makua North and South M 1b 1,2,3,6,7,8-HxCDF U 4.00E-08 0
M1 (Makua North and South M 1b 1,2,3,7,8,9-HxCDD U 5.50E-08 0
M1 (Makua North and South M 1b 1,2,3,7,8,9-HxCDF U 5.30E-08 0
M1 (Makua North and South M 1b 1,2,3,7,8-PeCDD U 7.30E-08 0
M1 (Makua North and South M 1b 1,2,3,7,8-PeCDF U 4.60E-08 0
M1 (Makua North and South M 1b 2,3,4,6,7,8-HxCDF U 4.40E-08 0
M1 (Makua North and South M 1b 2,3,4,7,8-PeCDF U 4.40E-08 0
M1 (Makua North and South M 1b 2,3,7,8-TCDD U 3.60E-08 0
M1 (Makua North and South M 1b 2,3,7,8-TCDF U 4.90E-08 0
M1 (Makua North and South M 1b OCDD U 7.48E-06 0
M1 (Makua North and South M 1b OCDF U 6.60E-07 0
M1 (Makua North  Muliwai) 1b TCDD Equivalent 0
M1 (Makua North  Muliwai) 3 1,2,3,4,6,7,8-HpCDD U 5.47E-07 0
M1 (Makua North  Muliwai) 3 1,2,3,4,6,7,8-HpCDF U 8.50E-08 0
M1 (Makua North  Muliwai) 3 1,2,3,4,7,8,9-HpCDF U 1.17E-07 0
M1 (Makua North  Muliwai) 3 1,2,3,4,7,8-HxCDD U 6.80E-08 0
M1 (Makua North  Muliwai) 3 1,2,3,4,7,8-HxCDF U 5.60E-08 0
M1 (Makua North  Muliwai) 3 1,2,3,6,7,8-HxCDD U 5.80E-08 0
M1 (Makua North  Muliwai) 3 1,2,3,6,7,8-HxCDF U 5.20E-08 0
M1 (Makua North  Muliwai) 3 1,2,3,7,8,9-HxCDD U 6.40E-08 0
M1 (Makua North  Muliwai) 3 1,2,3,7,8,9-HxCDF U 7.00E-08 0
M1 (Makua North  Muliwai) 3 1,2,3,7,8-PeCDD J 1.42E-06 1 1.42E-06
M1 (Makua North  Muliwai) 3 1,2,3,7,8-PeCDF U 4.10E-08 0
M1 (Makua North  Muliwai) 3 2,3,4,6,7,8-HxCDF U 5.80E-08 0
M1 (Makua North  Muliwai) 3 2,3,4,7,8-PeCDF U 4.00E-08 0
M1 (Makua North  Muliwai) 3 2,3,7,8-TCDD U 4.20E-08 0
M1 (Makua North  Muliwai) 3 2,3,7,8-TCDF U 4.70E-08 0
M1 (Makua North  Muliwai) 3 OCDD U 4.11E-06 0
M1 (Makua North  Muliwai) 3 OCDF U 1.09E-06 0
M1 (Makua North  Muliwai) 3 TCDD Equivalent 1.4E-06



Appendix D-2.1 TCDD Equivalent Calculations for Fish Tissue Samples

Location ID Field Sample ID Parameter Qualifier Value TEF TCDD-Equiv
M1 (Makua North  Muliwai) 4 1,2,3,4,6,7,8-HpCDD U 2.39E-06 0
M1 (Makua North  Muliwai) 4 1,2,3,4,6,7,8-HpCDF U 8.70E-08 0
M1 (Makua North  Muliwai) 4 1,2,3,4,7,8,9-HpCDF U 1.19E-07 0
M1 (Makua North  Muliwai) 4 1,2,3,4,7,8-HxCDD U 6.70E-08 0
M1 (Makua North  Muliwai) 4 1,2,3,4,7,8-HxCDF U 5.10E-08 0
M1 (Makua North  Muliwai) 4 1,2,3,6,7,8-HxCDD U 5.80E-08 0
M1 (Makua North  Muliwai) 4 1,2,3,6,7,8-HxCDF U 4.80E-08 0
M1 (Makua North  Muliwai) 4 1,2,3,7,8,9-HxCDD U 6.30E-08 0
M1 (Makua North  Muliwai) 4 1,2,3,7,8,9-HxCDF U 6.40E-08 0
M1 (Makua North  Muliwai) 4 1,2,3,7,8-PeCDD J 4.49E-07 1 4.49E-07
M1 (Makua North  Muliwai) 4 1,2,3,7,8-PeCDF U 6.60E-08 0
M1 (Makua North  Muliwai) 4 2,3,4,6,7,8-HxCDF U 5.30E-08 0
M1 (Makua North  Muliwai) 4 2,3,4,7,8-PeCDF U 6.40E-08 0
M1 (Makua North  Muliwai) 4 2,3,7,8-TCDD U 3.30E-08 0
M1 (Makua North  Muliwai) 4 2,3,7,8-TCDF U 5.60E-08 0
M1 (Makua North  Muliwai) 4 OCDD U 2.42E-05 0
M1 (Makua North  Muliwai) 4 OCDF U 4.16E-06 0
M1 (Makua North  Muliwai) 4 TCDD Equivalent 4.5E-07
M1 (Makua North  Muliwai) 5 1,2,3,4,6,7,8-HpCDD U 1.05E-06 0
M1 (Makua North  Muliwai) 5 1,2,3,4,6,7,8-HpCDF U 1.03E-07 0
M1 (Makua North  Muliwai) 5 1,2,3,4,7,8,9-HpCDF U 1.42E-07 0
M1 (Makua North  Muliwai) 5 1,2,3,4,7,8-HxCDD U 6.10E-08 0
M1 (Makua North  Muliwai) 5 1,2,3,4,7,8-HxCDF U 5.90E-08 0
M1 (Makua North  Muliwai) 5 1,2,3,6,7,8-HxCDD U 5.20E-08 0
M1 (Makua North  Muliwai) 5 1,2,3,6,7,8-HxCDF U 5.50E-08 0
M1 (Makua North  Muliwai) 5 1,2,3,7,8,9-HxCDD U 5.70E-08 0
M1 (Makua North  Muliwai) 5 1,2,3,7,8,9-HxCDF U 7.40E-08 0
M1 (Makua North  Muliwai) 5 1,2,3,7,8-PeCDD U 5.60E-08 0
M1 (Makua North  Muliwai) 5 1,2,3,7,8-PeCDF U 5.50E-08 0
M1 (Makua North  Muliwai) 5 2,3,4,6,7,8-HxCDF U 6.20E-08 0
M1 (Makua North  Muliwai) 5 2,3,4,7,8-PeCDF U 5.40E-08 0
M1 (Makua North  Muliwai) 5 2,3,7,8-TCDD U 4.20E-08 0
M1 (Makua North  Muliwai) 5 2,3,7,8-TCDF U 4.70E-08 0
M1 (Makua North  Muliwai) 5 OCDD U 8.80E-06 0
M1 (Makua North  Muliwai) 5 OCDF U 6.93E-07 0
M1 (Makua North  Muliwai) 5 TCDD Equivalent 0
M2 (Makua South Muliwai) 10 1,2,3,4,6,7,8-HpCDD U 6.99E-07 0
M2 (Makua South Muliwai) 10 1,2,3,4,6,7,8-HpCDF U 8.20E-08 0
M2 (Makua South Muliwai) 10 1,2,3,4,7,8,9-HpCDF U 1.15E-07 0
M2 (Makua South Muliwai) 10 1,2,3,4,7,8-HxCDD U 6.50E-08 0
M2 (Makua South Muliwai) 10 1,2,3,4,7,8-HxCDF U 3.20E-08 0
M2 (Makua South Muliwai) 10 1,2,3,6,7,8-HxCDD U 6.30E-08 0
M2 (Makua South Muliwai) 10 1,2,3,6,7,8-HxCDF U 3.40E-08 0
M2 (Makua South Muliwai) 10 1,2,3,7,8,9-HxCDD U 6.20E-08 0
M2 (Makua South Muliwai) 10 1,2,3,7,8,9-HxCDF U 4.20E-08 0
M2 (Makua South Muliwai) 10 1,2,3,7,8-PeCDD U 6.00E-08 0
M2 (Makua South Muliwai) 10 1,2,3,7,8-PeCDF U 4.50E-08 0
M2 (Makua South Muliwai) 10 2,3,4,6,7,8-HxCDF U 3.60E-08 0
M2 (Makua South Muliwai) 10 2,3,4,7,8-PeCDF U 4.40E-08 0
M2 (Makua South Muliwai) 10 2,3,7,8-TCDD U 2.70E-08 0
M2 (Makua South Muliwai) 10 2,3,7,8-TCDF U 9.76E-07 0
M2 (Makua South Muliwai) 10 OCDD U 5.94E-06 0
M2 (Makua South Muliwai) 10 OCDF J 5.49E-07 0.0001 5.49E-11
M2 (Makua South Muliwai) 10 TCDD Equivalent 5.5E-11



Appendix D-2.1 TCDD Equivalent Calculations for Fish Tissue Samples

Location ID Field Sample ID Parameter Qualifier Value TEF TCDD-Equiv
M2 (Makua South Muliwai) 2fd 1,2,3,4,6,7,8-HpCDD U 1.70E-06 0
M2 (Makua South Muliwai) 2fd 1,2,3,4,6,7,8-HpCDF U 1.30E-06 0
M2 (Makua South Muliwai) 2fd 1,2,3,4,7,8,9-HpCDF U 4.30E-07 0
M2 (Makua South Muliwai) 2fd 1,2,3,4,7,8-HxCDD U 5.40E-07 0
M2 (Makua South Muliwai) 2fd 1,2,3,4,7,8-HxCDF U 5.10E-07 0
M2 (Makua South Muliwai) 2fd 1,2,3,6,7,8-HxCDD U 5.20E-07 0
M2 (Makua South Muliwai) 2fd 1,2,3,6,7,8-HxCDF U 3.70E-07 0
M2 (Makua South Muliwai) 2fd 1,2,3,7,8,9-HxCDD U 5.10E-07 0
M2 (Makua South Muliwai) 2fd 1,2,3,7,8,9-HxCDF U 4.50E-07 0
M2 (Makua South Muliwai) 2fd 1,2,3,7,8-PeCDD U 7.90E-07 0
M2 (Makua South Muliwai) 2fd 1,2,3,7,8-PeCDF U 4.90E-07 0
M2 (Makua South Muliwai) 2fd 2,3,4,6,7,8-HxCDF U 4.10E-07 0
M2 (Makua South Muliwai) 2fd 2,3,4,7,8-PeCDF U 4.90E-07 0
M2 (Makua South Muliwai) 2fd 2,3,7,8-TCDD U 3.30E-07 0
M2 (Makua South Muliwai) 2fd 2,3,7,8-TCDF J 5.90E-07 0.1 5.90E-08
M2 (Makua South Muliwai) 2fd OCDD J 8.70E-06 0.0001 8.70E-10
M2 (Makua South Muliwai) 2fd OCDF U 1.10E-06 0
M2 (Makua South Muliwai) 2fd TCDD Equivalent 6.0E-08
M2 (Makua South Muliwai) 6 1,2,3,4,6,7,8-HpCDD U 1.83E-07 0
M2 (Makua South Muliwai) 6 1,2,3,4,6,7,8-HpCDF U 1.19E-07 0
M2 (Makua South Muliwai) 6 1,2,3,4,7,8,9-HpCDF U 1.61E-07 0
M2 (Makua South Muliwai) 6 1,2,3,4,7,8-HxCDD U 1.54E-07 0
M2 (Makua South Muliwai) 6 1,2,3,4,7,8-HxCDF U 9.80E-08 0
M2 (Makua South Muliwai) 6 1,2,3,6,7,8-HxCDD U 1.46E-07 0
M2 (Makua South Muliwai) 6 1,2,3,6,7,8-HxCDF U 1.01E-07 0
M2 (Makua South Muliwai) 6 1,2,3,7,8,9-HxCDD U 1.53E-07 0
M2 (Makua South Muliwai) 6 1,2,3,7,8,9-HxCDF U 1.25E-07 0
M2 (Makua South Muliwai) 6 1,2,3,7,8-PeCDD U 1.70E-07 0
M2 (Makua South Muliwai) 6 1,2,3,7,8-PeCDF U 1.17E-07 0
M2 (Makua South Muliwai) 6 2,3,4,6,7,8-HxCDF U 1.07E-07 0
M2 (Makua South Muliwai) 6 2,3,4,7,8-PeCDF U 1.11E-07 0
M2 (Makua South Muliwai) 6 2,3,7,8-TCDD U 3.66E-07 0
M2 (Makua South Muliwai) 6 2,3,7,8-TCDF U 3.45E-07 0
M2 (Makua South Muliwai) 6 OCDD U 2.00E-06 0
M2 (Makua South Muliwai) 6 OCDF U 3.75E-07 0
M2 (Makua South Muliwai) 6 TCDD Equivalent 0
M2 (Makua South Muliwai) 7 1,2,3,4,6,7,8-HpCDD J 5.31E-07 0.01 5.31E-09
M2 (Makua South Muliwai) 7 1,2,3,4,6,7,8-HpCDF U 1.53E-07 0
M2 (Makua South Muliwai) 7 1,2,3,4,7,8,9-HpCDF U 2.07E-07 0
M2 (Makua South Muliwai) 7 1,2,3,4,7,8-HxCDD U 4.81E-07 0
M2 (Makua South Muliwai) 7 1,2,3,4,7,8-HxCDF U 2.68E-07 0
M2 (Makua South Muliwai) 7 1,2,3,6,7,8-HxCDD U 4.58E-07 0
M2 (Makua South Muliwai) 7 1,2,3,6,7,8-HxCDF U 2.74E-07 0
M2 (Makua South Muliwai) 7 1,2,3,7,8,9-HxCDD U 4.78E-07 0
M2 (Makua South Muliwai) 7 1,2,3,7,8,9-HxCDF U 3.41E-07 0
M2 (Makua South Muliwai) 7 1,2,3,7,8-PeCDD U 2.43E-07 0
M2 (Makua South Muliwai) 7 1,2,3,7,8-PeCDF U 9.80E-08 0
M2 (Makua South Muliwai) 7 2,3,4,6,7,8-HxCDF U 2.90E-07 0
M2 (Makua South Muliwai) 7 2,3,4,7,8-PeCDF U 9.40E-08 0
M2 (Makua South Muliwai) 7 2,3,7,8-TCDD U 2.40E-07 0
M2 (Makua South Muliwai) 7 2,3,7,8-TCDF U 2.21E-07 0
M2 (Makua South Muliwai) 7 OCDD U 4.85E-06 0
M2 (Makua South Muliwai) 7 OCDF J 1.31E-06 0.0001 1.31E-10
M2 (Makua South Muliwai) 7 TCDD Equivalent 5.4E-09



Appendix D-2.1 TCDD Equivalent Calculations for Fish Tissue Samples

Location ID Field Sample ID Parameter Qualifier Value TEF TCDD-Equiv
M2 (Makua South Muliwai) 9 1,2,3,4,6,7,8-HpCDD U 9.82E-07 0
M2 (Makua South Muliwai) 9 1,2,3,4,6,7,8-HpCDF J 2.95E-07 0.01 2.95E-09
M2 (Makua South Muliwai) 9 1,2,3,4,7,8,9-HpCDF U 1.14E-07 0
M2 (Makua South Muliwai) 9 1,2,3,4,7,8-HxCDD U 5.30E-08 0
M2 (Makua South Muliwai) 9 1,2,3,4,7,8-HxCDF U 4.60E-08 0
M2 (Makua South Muliwai) 9 1,2,3,6,7,8-HxCDD U 5.10E-08 0
M2 (Makua South Muliwai) 9 1,2,3,6,7,8-HxCDF U 4.80E-08 0
M2 (Makua South Muliwai) 9 1,2,3,7,8,9-HxCDD U 5.00E-08 0
M2 (Makua South Muliwai) 9 1,2,3,7,8,9-HxCDF U 6.00E-08 0
M2 (Makua South Muliwai) 9 1,2,3,7,8-PeCDD J 1.76E-06 1 1.76E-06
M2 (Makua South Muliwai) 9 1,2,3,7,8-PeCDF U 3.00E-08 0
M2 (Makua South Muliwai) 9 2,3,4,6,7,8-HxCDF U 5.20E-08 0
M2 (Makua South Muliwai) 9 2,3,4,7,8-PeCDF U 2.80E-08 0
M2 (Makua South Muliwai) 9 2,3,7,8-TCDD U 3.10E-08 0
M2 (Makua South Muliwai) 9 2,3,7,8-TCDF U 1.09E-06 0
M2 (Makua South Muliwai) 9 OCDD U 6.61E-06 0
M2 (Makua South Muliwai) 9 OCDF J 1.26E-06 0.0001 1.26E-10
M2 (Makua South Muliwai) 9 TCDD Equivalent 1.8E-06
M2 (Makua South Muliwai) 9afd and 10a Comp 1,2,3,4,6,7,8-HpCDD U 1.50E-06 0
M2 (Makua South Muliwai) 9afd and 10a Comp 1,2,3,4,6,7,8-HpCDF U 6.30E-07 0
M2 (Makua South Muliwai) 9afd and 10a Comp 1,2,3,4,7,8,9-HpCDF U 4.90E-07 0
M2 (Makua South Muliwai) 9afd and 10a Comp 1,2,3,4,7,8-HxCDD U 6.30E-07 0
M2 (Makua South Muliwai) 9afd and 10a Comp 1,2,3,4,7,8-HxCDF U 3.40E-07 0
M2 (Makua South Muliwai) 9afd and 10a Comp 1,2,3,6,7,8-HxCDD U 6.10E-07 0
M2 (Makua South Muliwai) 9afd and 10a Comp 1,2,3,6,7,8-HxCDF U 3.20E-07 0
M2 (Makua South Muliwai) 9afd and 10a Comp 1,2,3,7,8,9-HxCDD U 5.80E-07 0
M2 (Makua South Muliwai) 9afd and 10a Comp 1,2,3,7,8,9-HxCDF U 4.00E-07 0
M2 (Makua South Muliwai) 9afd and 10a Comp 1,2,3,7,8-PeCDD U 7.90E-07 0
M2 (Makua South Muliwai) 9afd and 10a Comp 1,2,3,7,8-PeCDF U 6.10E-07 0
M2 (Makua South Muliwai) 9afd and 10a Comp 2,3,4,6,7,8-HxCDF U 3.60E-07 0
M2 (Makua South Muliwai) 9afd and 10a Comp 2,3,4,7,8-PeCDF U 6.00E-07 0
M2 (Makua South Muliwai) 9afd and 10a Comp 2,3,7,8-TCDD U 3.90E-07 0
M2 (Makua South Muliwai) 9afd and 10a Comp 2,3,7,8-TCDF U 2.60E-07 0
M2 (Makua South Muliwai) 9afd and 10a Comp OCDD J 6.90E-06 0.0001 6.90E-10
M2 (Makua South Muliwai) 9afd and 10a Comp OCDF U 8.20E-07 0
M2 (Makua South Muliwai) 9afd and 10a Comp TCDD Equivalent 6.9E-10
M2 (Makua South Muliwai) Comp 8,8a 1,2,3,4,6,7,8-HpCDD U 1.64E-06 0
M2 (Makua South Muliwai) Comp 8,8a 1,2,3,4,6,7,8-HpCDF U 7.66E-07 0
M2 (Makua South Muliwai) Comp 8,8a 1,2,3,4,7,8,9-HpCDF U 1.08E-07 0
M2 (Makua South Muliwai) Comp 8,8a 1,2,3,4,7,8-HxCDD U 5.20E-08 0
M2 (Makua South Muliwai) Comp 8,8a 1,2,3,4,7,8-HxCDF U 3.10E-08 0
M2 (Makua South Muliwai) Comp 8,8a 1,2,3,6,7,8-HxCDD U 5.00E-08 0
M2 (Makua South Muliwai) Comp 8,8a 1,2,3,6,7,8-HxCDF U 3.20E-08 0
M2 (Makua South Muliwai) Comp 8,8a 1,2,3,7,8,9-HxCDD U 5.00E-08 0
M2 (Makua South Muliwai) Comp 8,8a 1,2,3,7,8,9-HxCDF U 3.90E-08 0
M2 (Makua South Muliwai) Comp 8,8a 1,2,3,7,8-PeCDD U 5.00E-08 0
M2 (Makua South Muliwai) Comp 8,8a 1,2,3,7,8-PeCDF U 3.50E-08 0
M2 (Makua South Muliwai) Comp 8,8a 2,3,4,6,7,8-HxCDF U 3.40E-08 0
M2 (Makua South Muliwai) Comp 8,8a 2,3,4,7,8-PeCDF U 3.40E-08 0
M2 (Makua South Muliwai) Comp 8,8a 2,3,7,8-TCDD U 1.60E-08 0
M2 (Makua South Muliwai) Comp 8,8a 2,3,7,8-TCDF U 3.20E-08 0
M2 (Makua South Muliwai) Comp 8,8a OCDD U 1.24E-05 0
M2 (Makua South Muliwai) Comp 8,8a OCDF U 1.51E-06 0
M2 (Makua South Muliwai) Comp 8,8a TCDD Equivalent 0



Appendix D-2.1 TCDD Equivalent Calculations for Fish Tissue Samples

Location ID Field Sample ID Parameter Qualifier Value TEF TCDD-Equiv
M3 (Nanakuli Muliwai) 12 1,2,3,4,6,7,8-HpCDD U 8.62E-07 0
M3 (Nanakuli Muliwai) 12 1,2,3,4,6,7,8-HpCDF J 2.07E-07 0.01 2.07E-09
M3 (Nanakuli Muliwai) 12 1,2,3,4,7,8,9-HpCDF U 1.23E-07 0
M3 (Nanakuli Muliwai) 12 1,2,3,4,7,8-HxCDD U 6.80E-08 0
M3 (Nanakuli Muliwai) 12 1,2,3,4,7,8-HxCDF U 5.30E-08 0
M3 (Nanakuli Muliwai) 12 1,2,3,6,7,8-HxCDD U 6.60E-08 0
M3 (Nanakuli Muliwai) 12 1,2,3,6,7,8-HxCDF U 5.50E-08 0
M3 (Nanakuli Muliwai) 12 1,2,3,7,8,9-HxCDD U 6.50E-08 0
M3 (Nanakuli Muliwai) 12 1,2,3,7,8,9-HxCDF U 6.80E-08 0
M3 (Nanakuli Muliwai) 12 1,2,3,7,8-PeCDD U 6.10E-08 0
M3 (Nanakuli Muliwai) 12 1,2,3,7,8-PeCDF U 4.60E-08 0
M3 (Nanakuli Muliwai) 12 2,3,4,6,7,8-HxCDF U 5.90E-08 0
M3 (Nanakuli Muliwai) 12 2,3,4,7,8-PeCDF U 4.40E-08 0
M3 (Nanakuli Muliwai) 12 2,3,7,8-TCDD U 2.40E-08 0
M3 (Nanakuli Muliwai) 12 2,3,7,8-TCDF U 4.50E-08 0
M3 (Nanakuli Muliwai) 12 OCDD U 6.19E-06 0
M3 (Nanakuli Muliwai) 12 OCDF J 6.49E-07 0.0001 6.49E-11
M3 (Nanakuli Muliwai) 12 TCDD Equivalent 2.1E-09
M3 (Nanakuli Muliwai) 13 1,2,3,4,6,7,8-HpCDD U 8.96E-07 0
M3 (Nanakuli Muliwai) 13 1,2,3,4,6,7,8-HpCDF J 1.78E-07 0.01 1.78E-09
M3 (Nanakuli Muliwai) 13 1,2,3,4,7,8,9-HpCDF U 1.38E-07 0
M3 (Nanakuli Muliwai) 13 1,2,3,4,7,8-HxCDD U 5.60E-08 0
M3 (Nanakuli Muliwai) 13 1,2,3,4,7,8-HxCDF U 5.00E-08 0
M3 (Nanakuli Muliwai) 13 1,2,3,6,7,8-HxCDD U 5.40E-08 0
M3 (Nanakuli Muliwai) 13 1,2,3,6,7,8-HxCDF U 5.30E-08 0
M3 (Nanakuli Muliwai) 13 1,2,3,7,8,9-HxCDD U 5.30E-08 0
M3 (Nanakuli Muliwai) 13 1,2,3,7,8,9-HxCDF U 6.50E-08 0
M3 (Nanakuli Muliwai) 13 1,2,3,7,8-PeCDD U 5.30E-08 0
M3 (Nanakuli Muliwai) 13 1,2,3,7,8-PeCDF U 2.60E-08 0
M3 (Nanakuli Muliwai) 13 2,3,4,6,7,8-HxCDF U 5.60E-08 0
M3 (Nanakuli Muliwai) 13 2,3,4,7,8-PeCDF U 2.50E-08 0
M3 (Nanakuli Muliwai) 13 2,3,7,8-TCDD U 3.30E-08 0
M3 (Nanakuli Muliwai) 13 2,3,7,8-TCDF U 5.80E-08 0
M3 (Nanakuli Muliwai) 13 OCDD U 6.76E-06 0
M3 (Nanakuli Muliwai) 13 OCDF J 6.44E-07 0.0001 6.44E-11
M3 (Nanakuli Muliwai) 13 TCDD Equivalent 1.8E-09
M3 (Nanakuli Muliwai) 14 1,2,3,4,6,7,8-HpCDD U 1.19E-06 0
M3 (Nanakuli Muliwai) 14 1,2,3,4,6,7,8-HpCDF J 3.71E-07 0.01 3.71E-09
M3 (Nanakuli Muliwai) 14 1,2,3,4,7,8,9-HpCDF U 1.26E-07 0
M3 (Nanakuli Muliwai) 14 1,2,3,4,7,8-HxCDD U 5.20E-08 0
M3 (Nanakuli Muliwai) 14 1,2,3,4,7,8-HxCDF U 3.80E-08 0
M3 (Nanakuli Muliwai) 14 1,2,3,6,7,8-HxCDD U 5.00E-08 0
M3 (Nanakuli Muliwai) 14 1,2,3,6,7,8-HxCDF U 4.00E-08 0
M3 (Nanakuli Muliwai) 14 1,2,3,7,8,9-HxCDD U 4.90E-08 0
M3 (Nanakuli Muliwai) 14 1,2,3,7,8,9-HxCDF U 4.90E-08 0
M3 (Nanakuli Muliwai) 14 1,2,3,7,8-PeCDD U 6.10E-08 0
M3 (Nanakuli Muliwai) 14 1,2,3,7,8-PeCDF U 4.00E-08 0
M3 (Nanakuli Muliwai) 14 2,3,4,6,7,8-HxCDF U 4.20E-08 0
M3 (Nanakuli Muliwai) 14 2,3,4,7,8-PeCDF U 3.90E-08 0
M3 (Nanakuli Muliwai) 14 2,3,7,8-TCDD U 3.40E-08 0
M3 (Nanakuli Muliwai) 14 2,3,7,8-TCDF U 3.80E-08 0
M3 (Nanakuli Muliwai) 14 OCDD U 9.25E-06 0
M3 (Nanakuli Muliwai) 14 OCDF J 8.78E-07 0.0001 8.78E-11
M3 (Nanakuli Muliwai) 14 TCDD Equivalent 3.8E-09



Appendix D-2.1 TCDD Equivalent Calculations for Fish Tissue Samples

Location ID Field Sample ID Parameter Qualifier Value TEF TCDD-Equiv
NW1 (Nearshore @ Makua) NW1fd 1,2,3,4,6,7,8-HpCDD U 8.20E-07 0
NW1 (Nearshore @ Makua) NW1fd 1,2,3,4,6,7,8-HpCDF U 1.20E-06 0
NW1 (Nearshore @ Makua) NW1fd 1,2,3,4,7,8,9-HpCDF U 4.40E-07 0
NW1 (Nearshore @ Makua) NW1fd 1,2,3,4,7,8-HxCDD U 4.60E-07 0
NW1 (Nearshore @ Makua) NW1fd 1,2,3,4,7,8-HxCDF U 3.60E-07 0
NW1 (Nearshore @ Makua) NW1fd 1,2,3,6,7,8-HxCDD U 4.40E-07 0
NW1 (Nearshore @ Makua) NW1fd 1,2,3,6,7,8-HxCDF U 3.40E-07 0
NW1 (Nearshore @ Makua) NW1fd 1,2,3,7,8,9-HxCDD U 4.30E-07 0
NW1 (Nearshore @ Makua) NW1fd 1,2,3,7,8,9-HxCDF U 4.10E-07 0
NW1 (Nearshore @ Makua) NW1fd 1,2,3,7,8-PeCDD U 7.70E-07 0
NW1 (Nearshore @ Makua) NW1fd 1,2,3,7,8-PeCDF U 5.10E-07 0
NW1 (Nearshore @ Makua) NW1fd 2,3,4,6,7,8-HxCDF U 3.70E-07 0
NW1 (Nearshore @ Makua) NW1fd 2,3,4,7,8-PeCDF U 5.10E-07 0
NW1 (Nearshore @ Makua) NW1fd 2,3,7,8-TCDD U 4.10E-07 0
NW1 (Nearshore @ Makua) NW1fd 2,3,7,8-TCDF U 4.10E-07 0
NW1 (Nearshore @ Makua) NW1fd OCDD U 3.30E-06 0
NW1 (Nearshore @ Makua) NW1fd OCDF U 8.70E-07 0
NW1 (Nearshore @ Makua) NW1fd TCDD Equivalent 0
NW1 (Nearshore @ Makua) NW2 1,2,3,4,6,7,8-HpCDD U 1.58E-07 0
NW1 (Nearshore @ Makua) NW2 1,2,3,4,6,7,8-HpCDF U 9.20E-08 0
NW1 (Nearshore @ Makua) NW2 1,2,3,4,7,8,9-HpCDF U 1.29E-07 0
NW1 (Nearshore @ Makua) NW2 1,2,3,4,7,8-HxCDD U 7.90E-08 0
NW1 (Nearshore @ Makua) NW2 1,2,3,4,7,8-HxCDF U 4.30E-08 0
NW1 (Nearshore @ Makua) NW2 1,2,3,6,7,8-HxCDD U 7.60E-08 0
NW1 (Nearshore @ Makua) NW2 1,2,3,6,7,8-HxCDF U 4.50E-08 0
NW1 (Nearshore @ Makua) NW2 1,2,3,7,8,9-HxCDD U 7.50E-08 0
NW1 (Nearshore @ Makua) NW2 1,2,3,7,8,9-HxCDF U 5.50E-08 0
NW1 (Nearshore @ Makua) NW2 1,2,3,7,8-PeCDD U 5.70E-08 0
NW1 (Nearshore @ Makua) NW2 1,2,3,7,8-PeCDF U 4.50E-08 0
NW1 (Nearshore @ Makua) NW2 2,3,4,6,7,8-HxCDF U 4.80E-08 0
NW1 (Nearshore @ Makua) NW2 2,3,4,7,8-PeCDF U 4.30E-08 0
NW1 (Nearshore @ Makua) NW2 2,3,7,8-TCDD U 3.00E-08 0
NW1 (Nearshore @ Makua) NW2 2,3,7,8-TCDF U 5.70E-08 0
NW1 (Nearshore @ Makua) NW2 OCDD U 1.20E-06 0
NW1 (Nearshore @ Makua) NW2 OCDF U 1.96E-07 0
NW1 (Nearshore @ Makua) NW2 TCDD Equivalent 0
NW1 (Nearshore @ Makua) NW3 1,2,3,4,6,7,8-HpCDD U 4.10E-08 0
NW1 (Nearshore @ Makua) NW3 1,2,3,4,6,7,8-HpCDF U 6.70E-08 0
NW1 (Nearshore @ Makua) NW3 1,2,3,4,7,8,9-HpCDF U 9.40E-08 0
NW1 (Nearshore @ Makua) NW3 1,2,3,4,7,8-HxCDD U 7.80E-08 0
NW1 (Nearshore @ Makua) NW3 1,2,3,4,7,8-HxCDF U 3.80E-08 0
NW1 (Nearshore @ Makua) NW3 1,2,3,6,7,8-HxCDD U 7.50E-08 0
NW1 (Nearshore @ Makua) NW3 1,2,3,6,7,8-HxCDF U 4.00E-08 0
NW1 (Nearshore @ Makua) NW3 1,2,3,7,8,9-HxCDD U 7.40E-08 0
NW1 (Nearshore @ Makua) NW3 1,2,3,7,8,9-HxCDF U 4.90E-08 0
NW1 (Nearshore @ Makua) NW3 1,2,3,7,8-PeCDD U 6.90E-08 0
NW1 (Nearshore @ Makua) NW3 1,2,3,7,8-PeCDF U 3.60E-08 0
NW1 (Nearshore @ Makua) NW3 2,3,4,6,7,8-HxCDF U 4.30E-08 0
NW1 (Nearshore @ Makua) NW3 2,3,4,7,8-PeCDF U 3.50E-08 0
NW1 (Nearshore @ Makua) NW3 2,3,7,8-TCDD U 2.60E-08 0
NW1 (Nearshore @ Makua) NW3 2,3,7,8-TCDF U 4.20E-08 0
NW1 (Nearshore @ Makua) NW3 OCDD U 1.51E-06 0
NW1 (Nearshore @ Makua) NW3 OCDF U 1.41E-07 0
NW1 (Nearshore @ Makua) NW3 TCDD Equivalent 0



Appendix D-2.1 TCDD Equivalent Calculations for Fish Tissue Samples

Location ID Field Sample ID Parameter Qualifier Value TEF TCDD-Equiv
NW1 (Nearshore @ Makua) NW4 1,2,3,4,6,7,8-HpCDD U 1.43E-07 0
NW1 (Nearshore @ Makua) NW4 1,2,3,4,6,7,8-HpCDF U 6.60E-08 0
NW1 (Nearshore @ Makua) NW4 1,2,3,4,7,8,9-HpCDF U 9.20E-08 0
NW1 (Nearshore @ Makua) NW4 1,2,3,4,7,8-HxCDD U 6.00E-08 0
NW1 (Nearshore @ Makua) NW4 1,2,3,4,7,8-HxCDF U 3.60E-08 0
NW1 (Nearshore @ Makua) NW4 1,2,3,6,7,8-HxCDD U 5.70E-08 0
NW1 (Nearshore @ Makua) NW4 1,2,3,6,7,8-HxCDF U 3.80E-08 0
NW1 (Nearshore @ Makua) NW4 1,2,3,7,8,9-HxCDD U 5.70E-08 0
NW1 (Nearshore @ Makua) NW4 1,2,3,7,8,9-HxCDF U 4.60E-08 0
NW1 (Nearshore @ Makua) NW4 1,2,3,7,8-PeCDD U 4.00E-08 0
NW1 (Nearshore @ Makua) NW4 1,2,3,7,8-PeCDF U 3.30E-08 0
NW1 (Nearshore @ Makua) NW4 2,3,4,6,7,8-HxCDF U 4.00E-08 0
NW1 (Nearshore @ Makua) NW4 2,3,4,7,8-PeCDF U 3.20E-08 0
NW1 (Nearshore @ Makua) NW4 2,3,7,8-TCDD U 2.20E-08 0
NW1 (Nearshore @ Makua) NW4 2,3,7,8-TCDF U 3.40E-08 0
NW1 (Nearshore @ Makua) NW4 OCDD U 1.14E-06 0
NW1 (Nearshore @ Makua) NW4 OCDF U 1.40E-07 0
NW1 (Nearshore @ Makua) NW4 TCDD Equivalent 0
NW1 (Nearshore @ Makua) NW5 1,2,3,4,6,7,8-HpCDD U 6.00E-08 0
NW1 (Nearshore @ Makua) NW5 1,2,3,4,6,7,8-HpCDF U 7.10E-08 0
NW1 (Nearshore @ Makua) NW5 1,2,3,4,7,8,9-HpCDF U 1.00E-07 0
NW1 (Nearshore @ Makua) NW5 1,2,3,4,7,8-HxCDD U 9.50E-08 0
NW1 (Nearshore @ Makua) NW5 1,2,3,4,7,8-HxCDF U 3.20E-08 0
NW1 (Nearshore @ Makua) NW5 1,2,3,6,7,8-HxCDD U 9.10E-08 0
NW1 (Nearshore @ Makua) NW5 1,2,3,6,7,8-HxCDF U 3.30E-08 0
NW1 (Nearshore @ Makua) NW5 1,2,3,7,8,9-HxCDD U 9.00E-08 0
NW1 (Nearshore @ Makua) NW5 1,2,3,7,8,9-HxCDF U 4.10E-08 0
NW1 (Nearshore @ Makua) NW5 1,2,3,7,8-PeCDD U 6.50E-08 0
NW1 (Nearshore @ Makua) NW5 1,2,3,7,8-PeCDF U 5.00E-08 0
NW1 (Nearshore @ Makua) NW5 2,3,4,6,7,8-HxCDF U 3.50E-08 0
NW1 (Nearshore @ Makua) NW5 2,3,4,7,8-PeCDF U 4.80E-08 0
NW1 (Nearshore @ Makua) NW5 2,3,7,8-TCDD U 3.10E-08 0
NW1 (Nearshore @ Makua) NW5 2,3,7,8-TCDF U 5.50E-08 0
NW1 (Nearshore @ Makua) NW5 OCDD U 1.24E-06 0
NW1 (Nearshore @ Makua) NW5 OCDF U 1.61E-07 0
NW1 (Nearshore @ Makua) NW5 TCDD Equivalent 0
NW2 (Sandy Beach) NW10 1,2,3,4,6,7,8-HpCDD U 2.46E-07 0
NW2 (Sandy Beach) NW10 1,2,3,4,6,7,8-HpCDF U 2.87E-07 0
NW2 (Sandy Beach) NW10 1,2,3,4,7,8,9-HpCDF U 9.30E-08 0
NW2 (Sandy Beach) NW10 1,2,3,4,7,8-HxCDD U 7.70E-08 0
NW2 (Sandy Beach) NW10 1,2,3,4,7,8-HxCDF U 2.70E-08 0
NW2 (Sandy Beach) NW10 1,2,3,6,7,8-HxCDD U 7.40E-08 0
NW2 (Sandy Beach) NW10 1,2,3,6,7,8-HxCDF U 2.80E-08 0
NW2 (Sandy Beach) NW10 1,2,3,7,8,9-HxCDD U 7.30E-08 0
NW2 (Sandy Beach) NW10 1,2,3,7,8,9-HxCDF U 3.50E-08 0
NW2 (Sandy Beach) NW10 1,2,3,7,8-PeCDD U 6.50E-08 0
NW2 (Sandy Beach) NW10 1,2,3,7,8-PeCDF U 6.60E-08 0
NW2 (Sandy Beach) NW10 2,3,4,6,7,8-HxCDF U 3.00E-08 0
NW2 (Sandy Beach) NW10 2,3,4,7,8-PeCDF U 6.40E-08 0
NW2 (Sandy Beach) NW10 2,3,7,8-TCDD U 2.30E-08 0
NW2 (Sandy Beach) NW10 2,3,7,8-TCDF U 4.00E-08 0
NW2 (Sandy Beach) NW10 OCDD U 2.20E-06 0
NW2 (Sandy Beach) NW10 OCDF U 1.08E-07 0
NW2 (Sandy Beach) NW10 TCDD Equivalent 0



Appendix D-2.1 TCDD Equivalent Calculations for Fish Tissue Samples

Location ID Field Sample ID Parameter Qualifier Value TEF TCDD-Equiv
NW2 (Sandy Beach) NW2fd 1,2,3,4,6,7,8-HpCDD U 4.80E-07 0
NW2 (Sandy Beach) NW2fd 1,2,3,4,6,7,8-HpCDF U 4.80E-07 0
NW2 (Sandy Beach) NW2fd 1,2,3,4,7,8,9-HpCDF U 4.10E-07 0
NW2 (Sandy Beach) NW2fd 1,2,3,4,7,8-HxCDD U 4.90E-07 0
NW2 (Sandy Beach) NW2fd 1,2,3,4,7,8-HxCDF U 3.20E-07 0
NW2 (Sandy Beach) NW2fd 1,2,3,6,7,8-HxCDD U 4.80E-07 0
NW2 (Sandy Beach) NW2fd 1,2,3,6,7,8-HxCDF U 3.00E-07 0
NW2 (Sandy Beach) NW2fd 1,2,3,7,8,9-HxCDD U 4.60E-07 0
NW2 (Sandy Beach) NW2fd 1,2,3,7,8,9-HxCDF U 3.70E-07 0
NW2 (Sandy Beach) NW2fd 1,2,3,7,8-PeCDD U 6.90E-07 0
NW2 (Sandy Beach) NW2fd 1,2,3,7,8-PeCDF U 4.80E-07 0
NW2 (Sandy Beach) NW2fd 2,3,4,6,7,8-HxCDF U 3.40E-07 0
NW2 (Sandy Beach) NW2fd 2,3,4,7,8-PeCDF U 4.70E-07 0
NW2 (Sandy Beach) NW2fd 2,3,7,8-TCDD U 3.40E-07 0
NW2 (Sandy Beach) NW2fd 2,3,7,8-TCDF U 2.20E-07 0
NW2 (Sandy Beach) NW2fd OCDD U 1.30E-06 0
NW2 (Sandy Beach) NW2fd OCDF U 6.80E-07 0
NW2 (Sandy Beach) NW2fd TCDD Equivalent 0
NW2 (Sandy Beach) NW6 1,2,3,4,6,7,8-HpCDD U 1.55E-07 0
NW2 (Sandy Beach) NW6 1,2,3,4,6,7,8-HpCDF U 1.22E-07 0
NW2 (Sandy Beach) NW6 1,2,3,4,7,8,9-HpCDF U 1.65E-07 0
NW2 (Sandy Beach) NW6 1,2,3,4,7,8-HxCDD U 1.30E-07 0
NW2 (Sandy Beach) NW6 1,2,3,4,7,8-HxCDF U 8.40E-08 0
NW2 (Sandy Beach) NW6 1,2,3,6,7,8-HxCDD U 1.24E-07 0
NW2 (Sandy Beach) NW6 1,2,3,6,7,8-HxCDF U 8.60E-08 0
NW2 (Sandy Beach) NW6 1,2,3,7,8,9-HxCDD U 1.29E-07 0
NW2 (Sandy Beach) NW6 1,2,3,7,8,9-HxCDF U 1.07E-07 0
NW2 (Sandy Beach) NW6 1,2,3,7,8-PeCDD U 3.64E-07 0
NW2 (Sandy Beach) NW6 1,2,3,7,8-PeCDF U 2.42E-07 0
NW2 (Sandy Beach) NW6 2,3,4,6,7,8-HxCDF U 9.10E-08 0
NW2 (Sandy Beach) NW6 2,3,4,7,8-PeCDF U 2.31E-07 0
NW2 (Sandy Beach) NW6 2,3,7,8-TCDD U 3.24E-07 0
NW2 (Sandy Beach) NW6 2,3,7,8-TCDF U 2.90E-07 0
NW2 (Sandy Beach) NW6 OCDD U 1.01E-06 0
NW2 (Sandy Beach) NW6 OCDF U 5.83E-07 0
NW2 (Sandy Beach) NW6 TCDD Equivalent 0
NW2 (Sandy Beach) NW7 1,2,3,4,6,7,8-HpCDD J 7.71E-07 0.01 7.71E-09
NW2 (Sandy Beach) NW7 1,2,3,4,6,7,8-HpCDF U 2.64E-07 0
NW2 (Sandy Beach) NW7 1,2,3,4,7,8,9-HpCDF U 3.56E-07 0
NW2 (Sandy Beach) NW7 1,2,3,4,7,8-HxCDD U 1.70E-07 0
NW2 (Sandy Beach) NW7 1,2,3,4,7,8-HxCDF U 8.90E-08 0
NW2 (Sandy Beach) NW7 1,2,3,6,7,8-HxCDD U 1.62E-07 0
NW2 (Sandy Beach) NW7 1,2,3,6,7,8-HxCDF U 9.10E-08 0
NW2 (Sandy Beach) NW7 1,2,3,7,8,9-HxCDD U 1.69E-07 0
NW2 (Sandy Beach) NW7 1,2,3,7,8,9-HxCDF U 1.13E-07 0
NW2 (Sandy Beach) NW7 1,2,3,7,8-PeCDD U 2.09E-07 0
NW2 (Sandy Beach) NW7 1,2,3,7,8-PeCDF U 1.12E-07 0
NW2 (Sandy Beach) NW7 2,3,4,6,7,8-HxCDF U 9.60E-08 0
NW2 (Sandy Beach) NW7 2,3,4,7,8-PeCDF U 1.07E-07 0
NW2 (Sandy Beach) NW7 2,3,7,8-TCDD U 1.50E-07 0
NW2 (Sandy Beach) NW7 2,3,7,8-TCDF U 1.44E-07 0
NW2 (Sandy Beach) NW7 OCDD U 5.23E-06 0
NW2 (Sandy Beach) NW7 OCDF U 4.33E-07 0
NW2 (Sandy Beach) NW7 TCDD Equivalent 7.7E-09



Appendix D-2.1 TCDD Equivalent Calculations for Fish Tissue Samples

Location ID Field Sample ID Parameter Qualifier Value TEF TCDD-Equiv
NW2 (Sandy Beach) NW8 1,2,3,4,6,7,8-HpCDD J 2.05E-07 0.01 2.05E-09
NW2 (Sandy Beach) NW8 1,2,3,4,6,7,8-HpCDF U 5.70E-08 0
NW2 (Sandy Beach) NW8 1,2,3,4,7,8,9-HpCDF U 7.70E-08 0
NW2 (Sandy Beach) NW8 1,2,3,4,7,8-HxCDD U 7.30E-08 0
NW2 (Sandy Beach) NW8 1,2,3,4,7,8-HxCDF U 5.20E-08 0
NW2 (Sandy Beach) NW8 1,2,3,6,7,8-HxCDD U 7.00E-08 0
NW2 (Sandy Beach) NW8 1,2,3,6,7,8-HxCDF U 5.30E-08 0
NW2 (Sandy Beach) NW8 1,2,3,7,8,9-HxCDD U 7.30E-08 0
NW2 (Sandy Beach) NW8 1,2,3,7,8,9-HxCDF U 6.60E-08 0
NW2 (Sandy Beach) NW8 1,2,3,7,8-PeCDD U 7.60E-08 0
NW2 (Sandy Beach) NW8 1,2,3,7,8-PeCDF U 4.90E-08 0
NW2 (Sandy Beach) NW8 2,3,4,6,7,8-HxCDF U 5.60E-08 0
NW2 (Sandy Beach) NW8 2,3,4,7,8-PeCDF U 4.70E-08 0
NW2 (Sandy Beach) NW8 2,3,7,8-TCDD U 9.60E-08 0
NW2 (Sandy Beach) NW8 2,3,7,8-TCDF U 7.70E-08 0
NW2 (Sandy Beach) NW8 OCDD U 1.18E-06 0
NW2 (Sandy Beach) NW8 OCDF U 2.23E-07 0
NW2 NW8 TCDD Equivalent 2.1E-09
NW2 (Sandy Beach) NW9 1,2,3,4,6,7,8-HpCDD U 5.76E-07 0
NW2 (Sandy Beach) NW9 1,2,3,4,6,7,8-HpCDF U 4.98E-07 0
NW2 (Sandy Beach) NW9 1,2,3,4,7,8,9-HpCDF U 7.40E-08 0
NW2 (Sandy Beach) NW9 1,2,3,4,7,8-HxCDD U 4.90E-08 0
NW2 (Sandy Beach) NW9 1,2,3,4,7,8-HxCDF U 3.90E-08 0
NW2 (Sandy Beach) NW9 1,2,3,6,7,8-HxCDD U 4.70E-08 0
NW2 (Sandy Beach) NW9 1,2,3,6,7,8-HxCDF U 4.10E-08 0
NW2 (Sandy Beach) NW9 1,2,3,7,8,9-HxCDD U 4.70E-08 0
NW2 (Sandy Beach) NW9 1,2,3,7,8,9-HxCDF U 5.00E-08 0
NW2 (Sandy Beach) NW9 1,2,3,7,8-PeCDD J 1.72E-07 1 1.72E-07
NW2 (Sandy Beach) NW9 1,2,3,7,8-PeCDF U 5.40E-08 0
NW2 (Sandy Beach) NW9 2,3,4,6,7,8-HxCDF U 4.40E-08 0
NW2 (Sandy Beach) NW9 2,3,4,7,8-PeCDF U 5.20E-08 0
NW2 (Sandy Beach) NW9 2,3,7,8-TCDD U 1.80E-08 0
NW2 (Sandy Beach) NW9 2,3,7,8-TCDF U 6.83E-07 0
NW2 (Sandy Beach) NW9 OCDD U 4.73E-06 0
NW2 (Sandy Beach) NW9 OCDF U 6.74E-07 0
NW2 (Sandy Beach) NW9 TCDD Equivalent 1.7E-07



Appendix D-2.2 TCDD Equivalent Calculations for Limu Tissue Samples

Location ID Field Sample ID Parameter Qualifier Value TEF TCDD-Equiv
NW1 (Nearshore @ Makua) NW1SW1-1 1,2,3,4,6,7,8-HpCDD U 1.25E-06 0
NW1 (Nearshore @ Makua) NW1SW1-1 1,2,3,4,6,7,8-HpCDF J 1.13E-06 0.01 1.13E-08
NW1 (Nearshore @ Makua) NW1SW1-1 1,2,3,4,7,8,9-HpCDF U 1.27E-07 0
NW1 (Nearshore @ Makua) NW1SW1-1 1,2,3,4,7,8-HxCDD U 5.80E-08 0
NW1 (Nearshore @ Makua) NW1SW1-1 1,2,3,4,7,8-HxCDF J 8.90E-08 0.1 8.90E-09
NW1 (Nearshore @ Makua) NW1SW1-1 1,2,3,6,7,8-HxCDD U 5.60E-08 0
NW1 (Nearshore @ Makua) NW1SW1-1 1,2,3,6,7,8-HxCDF J 5.70E-08 0.1 5.70E-09
NW1 (Nearshore @ Makua) NW1SW1-1 1,2,3,7,8,9-HxCDD U 5.50E-08 0
NW1 (Nearshore @ Makua) NW1SW1-1 1,2,3,7,8,9-HxCDF U 3.60E-08 0
NW1 (Nearshore @ Makua) NW1SW1-1 1,2,3,7,8-PeCDD U 5.10E-08 0
NW1 (Nearshore @ Makua) NW1SW1-1 1,2,3,7,8-PeCDF U 4.00E-08 0
NW1 (Nearshore @ Makua) NW1SW1-1 2,3,4,6,7,8-HxCDF U 3.10E-08 0
NW1 (Nearshore @ Makua) NW1SW1-1 2,3,4,7,8-PeCDF U 3.80E-08 0
NW1 (Nearshore @ Makua) NW1SW1-1 2,3,7,8-TCDD U 2.40E-08 0
NW1 (Nearshore @ Makua) NW1SW1-1 2,3,7,8-TCDF U 3.00E-08 0
NW1 (Nearshore @ Makua) NW1SW1-1 OCDD U 1.11E-05 0
NW1 (Nearshore @ Makua) NW1SW1-1 OCDF J 2.01E-06 0.0001 2.01E-10
NW1 (Nearshore @ Makua) NW1SW1-1 TCDD Equivalent 2.61E-08
NW1 (Nearshore @ Makua) NW1SW1-1fd 1,2,3,4,6,7,8-HpCDD U 4.20E-07 0
NW1 (Nearshore @ Makua) NW1SW1-1fd 1,2,3,4,6,7,8-HpCDF U 3.00E-07 0
NW1 (Nearshore @ Makua) NW1SW1-1fd 1,2,3,4,7,8,9-HpCDF U 3.40E-07 0
NW1 (Nearshore @ Makua) NW1SW1-1fd 1,2,3,4,7,8-HxCDD U 4.20E-07 0
NW1 (Nearshore @ Makua) NW1SW1-1fd 1,2,3,4,7,8-HxCDF U 2.60E-07 0
NW1 (Nearshore @ Makua) NW1SW1-1fd 1,2,3,6,7,8-HxCDD U 4.10E-07 0
NW1 (Nearshore @ Makua) NW1SW1-1fd 1,2,3,6,7,8-HxCDF U 2.40E-07 0
NW1 (Nearshore @ Makua) NW1SW1-1fd 1,2,3,7,8,9-HxCDD U 3.90E-07 0
NW1 (Nearshore @ Makua) NW1SW1-1fd 1,2,3,7,8,9-HxCDF U 2.90E-07 0
NW1 (Nearshore @ Makua) NW1SW1-1fd 1,2,3,7,8-PeCDD U 5.50E-07 0
NW1 (Nearshore @ Makua) NW1SW1-1fd 1,2,3,7,8-PeCDF U 4.20E-07 0
NW1 (Nearshore @ Makua) NW1SW1-1fd 2,3,4,6,7,8-HxCDF U 2.70E-07 0
NW1 (Nearshore @ Makua) NW1SW1-1fd 2,3,4,7,8-PeCDF U 4.20E-07 0
NW1 (Nearshore @ Makua) NW1SW1-1fd 2,3,7,8-TCDD U 3.70E-07 0
NW1 (Nearshore @ Makua) NW1SW1-1fd 2,3,7,8-TCDF U 2.10E-07 0
NW1 (Nearshore @ Makua) NW1SW1-1fd OCDD U 5.50E-07 0
NW1 (Nearshore @ Makua) NW1SW1-1fd OCDF U 5.90E-07 0
NW1 (Nearshore @ Makua) NW1SW1-1fd TCDD Equivalent 0



Appendix D-2.2 TCDD Equivalent Calculations for Limu Tissue Samples

Location ID Field Sample ID Parameter Qualifier Value TEF TCDD-Equiv
NW1 (Nearshore @ Makua) NW1SW2-1 1,2,3,4,6,7,8-HpCDD U 8.04E-06 0
NW1 (Nearshore @ Makua) NW1SW2-1 1,2,3,4,6,7,8-HpCDF U 1.67E-06 0
NW1 (Nearshore @ Makua) NW1SW2-1 1,2,3,4,7,8,9-HpCDF U 1.08E-07 0
NW1 (Nearshore @ Makua) NW1SW2-1 1,2,3,4,7,8-HxCDD U 4.40E-08 0
NW1 (Nearshore @ Makua) NW1SW2-1 1,2,3,4,7,8-HxCDF J 1.14E-07 0.1 1.14E-08
NW1 (Nearshore @ Makua) NW1SW2-1 1,2,3,6,7,8-HxCDD J 2.42E-07 0.1 2.42E-08
NW1 (Nearshore @ Makua) NW1SW2-1 1,2,3,6,7,8-HxCDF U 4.50E-08 0
NW1 (Nearshore @ Makua) NW1SW2-1 1,2,3,7,8,9-HxCDD J 3.16E-07 0.1 3.16E-08
NW1 (Nearshore @ Makua) NW1SW2-1 1,2,3,7,8,9-HxCDF U 5.50E-08 0
NW1 (Nearshore @ Makua) NW1SW2-1 1,2,3,7,8-PeCDD U 4.20E-08 0
NW1 (Nearshore @ Makua) NW1SW2-1 1,2,3,7,8-PeCDF U 3.50E-08 0
NW1 (Nearshore @ Makua) NW1SW2-1 2,3,4,6,7,8-HxCDF U 4.80E-08 0
NW1 (Nearshore @ Makua) NW1SW2-1 2,3,4,7,8-PeCDF U 3.40E-08 0
NW1 (Nearshore @ Makua) NW1SW2-1 2,3,7,8-TCDD U 1.10E-08 0
NW1 (Nearshore @ Makua) NW1SW2-1 2,3,7,8-TCDF U 2.40E-08 0
NW1 (Nearshore @ Makua) NW1SW2-1 OCDD U 6.85E-05 0
NW1 (Nearshore @ Makua) NW1SW2-1 OCDF U 5.79E-06 0
NW1 (Nearshore @ Makua) NW1SW2-1 TCDD Equivalent 6.7E-08
NW1 (Nearshore @ Makua) NW1SW3-1 1,2,3,4,6,7,8-HpCDD U 3.23E-07 0
NW1 (Nearshore @ Makua) NW1SW3-1 1,2,3,4,6,7,8-HpCDF U 3.29E-07 0
NW1 (Nearshore @ Makua) NW1SW3-1 1,2,3,4,7,8,9-HpCDF U 1.01E-07 0
NW1 (Nearshore @ Makua) NW1SW3-1 1,2,3,4,7,8-HxCDD U 6.90E-08 0
NW1 (Nearshore @ Makua) NW1SW3-1 1,2,3,4,7,8-HxCDF U 4.60E-08 0
NW1 (Nearshore @ Makua) NW1SW3-1 1,2,3,6,7,8-HxCDD U 6.60E-08 0
NW1 (Nearshore @ Makua) NW1SW3-1 1,2,3,6,7,8-HxCDF U 4.90E-08 0
NW1 (Nearshore @ Makua) NW1SW3-1 1,2,3,7,8,9-HxCDD U 6.50E-08 0
NW1 (Nearshore @ Makua) NW1SW3-1 1,2,3,7,8,9-HxCDF U 6.00E-08 0
NW1 (Nearshore @ Makua) NW1SW3-1 1,2,3,7,8-PeCDD U 6.90E-08 0
NW1 (Nearshore @ Makua) NW1SW3-1 1,2,3,7,8-PeCDF U 4.90E-08 0
NW1 (Nearshore @ Makua) NW1SW3-1 2,3,4,6,7,8-HxCDF U 5.20E-08 0
NW1 (Nearshore @ Makua) NW1SW3-1 2,3,4,7,8-PeCDF U 4.70E-08 0
NW1 (Nearshore @ Makua) NW1SW3-1 2,3,7,8-TCDD U 2.80E-08 0
NW1 (Nearshore @ Makua) NW1SW3-1 2,3,7,8-TCDF U 4.40E-08 0
NW1 (Nearshore @ Makua) NW1SW3-1 OCDD U 2.32E-06 0
NW1 (Nearshore @ Makua) NW1SW3-1 OCDF U 1.18E-07 0
NW1 (Nearshore @ Makua) NW1SW3-1 TCDD Equivalent 0



TCDD-Equivalent Concentratios in 
Shellfish Tissue

(mg/kg)

Appendix D-2.3 TCDD Equivalent Calculations for ShellfishTissue Samples

Location ID Sample ID Species Lab Analyte Qualifier Units Value TEF TCDD-equiv.

MNM MNM-04 Samoan crab APPL 1,2,3,4,6,7,8-HpCDF U mg/kg 3.70E-07 0
MNM MNM-04 Samoan crab APPL 1,2,3,4,6,7,8-HpCDD U mg/kg 1.84E-06 0
MNM MNM-04 Samoan crab APPL 1,2,3,4,7,8,9-HpCDF U mg/kg 1.80E-07 0
MNM MNM-04 Samoan crab APPL 1,2,3,4,7,8-HxCDF U mg/kg 1.80E-07 0
MNM MNM-04 Samoan crab APPL 1,2,3,4,7,8-HxCDD U mg/kg 2.10E-07 0
MNM MNM-04 Samoan crab APPL 1,2,3,6,7,8-HxCDF U mg/kg 1.70E-07 0
MNM MNM-04 Samoan crab APPL 1,2,3,6,7,8-HxCDD J mg/kg 1.20E-06 0.1 1.20E-07
MNM MNM-04 Samoan crab APPL 1,2,3,7,8,9-HxCDF U mg/kg 6.00E-08 0
MNM MNM-04 Samoan crab APPL 1,2,3,7,8,9-HxCDD J mg/kg 8.30E-07 0.1 8.30E-08
MNM MNM-04 Samoan crab APPL 1,2,3,7,8-PeCDF U mg/kg 2.80E-07 0
MNM MNM-04 Samoan crab APPL 1,2,3,7,8-PeCDD U mg/kg 9.10E-07 0
MNM MNM-04 Samoan crab APPL 2,3,4,6,7,8-HxCDF U mg/kg 2.90E-07 0
MNM MNM-04 Samoan crab APPL 2,3,4,7,8-PeCDF U mg/kg 1.10E-07 0
MNM MNM-04 Samoan crab APPL 2,3,7,8-TCDF mg/kg 1.70E-06 0.1 1.70E-07
MNM MNM-04 Samoan crab APPL 2,3,7,8-TCDD U mg/kg 7.00E-07 0
MNM MNM-04 Samoan crab APPL OCDF U mg/kg 2.10E-07 0
MNM MNM-04 Samoan crab APPL OCDD J mg/kg 3.00E-06 0.0003 9.00E-10
MNM MNM-04 Samoan crab APPL TCDD, total mg/kg 3.30E-06 0
MNM MNM-04 Samoan crab APPL TCDF, total J mg/kg 1.70E-06 0
MNM MNM-04 Samoan crab APPL TCDD - Equivalent Concentration 3.74E-07
MNS MNS-03 Helmet urchin APPL 1,2,3,4,6,7,8-HpCDF U mg/kg 2.60E-07 0
MNS MNS-03 Helmet urchin APPL 1,2,3,4,6,7,8-HpCDD U mg/kg 3.80E-07 0
MNS MNS-03 Helmet urchin APPL 1,2,3,4,7,8,9-HpCDF U mg/kg 3.20E-08 0
MNS MNS-03 Helmet urchin APPL 1,2,3,4,7,8-HxCDF U mg/kg 1.90E-07 0
MNS MNS-03 Helmet urchin APPL 1,2,3,4,7,8-HxCDD U mg/kg 1.20E-07 0
MNS MNS-03 Helmet urchin APPL 1,2,3,6,7,8-HxCDF U mg/kg 1.30E-07 0
MNS MNS-03 Helmet urchin APPL 1,2,3,6,7,8-HxCDD U mg/kg 4.30E-08 0
MNS MNS-03 Helmet urchin APPL 1,2,3,7,8,9-HxCDF U mg/kg 4.80E-08 0
MNS MNS-03 Helmet urchin APPL 1,2,3,7,8,9-HxCDD U mg/kg 5.30E-08 0
MNS MNS-03 Helmet urchin APPL 1,2,3,7,8-PeCDF U mg/kg 2.30E-07 0
MNS MNS-03 Helmet urchin APPL 1,2,3,7,8-PeCDD U mg/kg 2.10E-07 0
MNS MNS-03 Helmet urchin APPL 2,3,4,6,7,8-HxCDF U mg/kg 3.90E-08 0
MNS MNS-03 Helmet urchin APPL 2,3,4,7,8-PeCDF U mg/kg 1.20E-08 0
MNS MNS-03 Helmet urchin APPL 2,3,7,8-TCDF U mg/kg 4.80E-07 0
MNS MNS-03 Helmet urchin APPL 2,3,7,8-TCDD U mg/kg 7.90E-08 0
MNS MNS-03 Helmet urchin APPL OCDF U mg/kg 5.40E-08 0
MNS MNS-03 Helmet urchin APPL OCDD J mg/kg 2.10E-06 0.0003 6.30E-10
MNS MNS-03 Helmet urchin APPL TCDD, total U mg/kg 3.19E-06 0
MNS MNS-03 Helmet urchin APPL TCDF, total J mg/kg 4.00E-07 0
MNS MNS-03 Helmet urchin APPL TCDD - Equivalent Concentration 6.30E-10
MNS MNS-03 Helmet urchin Test America 2,3,7,8-TCDD U mg/kg 5.30E-07 0
MNS MNS-03 Helmet urchin Test America Total TCDD U mg/kg 5.30E-07 0
MNS MNS-03 Helmet urchin Test America 1,2,3,7,8-PeCDD U mg/kg 9.00E-07 0
MNS MNS-03 Helmet urchin Test America Total PeCDD U mg/kg 9.00E-07 0
MNS MNS-03 Helmet urchin Test America 1,2,3,4,7,8-HxCDD U mg/kg 5.70E-07 0
MNS MNS-03 Helmet urchin Test America 1,2,3,6,7,8-HxCDD U mg/kg 5.60E-07 0
MNS MNS-03 Helmet urchin Test America 1,2,3,7,8,9-HxCDD U mg/kg 5.40E-07 0
MNS MNS-03 Helmet urchin Test America Total HxCDD U mg/kg 5.70E-07 0
MNS MNS-03 Helmet urchin Test America 1,2,3,4,6,7,8-HpCDD U mg/kg 1.40E-06 0
MNS MNS-03 Helmet urchin Test America Total HpCDD U mg/kg 1.40E-06 0
MNS MNS-03 Helmet urchin Test America OCDD J mg/kg 8.00E-06 0.0003 2.40E-09
MNS MNS-03 Helmet urchin Test America 2,3,7,8-TCDF U mg/kg 4.60E-07 0
MNS MNS-03 Helmet urchin Test America Total TCDF U mg/kg 4.60E-07 0
MNS MNS-03 Helmet urchin Test America 1,2,3,7,8-PeCDF U mg/kg 5.60E-07 0
MNS MNS-03 Helmet urchin Test America 2,3,4,7,8-PeCDF U mg/kg 5.80E-07 0
MNS MNS-03 Helmet urchin Test America Total PeCDF U mg/kg 5.80E-07 0
MNS MNS-03 Helmet urchin Test America 1,2,3,4,7,8-HxCDF U mg/kg 3.70E-07 0
MNS MNS-03 Helmet urchin Test America 1,2,3,6,7,8-HxCDF U mg/kg 3.60E-07 0
MNS MNS-03 Helmet urchin Test America 2,3,4,6,7,8-HxCDF U mg/kg 3.70E-07 0
MNS MNS-03 Helmet urchin Test America 1,2,3,7,8,9-HxCDF U mg/kg 4.20E-07 0
MNS MNS-03 Helmet urchin Test America Total HxCDF U mg/kg 4.20E-07 0
MNS MNS-03 Helmet urchin Test America 1,2,3,4,6,7,8-HpCDF U mg/kg 3.70E-07 0
MNS MNS-03 Helmet urchin Test America 1,2,3,4,7,8,9-HpCDF U mg/kg 4.70E-07 0
MNS MNS-03 Helmet urchin Test America Total HpCDF U mg/kg 4.70E-07 0
MNS MNS-03 Helmet urchin Test America OCDF U mg/kg 1.10E-06 0
MNS MNS-03 Helmet urchin Test America TCDD - Equivalent Concentration 2.40E-09



TCDD-Equivalent Concentratios in 
Shellfish Tissue

(mg/kg)

Location ID Sample ID Species Lab Analyte Qualifier Units Value TEF TCDD-equiv.

NM NM-01 Hawaiian prawn APPL 1,2,3,4,6,7,8-HpCDF U mg/kg 7.80E-06 0
NM NM-01 Hawaiian prawn APPL 1,2,3,4,6,7,8-HpCDD U mg/kg 8.20E-07 0
NM NM-01 Hawaiian prawn APPL 1,2,3,4,7,8,9-HpCDF U mg/kg 3.80E-06 0
NM NM-01 Hawaiian prawn APPL 1,2,3,4,7,8-HxCDF U mg/kg 3.60E-06 0
NM NM-01 Hawaiian prawn APPL 1,2,3,4,7,8-HxCDD U mg/kg 1.40E-07 0
NM NM-01 Hawaiian prawn APPL 1,2,3,6,7,8-HxCDF U mg/kg 1.50E-06 0
NM NM-01 Hawaiian prawn APPL 1,2,3,6,7,8-HxCDD U mg/kg 7.40E-08 0
NM NM-01 Hawaiian prawn APPL 1,2,3,7,8,9-HxCDF U mg/kg 2.90E-07 0
NM NM-01 Hawaiian prawn APPL 1,2,3,7,8,9-HxCDD U mg/kg 1.70E-07 0
NM NM-01 Hawaiian prawn APPL 1,2,3,7,8-PeCDF U mg/kg 1.80E-07 0
NM NM-01 Hawaiian prawn APPL 1,2,3,7,8-PeCDD U mg/kg 6.90E-07 0
NM NM-01 Hawaiian prawn APPL 2,3,4,6,7,8-HxCDF U mg/kg 3.50E-05 0
NM NM-01 Hawaiian prawn APPL 2,3,4,7,8-PeCDF U mg/kg 4.20E-07 0
NM NM-01 Hawaiian prawn APPL 2,3,7,8-TCDF U mg/kg 5.10E-07 0
NM NM-01 Hawaiian prawn APPL 2,3,7,8-TCDD U mg/kg 6.10E-08 0
NM NM-01 Hawaiian prawn APPL OCDF U mg/kg 3.40E-07 0
NM NM-01 Hawaiian prawn APPL OCDD U mg/kg 5.20E-06 0
NM NM-01 Hawaiian prawn APPL TCDD, total J mg/kg 8.00E-08 0
NM NM-01 Hawaiian prawn APPL TCDF, total J mg/kg 2.30E-07 0
NM NM-01 Hawaiian prawn APPL TCDD - Equivalent Concentration 0
NM NM-01A Hawaiian prawn APPL 1,2,3,4,6,7,8-HpCDF U mg/kg 5.70E-06 0
NM NM-01A Hawaiian prawn APPL 1,2,3,4,6,7,8-HpCDD J mg/kg 1.20E-06 0.01 1.20E-08
NM NM-01A Hawaiian prawn APPL 1,2,3,4,7,8,9-HpCDF U mg/kg 4.90E-08 0
NM NM-01A Hawaiian prawn APPL 1,2,3,4,7,8-HxCDF U mg/kg 2.00E-07 0
NM NM-01A Hawaiian prawn APPL 1,2,3,4,7,8-HxCDD U mg/kg 1.80E-07 0
NM NM-01A Hawaiian prawn APPL 1,2,3,6,7,8-HxCDF J mg/kg 2.20E-06 0.1 2.20E-07
NM NM-01A Hawaiian prawn APPL 1,2,3,6,7,8-HxCDD J mg/kg 5.00E-07 0.1 5.00E-08
NM NM-01A Hawaiian prawn APPL 1,2,3,7,8,9-HxCDF U mg/kg 1.30E-07 0
NM NM-01A Hawaiian prawn APPL 1,2,3,7,8,9-HxCDD U mg/kg 2.70E-07 0
NM NM-01A Hawaiian prawn APPL 1,2,3,7,8-PeCDF U mg/kg 1.50E-07 0
NM NM-01A Hawaiian prawn APPL 1,2,3,7,8-PeCDD U mg/kg 4.90E-07 0
NM NM-01A Hawaiian prawn APPL 2,3,4,6,7,8-HxCDF U mg/kg 1.60E-05 0
NM NM-01A Hawaiian prawn APPL 2,3,4,7,8-PeCDF U mg/kg 2.40E-07 0
NM NM-01A Hawaiian prawn APPL 2,3,7,8-TCDF J mg/kg 4.60E-07 0.1 4.60E-08
NM NM-01A Hawaiian prawn APPL 2,3,7,8-TCDD U mg/kg 3.30E-07 0
NM NM-01A Hawaiian prawn APPL OCDF U mg/kg 5.50E-08 0
NM NM-01A Hawaiian prawn APPL OCDD mg/kg 7.10E-06 0.0003 2.13E-09
NM NM-01A Hawaiian prawn APPL TCDD, total U mg/kg 4.10E-06 0
NM NM-01A Hawaiian prawn APPL TCDF, total J mg/kg 1.30E-06 0
NM NM-01A Hawaiian prawn APPL TCDD - Equivalent Concentration 3.30E-07
SBNS SBNS-01A Helmet urchin APPL 1,2,3,4,6,7,8-HpCDF U mg/kg 2.40E-07 0
SBNS SBNS-01A Helmet urchin APPL 1,2,3,4,6,7,8-HpCDD U mg/kg 1.50E-07 0
SBNS SBNS-01A Helmet urchin APPL 1,2,3,4,7,8,9-HpCDF U mg/kg 3.50E-08 0
SBNS SBNS-01A Helmet urchin APPL 1,2,3,4,7,8-HxCDF U mg/kg 1.00E-07 0
SBNS SBNS-01A Helmet urchin APPL 1,2,3,4,7,8-HxCDD U mg/kg 1.40E-07 0
SBNS SBNS-01A Helmet urchin APPL 1,2,3,6,7,8-HxCDF U mg/kg 1.50E-07 0
SBNS SBNS-01A Helmet urchin APPL 1,2,3,6,7,8-HxCDD U mg/kg 1.70E-07 0
SBNS SBNS-01A Helmet urchin APPL 1,2,3,7,8,9-HxCDF J mg/kg 2.30E-07 0.1 2.30E-08
SBNS SBNS-01A Helmet urchin APPL 1,2,3,7,8,9-HxCDD U mg/kg 9.40E-08 0
SBNS SBNS-01A Helmet urchin APPL 1,2,3,7,8-PeCDF U mg/kg 1.30E-07 0
SBNS SBNS-01A Helmet urchin APPL 1,2,3,7,8-PeCDD U mg/kg 1.80E-07 0
SBNS SBNS-01A Helmet urchin APPL 2,3,4,6,7,8-HxCDF U mg/kg 6.30E-08 0
SBNS SBNS-01A Helmet urchin APPL 2,3,4,7,8-PeCDF U mg/kg 1.60E-07 0
SBNS SBNS-01A Helmet urchin APPL 2,3,7,8-TCDF U mg/kg 4.10E-07 0
SBNS SBNS-01A Helmet urchin APPL 2,3,7,8-TCDD U mg/kg 8.70E-08 0
SBNS SBNS-01A Helmet urchin APPL OCDF U mg/kg 1.50E-08 0
SBNS SBNS-01A Helmet urchin APPL OCDD J mg/kg 1.20E-06 0.0003 3.60E-10
SBNS SBNS-01A Helmet urchin APPL TCDD, total J mg/kg 1.90E-07 0
SBNS SBNS-01A Helmet urchin APPL TCDF, total U mg/kg 2.94E-06 0
SBNS SBNS-01A Helmet urchin APPL TCDD - Equivalent Concentration 2.34E-08



TCDD-Equivalent Concentratios in 
Shellfish Tissue

(mg/kg)

Location ID Sample ID Species Lab Analyte Qualifier Units Value TEF TCDD-equiv.

SBNS SBNS-01A Helmet urchin Test America 2,3,7,8-TCDD U mg/kg 7.60E-07 0
SBNS SBNS-01A Helmet urchin Test America Total TCDD U mg/kg 7.60E-07 0
SBNS SBNS-01A Helmet urchin Test America 1,2,3,7,8-PeCDD U mg/kg 1.40E-06 0
SBNS SBNS-01A Helmet urchin Test America Total PeCDD U mg/kg 1.40E-06 0
SBNS SBNS-01A Helmet urchin Test America 1,2,3,4,7,8-HxCDD U mg/kg 9.70E-07 0
SBNS SBNS-01A Helmet urchin Test America 1,2,3,6,7,8-HxCDD U mg/kg 2.40E-06 0
SBNS SBNS-01A Helmet urchin Test America 1,2,3,7,8,9-HxCDD U mg/kg 1.40E-06 0
SBNS SBNS-01A Helmet urchin Test America Total HxCDD mg/kg 8.10E-06 0
SBNS SBNS-01A Helmet urchin Test America 1,2,3,4,6,7,8-HpCDD mg/kg 7.40E-05 0.01 7.40E-07
SBNS SBNS-01A Helmet urchin Test America Total HpCDD mg/kg 1.10E-04 0
SBNS SBNS-01A Helmet urchin Test America OCDD mg/kg 2.90E-04 0.0003 8.70E-08
SBNS SBNS-01A Helmet urchin Test America 2,3,7,8-TCDF U mg/kg 5.70E-07 0
SBNS SBNS-01A Helmet urchin Test America Total TCDF U mg/kg 5.70E-07 0
SBNS SBNS-01A Helmet urchin Test America 1,2,3,7,8-PeCDF U mg/kg 8.30E-07 0
SBNS SBNS-01A Helmet urchin Test America 2,3,4,7,8-PeCDF U mg/kg 8.60E-07 0
SBNS SBNS-01A Helmet urchin Test America Total PeCDF U mg/kg 1.00E-06 0
SBNS SBNS-01A Helmet urchin Test America 1,2,3,4,7,8-HxCDF U mg/kg 5.90E-07 0
SBNS SBNS-01A Helmet urchin Test America 1,2,3,6,7,8-HxCDF U mg/kg 5.80E-07 0
SBNS SBNS-01A Helmet urchin Test America 2,3,4,6,7,8-HxCDF U mg/kg 5.90E-07 0
SBNS SBNS-01A Helmet urchin Test America 1,2,3,7,8,9-HxCDF U mg/kg 6.70E-07 0
SBNS SBNS-01A Helmet urchin Test America Total HxCDF U mg/kg 6.70E-07 0
SBNS SBNS-01A Helmet urchin Test America 1,2,3,4,6,7,8-HpCDF U mg/kg 5.90E-07 0
SBNS SBNS-01A Helmet urchin Test America 1,2,3,4,7,8,9-HpCDF U mg/kg 7.40E-07 0
SBNS SBNS-01A Helmet urchin Test America Total HpCDF U mg/kg 7.40E-07 0
SBNS SBNS-01A Helmet urchin Test America OCDF U mg/kg 9.80E-07 0
SBNS SBNS-01A Helmet urchin Test America TCDD - Equivalent Concentration 8.27E-07
SBNS SBNS-01B Helmet urchin APPL 1,2,3,4,6,7,8-HpCDF U mg/kg 3.50E-07 0
SBNS SBNS-01B Helmet urchin APPL 1,2,3,4,6,7,8-HpCDD U mg/kg 2.50E-07 0
SBNS SBNS-01B Helmet urchin APPL 1,2,3,4,7,8,9-HpCDF U mg/kg 5.50E-08 0
SBNS SBNS-01B Helmet urchin APPL 1,2,3,4,7,8-HxCDF J mg/kg 3.20E-07 0.1 3.20E-08
SBNS SBNS-01B Helmet urchin APPL 1,2,3,4,7,8-HxCDD U mg/kg 9.20E-08 0
SBNS SBNS-01B Helmet urchin APPL 1,2,3,6,7,8-HxCDF J mg/kg 2.30E-07 0.1 2.30E-08
SBNS SBNS-01B Helmet urchin APPL 1,2,3,6,7,8-HxCDD U mg/kg 3.30E-07 0
SBNS SBNS-01B Helmet urchin APPL 1,2,3,7,8,9-HxCDF U mg/kg 2.90E-08 0
SBNS SBNS-01B Helmet urchin APPL 1,2,3,7,8,9-HxCDD U mg/kg 1.50E-07 0
SBNS SBNS-01B Helmet urchin APPL 1,2,3,7,8-PeCDF U mg/kg 1.80E-07 0
SBNS SBNS-01B Helmet urchin APPL 1,2,3,7,8-PeCDD U mg/kg 3.30E-07 0
SBNS SBNS-01B Helmet urchin APPL 2,3,4,6,7,8-HxCDF U mg/kg 1.30E-07 0
SBNS SBNS-01B Helmet urchin APPL 2,3,4,7,8-PeCDF U mg/kg 1.90E-07 0
SBNS SBNS-01B Helmet urchin APPL 2,3,7,8-TCDF J mg/kg 3.10E-07 0.1 3.10E-08
SBNS SBNS-01B Helmet urchin APPL 2,3,7,8-TCDD U mg/kg 1.10E-07 0
SBNS SBNS-01B Helmet urchin APPL OCDF U mg/kg 3.80E-08 0
SBNS SBNS-01B Helmet urchin APPL OCDD U mg/kg 1.25E-06 0
SBNS SBNS-01B Helmet urchin APPL TCDD, total U mg/kg 2.55E-06 0
SBNS SBNS-01B Helmet urchin APPL TCDF, total J mg/kg 3.90E-07 0
SBNS SBNS-01B Helmet urchin APPL TCDD - Equivalent Concentration 8.60E-08



Fish Consumption
North and South Muliwai - Maximum Detected Lead Concentration

Makua Military Reservation
Makua, HI

INPUT OUTPUT

MEDIUM  LEVEL PRG-99 PRG-95
Lead in Air (ug/m3) 0.028 50th 90th 95th 98th 99th (ug/g) (ug/g)
Lead in Soil/Dust (ug/g) 5.4 BLOOD Pb, ADULT 1.1 2.0 2.3 2.8 3.2 70 107
Lead in Water (ug/l) 15 BLOOD Pb, CHILD 1.5 2.7 3.2 3.8 4.4 27 42
% Home-grown Produce 100% BLOOD Pb, PICA CHILD 1.5 2.7 3.2 3.9 4.5 25 39
Respirable Dust (ug/m3) 1.5 BLOOD Pb, OCCUPATIONAL 1.1 2.0 2.4 2.9 3.3 3,475 5,464

units adults children
Days per week days/wk

Days per week, occupational 5 PEF ug/dl percent PEF   ug/dl percent
Geometric Standard Deviation Soil Contact 3.8E-5 0.00 0% 1.4E-5 0.00 0%
Blood lead level of concern (ug/dl) Soil Ingestion 8.8E-4 0.00 0% 6.3E-4 0.00 0%
Skin area, residential cm2 5,700 2,900 Inhalation, bkgrnd 0.05 4% 0.03 3%
Skin area occupational cm2 2,900 Inhalation 2.5E-6 0.00 0% 1.8E-6 0.00 0%
Soil adherence ug/cm2 70 200 Water Ingestion 0.84 78% 0.84 76%
Dermal uptake constant (ug/dl)/(ug/da Food Ingestion, bkgrnd 0.00 0% 0.23 21%
Soil ingestion mg/day 50 100 Food Ingestion 3.4E-2 0.18 17% 0%
Soil ingestion, pica mg/day 200
Ingestion constant (ug/dl)/(ug/da 0.04 0.16
Bioavailability unitless

Breathing rate m3/day 20 6.8 PEF ug/dl percent PEF   ug/dl percent
Inhalation constant (ug/dl)/(ug/da 0.08 0.192 Soil Contact 5.6E-5 0.00 0% 0.00 0%
Water ingestion l/day 1.4 0.4 Soil Ingestion 7.0E-3 0.04 3% 1.4E-2 0.08 5%
Food ingestion kg/day 1.9 1.1 Inhalation 2.0E-6 0.00 0% 0.00 0%
Lead in market basket ug/kg Inhalation, bkgrnd 0.04 2% 0.04 2%
Lead in home-grown produce ug/kg Water Ingestion 0.96 66% 0.96 64%

Food Ingestion, bkgrnd 0.00 0% 0.00 0%
Food Ingestion 7.9E-2 0.43 29% 0.43 29%

      Percentile Estimate of Blood Pb (ug/dl)

3.1
5400.0

0.0001

0.44
Pathway

Occupational
PATHWAYSEXPOSURE PARAMETERS

Pathway contribution

LEADSPREAD v7.0
CALIFORNIA DEPARTMENT OF TOXIC SUBSTANCES CONTROL (DTSC)

Pathway contribution Pathway contribution

1.6
10

typical   with pica

Residential 
Pathway contribution

CHILDREN

ADULTS
7

Pathway

Copy of App D-3_leadspread v3.xls<Muliwai>



Fish Consumption
Background Muliwai - Maximum Detected Lead Concentration

Makua Military Reservation
Makua, HI

INPUT OUTPUT

MEDIUM  LEVEL PRG-99 PRG-95
Lead in Air (ug/m3) 0.028 50th 90th 95th 98th 99th (ug/g) (ug/g)
Lead in Soil/Dust (ug/g) 2.2 BLOOD Pb, ADULT 1.0 1.8 2.1 2.5 2.9 70 107
Lead in Water (ug/l) 15 BLOOD Pb, CHILD 1.2 2.2 2.6 3.1 3.5 27 42
% Home-grown Produce 100% BLOOD Pb, PICA CHILD 1.2 2.2 2.6 3.2 3.6 25 39
Respirable Dust (ug/m3) 1.5 BLOOD Pb, OCCUPATIONAL 1.1 2.0 2.4 2.9 3.3 3,475 5,464

units adults children
Days per week days/wk

Days per week, occupational 5 PEF ug/dl percent PEF   ug/dl percent
Geometric Standard Deviation Soil Contact 3.8E-5 0.00 0% 1.4E-5 0.00 0%
Blood lead level of concern (ug/dl) Soil Ingestion 8.8E-4 0.00 0% 6.3E-4 0.00 0%
Skin area, residential cm2 5,700 2,900 Inhalation, bkgrnd 0.05 5% 0.03 3%
Skin area occupational cm2 2,900 Inhalation 2.5E-6 0.00 0% 1.8E-6 0.00 0%
Soil adherence ug/cm2 70 200 Water Ingestion 0.84 87% 0.84 76%
Dermal uptake constant (ug/dl)/(ug/da Food Ingestion, bkgrnd 0.00 0% 0.23 21%
Soil ingestion mg/day 50 100 Food Ingestion 3.4E-2 0.08 8% 0%
Soil ingestion, pica mg/day 200
Ingestion constant (ug/dl)/(ug/da 0.04 0.16
Bioavailability unitless

Breathing rate m3/day 20 6.8 PEF ug/dl percent PEF   ug/dl percent
Inhalation constant (ug/dl)/(ug/da 0.08 0.192 Soil Contact 5.6E-5 0.00 0% 0.00 0%
Water ingestion l/day 1.4 0.4 Soil Ingestion 7.0E-3 0.02 1% 1.4E-2 0.03 3%
Food ingestion kg/day 1.9 1.1 Inhalation 2.0E-6 0.00 0% 0.00 0%
Lead in market basket ug/kg Inhalation, bkgrnd 0.04 3% 0.04 3%
Lead in home-grown produce ug/kg Water Ingestion 0.96 81% 0.96 80%

Food Ingestion, bkgrnd 0.00 0% 0.00 0%
Food Ingestion 7.9E-2 0.17 15% 0.17 14%
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Fish Consumption
Background Muliwai - Maximum Detected Lead Concentration

Makua Military Reservation
Makua, HI

INPUT OUTPUT

MEDIUM  LEVEL PRG-99 PRG-95
Lead in Air (ug/m3) 0.028 50th 90th 95th 98th 99th (ug/g) (ug/g)
Lead in Soil/Dust (ug/g) 2.0 BLOOD Pb, ADULT 1.0 1.7 2.1 2.5 2.9 70 107
Lead in Water (ug/l) 15 BLOOD Pb, CHILD 1.2 2.1 2.5 3.1 3.5 27 42
% Home-grown Produce 100% BLOOD Pb, PICA CHILD 1.2 2.2 2.6 3.1 3.5 25 39
Respirable Dust (ug/m3) 1.5 BLOOD Pb, OCCUPATIONAL 1.1 2.0 2.4 2.9 3.3 3,475 5,464

units adults children
Days per week days/wk

Days per week, occupational 5 PEF ug/dl percent PEF   ug/dl percent
Geometric Standard Deviation Soil Contact 3.8E-5 0.00 0% 1.4E-5 0.00 0%
Blood lead level of concern (ug/dl) Soil Ingestion 8.8E-4 0.00 0% 6.3E-4 0.00 0%
Skin area, residential cm2 5,700 2,900 Inhalation, bkgrnd 0.05 5% 0.03 3%
Skin area occupational cm2 2,900 Inhalation 2.5E-6 0.00 0% 1.8E-6 0.00 0%
Soil adherence ug/cm2 70 200 Water Ingestion 0.84 88% 0.84 76%
Dermal uptake constant (ug/dl)/(ug/da Food Ingestion, bkgrnd 0.00 0% 0.23 21%
Soil ingestion mg/day 50 100 Food Ingestion 3.4E-2 0.07 7% 0%
Soil ingestion, pica mg/day 200
Ingestion constant (ug/dl)/(ug/da 0.04 0.16
Bioavailability unitless

Breathing rate m3/day 20 6.8 PEF ug/dl percent PEF   ug/dl percent
Inhalation constant (ug/dl)/(ug/da 0.08 0.192 Soil Contact 5.6E-5 0.00 0% 0.00 0%
Water ingestion l/day 1.4 0.4 Soil Ingestion 7.0E-3 0.01 1% 1.4E-2 0.03 2%
Food ingestion kg/day 1.9 1.1 Inhalation 2.0E-6 0.00 0% 0.00 0%
Lead in market basket ug/kg Inhalation, bkgrnd 0.04 3% 0.04 3%
Lead in home-grown produce ug/kg Water Ingestion 0.96 82% 0.96 81%

Food Ingestion, bkgrnd 0.00 0% 0.00 0%
Food Ingestion 7.9E-2 0.16 14% 0.16 13%

      Percentile Estimate of Blood Pb (ug/dl)
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Fish Consumption
Background Muliwai - Maximum Detected Lead Concentration

Makua Military Reservation
Makua, HI

INPUT OUTPUT

MEDIUM  LEVEL PRG-99 PRG-95
Lead in Air (ug/m3) 0.028 50th 90th 95th 98th 99th (ug/g) (ug/g)
Lead in Soil/Dust (ug/g) 2.8 BLOOD Pb, ADULT 1.0 1.8 2.1 2.6 2.9 70 107
Lead in Water (ug/l) 15 BLOOD Pb, CHILD 1.2 2.3 2.7 3.3 3.7 27 42
% Home-grown Produce 100% BLOOD Pb, PICA CHILD 1.3 2.3 2.7 3.3 3.8 25 39
Respirable Dust (ug/m3) 1.5 BLOOD Pb, OCCUPATIONAL 1.1 2.0 2.4 2.9 3.3 3,475 5,464

units adults children
Days per week days/wk

Days per week, occupational 5 PEF ug/dl percent PEF   ug/dl percent
Geometric Standard Deviation Soil Contact 3.8E-5 0.00 0% 1.4E-5 0.00 0%
Blood lead level of concern (ug/dl) Soil Ingestion 8.8E-4 0.00 0% 6.3E-4 0.00 0%
Skin area, residential cm2 5,700 2,900 Inhalation, bkgrnd 0.05 5% 0.03 3%
Skin area occupational cm2 2,900 Inhalation 2.5E-6 0.00 0% 1.8E-6 0.00 0%
Soil adherence ug/cm2 70 200 Water Ingestion 0.84 85% 0.84 76%
Dermal uptake constant (ug/dl)/(ug/da Food Ingestion, bkgrnd 0.00 0% 0.23 21%
Soil ingestion mg/day 50 100 Food Ingestion 3.4E-2 0.10 10% 0%
Soil ingestion, pica mg/day 200
Ingestion constant (ug/dl)/(ug/da 0.04 0.16
Bioavailability unitless

Breathing rate m3/day 20 6.8 PEF ug/dl percent PEF   ug/dl percent
Inhalation constant (ug/dl)/(ug/da 0.08 0.192 Soil Contact 5.6E-5 0.00 0% 0.00 0%
Water ingestion l/day 1.4 0.4 Soil Ingestion 7.0E-3 0.02 2% 1.4E-2 0.04 3%
Food ingestion kg/day 1.9 1.1 Inhalation 2.0E-6 0.00 0% 0.00 0%
Lead in market basket ug/kg Inhalation, bkgrnd 0.04 3% 0.04 3%
Lead in home-grown produce ug/kg Water Ingestion 0.96 78% 0.96 76%

Food Ingestion, bkgrnd 0.00 0% 0.00 0%
Food Ingestion 7.9E-2 0.22 18% 0.22 18%
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Pathway

LEADSPREAD v7.0
CALIFORNIA DEPARTMENT OF TOXIC SUBSTANCES CONTROL (DTSC)

Pathway contribution Pathway contribution
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Pathway contribution

      Percentile Estimate of Blood Pb (ug/dl)

3.1
2800.0

0.0001

0.44
Pathway

Occupational
PATHWAYSEXPOSURE PARAMETERS

Pathway contribution

Copy of App D-3_leadspread v3.xls<nearshore.bck>



USER'S GUIDE to version 7

INPUT OUTPUT

MEDIUM  LEVEL PRG-99 PRG-95
Lead in Air (ug/m3) 0.028 50th 90th 95th 98th 99th (ug/g) (ug/g)
Lead in Soil/Dust (ug/g) 0.16 BLOOD Pb, ADULT 0.9 1.6 1.9 2.3 2.7 70 107
Lead in Water (ug/l) 15 BLOOD Pb, CHILD 1.0 1.8 2.2 2.7 3.0 27 42
% Home-grown Produce 100% BLOOD Pb, PICA CHILD 1.4 2.6 3.1 3.7 4.3 25 39
Respirable Dust (ug/m3) 1.5 BLOOD Pb, OCCUPATIONAL 1.1 2.0 2.4 2.9 3.3 3475 5464

units adults children
Days per week days/wk

Days per week, occupational 5 PEF ug/dl percent PEF   ug/dl percent
Geometric Standard Deviation Soil Contact 3.8E-5 0.00 0% 1.4E-5 0.00 0%
Blood lead level of concern (ug/dl) Soil Ingestion 8.8E-4 0.00 0% 6.3E-4 0.00 0%
Skin area, residential cm2 5700 2900 Inhalation, bkgrnd 0.05 5% 0.03 3%
Skin area occupational cm2 2900 Inhalation 2.5E-6 0.00 0% 1.8E-6 0.00 0%
Soil adherence ug/cm2 70 200 Water Ingestion 0.84 94% 0.84 76%
Dermal uptake constant (ug/dl)/(ug/day) Food Ingestion, bkgrnd 0.00 0% 0.23 21%
Soil ingestion mg/day 50 100 Food Ingestion 3.4E-2 0.01 1% 0%
Soil ingestion, pica mg/day 200
Ingestion constant (ug/dl)/(ug/day) 0.04 0.16
Bioavailability unitless

Breathing rate m3/day 20 6.8 PEF ug/dl percent PEF   ug/dl percent
Inhalation constant (ug/dl)/(ug/day) 0.082 0.192 Soil Contact 5.6E-5 0.00 0% 0.00 0%
Water ingestion l/day 1.4 0.4 Soil Ingestion 7.0E-3 0.00 0% 1.4E-2 0.00 0%
Food ingestion kg/day 1.9 1.1 Inhalation 2.0E-6 0.00 0% 0.00 0%
Lead in market basket ug/kg Inhalation, bkgrnd 0.04 4% 0.04 3%
Lead in home-grown produce ug/kg Water Ingestion 0.96 95% 0.96 67%

Food Ingestion, bkgrnd 0.00 0% 0.00 0%
Food Ingestion 7.9E-2 0.01 1% 0.43 30%

Shellfish Consumption 
North and South Muliwai - Maximum Detected Lead Concentration

CHILDREN

ADULTS
7

Pathway

      Percentile Estimate of Blood Pb (ug/dl)

Makua Military Reservation
Makua, HI
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USER'S GUIDE to version 7

INPUT OUTPUT

MEDIUM  LEVEL PRG-99 PRG-95
Lead in Air (ug/m3) 0.028 50th 90th 95th 98th 99th (ug/g) (ug/g)
Lead in Soil/Dust (ug/g) 0.33 BLOOD Pb, ADULT 0.9 1.6 1.9 2.4 2.7 70 107
Lead in Water (ug/l) 15 BLOOD Pb, CHILD 1.0 1.9 2.2 2.7 3.1 27 42
% Home-grown Produce 100% BLOOD Pb, PICA CHILD 1.0 1.9 2.2 2.7 3.1 25 39
Respirable Dust (ug/m3) 1.5 BLOOD Pb, OCCUPATIONAL 1.1 2.0 2.4 2.9 3.3 3475 5464

units adults children
Days per week days/wk

Days per week, occupational 5 PEF ug/dl percent PEF   ug/dl percent
Geometric Standard Deviation Soil Contact 3.8E-5 0.00 0% 1.4E-5 0.00 0%
Blood lead level of concern (ug/dl) Soil Ingestion 8.8E-4 0.00 0% 6.3E-4 0.00 0%
Skin area, residential cm2 5700 2900 Inhalation, bkgrnd 0.05 5% 0.03 3%
Skin area occupational cm2 2900 Inhalation 2.5E-6 0.00 0% 1.8E-6 0.00 0%
Soil adherence ug/cm2 70 200 Water Ingestion 0.84 94% 0.84 76%
Dermal uptake constant (ug/dl)/(ug/day) Food Ingestion, bkgrnd 0.00 0% 0.23 21%
Soil ingestion mg/day 50 100 Food Ingestion 3.4E-2 0.01 1% 0%
Soil ingestion, pica mg/day 200
Ingestion constant (ug/dl)/(ug/day) 0.04 0.16
Bioavailability unitless

Breathing rate m3/day 20 6.8 PEF ug/dl percent PEF   ug/dl percent
Inhalation constant (ug/dl)/(ug/day) 0.082 0.192 Soil Contact 5.6E-5 0.00 0% 0.00 0%
Water ingestion l/day 1.4 0.4 Soil Ingestion 7.0E-3 0.00 0% 1.4E-2 0.00 0%
Food ingestion kg/day 1.9 1.1 Inhalation 2.0E-6 0.00 0% 0.00 0%
Lead in market basket ug/kg Inhalation, bkgrnd 0.04 4% 0.04 4%
Lead in home-grown produce ug/kg Water Ingestion 0.96 94% 0.96 93%

Food Ingestion, bkgrnd 0.00 0% 0.00 0%
Food Ingestion 7.9E-2 0.03 3% 0.03 3%

Shellfish Consumption 
Makua Nearshore - Maximum Detected Lead Concentration
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USER'S GUIDE to version 7

INPUT OUTPUT

MEDIUM  LEVEL PRG-99 PRG-95
Lead in Air (ug/m3) 0.028 50th 90th 95th 98th 99th (ug/g) (ug/g)
Lead in Soil/Dust (ug/g) 0.98 BLOOD Pb, ADULT 0.9 1.7 2.0 2.4 2.8 70 107
Lead in Water (ug/l) 15 BLOOD Pb, CHILD 1.1 2.0 2.3 2.8 3.2 27 42
% Home-grown Produce 100% BLOOD Pb, PICA CHILD 1.1 2.0 2.4 2.9 3.3 25 39
Respirable Dust (ug/m3) 1.5 BLOOD Pb, OCCUPATIONAL 1.1 2.0 2.4 2.9 3.3 3475 5464

units adults children
Days per week days/wk

Days per week, occupational 5 PEF ug/dl percent PEF   ug/dl percent
Geometric Standard Deviation Soil Contact 3.8E-5 0.00 0% 1.4E-5 0.00 0%
Blood lead level of concern (ug/dl) Soil Ingestion 8.8E-4 0.00 0% 6.3E-4 0.00 0%
Skin area, residential cm2 5700 2900 Inhalation, bkgrnd 0.05 5% 0.03 3%
Skin area occupational cm2 2900 Inhalation 2.5E-6 0.00 0% 1.8E-6 0.00 0%
Soil adherence ug/cm2 70 200 Water Ingestion 0.84 91% 0.84 76%
Dermal uptake constant (ug/dl)/(ug/day) Food Ingestion, bkgrnd 0.00 0% 0.23 21%
Soil ingestion mg/day 50 100 Food Ingestion 3.4E-2 0.03 4% 0%
Soil ingestion, pica mg/day 200
Ingestion constant (ug/dl)/(ug/day) 0.04 0.16
Bioavailability unitless

Breathing rate m3/day 20 6.8 PEF ug/dl percent PEF   ug/dl percent
Inhalation constant (ug/dl)/(ug/day) 0.082 0.192 Soil Contact 5.6E-5 0.00 0% 0.00 0%
Water ingestion l/day 1.4 0.4 Soil Ingestion 7.0E-3 0.01 1% 1.4E-2 0.01 1%
Food ingestion kg/day 1.9 1.1 Inhalation 2.0E-6 0.00 0% 0.00 0%
Lead in market basket ug/kg Inhalation, bkgrnd 0.04 3% 0.04 3%
Lead in home-grown produce ug/kg Water Ingestion 0.96 89% 0.96 88%

Food Ingestion, bkgrnd 0.00 0% 0.00 0%
Food Ingestion 7.9E-2 0.08 7% 0.08 7%
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Appendix D.4-1 - North and South Site CR = 0.1006 for subsistence; 0.034 for recreational
Human Health Risk Calculations for Fish Consumption EF = 365

ED = 30
BW = 70
AT = noncarcinogens = 30 yrs * 365 days/yr;

 carcinog = 70 yrs * 365 days/yr
Noncarcinogens Carcinogens

Subsistence Intake (mg/kg-day) Recreational Intake (mg/kg-day) Subsistence Intake (mg/kg-day) Recreational Intake (mg/kg-day)
Chemical Arithmetic Mean MaxD Arithmetic Mean MaxD Arithmetic Mean MaxD Arithmetic Mean MaxD Arithmetic Mean MaxD
Acetone 0.35 0.38 4.96E-04 5.46E-04 1.68E-04 1.85E-04 2.13E-04 2.34E-04 7.19E-05 7.91E-05
Aluminum 2098 4240 3.02E+00 6.09E+00 1.02E+00 2.06E+00 1.29E+00 2.61E+00 4.37E-01 8.83E-01
Antimony 0.02 0.05 3.21E-05 7.57E-05 1.09E-05 2.56E-05 1.38E-05 3.25E-05 4.65E-06 1.10E-05
Arsenic, organic 4.6 30 6.60E-03 4.28E-02 2.23E-03 1.45E-02 2.83E-03 1.84E-02 9.55E-04 6.20E-03
Barium 18 26 2.64E-02 3.75E-02 8.92E-03 1.27E-02 1.13E-02 1.61E-02 3.82E-03 5.43E-03
Beryllium 0.02 0.05 3.37E-05 7.33E-05 1.14E-05 2.48E-05 1.45E-05 3.14E-05 4.89E-06 1.06E-05
BHC, beta 0.001 0.004 1.75E-06 5.89E-06 5.92E-07 1.99E-06 7.50E-07 2.53E-06 2.54E-07 8.53E-07
BHC, delta 0.001 0.0003 1.12E-06 4.46E-07 3.78E-07 1.51E-07 4.80E-07 1.91E-07 1.62E-07 6.45E-08
BHC, gamma 0.001 0.002 1.46E-06 2.44E-06 4.94E-07 8.26E-07 6.26E-07 1.05E-06 2.12E-07 3.54E-07
Bis(2-ethylhexyl)phthalate 0.35 3.1 4.97E-04 4.46E-03 1.68E-04 1.51E-03 2.13E-04 1.91E-03 7.21E-05 6.45E-04
Cadmium 0.05 0.15 7.50E-05 2.11E-04 2.53E-05 7.14E-05 3.21E-05 9.05E-05 1.09E-05 3.06E-05
Chromium 13 32 1.89E-02 4.53E-02 6.40E-03 1.53E-02 8.11E-03 1.94E-02 2.74E-03 6.56E-03
Cobalt 2.4 4.2 3.46E-03 5.99E-03 1.17E-03 2.03E-03 1.48E-03 2.57E-03 5.02E-04 8.68E-04
Copper 51 166 7.39E-02 2.39E-01 2.50E-02 8.06E-02 3.17E-02 1.02E-01 1.07E-02 3.46E-02
4,4'-DDT 0.001 0.003 1.61E-06 4.17E-06 5.45E-07 1.41E-06 6.91E-07 1.79E-06 2.34E-07 6.04E-07
di-n-Butylphthalate 0.22 1.5 3.10E-04 2.16E-03 1.05E-04 7.29E-04 1.33E-04 9.24E-04 4.49E-05 3.12E-04
Heptachlor epoxide 0.001 0.001 1.92E-06 1.34E-06 6.50E-07 4.52E-07 8.25E-07 5.73E-07 2.79E-07 1.94E-07
Iron 2708 4530 3.89E+00 6.51E+00 1.32E+00 2.20E+00 1.67E+00 2.79E+00 5.64E-01 9.43E-01
Lead 2.1 5.4 3.01E-03 7.75E-03 1.02E-03 2.62E-03 1.29E-03 3.32E-03 4.36E-04 1.12E-03
m,p-Xylenes 0.01 0.02 1.83E-05 2.44E-05 6.19E-06 8.26E-06 7.85E-06 1.05E-05 2.65E-06 3.54E-06
Manganese 181 386 2.60E-01 5.55E-01 8.79E-02 1.87E-01 1.11E-01 2.38E-01 3.77E-02 8.04E-02
Mercury 0.06 0.10 8.02E-05 1.48E-04 2.71E-05 5.00E-05 3.44E-05 6.34E-05 1.16E-05 2.14E-05
Methyl mercury 0.06 0.17 8.25E-05 2.44E-04 2.79E-05 8.26E-05 3.54E-05 1.05E-04 1.20E-05 3.54E-05
Perchlorate 0.03 0.16 3.90E-05 2.30E-04 1.32E-05 7.77E-05 1.67E-05 9.85E-05 5.66E-06 3.33E-05
Selenium 2.5 3.7 3.54E-03 5.33E-03 1.20E-03 1.80E-03 1.52E-03 2.29E-03 5.13E-04 7.72E-04
Silver 0.36 1.1 5.23E-04 1.62E-03 1.77E-04 5.49E-04 2.24E-04 6.96E-04 7.58E-05 2.35E-04
Thallium 0.01 0.01 8.71E-06 8.42E-06 2.94E-06 2.85E-06 3.73E-06 3.61E-06 1.26E-06 1.22E-06
Vanadium 12 19 1.72E-02 2.77E-02 5.80E-03 9.37E-03 7.36E-03 1.19E-02 2.49E-03 4.02E-03
Zinc 114 201 1.64E-01 2.89E-01 5.54E-02 9.76E-02 7.03E-02 1.24E-01 2.37E-02 4.18E-02
TCDD equivalents 3.1E-13 1.8E-12 4.43E-16 2.53E-15 1.50E-16 8.54E-16 1.90E-16 1.08E-15 6.41E-17 3.66E-16

ATBW
EDEFCRC

Intake sf

×

×××
=



Appendix D.4-1 - North and South Site 
Human Health Risk Calculations for Fish Consumption

Chemical Arithmetic Mean MaxD
Acetone 0.35 0.38
Aluminum 2098 4240
Antimony 0.02 0.05
Arsenic, organic 4.6 30
Barium 18 26
Beryllium 0.02 0.05
BHC, beta 0.001 0.004
BHC, delta 0.001 0.0003
BHC, gamma 0.001 0.002
Bis(2-ethylhexyl)phthalate 0.35 3.1
Cadmium 0.05 0.15
Chromium 13 32
Cobalt 2.4 4.2
Copper 51 166
4,4'-DDT 0.001 0.003
di-n-Butylphthalate 0.22 1.5
Heptachlor epoxide 0.001 0.001
Iron 2708 4530
Lead 2.1 5.4
m,p-Xylenes 0.01 0.02
Manganese 181 386
Mercury 0.06 0.10
Methyl mercury 0.06 0.17
Perchlorate 0.03 0.16
Selenium 2.5 3.7
Silver 0.36 1.1
Thallium 0.01 0.01
Vanadium 12 19
Zinc 114 201
TCDD equivalents 3.1E-13 1.8E-12

Non-carcinogenic HI (Arithmetic Mean) Non-carcinogenic HI (MaxD) Carcinogenic Risk (Mean) Carcinogenic Risk (MaxD)
RfDo Subsistence Recreational RfDo Subsistence Recreational SF Subsistence Recreational SF Subsistence Recreational
0.9 5.51E-04 1.86E-04 0.9 6.07E-04 2.05E-04 - - - - - -
1 3.02E+00 1.02E+00 1 6.09E+00 2.06E+00 - - - - - -

0.0004 8.03E-02 2.71E-02 0.0004 1.89E-01 6.40E-02 - - - - - -
- - - - - - - - - - - -

0.07 3.77E-01 1.27E-01 0.07 5.36E-01 1.81E-01 - - - - - -
0.002 1.69E-02 5.70E-03 0.002 3.66E-02 1.24E-02 - - - - - -
0.0003 5.83E-03 1.97E-03 0.0003 1.96E-02 6.64E-03 1.8 1.35E-06 4.56E-07 1.8 4.55E-06 1.54E-06
0.0003 3.73E-03 1.26E-03 0.0003 1.49E-03 5.02E-04 - - - - - -
0.0003 4.87E-03 1.65E-03 0.0003 8.14E-03 2.75E-03 1.3 8.14E-07 2.75E-07 1.3 1.36E-06 4.60E-07
0.02 2.49E-02 8.41E-03 0.02 2.23E-01 7.53E-02 0.014 2.98E-06 1.01E-06 0.014 2.67E-05 9.03E-06

0.0005 1.50E-01 5.07E-02 0.0005 4.23E-01 1.43E-01 - - - - - -
1.5 1.26E-02 4.26E-03 1.5 3.02E-02 1.02E-02 - - - - - -
0.02 1.73E-01 5.85E-02 0.02 3.00E-01 1.01E-01 - - - - - -
0.04 1.85E+00 6.24E-01 0.04 5.96E+00 2.02E+00 - - - - - -

0.0005 3.23E-03 1.09E-03 0.0005 8.34E-03 2.82E-03 0.34 2.35E-07 7.94E-08 0.34 6.07E-07 2.05E-07
0.1 3.10E-03 1.05E-03 0.1 2.16E-02 7.29E-03 - - - - - -

1E-05 1.48E-01 5.00E-02 0.000013 1.03E-01 3.47E-02 9.1 7.51E-06 2.54E-06 9.1 5.21E-06 1.76E-06
- - - - - - – - - – - -
- - - - - - - - - - - -

0.2 9.16E-05 3.10E-05 0.2 1.22E-04 4.13E-05 - - - - - -
0.024 1.08E+01 3.66E+00 0.024 2.31E+01 7.81E+00 - - - - - -
0.0003 2.67E-01 9.03E-02 0.0003 4.93E-01 1.67E-01 - - - - - -
0.0001 8.25E-01 2.79E-01 0.0001 2.44E+00 8.26E-01 - - - - - -
0.0007 5.58E-02 1.89E-02 0.0007 3.28E-01 1.11E-01 - - - - - -
0.005 7.08E-01 2.39E-01 0.005 1.07E+00 3.60E-01 - - - - - -
0.005 1.05E-01 3.54E-02 0.005 3.25E-01 1.10E-01 - - - - - -
8E-05 1.09E-01 3.68E-02 0.00008 1.05E-01 3.56E-02 - - - - - -
0.02 8.58E-01 2.90E-01 0.02 1.39E+00 4.69E-01 - - - - - -
0.3 5.47E-01 1.85E-01 0.3 9.63E-01 3.25E-01 - - - - - -
- - - - - - 150000 2.85E-11 9.62E-12 150000 1.63E-10 5.49E-11



Appendix D.4-2 - Background (Nanakuli Muliwai) CR = 0.1006 for subsistence; 0.034 for recreational
Human Health Risk Calculations for Fish Consumption EF = 365

ED = 30
BW = 70
AT = noncarcinogens = 30 yrs * 365 days/yr;

 carcinog = 70 yrs * 365 days/yr
Noncarcinogens Carcinogens
Subsistence Intake (mg/kg-day) Recreational Intake (mg/kg-day) Subsistence Intake (mg/kg-day) Recreational Intake (mg/kg-day)

Chemical Arithmetic Mean MaxD Arithmetic Mean MaxD Arithmetic Mean MaxD Arithmetic Mean MaxD Arithmetic Mean MaxD
Aluminum 4467 5170 6.42E+00 7.43E+00 2.17E+00 2.51E+00 2.75E+00 3.18E+00 9.30E-01 1.08E+00
Arsenic, organic 2.5 2.6 3.65E-03 3.69E-03 1.23E-03 1.25E-03 1.56E-03 1.58E-03 5.29E-04 5.35E-04
Barium 41 44 5.86E-02 6.27E-02 1.98E-02 2.12E-02 2.51E-02 2.69E-02 8.49E-03 9.08E-03
Beryllium 0.08 0.09 1.22E-04 1.35E-04 4.11E-05 4.57E-05 5.21E-05 5.79E-05 1.76E-05 1.96E-05
Cadmium 0.12 0.13 1.72E-04 1.87E-04 5.83E-05 6.31E-05 7.39E-05 8.01E-05 2.50E-05 2.71E-05
Chromium 22 25 3.20E-02 3.55E-02 1.08E-02 1.20E-02 1.37E-02 1.52E-02 4.63E-03 5.14E-03
Cobalt 4.9 5.3 7.04E-03 7.55E-03 2.38E-03 2.55E-03 3.02E-03 3.23E-03 1.02E-03 1.09E-03
Copper 72 80 1.03E-01 1.15E-01 3.48E-02 3.88E-02 4.41E-02 4.92E-02 1.49E-02 1.66E-02
4,4'-DDT 0.001 0.001 1.77E-06 2.01E-06 5.97E-07 6.80E-07 7.58E-07 8.62E-07 2.56E-07 2.91E-07
di-n-Butylphthalate 0.02 0.02 2.20E-05 2.59E-05 7.45E-06 8.74E-06 9.44E-06 1.11E-05 3.19E-06 3.75E-06
Heptachlor epoxide 0.001 0.001 1.49E-06 1.58E-06 5.05E-07 5.34E-07 6.41E-07 6.78E-07 2.16E-07 2.29E-07
Iron 5997 7010 8.62E+00 1.01E+01 2.91E+00 3.40E+00 3.69E+00 4.32E+00 1.25E+00 1.46E+00
Lead 2.1 2.2 2.96E-03 3.09E-03 1.00E-03 1.04E-03 1.27E-03 1.32E-03 4.29E-04 4.48E-04
Manganese 572 611 8.22E-01 8.78E-01 2.78E-01 2.97E-01 3.52E-01 3.76E-01 1.19E-01 1.27E-01
Mercury 0.04 0.05 6.32E-05 6.75E-05 2.14E-05 2.28E-05 2.71E-05 2.89E-05 9.16E-06 9.78E-06
Methyl mercury 0.04 0.05 5.65E-05 7.62E-05 1.91E-05 2.57E-05 2.42E-05 3.26E-05 8.19E-06 1.10E-05
Perchlorate 0.0006 0.001 8.06E-07 2.01E-06 2.72E-07 6.80E-07 3.45E-07 8.62E-07 1.17E-07 2.91E-07
Selenium 2.4 2.6 3.43E-03 3.69E-03 1.16E-03 1.25E-03 1.47E-03 1.58E-03 4.96E-04 5.35E-04
Silver 0.61 0.70 8.74E-04 1.01E-03 2.95E-04 3.41E-04 3.74E-04 4.33E-04 1.27E-04 1.46E-04
Vanadium 21 24 3.01E-02 3.39E-02 1.02E-02 1.15E-02 1.29E-02 1.45E-02 4.36E-03 4.91E-03
Zinc 112 116 1.60E-01 1.67E-01 5.42E-02 5.63E-02 6.88E-02 7.14E-02 2.32E-02 2.41E-02
TCDD equivalents 2.6E-15 3.8E-15 3.73E-18 5.46E-18 1.26E-18 1.84E-18 1.60E-18 2.34E-18 5.40E-19 7.91E-19

ATBW
EDEFCRC

Intake sf

×

×××
=



Appendix D.4-2 - Background (Nanakuli Muliwai) 
Human Health Risk Calculations for Fish Consumption

Chemical Arithmetic Mean MaxD
Aluminum 4467 5170
Arsenic, organic 2.5 2.6
Barium 41 44
Beryllium 0.08 0.09
Cadmium 0.12 0.13
Chromium 22 25
Cobalt 4.9 5.3
Copper 72 80
4,4'-DDT 0.001 0.001
di-n-Butylphthalate 0.02 0.02
Heptachlor epoxide 0.001 0.001
Iron 5997 7010
Lead 2.1 2.2
Manganese 572 611
Mercury 0.04 0.05
Methyl mercury 0.04 0.05
Perchlorate 0.0006 0.001
Selenium 2.4 2.6
Silver 0.61 0.70
Vanadium 21 24
Zinc 112 116
TCDD equivalents 2.6E-15 3.8E-15

Non-carcinogenic HI (Arithmetic Mean) Non-carcinogenic HI (MaxD) Carcinogenic Risk (Mean) Carcinogenic Risk (MaxD)
RfDo Subsistence Recreational RfDo Subsistence Recreational SF Subsistence Recreational SF Subsistence Recreational
1.0 6.42E+00 2.17E+00 1.0 7.43E+00 2.51E+00 - - - - - -
- - - - - - - - - - - -

0.07 8.38E-01 2.83E-01 0.07 8.95E-01 3.03E-01 - - - - - -
0.002 6.08E-02 2.06E-02 0.002 6.75E-02 2.28E-02 - - - - - -
0.0005 3.45E-01 1.17E-01 0.0005 3.74E-01 1.26E-01 - - - - - -

1.5 2.13E-02 7.20E-03 1.5 2.37E-02 8.00E-03 - - - - - -
0.02 3.52E-01 1.19E-01 0.02 3.77E-01 1.28E-01 - - - - - -
0.04 2.57E+00 8.69E-01 0.04 2.87E+00 9.70E-01 - - - - - -

0.0005 3.54E-03 1.19E-03 0.0005 4.02E-03 1.36E-03 0.34 2.58E-07 8.71E-08 0.34 2.93E-07 9.91E-08
0.1 2.20E-04 7.45E-05 0.1 2.59E-04 8.74E-05 - - - - - -

1.30E-05 1.15E-01 3.89E-02 1E-05 1.22E-01 4.11E-02 9.1 5.83E-06 1.97E-06 9.1 6.17E-06 2.08E-06
- - - - - - – - - – - -
- - - - - - - - - - - -

0.024 3.42E+01 1.16E+01 0.024 3.66E+01 1.24E+01 - - - - - -
0.0003 2.11E-01 7.12E-02 0.0003 2.25E-01 7.61E-02 - - - - - -
0.0001 5.65E-01 1.91E-01 0.0001 7.62E-01 2.57E-01 - - - - - -
0.0007 1.15E-03 3.89E-04 0.0007 2.87E-03 9.71E-04 - - - - - -
0.005 6.85E-01 2.32E-01 0.005 7.39E-01 2.50E-01 - - - - - -
0.005 1.75E-01 5.91E-02 0.005 2.02E-01 6.83E-02 - - - - - -
0.2 1.51E-01 5.09E-02 0.2 1.70E-01 5.73E-02 - - - - - -
0.3 5.35E-01 1.81E-01 0.3 5.56E-01 1.88E-01 - - - - - -
- - - - - - 150000 2.40E-13 8.09E-14 150000 3.51E-13 1.19E-13



Appendix D.4-3 - Nearshore at Makua CR = 0.1006 for subsistence; 0.034 for recreational
Human Health Risk Calculations for Fish Consumption EF = 365

ED = 30
BW = 70
AT = noncarcinogens = 30 yrs * 365 days/yr;
 carcinog = 70 yrs * 365 days/yr

Noncarcinogens Carcinogens
Subsistence Intake (mg/kg-day) Recreational Intake (mg/kg-day) Subsistence Intake (mg/kg-day) Recreational Intake (mg/kg-day)

Chemical Arithmetic Mean MaxD Arithmetic Mean MaxD Arithmetic Mean MaxD Arithmetic Mean MaxD Arithmetic Mean MaxD
Acetone 0.48 0.73 6.96E-04 1.05E-03 2.35E-04 3.55E-04 2.98E-04 4.50E-04 1.01E-04 1.52E-04
Aldrin 0.002 0.003 2.83E-06 3.88E-06 9.56E-07 1.31E-06 1.21E-06 1.66E-06 4.10E-07 5.62E-07
Aluminum 31 65 4.40E-02 9.34E-02 1.49E-02 3.16E-02 1.89E-02 4.00E-02 6.38E-03 1.35E-02
Arsenic, organic 23 37 3.31E-02 5.36E-02 1.12E-02 1.81E-02 1.42E-02 2.30E-02 4.79E-03 7.76E-03
Barium 7.0 32 1.00E-02 4.54E-02 3.39E-03 1.53E-02 4.30E-03 1.95E-02 1.45E-03 6.58E-03
BHC, alpha 0.002 0.008 2.95E-06 1.18E-05 9.97E-07 3.98E-06 1.26E-06 5.05E-06 4.27E-07 1.71E-06
BHC, delta 0.001 0.0003 1.59E-06 4.31E-07 5.37E-07 1.46E-07 6.82E-07 1.85E-07 2.30E-07 6.24E-08
BHC, gamma 0.003 0.006 3.84E-06 9.05E-06 1.30E-06 3.06E-06 1.64E-06 3.88E-06 5.56E-07 1.31E-06
Bis(2-Ethylhexyl)Phthalate 1.4 3.5 2.02E-03 5.03E-03 6.82E-04 1.70E-03 8.65E-04 2.16E-03 2.92E-04 7.29E-04
Cadmium 0.15 0.21 2.17E-04 3.02E-04 7.33E-05 1.02E-04 9.30E-05 1.29E-04 3.14E-05 4.37E-05
Chromium 5.7 10 8.15E-03 1.49E-02 2.75E-03 5.05E-03 3.49E-03 6.41E-03 1.18E-03 2.16E-03
Cobalt 0.23 0.41 3.31E-04 5.94E-04 1.12E-04 2.01E-04 1.42E-04 2.54E-04 4.80E-05 8.60E-05
Copper 4.2 9.8 6.05E-03 1.41E-02 2.04E-03 4.75E-03 2.59E-03 6.02E-03 8.76E-04 2.04E-03
4,4'-DDT 0.0005 0.0002 7.06E-07 2.59E-07 2.39E-07 8.74E-08 3.03E-07 1.11E-07 1.02E-07 3.75E-08
di-n-Butylphthalate 0.31 1.4 4.45E-04 2.01E-03 1.50E-04 6.80E-04 1.91E-04 8.62E-04 6.44E-05 2.91E-04
Heptachlor 0.002 0.01 2.69E-06 8.05E-06 9.08E-07 2.72E-06 1.15E-06 3.45E-06 3.89E-07 1.17E-06
Heptachlor epoxide 0.01 0.01 8.78E-06 2.01E-05 2.97E-06 6.80E-06 3.76E-06 8.62E-06 1.27E-06 2.91E-06
Iron 163 302 2.34E-01 4.34E-01 7.92E-02 1.47E-01 1.00E-01 1.86E-01 3.39E-02 6.29E-02
Lead 0.70 2.0 1.01E-03 2.89E-03 3.40E-04 9.76E-04 4.31E-04 1.24E-03 1.46E-04 4.18E-04
m,p-Xylenes 0.01 0.02 2.12E-05 2.87E-05 7.16E-06 9.71E-06 9.08E-06 1.23E-05 3.07E-06 4.16E-06
Manganese 7.7 16 1.10E-02 2.26E-02 3.73E-03 7.63E-03 4.73E-03 9.67E-03 1.60E-03 3.27E-03
Mercury 0.06 0.10 9.25E-05 1.41E-04 3.13E-05 4.75E-05 3.96E-05 6.02E-05 1.34E-05 2.04E-05
Methyl mercury 0.08 0.20 1.21E-04 2.88E-04 4.08E-05 9.72E-05 5.17E-05 1.23E-04 1.75E-05 4.17E-05
Nitroglycerin 0.17 0.33 2.45E-04 4.74E-04 8.29E-05 1.60E-04 1.05E-04 2.03E-04 3.55E-05 6.87E-05
Perchlorate 0.002 0.01 2.28E-06 1.26E-05 7.70E-07 4.27E-06 9.76E-07 5.42E-06 3.30E-07 1.83E-06
RDX 0.06 0.06 8.14E-05 8.19E-05 2.75E-05 2.77E-05 3.49E-05 3.51E-05 1.18E-05 1.19E-05
Selenium 1.2 1.6 1.66E-03 2.30E-03 5.62E-04 7.77E-04 7.13E-04 9.85E-04 2.41E-04 3.33E-04
Silver 0.01 0.01 1.35E-05 1.90E-05 4.55E-06 6.41E-06 5.77E-06 8.13E-06 1.95E-06 2.75E-06
Vanadium 0.61 1.2 8.81E-04 1.78E-03 2.98E-04 6.02E-04 3.78E-04 7.64E-04 1.28E-04 2.58E-04
Zinc 75 149 1.07E-01 2.14E-01 3.62E-02 7.24E-02 4.59E-02 9.18E-02 1.55E-02 3.10E-02

ATBW
EDEFCRC

Intake sf

×

×××
=



Appendix D.4-3 - Nearshore at Makua 
Human Health Risk Calculations for Fish Consumption

Chemical Arithmetic Mean MaxD
Acetone 0.48 0.73
Aldrin 0.002 0.003
Aluminum 31 65
Arsenic, organic 23 37
Barium 7.0 32
BHC, alpha 0.002 0.008
BHC, delta 0.001 0.0003
BHC, gamma 0.003 0.006
Bis(2-Ethylhexyl)Phthalate 1.4 3.5
Cadmium 0.15 0.21
Chromium 5.7 10
Cobalt 0.23 0.41
Copper 4.2 9.8
4,4'-DDT 0.0005 0.0002
di-n-Butylphthalate 0.31 1.4
Heptachlor 0.002 0.01
Heptachlor epoxide 0.01 0.01
Iron 163 302
Lead 0.70 2.0
m,p-Xylenes 0.01 0.02
Manganese 7.7 16
Mercury 0.06 0.10
Methyl mercury 0.08 0.20
Nitroglycerin 0.17 0.33
Perchlorate 0.002 0.01
RDX 0.06 0.06
Selenium 1.2 1.6
Silver 0.01 0.01
Vanadium 0.61 1.2
Zinc 75 149

Non-carcinogenic Risk (Arithmetic Mean) Non-carcinogenic Risk (MaxD) Carcinogenic Risk (Mean) Carcinogenic Risk (MaxD)
RfDo Subsistence Recreational RfDo Subsistence Recreational SF Subsistence Recreational SF Subsistence Recreational
0.9 7.73E-04 2.61E-04 0.9 1.17E-03 3.94E-04 - - - - - -

0.00003 9.43E-02 3.19E-02 0.00003 1.29E-01 4.37E-02 17 2.06E-05 6.96E-06 17 2.83E-05 9.55E-06
1 4.40E-02 1.49E-02 1 9.34E-02 3.16E-02 - - - - - -
- - - - - - - - - - - -

0.07 1.43E-01 4.85E-02 0.07 6.49E-01 2.19E-01 - - - - - -
0.0003 9.83E-03 3.32E-03 0.0003 3.93E-02 1.33E-02 6.3 7.97E-06 2.69E-06 6.3 3.18E-05 1.08E-05
0.0003 5.30E-03 1.79E-03 0.0003 1.44E-03 4.86E-04 - - - - - -
0.0003 1.28E-02 4.32E-03 0.0003 3.02E-02 1.02E-02 1.3 2.14E-06 7.22E-07 1.3 5.04E-06 1.70E-06

0.02 1.01E-01 3.41E-02 0.02 2.52E-01 8.50E-02 0.014 1.21E-05 4.09E-06 0.014 3.02E-05 1.02E-05
0.0005 4.34E-01 1.47E-01 0.0005 6.04E-01 2.04E-01 - - - - - -

1.5 5.43E-03 1.84E-03 1.5 9.96E-03 3.37E-03 - - - - - -
0.02 1.66E-02 5.60E-03 0.02 2.97E-02 1.00E-02 - - - - - -
0.04 1.51E-01 5.11E-02 0.04 3.51E-01 1.19E-01 - - - - - -

0.0005 1.41E-03 4.77E-04 0.0005 5.17E-04 1.75E-04 0.34 1.03E-07 3.48E-08 0.34 3.77E-08 1.27E-08
0.1 4.45E-03 1.50E-03 0.1 2.01E-02 6.80E-03 - - - - - -

0.0005 5.37E-03 1.82E-03 0.0005 1.61E-02 5.44E-03 4.5 5.18E-06 1.75E-06 4.5 1.55E-05 5.25E-06
0.000013 6.76E-01 2.28E-01 0.000013 1.55E+00 5.23E-01 9.1 3.42E-05 1.16E-05 9.1 7.85E-05 2.65E-05

- - - - - - – - - – - -
- - - - - - - - - - - -

0.2 1.06E-04 3.58E-05 0.2 1.44E-04 4.86E-05 - - - - - -
0.024 4.60E-01 1.55E-01 0.024 9.40E-01 3.18E-01 - - - - - -
0.0003 3.08E-01 1.04E-01 0.0003 4.69E-01 1.58E-01 - - - - - -
0.0001 1.21E+00 4.08E-01 0.0001 2.88E+00 9.72E-01 - - - - - -
0.0001 2.45E+00 8.29E-01 0.0001 4.74E+00 1.60E+00 0.017 1.79E-06 6.04E-07 0.017 3.46E-06 1.17E-06
0.0007 3.25E-03 1.10E-03 0.0007 1.81E-02 6.11E-03 - - - - - -
0.003 2.71E-02 9.17E-03 0.003 2.73E-02 9.23E-03 0.11 3.84E-06 1.30E-06 0.11 3.86E-06 1.31E-06
0.005 3.33E-01 1.12E-01 0.005 4.60E-01 1.55E-01 - - - - - -
0.005 2.69E-03 9.10E-04 0.005 3.79E-03 1.28E-03 - - - - - -
0.02 4.41E-02 1.49E-02 0.02 8.91E-02 3.01E-02 - - - - - -
0.3 3.57E-01 1.21E-01 0.3 7.14E-01 2.41E-01 - - - - - -



Appendix D.4-4 - Nearshore Background (at Sandy Beach) CR = 0.1006 for subsistence; 0.034 for recreational
Human Health Risk Calculations for Fish Consumption EF = 365

ED = 30
BW = 70
AT = noncarcinogens = 30 yrs * 365 days/yr;

 carcinog = 70 yrs * 365 days/yr
Noncarcinogens Carcinogens
Subsistence Intake (mg/kg-day) Recreational Intake (mg/kg-day) Subsistence Intake (mg/kg-day) Recreational Intake (mg/kg-day

Chemical Arithmetic Mean MaxD Arithmetic Mean MaxD Arithmetic Mean MaxD Arithmetic Mean MaxD Arithmetic Mean MaxD
Acetone 0.33 0.60 4.80E-04 8.62E-04 1.62E-04 2.91E-04 2.06E-04 3.70E-04 6.95E-05 1.25E-04
Aldrin 0.003 0.006 3.84E-06 9.20E-06 1.30E-06 3.11E-06 1.64E-06 3.94E-06 5.56E-07 1.33E-06
Aluminum 796 4720 1.14E+00 6.78E+00 3.87E-01 2.29E+00 4.90E-01 2.91E+00 1.66E-01 9.83E-01
Antimony 0.02 0.03 2.31E-05 3.72E-05 7.82E-06 1.26E-05 9.92E-06 1.60E-05 3.35E-06 5.39E-06
Arsenic, organic 19 53 2.68E-02 7.62E-02 9.07E-03 2.57E-02 1.15E-02 3.26E-02 3.89E-03 1.10E-02
Barium 5.6 14 8.12E-03 2.04E-02 2.74E-03 6.90E-03 3.48E-03 8.75E-03 1.18E-03 2.96E-03
Beryllium 0.01 0.07 1.94E-05 9.92E-05 6.56E-06 3.35E-05 8.32E-06 4.25E-05 2.81E-06 1.44E-05
BHC, gamma 0.004 0.002 5.55E-06 2.73E-06 1.87E-06 9.23E-07 2.38E-06 1.17E-06 8.03E-07 3.96E-07
Bis(2-Ethylhexyl)Phthalate 0.06 0.05 8.05E-05 7.04E-05 2.72E-05 2.38E-05 3.45E-05 3.02E-05 1.17E-05 1.02E-05
Cadmium 0.11 0.20 1.56E-04 2.87E-04 5.28E-05 9.71E-05 6.69E-05 1.23E-04 2.26E-05 4.16E-05
Chromium 7.3 32 1.05E-02 4.56E-02 3.54E-03 1.54E-02 4.48E-03 1.95E-02 1.52E-03 6.60E-03
Cobalt 0.83 4.3 1.19E-03 6.19E-03 4.04E-04 2.09E-03 5.12E-04 2.65E-03 1.73E-04 8.97E-04
Copper 4.8 17 6.86E-03 2.37E-02 2.32E-03 8.01E-03 2.94E-03 1.02E-02 9.94E-04 3.43E-03
4,4'-DDT 0.001 0.002 1.42E-06 3.02E-06 4.81E-07 1.02E-06 6.10E-07 1.29E-06 2.06E-07 4.37E-07
Diethyl phthalate 0.04 0.02 5.27E-05 2.73E-05 1.78E-05 9.23E-06 2.26E-05 1.17E-05 7.64E-06 3.96E-06
di-n-Butylphthalate 0.13 0.61 1.93E-04 8.77E-04 6.52E-05 2.96E-04 8.26E-05 3.76E-04 2.79E-05 1.27E-04
Heptachlor 0.003 0.01 4.21E-06 8.19E-06 1.42E-06 2.77E-06 1.81E-06 3.51E-06 6.10E-07 1.19E-06
Heptachlor epoxide 0.003 0.01 4.26E-06 1.09E-05 1.44E-06 3.69E-06 1.82E-06 4.68E-06 6.17E-07 1.58E-06
Iron 1230 6960 1.77E+00 1.00E+01 5.97E-01 3.38E+00 7.57E-01 4.29E+00 2.56E-01 1.45E+00
Lead 1.4 2.8 2.07E-03 3.95E-03 6.99E-04 1.34E-03 8.87E-04 1.69E-03 3.00E-04 5.72E-04
m,p-Xylenes 0.01 0.02 1.99E-05 2.30E-05 6.73E-06 7.77E-06 8.54E-06 9.85E-06 2.89E-06 3.33E-06
Manganese 28 147 4.08E-02 2.11E-01 1.38E-02 7.14E-02 1.75E-02 9.05E-02 5.91E-03 3.06E-02
Mercury 0.03 0.04 3.99E-05 6.18E-05 1.35E-05 2.09E-05 1.71E-05 2.65E-05 5.78E-06 8.95E-06
Methyl mercury 0.04 0.06 5.22E-05 8.05E-05 1.77E-05 2.72E-05 2.24E-05 3.45E-05 7.57E-06 1.17E-05
Perchlorate 0.02 0.11 2.89E-05 1.58E-04 9.76E-06 5.34E-05 1.24E-05 6.78E-05 4.18E-06 2.29E-05
Selenium 1.0 1.8 1.43E-03 2.59E-03 4.83E-04 8.74E-04 6.13E-04 1.11E-03 2.07E-04 3.75E-04
Silver 0.01 0.03 1.45E-05 4.46E-05 4.91E-06 1.51E-05 6.23E-06 1.91E-05 2.11E-06 6.45E-06
Thallium 0.01 0.01 1.10E-05 1.81E-05 3.71E-06 6.12E-06 4.71E-06 7.76E-06 1.59E-06 2.62E-06
Vanadium 3.8 20 5.48E-03 2.92E-02 1.85E-03 9.86E-03 2.35E-03 1.25E-02 7.94E-04 4.23E-03
Zinc 66 77 9.55E-02 1.11E-01 3.23E-02 3.74E-02 4.09E-02 4.74E-02 1.38E-02 1.60E-02
TCDD equivalents 3.6E-14 1.7E-13 5.22E-17 2.47E-16 1.77E-17 8.35E-17 2.24E-17 1.06E-16 7.57E-18 3.58E-17

ATBW
EDEFCRC

Intake sf

×

×××
=



Appendix D.4-4 - Nearshore Background (at Sandy Beach) 
Human Health Risk Calculations for Fish Consumption

Chemical Arithmetic Mean MaxD
Acetone 0.33 0.60
Aldrin 0.003 0.006
Aluminum 796 4720
Antimony 0.02 0.03
Arsenic, organic 19 53
Barium 5.6 14
Beryllium 0.01 0.07
BHC, gamma 0.004 0.002
Bis(2-Ethylhexyl)Phthalate 0.06 0.05
Cadmium 0.11 0.20
Chromium 7.3 32
Cobalt 0.83 4.3
Copper 4.8 17
4,4'-DDT 0.001 0.002
Diethyl phthalate 0.04 0.02
di-n-Butylphthalate 0.13 0.61
Heptachlor 0.003 0.01
Heptachlor epoxide 0.003 0.01
Iron 1230 6960
Lead 1.4 2.8
m,p-Xylenes 0.01 0.02
Manganese 28 147
Mercury 0.03 0.04
Methyl mercury 0.04 0.06
Perchlorate 0.02 0.11
Selenium 1.0 1.8
Silver 0.01 0.03
Thallium 0.01 0.01
Vanadium 3.8 20
Zinc 66 77
TCDD equivalents 3.6E-14 1.7E-13

Non-carcinogenic Risk (Arithmetic Mean) Non-carcinogenic Risk (MaxD) Carcinogenic Risk (Mean) Carcinogenic Risk (MaxD)
RfDo Subsistence Recreational RfDo Subsistence Recreational SF Subsistence Recreational SF Subsistence Recreational
0.9 5.33E-04 1.80E-04 0.9 9.58E-04 3.24E-04 - - - - - -

0.00003 1.28E-01 4.32E-02 0.00003 3.07E-01 1.04E-01 17 2.80E-05 9.45E-06 17 6.70E-05 2.26E-05
1 1.14E+00 3.87E-01 1 6.78E+00 2.29E+00 - - - - - -

0.0004 5.79E-02 1.96E-02 0.0004 9.31E-02 3.15E-02 - - - - - -
- - - - - - - - - - - -

0.07 1.16E-01 3.92E-02 0.07 2.92E-01 9.85E-02 - - - - - -
0.002 9.70E-03 3.28E-03 0.002 4.96E-02 1.68E-02 - - - - - -

0.0003 1.85E-02 6.25E-03 0.0003 9.10E-03 3.08E-03 1.3 3.09E-06 1.04E-06 1.3 1.52E-06 5.14E-07
0.02 4.03E-03 1.36E-03 0.02 3.52E-03 1.19E-03 0.014 4.83E-07 1.63E-07 0.014 4.23E-07 1.43E-07

0.0005 3.12E-01 1.06E-01 0.0005 5.75E-01 1.94E-01 - - - - - -
1.5 6.98E-03 2.36E-03 1.5 3.04E-02 1.03E-02 - - - - - -

0.02 5.97E-02 2.02E-02 0.02 3.10E-01 1.05E-01 - - - - - -
0.04 1.72E-01 5.80E-02 0.04 5.93E-01 2.00E-01 - - - - - -

0.0005 2.84E-03 9.61E-04 0.0005 6.04E-03 2.04E-03 0.34 2.07E-07 7.00E-08 0.34 4.40E-07 1.49E-07
0.8 6.59E-05 2.23E-05 0.8 3.41E-05 1.15E-05 - - - - - -
0.1 1.93E-03 6.52E-04 0.1 8.77E-03 2.96E-03 - - - - - -
0.2 2.11E-05 7.12E-06 0.2 4.10E-05 1.38E-05 4.5 8.13E-06 2.75E-06 4.5 1.58E-05 5.34E-06

0.000013 3.28E-01 1.11E-01 0.000013 8.40E-01 2.84E-01 9.1 1.66E-05 5.61E-06 9.1 4.26E-05 1.44E-05
- - - - - - – - - – - -
- - - - - - - - - - - -

0.2 9.96E-05 3.37E-05 0.2 1.15E-04 3.89E-05 - - - - - -
0.024 1.70E+00 5.75E-01 0.024 8.80E+00 2.98E+00 - - - - - -

0.0003 1.33E-01 4.50E-02 0.0003 2.06E-01 6.96E-02 - - - - - -
0.0001 5.22E-01 1.77E-01 0.0001 8.05E-01 2.72E-01 - - - - - -
0.0007 4.13E-02 1.39E-02 0.0007 2.26E-01 7.63E-02 - - - - - -
0.005 2.86E-01 9.67E-02 0.005 5.17E-01 1.75E-01 - - - - - -
0.005 2.91E-03 9.83E-04 0.005 8.91E-03 3.01E-03 - - - - - -

0.00008 1.37E-01 4.64E-02 0.00008 2.26E-01 7.65E-02 - - - - - -
0.02 2.74E-01 9.27E-02 0.02 1.46E+00 4.93E-01 - - - - - -
0.3 3.18E-01 1.08E-01 0.3 3.69E-01 1.25E-01 - - - - - -
- - - - - - 150000 3.36E-12 1.14E-12 150000 1.59E-11 5.37E-12



Appendix D.4-5 - Nearshore at Makua Human Health Risk CR = 0.0182 subsistence; 0.0052 recreational
Calculations for Consumption of Limu Tissue EF = 365

ED = 30
BW = 70
AT = noncarcinogens = 30 yrs * 365 days/yr;

 carcinog = 70 yrs * 365 days/yr
Noncarcinogens Carcinogens
Subsistence Intake (mg/kg-day) Recreational Intake (mg/kg-day) Subsistence Intake (mg/kg-day) Recreational Intake (mg/kg-day)

Chemical Arithmetic Mean MaxD Arithmetic Mean MaxD Arithmetic Mean MaxD Arithmetic Mean MaxD Arithmetic Mean MaxD
Aluminum 422 1,120 1.10E-01 2.91E-01 3.13E-02 8.32E-02 4.70E-02 1.25E-01 1.34E-02 3.57E-02
Antimony 0.06 0.15 1.62E-05 3.77E-05 4.63E-06 1.08E-05 6.94E-06 1.62E-05 1.98E-06 4.62E-06
Arsenic, inorganic 66 109 1.72E-02 2.83E-02 4.92E-03 8.10E-03 7.38E-03 1.21E-02 2.11E-03 3.47E-03
Barium 9.0 13 2.33E-03 3.46E-03 6.66E-04 9.88E-04 1.00E-03 1.48E-03 2.86E-04 4.23E-04
Beryllium 0.01 0.02 1.99E-06 5.20E-06 5.67E-07 1.49E-06 8.51E-07 2.23E-06 2.43E-07 6.37E-07
Bis(2-Ethylhexyl)Phthalate 0.08 0.09 2.16E-05 2.24E-05 6.17E-06 6.39E-06 9.25E-06 9.58E-06 2.64E-06 2.74E-06
Cadmium 0.24 0.28 6.34E-05 7.28E-05 1.81E-05 2.08E-05 2.72E-05 3.12E-05 7.76E-06 8.91E-06
Chromium 2.2 6.0 5.64E-04 1.56E-03 1.61E-04 4.46E-04 2.42E-04 6.69E-04 6.90E-05 1.91E-04
Cobalt 0.72 1.3 1.88E-04 3.25E-04 5.36E-05 9.29E-05 8.04E-05 1.39E-04 2.30E-05 3.98E-05
Copper 2.6 4.6 6.88E-04 1.19E-03 1.97E-04 3.39E-04 2.95E-04 5.09E-04 8.43E-05 1.45E-04
di-n-Butylphthalate 0.14 0.48 3.54E-05 1.25E-04 1.01E-05 3.57E-05 1.52E-05 5.35E-05 4.33E-06 1.53E-05
Heptachlor 0.001 0.001 3.24E-07 1.87E-07 9.27E-08 5.35E-08 1.39E-07 8.02E-08 3.97E-08 2.29E-08
Iron 671 1,860 1.74E-01 4.84E-01 4.98E-02 1.38E-01 7.47E-02 2.07E-01 2.13E-02 5.92E-02
Lead 1.5 3.9 3.95E-04 1.01E-03 1.13E-04 2.88E-04 1.69E-04 4.32E-04 4.84E-05 1.24E-04
m,p-Xylenes 0.02 0.02 5.31E-06 4.16E-06 1.52E-06 1.19E-06 2.28E-06 1.78E-06 6.51E-07 5.09E-07
Manganese 16 39 4.12E-03 1.01E-02 1.18E-03 2.90E-03 1.77E-03 4.35E-03 5.05E-04 1.24E-03
Perchlorate 0.02 0.05 4.48E-06 1.35E-05 1.28E-06 3.86E-06 1.92E-06 5.79E-06 5.48E-07 1.66E-06
Selenium 0.28 0.07 7.24E-05 1.93E-05 2.07E-05 5.52E-06 3.10E-05 8.28E-06 8.86E-06 2.37E-06
Silver 0.07 0.14 1.89E-05 3.67E-05 5.41E-06 1.05E-05 8.11E-06 1.57E-05 2.32E-06 4.49E-06
Thallium 0.02 0.03 4.31E-06 6.97E-06 1.23E-06 1.99E-06 1.85E-06 2.99E-06 5.28E-07 8.53E-07
Vanadium 6.0 13 1.56E-03 3.43E-03 4.46E-04 9.81E-04 6.69E-04 1.47E-03 1.91E-04 4.20E-04
Zinc 11 12 2.75E-03 3.20E-03 7.86E-04 9.14E-04 1.18E-03 1.37E-03 3.37E-04 3.92E-04
TCDD equivalents 2.33E-14 6.72E-14 6.06E-18 1.75E-17 1.73E-18 4.99E-18 2.60E-18 7.49E-18 7.42E-19 2.14E-18

ATBW
EDEFCRC

Intake sf

×

×××
=



Appendix D.4-5 - Nearshore at Makua Human Health Risk 
Calculations for Consumption of Limu Tissue

Chemical Arithmetic Mean MaxD
Aluminum 422 1,120
Antimony 0.06 0.15
Arsenic, inorganic 66 109
Barium 9.0 13
Beryllium 0.01 0.02
Bis(2-Ethylhexyl)Phthalate 0.08 0.09
Cadmium 0.24 0.28
Chromium 2.2 6.0
Cobalt 0.72 1.3
Copper 2.6 4.6
di-n-Butylphthalate 0.14 0.48
Heptachlor 0.001 0.001
Iron 671 1,860
Lead 1.5 3.9
m,p-Xylenes 0.02 0.02
Manganese 16 39
Perchlorate 0.02 0.05
Selenium 0.28 0.07
Silver 0.07 0.14
Thallium 0.02 0.03
Vanadium 6.0 13
Zinc 11 12
TCDD equivalents 2.33E-14 6.72E-14

Non-carcinogenic Risk (Arithmetic MeanNon-carcinogenic Risk (MaxD) Carcinogenic Risk (Mean) Carcinogenic Risk (Max
RfDo Subsistence Recreational RfDo Subsistence Recreational SF Subsistence Recreational SF Subsistence 

1 1.10E-01 3.13E-02 1 2.91E-01 8.32E-02 - - - - -
0.0004 4.05E-02 1.16E-02 0.0004 9.43E-02 2.69E-02 - - - - -
0.0003 5.74E+01 1.64E+01 0.0003 9.45E+01 2.70E+01 1.5 1.11E-02 3.16E-03 1.5 1.82E-02

0.07 3.33E-02 9.52E-03 0.07 4.94E-02 1.41E-02 - - - - -
0.002 9.93E-04 2.84E-04 0.002 2.60E-03 7.43E-04 - - - - -
0.02 1.08E-03 3.08E-04 0.02 1.12E-03 3.19E-04 0.014 1.30E-07 3.70E-08 0.014 1.34E-07

0.0005 1.27E-01 3.62E-02 0.0005 1.46E-01 4.16E-02 - - - - -
1.5 3.76E-04 1.07E-04 1.5 1.04E-03 2.97E-04 - - - - -

0.02 9.38E-03 2.68E-03 0.02 1.63E-02 4.64E-03 - - - - -
0.04 1.72E-02 4.92E-03 0.04 2.97E-02 8.49E-03 - - - - -
0.1 3.54E-04 1.01E-04 0.1 1.25E-03 3.57E-04 - - - - -

0.0005 6.49E-04 1.85E-04 0.0005 3.74E-04 1.07E-04 4.5 6.26E-07 1.79E-07 4.5 3.61E-07
- - - - - - – - - – -
- - - - - - - - - - -

0.2 2.66E-05 7.59E-06 0.2 2.08E-05 5.94E-06 - - - - -
0.024 1.72E-01 4.91E-02 0.024 4.23E-01 1.21E-01 - - - - -

0.0007 6.39E-03 1.83E-03 0.0007 1.93E-02 5.52E-03 - - - - -
0.005 1.45E-02 4.14E-03 0.005 3.86E-03 1.10E-03 - - - - -
0.005 3.78E-03 1.08E-03 0.005 7.33E-03 2.09E-03 - - - - -

0.00008 5.39E-02 1.54E-02 0.00008 8.71E-02 2.49E-02 - - - - -
0.02 7.81E-02 2.23E-02 0.02 1.72E-01 4.90E-02 - - - - -
0.3 9.17E-03 2.62E-03 0.3 1.07E-02 3.05E-03 - - - - -
- - - - - - 150000 3.90E-13 1.11E-13 150000 1.12E-12



Appendix D.4-5 - Nearshore at Makua Human Health Risk 
Calculations for Consumption of Limu Tissue

Chemical Arithmetic Mean MaxD
Aluminum 422 1,120
Antimony 0.06 0.15
Arsenic, inorganic 66 109
Barium 9.0 13
Beryllium 0.01 0.02
Bis(2-Ethylhexyl)Phthalate 0.08 0.09
Cadmium 0.24 0.28
Chromium 2.2 6.0
Cobalt 0.72 1.3
Copper 2.6 4.6
di-n-Butylphthalate 0.14 0.48
Heptachlor 0.001 0.001
Iron 671 1,860
Lead 1.5 3.9
m,p-Xylenes 0.02 0.02
Manganese 16 39
Perchlorate 0.02 0.05
Selenium 0.28 0.07
Silver 0.07 0.14
Thallium 0.02 0.03
Vanadium 6.0 13
Zinc 11 12
TCDD equivalents 2.33E-14 6.72E-14

axD)
Recreational

-
-

5.21E-03
-
-

3.83E-08
-
-
-
-
-

1.03E-07
-
-
-
-
-
-
-
-
-
-

3.21E-13



Appendix D.4-6 - North and South Site Human Health Risk Calculations for Shellfish Consumption CR = 0.1006 for subsistence; 0.034 for recreational
EF = 365
ED = 30
BW = 70
AT = noncarcinogens = 30 yrs * 365 days/yr;
 carcinog = 70 yrs * 365 days/yr

Noncarcinogens Carcinogens

MaxD
Subsistence Intake   

(mg/kg-day)
Recreational Intake

(mg/kg-day)
Subsistence Intake 

(mg/kg-day)
Recreational Intake 

(mg/kg-day)
Chemical (mg/kg) MaxD MaxD MaxD MaxD RfDo Subsistence Recreational SF Subsistence Recreational

Aluminum 143 2.06E-01 6.95E-02 8.81E-02 2.98E-02 1 2.06E-01 6.95E-02 - - -
Arsenic, organic 3.6 5.17E-03 1.75E-03 2.22E-03 7.49E-04 - - - - - -
Barium 57.8 8.31E-02 2.81E-02 3.56E-02 1.20E-02 0.2 4.15E-01 1.40E-01 - - -
Chromium 1.3 1.87E-03 6.31E-04 8.01E-04 2.71E-04 1.5 1.25E-03 4.21E-04 - - -
Cobalt 0.8 1.15E-03 3.89E-04 4.93E-04 1.67E-04 3.00E-04 3.83E+00 1.30E+00 - - -
Copper 39.7 5.71E-02 1.93E-02 2.45E-02 8.26E-03 0.04 1.43E+00 4.82E-01 - - -
Iron 226 3.25E-01 1.10E-01 1.39E-01 4.70E-02 0.7 4.64E-01 1.57E-01 - - -
Lead 0.16 2.30E-04 7.77E-05 9.85E-05 3.33E-05 - - - - - -
Manganese 122 1.75E-01 5.93E-02 7.51E-02 2.54E-02 0.024 7.31E+00 2.47E+00 - - -
Mercury 0.022 3.16E-05 1.07E-05 1.36E-05 4.58E-06 0.0003 1.05E-01 3.56E-02 - - -
Selenium 1.2 1.72E-03 5.83E-04 7.39E-04 2.50E-04 0.005 3.45E-01 1.17E-01 - - -
Vanadium 0.77 1.11E-03 3.74E-04 4.74E-04 1.60E-04 0.02 5.53E-02 1.87E-02 - - -
Zinc 31.2 4.48E-02 1.52E-02 1.92E-02 6.49E-03 0.3 1.49E-01 5.05E-02 - - -
TCDD equivalents 3.74E-07 5.37E-10 1.82E-10 2.30E-10 7.78E-11 - - - 150000 3.45E-05 1.17E-05

Non-carcinogenic HI (MaxD) Carcinogenic Risk (MaxD)

ATBW
EDEFCRC

Intake sf

×

×××
=



Appendix D.4-7 - Background (Nanakuli Muliwai) Human Health Risk Calculations for Shellfish Consumption CR = 0.1006 for subsistence; 0.034 for recreational
EF = 365
ED = 30
BW = 70
AT = noncarcinogens = 30 yrs * 365 days/yr;

Noncarcinogens Carcinogens  carcinog = 70 yrs * 365 days/yr

Subsistence Intake 
(mg/kg-day)

Recreational 
Intake 

(mg/kg-day)
Subsistence Intake 

(mg/kg-day)
Recreational Intake 

(mg/kg-day)
Chemical MaxD MaxD MaxD MaxD MaxD RfDo Subsistence Recreational SF Subsistence Recreational

Aluminum 73.2 1.05E-01 3.56E-02 4.51E-02 1.52E-02 1.0 1.05E-01 3.56E-02 - - -
Arsenic, organic 3.9 5.60E-03 1.89E-03 2.40E-03 8.12E-04 - - - - - -
Barium 14.5 2.08E-02 7.04E-03 8.93E-03 3.02E-03 0.2 1.04E-01 3.52E-02 - - -
Chromium 1.2 1.72E-03 5.83E-04 7.39E-04 2.50E-04 1.5 1.15E-03 3.89E-04 - - -
Cobalt 0.28 4.02E-04 1.36E-04 1.72E-04 5.83E-05 0.0003 1.34E+00 4.53E-01 - - -
Copper 65.7 9.44E-02 3.19E-02 4.05E-02 1.37E-02 0.04 2.36E+00 7.98E-01 - - -
Iron 110 1.58E-01 5.34E-02 6.78E-02 2.29E-02 0.7 2.26E-01 7.63E-02 - - -
Manganese 32.5 4.67E-02 1.58E-02 2.00E-02 6.77E-03 0.024 1.95E+00 6.58E-01 - - -
Selenium 1.7 2.44E-03 8.26E-04 1.05E-03 3.54E-04 0.005 4.89E-01 1.65E-01 - - -
Silver 0.24 3.45E-04 1.17E-04 1.48E-04 5.00E-05 0.005 6.90E-02 2.33E-02 - - -
Vanadium 0.36 5.17E-04 1.75E-04 2.22E-04 7.49E-05 0.02 2.59E-02 8.74E-03 - - -
Zinc 485 6.97E-01 2.36E-01 2.99E-01 1.01E-01 0.3 2.32E+00 7.85E-01 - - -
TCDD equivalents 3.3E-07 4.74E-10 1.60E-10 2.03E-10 6.87E-11 - - - 150000 3.05E-05 1.03E-05

Non-carcinogenic HI (MaxD) Carcinogenic Risk (MaxD)

ATBW
EDEFCRC

Intake sf

×

×××
=



Appendix D.4-8 - Nearshore at Makua Human Health Risk Calculations for Shellfish Consumption CR = 0.1006 for subsistence; 0.034 for recreational
EF = 365
ED = 30
BW = 70
AT = noncarcinogens = 30 yrs * 365 days/yr;

Noncarcinogens Carcinogens  carcinog = 70 yrs * 365 days/yr

Subsistence Intake 
(mg/kg-day)

Recreational Intake
 (mg/kg-day)

Subsistence Intake 
(mg/kg-day)

Recreational Intake 
(mg/kg-day)

Chemical MaxD MaxD MaxD MaxD MaxD RfDo Subsistence Recreational SF Subsistence Recreational
Aldrin 0.0011 1.58E-06 5.34E-07 6.78E-07 2.29E-07 0.00003 5.27E-02 1.78E-02 17 1.15E-05 3.89E-06
Aluminum 102 1.47E-01 4.95E-02 6.28E-02 2.12E-02 1 1.47E-01 4.95E-02 - - -
Arsenic, organic 26.4 3.79E-02 1.28E-02 1.63E-02 5.50E-03 - - - - - -
Barium 2.3 3.31E-03 1.12E-03 1.42E-03 4.79E-04 0.2 1.65E-02 5.59E-03 - - -
Cadmium 2 2.87E-03 9.71E-04 1.23E-03 4.16E-04 0.0005 5.75E+00 1.94E+00 - - -
Chromium 1.2 1.72E-03 5.83E-04 7.39E-04 2.50E-04 1.5 1.15E-03 3.89E-04 - - -
Cobalt 0.37 5.32E-04 1.80E-04 2.28E-04 7.70E-05 0.0003 1.77E+00 5.99E-01 - - -
Copper 25.7 3.69E-02 1.25E-02 1.58E-02 5.35E-03 0.04 9.23E-01 3.12E-01 - - -
Iron 131 1.88E-01 6.36E-02 8.07E-02 2.73E-02 0.7 2.69E-01 9.09E-02 - - -
Lead 0.33 4.74E-04 1.60E-04 2.03E-04 6.87E-05 - - - - - -
Manganese 3.5 5.03E-03 1.70E-03 2.16E-03 7.29E-04 0.024 2.10E-01 7.08E-02 - - -
Mercury 0.041 5.89E-05 1.99E-05 2.53E-05 8.53E-06 0.0003 1.96E-01 6.64E-02 - - -
Perchlorate 1.05 1.51E-03 5.10E-04 6.47E-04 2.19E-04 0.0007 2.16E+00 7.29E-01 - - -
Selenium 1.7 2.44E-03 8.26E-04 1.05E-03 3.54E-04 0.005 4.89E-01 1.65E-01 - - -
Silver 0.15 2.16E-04 7.29E-05 9.24E-05 3.12E-05 0.005 4.31E-02 1.46E-02 - - -
Toluene 0.0011 1.58E-06 5.34E-07 6.78E-07 2.29E-07 0.08 1.98E-05 6.68E-06 - - -
Vanadium 0.56 8.05E-04 2.72E-04 3.45E-04 1.17E-04 0.02 4.02E-02 1.36E-02 - - -
Zinc 47.4 6.81E-02 2.30E-02 2.92E-02 9.87E-03 0.3 2.27E-01 7.67E-02 - - -
TCDD equivalents 2.4E-09 3.45E-12 1.17E-12 1.48E-12 5.00E-13 - - - 150000 2.22E-07 7.49E-08

Non-carcinogenic Risk (MaxD) Carcinogenic Risk (MaxD)

ATBW
EDEFCRC

Intake sf

×

×××
=



Appendix D.4-9- Nearshore Background (at Sandy Beach) Human Health Risk Calculations for Shellfish Consumption CR = 0.1006 for subsistence; 0.034 for recreational
EF = 365
ED = 30
BW = 70
AT = noncarcinogens = 30 yrs * 365 days/yr;

Noncarcinogens Carcinogens  carcinog = 70 yrs * 365 days/yr

Subsistence Intake 
(mg/kg-day)

Recreational Intake 
(mg/kg-day)

Subsistence Intake 
(mg/kg-day)

Recreational Intake 
(mg/kg-day)

Chemical MaxD MaxD MaxD MaxD MaxD RfDo Subsistence Recreational SF Subsistence Recreational
Aluminum 61.8 8.88E-02 3.00E-02 3.81E-02 1.29E-02 1 8.88E-02 3.00E-02 - - -
Arsenic, organic 1.2 1.72E-03 5.83E-04 7.39E-04 2.50E-04 - - - - - -
Barium 1.6 2.30E-03 7.77E-04 9.85E-04 3.33E-04 0.2 1.15E-02 3.89E-03 - - -
Beryllium 0.062 8.91E-05 3.01E-05 3.82E-05 1.29E-05 0.002 4.46E-02 1.51E-02 - - -
Chromium 1.2 1.72E-03 5.83E-04 7.39E-04 2.50E-04 1.5 1.15E-03 3.89E-04 - - -
Cobalt 0.45 6.47E-04 2.19E-04 2.77E-04 9.37E-05 0.0003 2.16E+00 7.29E-01 - - -
Copper 1.9 2.73E-03 9.23E-04 1.17E-03 3.96E-04 0.04 6.83E-02 2.31E-02 - - -
Iron 100 1.44E-01 4.86E-02 6.16E-02 2.08E-02 0.7 2.05E-01 6.94E-02 - - -
Lead 0.98 1.41E-03 4.76E-04 6.04E-04 2.04E-04 - - - - - -
Manganese 1.8 2.59E-03 8.74E-04 1.11E-03 3.75E-04 0.024 1.08E-01 3.64E-02 - - -
Selenium 1.2 1.72E-03 5.83E-04 7.39E-04 2.50E-04 0.005 3.45E-01 1.17E-01 - - -
Toluene 8.90E-04 1.28E-06 4.32E-07 5.48E-07 1.85E-07 0.08 1.60E-05 5.40E-06 - - -
Vanadium 0.36 5.17E-04 1.75E-04 2.22E-04 7.49E-05 0.02 2.59E-02 8.74E-03 - - -
Zinc 5.9 8.48E-03 2.87E-03 3.63E-03 1.23E-03 0.3 2.83E-02 9.55E-03 - - -
TCDD equivalents 8.27E-07 1.19E-09 4.02E-10 5.09E-10 1.72E-10 - - - 150000 7.64E-05 2.58E-05

Non-carcinogenic Risk (MaxD) Carcinogenic Risk (MaxD)

ATBW
EDEFCRC

Intake sf

×

×××
=



 

 

 
 
 

APPENDIX E 
 

ERA



 



Area Riskstats_v3.06_Parameter MinDepth MaxDepth Units N #D %D Min Max MinD MaxD ProUCL_Distribution ProUCL_Recommended UCL RME
North Muliwai 4,4'-DDT All All mg/kg 6 1 16.67 0.000016971 0.0001 0.0001 0.0001 NON-PARAMETRIC 9.09198E-05 0.00009
North Muliwai Aluminum All All mg/kg 21 21 100 796 49700 796 49700 NON-PARAMETRIC 47918.37729 47918
North Muliwai Antimony All All mg/kg 21 13 61.9 0.084853 3.7 0.67 3.7 NON-PARAMETRIC 3.664381544 3.66
North Muliwai Arsenic All All mg/kg 22 14 63.64 0.077782 5.6 0.26 5.6 NON-PARAMETRIC 6.794666942 5.60
North Muliwai Barium All All mg/kg 22 22 100 3.8 123 3.8 123 NON-PARAMETRIC 129.4947946 123
North Muliwai Benzene All All mg/kg 6 2 33.33 0.00004 0.00022 0.00004 0.000044 NORMAL 0.000203628 0.00004
North Muliwai bis(2-ethylhexyl)phthalate All All mg/kg 6 1 16.67 0.014142 0.02687 0.022 0.022 NORMAL 0.0184307 0.02
North Muliwai Cadmium All All mg/kg 22 13 59.09 0.0077782 0.13 0.013 0.13 NON-PARAMETRIC 0.108739206 0.11
North Muliwai Chromium All All mg/kg 22 22 100 15.5 176 15.5 176 NON-PARAMETRIC 131.7095181 132
North Muliwai Cobalt All All mg/kg 22 22 100 5 60.4 5 60.4 NON-PARAMETRIC 45.59821474 46
North Muliwai Copper All All mg/kg 22 22 100 2.4 121 2.4 121 NON-PARAMETRIC 100.2345247 100
North Muliwai Ethylbenzene All All mg/kg 6 4 66.67 0.000098995 0.002 0.0003 0.002 NORMAL 0.001245813 0.001
North Muliwai Lead All All mg/kg 22 9 40.91 0.036062 9.6 0.24 9.6 NON-PARAMETRIC 5.808298119 5.81
North Muliwai m,p-Xylenes All All mg/kg 6 4 66.67 0.0002 0.001 0.0002 0.001 GAMMA 0.000991208 0.001
North Muliwai Mercury All All mg/kg 22 22 100 0.014 0.08 0.014 0.08 GAMMA 0.042492185 0.04
North Muliwai OCDD All All mg/kg 6 1 16.67 0.000014142 0.00015 0.00015 0.00015 NON-PARAMETRIC 0.000266936 0.0002
North Muliwai o-Xylene All All mg/kg 6 2 33.33 0.00009 0.00024042 0.00009 0.0001 NORMAL 0.000154434 0.0001
North Muliwai RDX All All mg/kg 22 1 4.545 0.033234 0.23 0.23 0.23 NON-PARAMETRIC 0.052694108 0.05
North Muliwai Selenium All All mg/kg 22 10 45.45 0.049497 4 0.3 4 NON-PARAMETRIC 4.297199906 4.00
North Muliwai Toluene All All mg/kg 6 6 100 0.0003 0.0007 0.0003 0.0007 NORMAL 0.000637654 0.001
North Muliwai Vanadium All All mg/kg 22 22 100 7.4 185 7.4 185 NON-PARAMETRIC 203.5614089 185
North Muliwai Zinc All All mg/kg 22 22 100 7.6 142 7.6 142 NON-PARAMETRIC 83.79020752 84
South Muliwai 2,3,7,8-TCDD All All mg/kg 5 1 20 2.8284E-06 0.00003 0.00003 0.00003 NON-PARAMETRIC 6.2904E-05 0.00003
South Muliwai Aluminum All All mg/kg 12 12 100 925 67500 925 67500 NORMAL 43491.63043 43492
South Muliwai Antimony All All mg/kg 12 2 16.67 0.098995 0.98 0.86 0.98 NON-PARAMETRIC 0.634531975 0.63
South Muliwai Arsenic All All mg/kg 12 5 41.67 0.091924 5.2 0.35 5.2 NON-PARAMETRIC 6.290401781 5.20
South Muliwai Barium All All mg/kg 12 12 100 3.8 118 3.8 118 NORMAL 65.6873369 66
South Muliwai Cadmium All All mg/kg 12 12 100 0.019 0.16 0.019 0.16 NORMAL 0.087138472 0.09
South Muliwai Chromium All All mg/kg 12 12 100 20.3 271 20.3 271 NORMAL 179.8168625 180
South Muliwai Cobalt All All mg/kg 12 12 100 6.7 74 6.7 74 NORMAL 54.9804361 55
South Muliwai Copper All All mg/kg 12 12 100 3.4 108 3.4 108 NORMAL 82.0440402 82
South Muliwai Ethylbenzene All All mg/kg 3 3 100 0.0006 0.001 0.0006 0.001 N/A 0.001
South Muliwai Lead All All mg/kg 12 7 58.33 0.03677 26.9 1.2 26.9 GAMMA 18.90599221 19
South Muliwai m,p-Xylenes All All mg/kg 3 2 66.67 0.00038184 0.0007 0.0007 0.0007 N/A 0.001
South Muliwai Mercury All All mg/kg 12 10 83.33 0.0070711 0.082 0.016 0.082 NORMAL 0.052939827 0.05
South Muliwai Pentachlorophenol-8151A All All mg/kg 3 1 33.33 0.00070711 0.000823 0.000823 0.000823 N/A 0.0008
South Muliwai Picloram All All mg/kg 3 1 33.33 0.00029698 0.0004 0.0004 0.0004 N/A 0.0004
South Muliwai Selenium All All mg/kg 12 10 83.33 0.0355 7.7 2.2 7.7 NORMAL 4.74255695 4.74
South Muliwai Toluene All All mg/kg 3 3 100 0.0004 0.0006 0.0004 0.0006 N/A 0.00
South Muliwai Vanadium All All mg/kg 12 12 100 3.5 194 3.5 194 NORMAL 154.1653881 154
South Muliwai Zinc All All mg/kg 12 12 100 9.2 188 9.2 188 NORMAL 109.4232539 109
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North Background Aluminum All All mg/kg 4 4 100 22600 25100 22600 25100 NORMAL 25033.60811 25034
North Background Arsenic All All mg/kg 4 1 25 0.077782 0.15 0.15 0.15 NON-PARAMETRIC 0.18227385 0.15
North Background Barium All All mg/kg 4 4 100 109 186 109 186 NORMAL 176.723426 177
North Background Chromium All All mg/kg 4 4 100 112 138 112 138 NORMAL 136.3169652 136
North Background Cobalt All All mg/kg 4 4 100 46.7 70.9 46.7 70.9 NORMAL 68.10330344 68
North Background Copper All All mg/kg 4 4 100 50.3 56.7 50.3 56.7 NORMAL 57.44084083 57
North Background Lead All All mg/kg 4 4 100 0.32 1.7 0.32 1.7 NORMAL 1.606700783 1.61
North Background Mercury All All mg/kg 4 4 100 0.059 0.064 0.059 0.064 NORMAL 0.063675791 0.06
North Background Vanadium All All mg/kg 4 4 100 138 166 138 166 NORMAL 167.018516 166
North Background Zinc All All mg/kg 4 4 100 76.5 86.5 76.5 86.5 NORMAL 87.27674231 87
South Background Aluminum All All mg/kg 4 4 100 30200 54700 30200 54700 NORMAL 58262.68356 54700
South Background Arsenic All All mg/kg 4 3 75 0.084853 1.5 0.21 1.5 NORMAL 1.49041249 1.49
South Background Barium All All mg/kg 4 4 100 134 157 134 157 NORMAL 162.0451407 157
South Background Chromium All All mg/kg 4 4 100 195 227 195 227 NORMAL 226.9892623 227
South Background Cobalt All All mg/kg 4 4 100 70.1 83.1 70.1 83.1 NORMAL 83.06262935 83
South Background Copper All All mg/kg 4 4 100 89.9 110 89.9 110 NORMAL 110.7830879 110
South Background Lead All All mg/kg 4 4 100 1.3 2.4 1.3 2.4 NORMAL 2.604448502 2.40
South Background Mercury All All mg/kg 4 4 100 0.052 0.06 0.052 0.06 NORMAL 0.060803783 0.06
South Background Vanadium All All mg/kg 4 4 100 147 166 147 166 NORMAL 169.1590753 166
South Background Zinc All All mg/kg 4 4 100 103 125 103 125 NORMAL 124.9543098 125



Area Riskstats_v1.19_Parameter MinDepth MaxDepth Units N #D %D Min Max MinD MaxD Distribution Mean_Arith StdDev_Arith StdError_Arith UCL_95 RME
Nanakuli Muliwai 1,2,3,4,6,7,8-hpcdf All All mg/kg 3 3 100 1.78E-07 3.71E-07 1.78E-07 3.71E-07 LogNormal+ 2.52E-07 1.04E-07 6.01E-08 1.04E-06 0.000000371
Nanakuli Muliwai 4,4'-ddt All All mg/kg 3 2 66.67 0.0009899 0.0014 0.0013 0.0014 LogNormal+ 0.00123 0.0002138 0.00012344 0.0018713 0.0014
Nanakuli Muliwai aluminum All All mg/kg 3 3 100 3810 5170 3810 5170 LogNormal+ 4466.7 681.2 393.29 6242 5170
Nanakuli Muliwai arsenic All All mg/kg 3 3 100 2.51 2.57 2.51 2.57 LogNormal+ 2.54 0.03 0.01732 2.547 2.547
Nanakuli Muliwai barium All All mg/kg 3 3 100 39.1 43.6 39.1 43.6 LogNormal+ 40.8 2.4434 1.4107 43.681 43.6
Nanakuli Muliwai beryllium All All mg/kg 3 3 100 0.078 0.094 0.078 0.094 LogNormal+ 0.084667 0.0083267 0.0048074 0.10166 0.094
Nanakuli Muliwai cadmium All All mg/kg 3 3 100 0.11 0.13 0.11 0.13 LogNormal+ 0.12 0.01 0.0057735 0.13761 0.13
Nanakuli Muliwai chromium All All mg/kg 3 3 100 19.7 24.7 19.7 24.7 LogNormal+ 22.233 2.5007 1.4438 27.986 24.7
Nanakuli Muliwai cobalt All All mg/kg 3 3 100 4.59 5.25 4.59 5.25 LogNormal+ 4.9 0.33181 0.19157 5.3569 5.25
Nanakuli Muliwai copper All All mg/kg 3 3 100 64.9 79.9 64.9 79.9 LogNormal+ 71.6 7.6269 4.4034 88.28 79.9
Nanakuli Muliwai di-n-butylphthalate All All mg/kg 3 3 100 0.012 0.018 0.012 0.018 LogNormal+ 0.015333 0.003055 0.0017638 0.025314 0.018
Nanakuli Muliwai heptachlorepoxide All All mg/kg 2 2 100 0.00098 0.0011 0.00098 0.0011 LogNormal(A) 0.00104 0.000084853 0.00006 NA 0.0011
Nanakuli Muliwai hpcdd,total All All mg/kg 3 3 100 1.73E-06 2.46E-06 1.73E-06 2.46E-06 LogNormal++ 2.04E-06 3.79E-07 2.19E-07 3.08E-06 2.46E-06
Nanakuli Muliwai hpcdf,total All All mg/kg 3 3 100 1.78E-07 3.71E-07 1.78E-07 3.71E-07 LogNormal+ 2.52E-07 1.04E-07 6.01E-08 1.04E-06 3.71E-07
Nanakuli Muliwai hxcdd,total All All mg/kg 3 1 33.33 3.82E-08 3.69E-07 3.69E-07 3.69E-07 LogNormal+ 1.51E-07 1.89E-07 1.09E-07 4.05E-01 3.69E-07
Nanakuli Muliwai hxcdf,total All All mg/kg 3 1 33.33 3.75E-08 1.67E-07 1.67E-07 1.67E-07 LogNormal+ 8.11E-08 7.44E-08 4.29E-08 7.27E-05 1.67E-07
Nanakuli Muliwai iron All All mg/kg 3 3 100 5410 7010 5410 7010 LogNormal+ 5996.7 881.21 508.77 8139.1 7010
Nanakuli Muliwai lead All All mg/kg 3 3 100 2.01 2.15 2.01 2.15 LogNormal+ 2.06 0.078102 0.045092 2.1177 2.1177
Nanakuli Muliwai lipids,total All All percent 3 3 100 3.3 4.8 3.3 4.8 LogNormal+ 3.9667 0.76376 0.44096 6.1554 4.8
Nanakuli Muliwai manganese All All mg/kg 3 3 100 501 611 501 611 LogNormal+ 571.67 61.33 35.409 715.42 611
Nanakuli Muliwai mercury All All mg/kg 3 3 100 0.042 0.047 0.042 0.047 LogNormal+ 0.044 0.0026458 0.0015275 0.047144 0.047
Nanakuli Muliwai methylmercury All All mg/kg 3 3 100 0.032 0.053 0.032 0.053 LogNormal+ 0.039333 0.011846 0.0068394 0.087301 0.053
Nanakuli Muliwai ocdf All All mg/kg 3 3 100 6.44E-07 8.78E-07 6.44E-07 8.78E-07 LogNormal+ 7.24E-07 1.34E-07 7.72E-08 1.08E-06 8.78E-07
Nanakuli Muliwai perchlorate All All mg/kg 3 1 33.33 0.0001414 0.0014 0.0014 0.0014 LogNormal(A) 0.00056095 0.00072664 0.00041953 7791.9 0.0014
Nanakuli Muliwai selenium All All mg/kg 3 3 100 2.19 2.57 2.19 2.57 LogNormal+ 2.3833 0.19009 0.10975 2.7031 2.57
Nanakuli Muliwai silver All All mg/kg 3 3 100 0.527 0.703 0.527 0.703 LogNormal+ 0.608 0.088831 0.051287 0.83165 0.703
Nanakuli Muliwai solids,total All All percent 3 3 100 27.3 28.7 27.3 28.7 LogNormal+ 28.067 0.70946 0.40961 28.423 28.423
Nanakuli Muliwai vanadium All All mg/kg 3 3 100 19.6 23.6 19.6 23.6 LogNormal+ 20.967 2.2811 1.317 25.886 23.6
Nanakuli Muliwai zinc All All mg/kg 3 3 100 108 116 108 116 LogNormal+ 111.67 4.0415 2.3333 114.55 114.55
Makua North Muliwai 1,2,3,7,8-pecdd All All mg/kg 5 2 40 3.96E-08 1.42E-06 4.49E-07 1.42E-06 LogNormal++ 4.01E-07 5.96E-07 2.67E-07 3.00E-04 1.42E-06
Makua North Muliwai 4,4'-ddt All All mg/kg 4 2 50 0.0002192 0.00074 0.0005 0.00074 LogNormal+ 0.00050445 0.00021587 0.00010794 0.0016564 0.00074
Makua North Muliwai acetone All All mg/kg 5 1 20 0.1626 1.4142 0.25 0.25 LogNormal(A) 0.43184 0.5504 0.24615 3.6521 0.25
Makua North Muliwai aluminum All All mg/kg 5 5 100 48.3 4240 48.3 4240 Normal++ 2415.7 1546.8 691.77 3890.4 3890.4
Makua North Muliwai antimony All All mg/kg 5 1 20 0.01414 0.04 0.04 0.04 LogNormal(A) 0.019314 0.011564 0.0051716 0.037522 0.037522
Makua North Muliwai arsenic All All mg/kg 5 5 100 2.25 3.81 2.25 3.81 LogNormal+ 2.928 0.60475 0.27045 3.6797 3.6797
Makua North Muliwai barium All All mg/kg 5 5 100 5.53 26.1 5.53 26.1 LogNormal(A) 20.786 8.6639 3.8746 74.741 26.1
Makua North Muliwai beryllium All All mg/kg 5 4 80 0.0015 0.051 0.028 0.051 Normal++ 0.0303 0.018178 0.0081296 0.047631 0.047631
Makua North Muliwai bhc,delta All All mg/kg 4 1 25 0.0001697 0.00048083 0.00031 0.00031 LogNormal+ 0.00028256 0.0001478 0.000073902 0.00086005 0.00031
Makua North Muliwai bhc,gamma All All mg/kg 4 2 50 0.0007071 0.0013 0.00089 0.0013 LogNormal+ 0.00090105 0.00027959 0.00013979 0.0014302 0.0013
Makua North Muliwai cadmium All All mg/kg 5 5 100 0.02 0.08 0.02 0.08 LogNormal+ 0.054 0.021909 0.009798 0.12706 0.08
Makua North Muliwai chromium All All mg/kg 5 5 100 0.9 14.7 0.9 14.7 Normal++ 9.24 5.2228 2.3357 14.219 14.219
Makua North Muliwai cobalt All All mg/kg 5 5 100 0.397 4.17 0.397 4.17 Normal++ 2.6134 1.3915 0.62229 3.94 3.94
Makua North Muliwai copper All All mg/kg 5 5 100 6.39 166 6.39 166 LogNormal+ 62.118 60.585 27.094 2127.7 166
Makua North Muliwai di-n-butylphthalate All All mg/kg 5 5 100 0.0098 0.015 0.0098 0.015 LogNormal+ 0.01136 0.002109 0.00094319 0.013675 0.013675
Makua North Muliwai heptachlorepoxide All All mg/kg 2 1 50 0.00051 0.0012021 0.00051 0.00051 LogNormal(A) 0.00085604 0.00048938 0.00034604 NA 0.00051
Makua North Muliwai hpcdd,total All All mg/kg 5 5 100 1.40E-06 1.02E-05 1.40E-06 1.02E-05 LogNormal++ 3.55E-06 3.75E-06 1.68E-06 1.87E-05 1.02E-05
Makua North Muliwai hpcdf,total All All mg/kg 5 1 20 4.81E-08 7.99E-07 7.99E-07 7.99E-07 LogNormal(A) 2.09E-07 3.30E-07 1.47E-07 5.15E-06 7.99E-07
Makua North Muliwai iron All All mg/kg 5 5 100 122 4530 122 4530 Normal++ 2612.4 1647.7 736.88 4183.3 4183.3
Makua North Muliwai lead All All mg/kg 5 5 100 1.25 5.39 1.25 5.39 LogNormal+ 2.636 1.7186 0.7686 7.5571 5.39
Makua North Muliwai lipids,total All All percent 5 5 100 2.1 6.4 2.1 6.4 LogNormal+ 4.42 1.5675 0.701 7.9524 6.4
Makua North Muliwai manganese All All mg/kg 5 5 100 11.9 386 11.9 386 Normal++ 244.78 142.6 63.772 380.73 380.73
Makua North Muliwai mercury All All mg/kg 5 5 100 0.024 0.074 0.024 0.074 LogNormal+ 0.039 0.020199 0.0090333 0.071998 0.071998
Makua North Muliwai methylmercury All All mg/kg 5 5 100 0.012 0.07 0.012 0.07 LogNormal+ 0.0334 0.023681 0.010591 0.12593 0.07
Makua North Muliwai pecdd,total All All mg/kg 5 1 20 3.39E-08 1.42E-06 1.42E-06 1.42E-06 LogNormal(A) 3.18E-07 6.16E-07 2.76E-07 1.14E-04 1.42E-06
Makua North Muliwai percentmoisture All All ug/l 5 5 100 0 0 0 0 LogNormal(A) 0 NA NA NA NA
Makua North Muliwai perchlorate All All mg/kg 5 1 20 0.0001414 0.0019 0.0019 0.0019 LogNormal(A) 0.00049314 0.00078646 0.00035172 0.012147 0.0019
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Makua North Muliwai selenium All All mg/kg 5 5 100 1.83 3.71 1.83 3.71 LogNormal++ 2.382 0.75952 0.33967 3.3202 3.3202
Makua North Muliwai silver All All mg/kg 5 5 100 0.014 1.13 0.014 1.13 LogNormal+ 0.3952 0.4268 0.19087 348.05 1.13
Makua North Muliwai solids,total All All percent 5 5 100 24.4 28.1 24.4 28.1 LogNormal+ 26.74 1.5076 0.67424 27.667 27.667
Makua North Muliwai vanadium All All mg/kg 5 5 100 1.24 19.3 1.24 19.3 Normal++ 12.808 7.1333 3.1901 19.609 19.3
Makua North Muliwai zinc All All mg/kg 5 5 100 98.8 129 98.8 129 LogNormal+ 113.96 13.693 6.1239 129.2 129
Makua South Muliwai 1,2,3,4,6,7,8-hpcdd All All mg/kg 7 1 14.29 1.29E-07 1.20E-06 5.31E-07 5.31E-07 LogNormal++ 7.53E-07 4.02E-07 1.52E-07 2.26E-06 5.31E-07
Makua South Muliwai 1,2,3,4,6,7,8-hpcdf All All mg/kg 7 1 14.29 5.80E-08 9.19E-07 2.95E-07 2.95E-07 LogNormal++ 3.50E-07 3.13E-07 1.18E-07 2.08E-06 2.95E-07
Makua South Muliwai 1,2,3,7,8-pecdd All All mg/kg 7 1 14.29 3.54E-08 1.76E-06 1.76E-06 1.76E-06 LogNormal++ 4.64E-07 6.14E-07 2.32E-07 1.14E-05 1.76E-06
Makua South Muliwai 2,3,7,8-tcdf All All mg/kg 7 1 14.29 2.26E-08 7.71E-07 5.90E-07 5.90E-07 LogNormal++ 3.80E-07 2.97E-07 1.12E-07 4.69E-06 5.90E-07
Makua South Muliwai 4,4'-ddt All All mg/kg 7 5 71.43 0.00067 0.0029 0.00067 0.0029 LogNormal++ 0.0014757 0.000921 0.00034811 0.0027337 0.0027337
Makua South Muliwai acetone All All mg/kg 5 4 80 0.1626 0.38 0.23 0.38 LogNormal+ 0.25853 0.079952 0.035756 0.37944 0.37944
Makua South Muliwai aluminum All All mg/kg 7 7 100 1150 2880 1150 2880 LogNormal+ 1871.1 707.59 267.44 2647.5 2647.5
Makua South Muliwai antimony All All mg/kg 7 2 28.57 0.01414 0.0527 0.0481 0.0527 LogNormal(A) 0.024502 0.017742 0.0067058 0.049032 0.049032
Makua South Muliwai arsenic All All mg/kg 7 7 100 1.46 29.8 1.46 29.8 LogNormal(A) 5.7757 10.6 4.0064 27.693 27.693
Makua South Muliwai barium All All mg/kg 7 7 100 12.5 21.2 12.5 21.2 LogNormal+ 16.643 3.3346 1.2604 19.731 19.731
Makua South Muliwai beryllium All All mg/kg 7 4 57.14 0.01 0.032 0.01 0.032 LogNormal++ 0.018511 0.0086711 0.0032773 0.029403 0.029403
Makua South Muliwai bhc,beta All All mg/kg 7 2 28.57 0.0002263 0.0041 0.00081 0.0041 LogNormal+ 0.0015742 0.0014845 0.00056107 0.013944 0.0041
Makua South Muliwai bhc,gamma All All mg/kg 6 2 33.33 0.0001061 0.0023335 0.0016 0.0017 LogNormal(A) 0.0014162 0.00084586 0.00034532 0.030847 0.0017
Makua South Muliwai bis(2-ethylhexyl)phthalate All All mg/kg 7 1 14.29 0.03465 3.1 3.1 3.1 LogNormal(A) 0.56862 1.144 0.4324 79.357 3.1
Makua South Muliwai cadmium All All mg/kg 7 7 100 0.02 0.147 0.02 0.147 LogNormal++ 0.050886 0.043848 0.016573 0.10595 0.10595
Makua South Muliwai chromium All All mg/kg 7 7 100 8.4 31.5 8.4 31.5 LogNormal+ 15.971 8.2338 3.1121 25.095 25.095
Makua South Muliwai cobalt All All mg/kg 7 7 100 1.94 2.58 1.94 2.58 LogNormal+ 2.2657 0.25039 0.094639 2.4726 2.4726
Makua South Muliwai copper All All mg/kg 7 7 100 9.56 109 9.56 109 LogNormal+ 43.723 37.979 14.355 182.56 109
Makua South Muliwai di-n-butylphthalate All All mg/kg 7 7 100 0.011 1.5 0.011 1.5 LogNormal(A) 0.36129 0.61358 0.23191 391.99 1.5
Makua South Muliwai heptachlorepoxide All All mg/kg 5 2 40 0.00058 0.0028991 0.00058 0.00093 LogNormal+ 0.0015324 0.0011006 0.00049222 0.006758 0.00093
Makua South Muliwai hpcdd,total All All mg/kg 7 4 57.14 1.29E-07 3.02E-06 6.99E-07 3.02E-06 LogNormal++ 1.41E-06 9.47E-07 3.58E-07 8.51E-06 3.02E-06
Makua South Muliwai hpcdf,total All All mg/kg 7 2 28.57 5.80E-08 1.35E-06 2.95E-07 1.35E-06 LogNormal++ 4.66E-07 4.93E-07 1.86E-07 4.76E-06 1.35E-06
Makua South Muliwai hxcdd,total All All mg/kg 7 1 14.29 3.54E-08 4.45E-07 1.45E-07 1.45E-07 LogNormal+ 2.11E-07 1.69E-07 6.39E-08 1.19E-06 1.45E-07
Makua South Muliwai hxcdf,total All All mg/kg 7 1 14.29 2.40E-08 3.61E-07 1.29E-07 1.29E-07 LogNormal+ 1.57E-07 1.29E-07 4.87E-08 9.25E-07 1.29E-07
Makua South Muliwai iron All All mg/kg 7 7 100 1900 3460 1900 3460 LogNormal+ 2775.4 547.24 206.84 3292.5 3292.5
Makua South Muliwai lead All All mg/kg 7 7 100 0.973 2.61 0.973 2.61 LogNormal+ 1.709 0.74533 0.28171 2.6443 2.61
Makua South Muliwai lipids,total All All percent 5 5 100 2.5 6.4 2.5 6.4 LogNormal+ 4.24 1.8174 0.81277 7.7003 6.4
Makua South Muliwai m,p-xylenes All All mg/kg 7 2 28.57 0.0016 0.017 0.0016 0.017 LogNormal(A) 0.012254 0.004882 0.0018452 0.042461 0.017
Makua South Muliwai manganese All All mg/kg 7 7 100 94.9 184 94.9 184 LogNormal+ 135.41 30.446 11.508 163.65 163.65
Makua South Muliwai mercury All All mg/kg 7 7 100 0.034 0.103 0.034 0.103 LogNormal+ 0.067757 0.024797 0.0093722 0.099275 0.099275
Makua South Muliwai methylmercury All All mg/kg 7 7 100 0.038 0.17 0.038 0.17 LogNormal++ 0.074612 0.045358 0.017144 0.12623 0.12623
Makua South Muliwai ocdd All All mg/kg 7 2 28.57 1.41E-06 8.77E-06 6.90E-06 8.70E-06 LogNormal++ 5.44E-06 2.78E-06 1.05E-06 1.19E-05 8.70E-06
Makua South Muliwai ocdf All All mg/kg 7 3 42.86 2.65E-07 1.31E-06 5.49E-07 1.31E-06 LogNormal++ 8.30E-07 3.95E-07 1.49E-07 1.59E-06 1.31E-06
Makua South Muliwai pecdd,total All All mg/kg 7 1 14.29 3.54E-08 1.76E-06 1.76E-06 1.76E-06 LogNormal++ 5.05E-07 6.31E-07 2.39E-07 1.63E-05 1.76E-06
Makua South Muliwai percentlipids All All percent 2 2 100 13.9 16 13.9 16 LogNormal(A) 14.95 1.4849 1.05 NA 16
Makua South Muliwai percentmoisture All All mg/kg 9 9 100 0 0 0 72.9 LogNormal(A) 0 NA NA NA NA
Makua South Muliwai perchlorate All All mg/kg 7 6 85.71 0.0001414 0.16 0.0012 0.16 LogNormal+ 0.04622 0.060711 0.022947 1617.6 0.16
Makua South Muliwai selenium All All mg/kg 7 7 100 1.61 3.59 1.61 3.59 LogNormal+ 2.5214 0.65178 0.24635 3.1734 3.1734
Makua South Muliwai silver All All mg/kg 7 7 100 0.046 0.822 0.046 0.822 LogNormal+ 0.34194 0.33983 0.12844 5.4303 0.822
Makua South Muliwai solids,total All All percent 5 5 100 25.7 30.6 25.7 30.6 LogNormal+ 27.58 2.1183 0.94731 29.242 29.242
Makua South Muliwai tcdf,total All All mg/kg 7 1 14.29 2.26E-08 5.90E-07 5.90E-07 5.90E-07 LogNormal++ 1.79E-07 2.01E-07 7.61E-08 2.29E-06 5.90E-07
Makua South Muliwai thallium All All mg/kg 7 2 28.57 0.00325 0.006364 0.00325 0.00586 LogNormal(A) 0.0058471 0.0011605 0.00043863 0.0072772 0.00586
Makua South Muliwai vanadium All All mg/kg 7 7 100 7.76 18.2 7.76 18.2 LogNormal+ 11.326 3.4784 1.3147 14.45 14.45
Makua South Muliwai zinc All All mg/kg 7 7 100 85.2 201 85.2 201 LogNormal(A) 114.19 39.694 15.003 146.28 146.28
Nearshore at Sandy Beach 1,2,3,7,8-pecdd All All mg/kg 6 1 16.67 4.60E-08 4.88E-07 1.72E-07 1.72E-07 LogNormal+ 1.94E-07 1.64E-07 6.70E-08 1.17E-06 1.72E-07
Nearshore at Sandy Beach 4,4'-ddt All All mg/kg 6 2 33.33 0.0001202 0.0021 0.0019 0.0021 LogNormal+ 0.00098958 0.00085479 0.00034897 0.036071 0.0021
Nearshore at Sandy Beach acetone All All mg/kg 5 4 80 0.2192 0.6 0.23 0.6 LogNormal+ 0.33384 0.15629 0.069894 0.58104 0.58104
Nearshore at Sandy Beach aldrin All All mg/kg 6 1 16.67 0.0007071 0.0064 0.0064 0.0064 LogNormal+ 0.0026694 0.002243 0.00091569 0.017827 0.0064
Nearshore at Sandy Beach aluminum All All mg/kg 6 6 100 3.8 4720 3.8 4720 LogNormal(A) 796 1922.4 784.8 78636000 4720
Nearshore at Sandy Beach antimony All All mg/kg 6 1 16.67 0.01414 0.0259 0.0259 0.0259 LogNormal(A) 0.016102 0.0048001 0.0019596 0.020477 0.020477
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Appendix E.1-2
ERA Summary Statistics

Fish Tissue
Makua Military Reservation

Nearshore at Sandy Beach arsenic All All mg/kg 6 6 100 4.52 53 4.52 53 LogNormal(A) 18.673 20.905 8.5343 212.12 53
Nearshore at Sandy Beach barium All All mg/kg 6 6 100 0.96 14.2 0.96 14.2 LogNormal+ 5.6483 5.2405 2.1394 78.53 14.2
Nearshore at Sandy Beach beryllium All All mg/kg 6 1 16.67 0.002121 0.069 0.069 0.069 LogNormal(A) 0.013503 0.027194 0.011102 0.48771 0.069
Nearshore at Sandy Beach bhc,gamma All All mg/kg 5 1 20 0.001061 0.0091924 0.0019 0.0019 LogNormal+ 0.003859 0.0033197 0.0014846 0.025346 0.0019
Nearshore at Sandy Beach bis(2-ethylhexyl)phthalate All All mg/kg 6 1 16.67 0.03465 0.14849 0.049 0.049 LogNormal(A) 0.056014 0.045667 0.018644 0.1222 0.049
Nearshore at Sandy Beach cadmium All All mg/kg 6 6 100 0.04 0.2 0.04 0.2 LogNormal+ 0.10867 0.053616 0.021889 0.22255 0.2
Nearshore at Sandy Beach chromium All All mg/kg 6 6 100 0.7 31.7 0.7 31.7 LogNormal++ 7.2817 12.047 4.918 208.67 31.7
Nearshore at Sandy Beach cobalt All All mg/kg 6 6 100 0.109 4.31 0.109 4.31 LogNormal(A) 0.8315 1.7043 0.69577 35.231 4.31
Nearshore at Sandy Beach copper All All mg/kg 6 6 100 1.86 16.5 1.86 16.5 LogNormal(A) 4.7767 5.7599 2.3515 18.262 16.5
Nearshore at Sandy Beach diethylphthalate All All mg/kg 6 2 33.33 0.009192 0.15556 0.018 0.019 LogNormal(A) 0.03669 0.058415 0.023848 0.3774 0.019
Nearshore at Sandy Beach di-n-butylphthalate All All mg/kg 6 6 100 0.014 0.61 0.014 0.61 LogNormal++ 0.13417 0.2335 0.095324 2.824 0.61
Nearshore at Sandy Beach heptachlor All All mg/kg 6 2 33.33 0.0004596 0.0057 0.0045 0.0057 LogNormal+ 0.0029315 0.0020788 0.00084868 0.031586 0.0057
Nearshore at Sandy Beach heptachlorepoxide All All mg/kg 5 3 60 0.0007071 0.0076 0.0028 0.0076 LogNormal+ 0.0029628 0.0028155 0.0012591 0.044703 0.0076
Nearshore at Sandy Beach hpcdd,total All All mg/kg 6 4 66.67 1.10E-07 1.62E-06 3.06E-07 1.62E-06 LogNormal++ 5.77E-07 5.41E-07 2.21E-07 3.21E-06 1.62E-06
Nearshore at Sandy Beach hpcdf,total All All mg/kg 6 1 16.67 3.68E-08 3.39E-07 2.87E-07 2.87E-07 LogNormal+ 1.63E-07 1.30E-07 5.29E-08 1.27E-06 2.87E-07
Nearshore at Sandy Beach iron All All mg/kg 6 6 100 68.4 6960 68.4 6960 LogNormal(A) 1229.5 2807.4 1146.1 468300 6960
Nearshore at Sandy Beach lead All All mg/kg 6 6 100 0.463 2.75 0.463 2.75 LogNormal+ 1.4398 0.89938 0.36717 4.4129 2.75
Nearshore at Sandy Beach lipids,total All All percent 5 5 100 1.7 9.1 1.7 9.1 LogNormal+ 4.04 2.9509 1.3197 12.353 9.1
Nearshore at Sandy Beach m,p-xylenes All All mg/kg 6 1 16.67 0.01343 0.016 0.016 0.016 LogNormal(A) 0.013863 0.0010471 0.0004275 0.014488 0.014488
Nearshore at Sandy Beach manganese All All mg/kg 6 6 100 1.4 147 1.4 147 LogNormal++ 28.39 58.137 23.734 2851.3 147
Nearshore at Sandy Beach mercury All All mg/kg 6 5 83.33 0.009192 0.043 0.024 0.043 LogNormal+ 0.027782 0.011355 0.0046357 0.058023 0.043
Nearshore at Sandy Beach methylmercury All All mg/kg 6 5 83.33 0.003 0.056 0.027 0.056 Normal++ 0.036351 0.01911 0.0078018 0.052072 0.052072
Nearshore at Sandy Beach percentlipids All All percent 1 1 100 9.09 9.09 9.09 9.09 LogNormal(A) 9.09 NA NA NA 9.09
Nearshore at Sandy Beach perchlorate All All mg/kg 6 2 33.33 0.0001414 0.11 0.01 0.11 LogNormal(A) 0.020094 0.044221 0.018053 205540 0.11
Nearshore at Sandy Beach selenium All All mg/kg 6 4 66.67 0.4667 1.8 0.879 1.8 LogNormal+ 0.99506 0.46565 0.1901 1.7732 1.7732
Nearshore at Sandy Beach silver All All mg/kg 6 1 16.67 0.005657 0.031 0.031 0.031 LogNormal(A) 0.010116 0.010246 0.0041831 0.02745 0.02745
Nearshore at Sandy Beach solids,total All All percent 5 5 100 26.5 31.8 26.5 31.8 LogNormal+ 28.82 2.158 0.96509 30.504 30.504
Nearshore at Sandy Beach tcdf,total All All mg/kg 6 1 16.67 2.83E-08 2.47E-07 2.47E-07 2.47E-07 LogNormal+ 1.32E-07 8.58E-08 3.50E-08 6.33E-07 2.47E-07
Nearshore at Sandy Beach thallium All All mg/kg 6 1 16.67 0.006364 0.0126 0.0126 0.0126 LogNormal(A) 0.007639 0.0024953 0.0010187 0.010051 0.010051
Nearshore at Sandy Beach vanadium All All mg/kg 6 6 100 0.312 20.3 0.312 20.3 LogNormal(A) 3.8153 8.0793 3.2984 414.9 20.3
Nearshore at Sandy Beach zinc All All mg/kg 6 6 100 44.7 77 44.7 77 LogNormal+ 66.417 12.277 5.0122 80.967 77
Nearshore at Makua 4,4'-ddt All All mg/kg 5 1 20 0.0001202 0.00084853 0.00018 0.00018 LogNormal+ 0.00049138 0.00032436 0.00014506 0.0039279 0.00018
Nearshore at Makua acetone All All mg/kg 4 3 75 0.2263 0.73 0.27 0.73 LogNormal+ 0.48407 0.27314 0.13657 2.4246 0.73
Nearshore at Makua aldrin All All mg/kg 5 2 40 0.0007071 0.0029698 0.0024 0.0027 LogNormal+ 0.0019675 0.0010173 0.00045493 0.0062739 0.0027
Nearshore at Makua aluminum All All mg/kg 5 5 100 6.8 65 6.8 65 LogNormal+ 30.64 26.161 11.699 429.86 65
Nearshore at Makua arsenic All All mg/kg 5 5 100 4.06 37.3 4.06 37.3 Normal++ 23.012 11.952 5.3452 34.407 34.407
Nearshore at Makua barium All All mg/kg 5 5 100 0.46 31.6 0.46 31.6 LogNormal++ 6.984 13.764 6.1556 6721 31.6
Nearshore at Makua bhc,alpha All All mg/kg 5 1 20 0.0002263 0.0082 0.0082 0.0082 LogNormal++ 0.0020529 0.0034441 0.0015403 0.2087 0.0082
Nearshore at Makua bhc,delta All All mg/kg 5 1 20 0.0003 0.0023335 0.0003 0.0003 LogNormal+ 0.0011065 0.00078072 0.00034915 0.0053364 0.0003
Nearshore at Makua bhc,gamma All All mg/kg 4 1 25 0.0006293 0.0063 0.0063 0.0063 LogNormal+ 0.0026692 0.0024907 0.0012454 0.092115 0.0063
Nearshore at Makua bis(2-ethylhexyl)phthalate All All mg/kg 5 4 80 0.03465 3.5 0.055 3.5 LogNormal+ 1.4039 1.6306 0.72925 228150 3.5
Nearshore at Makua cadmium All All mg/kg 5 5 100 0.12 0.21 0.12 0.21 LogNormal+ 0.151 0.035426 0.015843 0.19307 0.19307
Nearshore at Makua chromium All All mg/kg 5 5 100 0.8 10.4 0.8 10.4 LogNormal+ 5.672 4.3028 1.9243 177.58 10.4
Nearshore at Makua cobalt All All mg/kg 5 5 100 0.107 0.413 0.107 0.413 LogNormal+ 0.2306 0.13208 0.059067 0.60155 0.413
Nearshore at Makua copper All All mg/kg 5 5 100 2.2 9.78 2.2 9.78 LogNormal++ 4.21 3.1406 1.4045 10.833 9.78
Nearshore at Makua di-n-butylphthalate All All mg/kg 5 5 100 0.022 1.4 0.022 1.4 LogNormal(A) 0.3094 0.60976 0.27269 234.64 1.4
Nearshore at Makua heptachlor All All mg/kg 4 1 25 0.0004596 0.0056 0.0056 0.0056 LogNormal++ 0.0018685 0.0024904 0.0012452 0.25577 0.0056
Nearshore at Makua heptachlorepoxide All All mg/kg 3 2 66.67 0.001131 0.014 0.0032 0.014 LogNormal+ 0.0061105 0.0069104 0.0039897 21187 0.014
Nearshore at Makua iron All All mg/kg 5 5 100 62.5 302 62.5 302 LogNormal+ 163 110.21 49.286 665.57 302
Nearshore at Makua lead All All mg/kg 5 5 100 0.076 2.01 0.076 2.01 LogNormal+ 0.6994 0.80883 0.36172 63.616 2.01
Nearshore at Makua lipids,total All All percent 4 4 100 2.3 9.6 2.3 9.6 LogNormal+ 4.725 3.3797 1.6899 26.666 9.6
Nearshore at Makua m,p-xylenes All All mg/kg 5 1 20 0.01343 0.02 0.02 0.02 LogNormal(A) 0.014748 0.0029359 0.001313 0.017909 0.017909
Nearshore at Makua manganese All All mg/kg 5 5 100 1.44 15.7 1.44 15.7 LogNormal+ 7.682 6.074 2.7164 130.88 15.7
Nearshore at Makua mercury All All mg/kg 5 5 100 0.044 0.0978 0.044 0.0978 LogNormal+ 0.06436 0.020855 0.0093268 0.093505 0.093505
Nearshore at Makua methylmercury All All mg/kg 5 5 100 0.034 0.20009 0.034 0.20009 LogNormal+ 0.084019 0.067608 0.030235 0.30444 0.20009
Nearshore at Makua nitroglycerin All All mg/kg 5 1 20 0.1308 0.33 0.33 0.33 LogNormal(A) 0.17065 0.089078 0.039837 0.29905 0.29905
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Appendix E.1-2
ERA Summary Statistics

Fish Tissue
Makua Military Reservation

Nearshore at Makua percentlipids All All percent 1 1 100 21.3 21.3 21.3 21.3 LogNormal(A) 21.3 NA NA NA 21.3
Nearshore at Makua percentmoisture All All mg/kg 6 6 100 0 0 0 66.9 LogNormal(A) 0 NA NA NA NA
Nearshore at Makua perchlorate All All mg/kg 6 1 16.67 0.0001414 0.0088 0.0088 0.0088 LogNormal(A) 0.0015845 0.0035348 0.0014431 0.26369 0.0088
Nearshore at Makua rdx All All mg/kg 5 1 20 0.05657 0.057 0.057 0.057 LogNormal(A) 0.056655 0.00019295 0.000086291 0.056662 0.056662
Nearshore at Makua selenium All All mg/kg 5 4 80 0.5586 1.6 1.09 1.6 LogNormal+ 1.1577 0.38637 0.17279 2.0237 1.6
Nearshore at Makua silver All All mg/kg 5 4 80 0.005657 0.0132 0.008 0.0132 LogNormal+ 0.0093714 0.0027896 0.0012475 0.013928 0.0132
Nearshore at Makua solids,total All All percent 5 5 100 27.6 34.2 27.6 34.2 LogNormal+ 30.6 2.3569 1.054 32.485 32.485
Nearshore at Makua vanadium All All mg/kg 5 5 100 0.106 1.24 0.106 1.24 LogNormal+ 0.6132 0.46367 0.20736 8.1805 1.24
Nearshore at Makua zinc All All mg/kg 5 5 100 36.8 149 36.8 149 LogNormal+ 74.54 43.361 19.392 162.47 149



Appendix E.2-1

Statistical Comparison

Metals in North and South Muliwai Compared to North and South Background Areas 

Makua Military Reservation

Distribution
1

% Detected Test results

Metal Background Site Background Site Test  Used Statistic
2

p Elevated?

Aluminum N N 100 100 WRS 1.9 0.06 No

Antimony - N - 45 < 50% detected - - Yes
3

Arsenic N N 50 56 WRS -1.8 0.07 No

Barium (Log-)Normal N 100 100 WRS 4.2 3.1E-05 No
6

Cadmium - N - 74 - - - Yes
4

Chromium (III) (Log-)Normal N 100 100 WRS 2.3 0.02 No
6

Cobalt (Log-)Normal N 100 100 WRS 3.6 0.0004 No
6

Copper Normal N 100 100 WRS 2.5 0.01 No
6

Lead (Log-)Normal N 100 47 < 50% detected - - Yes
5

Mercury (Log-)Normal N 100 94 WRS 3.0 0.002 No
6

Selenium - N - 59 - - - Yes
4

Vanadium (Log-)Normal N 100 100 WRS 2.8 0.005 No
6

Zinc (Log-)Normal N 100 100 WRS 2.8 0.006 No
6

Notes:

1 -

2 - U  statistic given for the WRS test.

3 -

4 -

5 -
6 -

However, Site concentrations are significantly lower than background concentrations.

Definitions:

Log-normal - Data is log-normally distributed.
(Log-)Normal - Data fit both a log-normal and a normal distribution.

N - Data is neither log-normally or normally distributed.
Normal - Data is normally distributed.

Background - North and south background areas combined (8 samples).
Site - North and south muliwai combined (34 samples).

Assessed for normality and log-normality using the Shapiro-Wilks test.  If the data fit neither distribution, "N" is given 

as the result.

Test result indicates there is a significant difference between background and Site concentrations.

Identified as a COPEC because constituent was not in the background samples and detected at the site, although 

infrequently.

Identified as a COPEC because constituent was not detected in the background samples and detected at the site.

Identified as a COPEC because constituent was <50% detected in the site sediments.



Appendix E-2.2

WRS Box Plot

Barium Sediments

Makua AFB

Box Plot (Makua metal data v2.sta 10v*42c)
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 Barium:  KW-H(2,42) = 0, p = ---;  F(1,40) = 45.9184371, p = 0.00000004



Appendix E-2.3

WRS Box Plot

Chromium Sediments

Makua AFB

Box Plot (Makua metal data v2.sta 10v*42c)
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 Chromium:  KW-H(2,42) = 0, p = ---;  F(1,40) = 6.37610987, p = 0.0156



Appendix E-2.4

WRS Box Plot

Cobalt Sediments

Makua AFB

Box Plot (Makua metal data v2.sta 10v*42c)

 Median 
 25%-75% 
 Non-Outlier Range 

Site Bkgd Background

Location

0

10

20

30

40

50

60

70

80

90

C
o

b
a

lt

 Cobalt:  KW-H(2,42) = 0, p = ---;  F(1,40) = 17.1149664, p = 0.0002



Appendix E-2.5

WRS Box Plot

Copper Sediments

Makua AFB

Box Plot (Makua metal data v2.sta 10v*42c)
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 Copper:  KW-H(2,42) = 0, p = ---;  F(1,40) = 6.05250869, p = 0.0183



Appendix E-2.6

WRS Box Plot

Mercury Sediments

Makua AFB

Box Plot (Makua metal data v2.sta 10v*42c)
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 Mercury:  KW-H(2,42) = 0, p = ---;  F(1,40) = 8.81340484, p = 0.0050



Appendix E-2.7

WRS Box Plot

Vanadium Sediments

Makua AFB

Box Plot (Makua metal data v2.sta 10v*42c)
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 Vanadium:  KW-H(2,42) = 0, p = ---;  F(1,40) = 7.53933536, p = 0.0090



Appendix E-2.8

WRS Box Plot

 Zinc Sediments

Makua AFB

Box Plot (Makua metal data v2.sta 10v*42c)
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 Zinc:  KW-H(2,42) = 0, p = ---;  F(1,40) = 5.20652273, p = 0.0279



Location ID Field Sample ID Parameter Qualifier Value TEF TCDD-Equiv
M1 1 1,2,3,4,6,7,8-HpCDD U 7.23E-07 0
M1 1 1,2,3,4,6,7,8-HpCDF U 6.80E-08 0
M1 1 1,2,3,4,7,8,9-HpCDF U 9.30E-08 0
M1 1 1,2,3,4,7,8-HxCDD U 4.30E-08 0
M1 1 1,2,3,4,7,8-HxCDF U 5.60E-08 0
M1 1 1,2,3,6,7,8-HxCDD U 3.70E-08 0
M1 1 1,2,3,6,7,8-HxCDF U 5.30E-08 0
M1 1 1,2,3,7,8,9-HxCDD U 4.00E-08 0
M1 1 1,2,3,7,8,9-HxCDF U 7.10E-08 0
M1 1 1,2,3,7,8-PeCDD U 6.10E-08 0
M1 1 1,2,3,7,8-PeCDF U 4.10E-08 0
M1 1 2,3,4,6,7,8-HxCDF U 5.90E-08 0
M1 1 2,3,4,7,8-PeCDF U 4.00E-08 0
M1 1 2,3,7,8-TCDD U 3.50E-08 0
M1 1 2,3,7,8-TCDF U 5.50E-08 0
M1 1 OCDD U 5.27E-06 0
M1 1 OCDF U 1.51E-07 0
M1 1 TCDD Equivalent 0
M1 1b 1,2,3,4,6,7,8-HpCDD U 7.74E-07 0
M1 1b 1,2,3,4,6,7,8-HpCDF U 9.40E-08 0
M1 1b 1,2,3,4,7,8,9-HpCDF U 1.28E-07 0
M1 1b 1,2,3,4,7,8-HxCDD U 5.80E-08 0
M1 1b 1,2,3,4,7,8-HxCDF U 4.20E-08 0
M1 1b 1,2,3,6,7,8-HxCDD U 5.00E-08 0
M1 1b 1,2,3,6,7,8-HxCDF U 4.00E-08 0
M1 1b 1,2,3,7,8,9-HxCDD U 5.50E-08 0
M1 1b 1,2,3,7,8,9-HxCDF U 5.30E-08 0
M1 1b 1,2,3,7,8-PeCDD U 7.30E-08 0
M1 1b 1,2,3,7,8-PeCDF U 4.60E-08 0
M1 1b 2,3,4,6,7,8-HxCDF U 4.40E-08 0
M1 1b 2,3,4,7,8-PeCDF U 4.40E-08 0
M1 1b 2,3,7,8-TCDD U 3.60E-08 0
M1 1b 2,3,7,8-TCDF U 4.90E-08 0
M1 1b OCDD U 7.48E-06 0
M1 1b OCDF U 6.60E-07 0
M2 1b TCDD Equivalent 0
M1 3 1,2,3,4,6,7,8-HpCDD U 5.47E-07 0
M1 3 1,2,3,4,6,7,8-HpCDF U 8.50E-08 0
M1 3 1,2,3,4,7,8,9-HpCDF U 1.17E-07 0
M1 3 1,2,3,4,7,8-HxCDD U 6.80E-08 0
M1 3 1,2,3,4,7,8-HxCDF U 5.60E-08 0
M1 3 1,2,3,6,7,8-HxCDD U 5.80E-08 0
M1 3 1,2,3,6,7,8-HxCDF U 5.20E-08 0
M1 3 1,2,3,7,8,9-HxCDD U 6.40E-08 0
M1 3 1,2,3,7,8,9-HxCDF U 7.00E-08 0
M1 3 1,2,3,7,8-PeCDD J 1.42E-06 1 1.42E-06
M1 3 1,2,3,7,8-PeCDF U 4.10E-08 0
M1 3 2,3,4,6,7,8-HxCDF U 5.80E-08 0
M1 3 2,3,4,7,8-PeCDF U 4.00E-08 0
M1 3 2,3,7,8-TCDD U 4.20E-08 0
M1 3 2,3,7,8-TCDF U 4.70E-08 0
M1 3 OCDD U 4.11E-06 0
M1 3 OCDF U 1.09E-06 0

Appendix E.3
TCDD Equivalent Calculations 

Fish Tissue
Makua AFB



Location ID Field Sample ID Parameter Qualifier Value TEF TCDD-Equiv

Appendix E.3
TCDD Equivalent Calculations 

Fish Tissue
Makua AFB

M1 3 TCDD Equivalent 1.42E-06



Location ID Field Sample ID Parameter Qualifier Value TEF TCDD-Equiv

Appendix E.3
TCDD Equivalent Calculations 

Fish Tissue
Makua AFB

M1 4 1,2,3,4,6,7,8-HpCDD U 2.39E-06 0
M1 4 1,2,3,4,6,7,8-HpCDF U 8.70E-08 0
M1 4 1,2,3,4,7,8,9-HpCDF U 1.19E-07 0
M1 4 1,2,3,4,7,8-HxCDD U 6.70E-08 0
M1 4 1,2,3,4,7,8-HxCDF U 5.10E-08 0
M1 4 1,2,3,6,7,8-HxCDD U 5.80E-08 0
M1 4 1,2,3,6,7,8-HxCDF U 4.80E-08 0
M1 4 1,2,3,7,8,9-HxCDD U 6.30E-08 0
M1 4 1,2,3,7,8,9-HxCDF U 6.40E-08 0
M1 4 1,2,3,7,8-PeCDD J 4.49E-07 1 4.49E-07
M1 4 1,2,3,7,8-PeCDF U 6.60E-08 0
M1 4 2,3,4,6,7,8-HxCDF U 5.30E-08 0
M1 4 2,3,4,7,8-PeCDF U 6.40E-08 0
M1 4 2,3,7,8-TCDD U 3.30E-08 0
M1 4 2,3,7,8-TCDF U 5.60E-08 0
M1 4 OCDD U 2.42E-05 0
M1 4 OCDF U 4.16E-06 0
M1 4 TCDD Equivalent 4.5E-07
M1 5 1,2,3,4,6,7,8-HpCDD U 1.05E-06 0
M1 5 1,2,3,4,6,7,8-HpCDF U 1.03E-07 0
M1 5 1,2,3,4,7,8,9-HpCDF U 1.42E-07 0
M1 5 1,2,3,4,7,8-HxCDD U 6.10E-08 0
M1 5 1,2,3,4,7,8-HxCDF U 5.90E-08 0
M1 5 1,2,3,6,7,8-HxCDD U 5.20E-08 0
M1 5 1,2,3,6,7,8-HxCDF U 5.50E-08 0
M1 5 1,2,3,7,8,9-HxCDD U 5.70E-08 0
M1 5 1,2,3,7,8,9-HxCDF U 7.40E-08 0
M1 5 1,2,3,7,8-PeCDD U 5.60E-08 0
M1 5 1,2,3,7,8-PeCDF U 5.50E-08 0
M1 5 2,3,4,6,7,8-HxCDF U 6.20E-08 0
M1 5 2,3,4,7,8-PeCDF U 5.40E-08 0
M1 5 2,3,7,8-TCDD U 4.20E-08 0
M1 5 2,3,7,8-TCDF U 4.70E-08 0
M1 5 OCDD U 8.80E-06 0
M1 5 OCDF U 6.93E-07 0
M1 5 TCDD Equivalent 0
M2 10 1,2,3,4,6,7,8-HpCDD U 6.99E-07 0
M2 10 1,2,3,4,6,7,8-HpCDF U 8.20E-08 0
M2 10 1,2,3,4,7,8,9-HpCDF U 1.15E-07 0
M2 10 1,2,3,4,7,8-HxCDD U 6.50E-08 0
M2 10 1,2,3,4,7,8-HxCDF U 3.20E-08 0
M2 10 1,2,3,6,7,8-HxCDD U 6.30E-08 0
M2 10 1,2,3,6,7,8-HxCDF U 3.40E-08 0
M2 10 1,2,3,7,8,9-HxCDD U 6.20E-08 0
M2 10 1,2,3,7,8,9-HxCDF U 4.20E-08 0
M2 10 1,2,3,7,8-PeCDD U 6.00E-08 0
M2 10 1,2,3,7,8-PeCDF U 4.50E-08 0
M2 10 2,3,4,6,7,8-HxCDF U 3.60E-08 0
M2 10 2,3,4,7,8-PeCDF U 4.40E-08 0
M2 10 2,3,7,8-TCDD U 2.70E-08 0
M2 10 2,3,7,8-TCDF U 9.76E-07 0
M2 10 OCDD U 5.94E-06 0
M2 10 OCDF J 5.49E-07 0.0001 5.49E-11



Location ID Field Sample ID Parameter Qualifier Value TEF TCDD-Equiv

Appendix E.3
TCDD Equivalent Calculations 

Fish Tissue
Makua AFB

M2 10 TCDD Equivalent 5.5E-11



Location ID Field Sample ID Parameter Qualifier Value TEF TCDD-Equiv

Appendix E.3
TCDD Equivalent Calculations 

Fish Tissue
Makua AFB

M2 2fd 1,2,3,4,6,7,8-HpCDD U 1.70E-06 0
M2 2fd 1,2,3,4,6,7,8-HpCDF U 1.30E-06 0
M2 2fd 1,2,3,4,7,8,9-HpCDF U 4.30E-07 0
M2 2fd 1,2,3,4,7,8-HxCDD U 5.40E-07 0
M2 2fd 1,2,3,4,7,8-HxCDF U 5.10E-07 0
M2 2fd 1,2,3,6,7,8-HxCDD U 5.20E-07 0
M2 2fd 1,2,3,6,7,8-HxCDF U 3.70E-07 0
M2 2fd 1,2,3,7,8,9-HxCDD U 5.10E-07 0
M2 2fd 1,2,3,7,8,9-HxCDF U 4.50E-07 0
M2 2fd 1,2,3,7,8-PeCDD U 7.90E-07 0
M2 2fd 1,2,3,7,8-PeCDF U 4.90E-07 0
M2 2fd 2,3,4,6,7,8-HxCDF U 4.10E-07 0
M2 2fd 2,3,4,7,8-PeCDF U 4.90E-07 0
M2 2fd 2,3,7,8-TCDD U 3.30E-07 0
M2 2fd 2,3,7,8-TCDF J 5.90E-07 0.05 2.95E-08
M2 2fd OCDD J 8.70E-06 0.0001 8.7E-10
M2 2fd OCDF U 1.10E-06 0
M2 2fd TCDD Equivalent 3.0E-08
M2 6 1,2,3,4,6,7,8-HpCDD U 1.83E-07 0
M2 6 1,2,3,4,6,7,8-HpCDF U 1.19E-07 0
M2 6 1,2,3,4,7,8,9-HpCDF U 1.61E-07 0
M2 6 1,2,3,4,7,8-HxCDD U 1.54E-07 0
M2 6 1,2,3,4,7,8-HxCDF U 9.80E-08 0
M2 6 1,2,3,6,7,8-HxCDD U 1.46E-07 0
M2 6 1,2,3,6,7,8-HxCDF U 1.01E-07 0
M2 6 1,2,3,7,8,9-HxCDD U 1.53E-07 0
M2 6 1,2,3,7,8,9-HxCDF U 1.25E-07 0
M2 6 1,2,3,7,8-PeCDD U 1.70E-07 0
M2 6 1,2,3,7,8-PeCDF U 1.17E-07 0
M2 6 2,3,4,6,7,8-HxCDF U 1.07E-07 0
M2 6 2,3,4,7,8-PeCDF U 1.11E-07 0
M2 6 2,3,7,8-TCDD U 3.66E-07 0
M2 6 2,3,7,8-TCDF U 3.45E-07 0
M2 6 OCDD U 2.00E-06 0
M2 6 OCDF U 3.75E-07 0
M2 6 TCDD Equivalent 0
M2 7 1,2,3,4,6,7,8-HpCDD J 5.31E-07 0.001 5.31E-10
M2 7 1,2,3,4,6,7,8-HpCDF U 1.53E-07 0
M2 7 1,2,3,4,7,8,9-HpCDF U 2.07E-07 0
M2 7 1,2,3,4,7,8-HxCDD U 4.81E-07 0
M2 7 1,2,3,4,7,8-HxCDF U 2.68E-07 0
M2 7 1,2,3,6,7,8-HxCDD U 4.58E-07 0
M2 7 1,2,3,6,7,8-HxCDF U 2.74E-07 0
M2 7 1,2,3,7,8,9-HxCDD U 4.78E-07 0
M2 7 1,2,3,7,8,9-HxCDF U 3.41E-07 0
M2 7 1,2,3,7,8-PeCDD U 2.43E-07 0
M2 7 1,2,3,7,8-PeCDF U 9.80E-08 0
M2 7 2,3,4,6,7,8-HxCDF U 2.90E-07 0
M2 7 2,3,4,7,8-PeCDF U 9.40E-08 0
M2 7 2,3,7,8-TCDD U 2.40E-07 0
M2 7 2,3,7,8-TCDF U 2.21E-07 0
M2 7 OCDD U 4.85E-06 0
M2 7 OCDF J 1.31E-06 0.0001 1.311E-10



Location ID Field Sample ID Parameter Qualifier Value TEF TCDD-Equiv

Appendix E.3
TCDD Equivalent Calculations 

Fish Tissue
Makua AFB

M2 7 TCDD Equivalent 6.6E-10



Location ID Field Sample ID Parameter Qualifier Value TEF TCDD-Equiv

Appendix E.3
TCDD Equivalent Calculations 

Fish Tissue
Makua AFB

M2 9 1,2,3,4,6,7,8-HpCDD U 9.82E-07 0
M2 9 1,2,3,4,6,7,8-HpCDF J 2.95E-07 0.01 2.95E-09
M2 9 1,2,3,4,7,8,9-HpCDF U 1.14E-07 0
M2 9 1,2,3,4,7,8-HxCDD U 5.30E-08 0
M2 9 1,2,3,4,7,8-HxCDF U 4.60E-08 0
M2 9 1,2,3,6,7,8-HxCDD U 5.10E-08 0
M2 9 1,2,3,6,7,8-HxCDF U 4.80E-08 0
M2 9 1,2,3,7,8,9-HxCDD U 5.00E-08 0
M2 9 1,2,3,7,8,9-HxCDF U 6.00E-08 0
M2 9 1,2,3,7,8-PeCDD J 1.76E-06 1 1.76E-06
M2 9 1,2,3,7,8-PeCDF U 3.00E-08 0
M2 9 2,3,4,6,7,8-HxCDF U 5.20E-08 0
M2 9 2,3,4,7,8-PeCDF U 2.80E-08 0
M2 9 2,3,7,8-TCDD U 3.10E-08 0
M2 9 2,3,7,8-TCDF U 1.09E-06 0
M2 9 OCDD U 6.61E-06 0
M2 9 OCDF J 1.26E-06 0.0001 1.264E-10
M2 9 TCDD Equivalent 1.8E-06
M2 9afd and 10a Comp 1,2,3,4,6,7,8-HpCDD U 1.50E-06 0
M2 9afd and 10a Comp 1,2,3,4,6,7,8-HpCDF U 6.30E-07 0
M2 9afd and 10a Comp 1,2,3,4,7,8,9-HpCDF U 4.90E-07 0
M2 9afd and 10a Comp 1,2,3,4,7,8-HxCDD U 6.30E-07 0
M2 9afd and 10a Comp 1,2,3,4,7,8-HxCDF U 3.40E-07 0
M2 9afd and 10a Comp 1,2,3,6,7,8-HxCDD U 6.10E-07 0
M2 9afd and 10a Comp 1,2,3,6,7,8-HxCDF U 3.20E-07 0
M2 9afd and 10a Comp 1,2,3,7,8,9-HxCDD U 5.80E-07 0
M2 9afd and 10a Comp 1,2,3,7,8,9-HxCDF U 4.00E-07 0
M2 9afd and 10a Comp 1,2,3,7,8-PeCDD U 7.90E-07 0
M2 9afd and 10a Comp 1,2,3,7,8-PeCDF U 6.10E-07 0
M2 9afd and 10a Comp 2,3,4,6,7,8-HxCDF U 3.60E-07 0
M2 9afd and 10a Comp 2,3,4,7,8-PeCDF U 6.00E-07 0
M2 9afd and 10a Comp 2,3,7,8-TCDD U 3.90E-07 0
M2 9afd and 10a Comp 2,3,7,8-TCDF U 2.60E-07 0
M2 9afd and 10a Comp OCDD J 6.90E-06 0.0001 6.9E-10
M2 9afd and 10a Comp OCDF U 8.20E-07 0
M2 9afd and 10a Comp TCDD Equivalent 6.9E-10
M2 Comp 8,8a 1,2,3,4,6,7,8-HpCDD U 1.64E-06 0
M2 Comp 8,8a 1,2,3,4,6,7,8-HpCDF U 7.66E-07 0
M2 Comp 8,8a 1,2,3,4,7,8,9-HpCDF U 1.08E-07 0
M2 Comp 8,8a 1,2,3,4,7,8-HxCDD U 5.20E-08 0
M2 Comp 8,8a 1,2,3,4,7,8-HxCDF U 3.10E-08 0
M2 Comp 8,8a 1,2,3,6,7,8-HxCDD U 5.00E-08 0
M2 Comp 8,8a 1,2,3,6,7,8-HxCDF U 3.20E-08 0
M2 Comp 8,8a 1,2,3,7,8,9-HxCDD U 5.00E-08 0
M2 Comp 8,8a 1,2,3,7,8,9-HxCDF U 3.90E-08 0
M2 Comp 8,8a 1,2,3,7,8-PeCDD U 5.00E-08 0
M2 Comp 8,8a 1,2,3,7,8-PeCDF U 3.50E-08 0
M2 Comp 8,8a 2,3,4,6,7,8-HxCDF U 3.40E-08 0
M2 Comp 8,8a 2,3,4,7,8-PeCDF U 3.40E-08 0
M2 Comp 8,8a 2,3,7,8-TCDD U 1.60E-08 0
M2 Comp 8,8a 2,3,7,8-TCDF U 3.20E-08 0
M2 Comp 8,8a OCDD U 1.24E-05 0
M2 Comp 8,8a OCDF U 1.51E-06 0



Location ID Field Sample ID Parameter Qualifier Value TEF TCDD-Equiv

Appendix E.3
TCDD Equivalent Calculations 

Fish Tissue
Makua AFB

M2 Comp 8,8a TCDD Equivalent 0



Location ID Field Sample ID Parameter Qualifier Value TEF TCDD-Equiv

Appendix E.3
TCDD Equivalent Calculations 

Fish Tissue
Makua AFB

M3 12 1,2,3,4,6,7,8-HpCDD U 8.62E-07 0
M3 12 1,2,3,4,6,7,8-HpCDF J 2.07E-07 0.01 2.07E-09
M3 12 1,2,3,4,7,8,9-HpCDF U 1.23E-07 0
M3 12 1,2,3,4,7,8-HxCDD U 6.80E-08 0
M3 12 1,2,3,4,7,8-HxCDF U 5.30E-08 0
M3 12 1,2,3,6,7,8-HxCDD U 6.60E-08 0
M3 12 1,2,3,6,7,8-HxCDF U 5.50E-08 0
M3 12 1,2,3,7,8,9-HxCDD U 6.50E-08 0
M3 12 1,2,3,7,8,9-HxCDF U 6.80E-08 0
M3 12 1,2,3,7,8-PeCDD U 6.10E-08 0
M3 12 1,2,3,7,8-PeCDF U 4.60E-08 0
M3 12 2,3,4,6,7,8-HxCDF U 5.90E-08 0
M3 12 2,3,4,7,8-PeCDF U 4.40E-08 0
M3 12 2,3,7,8-TCDD U 2.40E-08 0
M3 12 2,3,7,8-TCDF U 4.50E-08 0
M3 12 OCDD U 6.19E-06 0
M3 12 OCDF J 6.49E-07 0.0001 6.49E-11
M3 12 TCDD Equivalent 2.1E-09
M3 13 1,2,3,4,6,7,8-HpCDD U 8.96E-07 0
M3 13 1,2,3,4,6,7,8-HpCDF J 1.78E-07 0.01 1.78E-09
M3 13 1,2,3,4,7,8,9-HpCDF U 1.38E-07 0
M3 13 1,2,3,4,7,8-HxCDD U 5.60E-08 0
M3 13 1,2,3,4,7,8-HxCDF U 5.00E-08 0
M3 13 1,2,3,6,7,8-HxCDD U 5.40E-08 0
M3 13 1,2,3,6,7,8-HxCDF U 5.30E-08 0
M3 13 1,2,3,7,8,9-HxCDD U 5.30E-08 0
M3 13 1,2,3,7,8,9-HxCDF U 6.50E-08 0
M3 13 1,2,3,7,8-PeCDD U 5.30E-08 0
M3 13 1,2,3,7,8-PeCDF U 2.60E-08 0
M3 13 2,3,4,6,7,8-HxCDF U 5.60E-08 0
M3 13 2,3,4,7,8-PeCDF U 2.50E-08 0
M3 13 2,3,7,8-TCDD U 3.30E-08 0
M3 13 2,3,7,8-TCDF U 5.80E-08 0
M3 13 OCDD U 6.76E-06 0
M3 13 OCDF J 6.44E-07 0.0001 6.44E-11
M3 13 TCDD Equivalent 1.8E-09
M3 14 1,2,3,4,6,7,8-HpCDD U 1.19E-06 0
M3 14 1,2,3,4,6,7,8-HpCDF J 3.71E-07 0.01 3.71E-09
M3 14 1,2,3,4,7,8,9-HpCDF U 1.26E-07 0
M3 14 1,2,3,4,7,8-HxCDD U 5.20E-08 0
M3 14 1,2,3,4,7,8-HxCDF U 3.80E-08 0
M3 14 1,2,3,6,7,8-HxCDD U 5.00E-08 0
M3 14 1,2,3,6,7,8-HxCDF U 4.00E-08 0
M3 14 1,2,3,7,8,9-HxCDD U 4.90E-08 0
M3 14 1,2,3,7,8,9-HxCDF U 4.90E-08 0
M3 14 1,2,3,7,8-PeCDD U 6.10E-08 0
M3 14 1,2,3,7,8-PeCDF U 4.00E-08 0
M3 14 2,3,4,6,7,8-HxCDF U 4.20E-08 0
M3 14 2,3,4,7,8-PeCDF U 3.90E-08 0
M3 14 2,3,7,8-TCDD U 3.40E-08 0
M3 14 2,3,7,8-TCDF U 3.80E-08 0
M3 14 OCDD U 9.25E-06 0
M3 14 OCDF J 8.78E-07 0.0001 8.78E-11



Location ID Field Sample ID Parameter Qualifier Value TEF TCDD-Equiv

Appendix E.3
TCDD Equivalent Calculations 

Fish Tissue
Makua AFB

M3 14 TCDD Equivalent 3.8E-09



Location ID Field Sample ID Parameter Qualifier Value TEF TCDD-Equiv

Appendix E.3
TCDD Equivalent Calculations 

Fish Tissue
Makua AFB

NW1 NW1fd 1,2,3,4,6,7,8-HpCDD U 8.20E-07 0
NW1 NW1fd 1,2,3,4,6,7,8-HpCDF U 1.20E-06 0
NW1 NW1fd 1,2,3,4,7,8,9-HpCDF U 4.40E-07 0
NW1 NW1fd 1,2,3,4,7,8-HxCDD U 4.60E-07 0
NW1 NW1fd 1,2,3,4,7,8-HxCDF U 3.60E-07 0
NW1 NW1fd 1,2,3,6,7,8-HxCDD U 4.40E-07 0
NW1 NW1fd 1,2,3,6,7,8-HxCDF U 3.40E-07 0
NW1 NW1fd 1,2,3,7,8,9-HxCDD U 4.30E-07 0
NW1 NW1fd 1,2,3,7,8,9-HxCDF U 4.10E-07 0
NW1 NW1fd 1,2,3,7,8-PeCDD U 7.70E-07 0
NW1 NW1fd 1,2,3,7,8-PeCDF U 5.10E-07 0
NW1 NW1fd 2,3,4,6,7,8-HxCDF U 3.70E-07 0
NW1 NW1fd 2,3,4,7,8-PeCDF U 5.10E-07 0
NW1 NW1fd 2,3,7,8-TCDD U 4.10E-07 0
NW1 NW1fd 2,3,7,8-TCDF U 4.10E-07 0
NW1 NW1fd OCDD U 3.30E-06 0
NW1 NW1fd OCDF U 8.70E-07 0
NW1 NW1fd TCDD Equivalent 0
NW1 NW2 1,2,3,4,6,7,8-HpCDD U 1.58E-07 0
NW1 NW2 1,2,3,4,6,7,8-HpCDF U 9.20E-08 0
NW1 NW2 1,2,3,4,7,8,9-HpCDF U 1.29E-07 0
NW1 NW2 1,2,3,4,7,8-HxCDD U 7.90E-08 0
NW1 NW2 1,2,3,4,7,8-HxCDF U 4.30E-08 0
NW1 NW2 1,2,3,6,7,8-HxCDD U 7.60E-08 0
NW1 NW2 1,2,3,6,7,8-HxCDF U 4.50E-08 0
NW1 NW2 1,2,3,7,8,9-HxCDD U 7.50E-08 0
NW1 NW2 1,2,3,7,8,9-HxCDF U 5.50E-08 0
NW1 NW2 1,2,3,7,8-PeCDD U 5.70E-08 0
NW1 NW2 1,2,3,7,8-PeCDF U 4.50E-08 0
NW1 NW2 2,3,4,6,7,8-HxCDF U 4.80E-08 0
NW1 NW2 2,3,4,7,8-PeCDF U 4.30E-08 0
NW1 NW2 2,3,7,8-TCDD U 3.00E-08 0
NW1 NW2 2,3,7,8-TCDF U 5.70E-08 0
NW1 NW2 OCDD U 1.20E-06 0
NW1 NW2 OCDF U 1.96E-07 0
NW1 NW2 TCDD Equivalent 0
NW1 NW3 1,2,3,4,6,7,8-HpCDD U 4.10E-08 0
NW1 NW3 1,2,3,4,6,7,8-HpCDF U 6.70E-08 0
NW1 NW3 1,2,3,4,7,8,9-HpCDF U 9.40E-08 0
NW1 NW3 1,2,3,4,7,8-HxCDD U 7.80E-08 0
NW1 NW3 1,2,3,4,7,8-HxCDF U 3.80E-08 0
NW1 NW3 1,2,3,6,7,8-HxCDD U 7.50E-08 0
NW1 NW3 1,2,3,6,7,8-HxCDF U 4.00E-08 0
NW1 NW3 1,2,3,7,8,9-HxCDD U 7.40E-08 0
NW1 NW3 1,2,3,7,8,9-HxCDF U 4.90E-08 0
NW1 NW3 1,2,3,7,8-PeCDD U 6.90E-08 0
NW1 NW3 1,2,3,7,8-PeCDF U 3.60E-08 0
NW1 NW3 2,3,4,6,7,8-HxCDF U 4.30E-08 0
NW1 NW3 2,3,4,7,8-PeCDF U 3.50E-08 0
NW1 NW3 2,3,7,8-TCDD U 2.60E-08 0
NW1 NW3 2,3,7,8-TCDF U 4.20E-08 0
NW1 NW3 OCDD U 1.51E-06 0
NW1 NW3 OCDF U 1.41E-07 0



Location ID Field Sample ID Parameter Qualifier Value TEF TCDD-Equiv

Appendix E.3
TCDD Equivalent Calculations 

Fish Tissue
Makua AFB

NW1 NW3 TCDD Equivalent 0



Location ID Field Sample ID Parameter Qualifier Value TEF TCDD-Equiv

Appendix E.3
TCDD Equivalent Calculations 

Fish Tissue
Makua AFB

NW1 NW4 1,2,3,4,6,7,8-HpCDD U 1.43E-07 0
NW1 NW4 1,2,3,4,6,7,8-HpCDF U 6.60E-08 0
NW1 NW4 1,2,3,4,7,8,9-HpCDF U 9.20E-08 0
NW1 NW4 1,2,3,4,7,8-HxCDD U 6.00E-08 0
NW1 NW4 1,2,3,4,7,8-HxCDF U 3.60E-08 0
NW1 NW4 1,2,3,6,7,8-HxCDD U 5.70E-08 0
NW1 NW4 1,2,3,6,7,8-HxCDF U 3.80E-08 0
NW1 NW4 1,2,3,7,8,9-HxCDD U 5.70E-08 0
NW1 NW4 1,2,3,7,8,9-HxCDF U 4.60E-08 0
NW1 NW4 1,2,3,7,8-PeCDD U 4.00E-08 0
NW1 NW4 1,2,3,7,8-PeCDF U 3.30E-08 0
NW1 NW4 2,3,4,6,7,8-HxCDF U 4.00E-08 0
NW1 NW4 2,3,4,7,8-PeCDF U 3.20E-08 0
NW1 NW4 2,3,7,8-TCDD U 2.20E-08 0
NW1 NW4 2,3,7,8-TCDF U 3.40E-08 0
NW1 NW4 OCDD U 1.14E-06 0
NW1 NW4 OCDF U 1.40E-07 0
NW1 NW4 TCDD Equivalent 0
NW1 NW5 1,2,3,4,6,7,8-HpCDD U 6.00E-08 0
NW1 NW5 1,2,3,4,6,7,8-HpCDF U 7.10E-08 0
NW1 NW5 1,2,3,4,7,8,9-HpCDF U 1.00E-07 0
NW1 NW5 1,2,3,4,7,8-HxCDD U 9.50E-08 0
NW1 NW5 1,2,3,4,7,8-HxCDF U 3.20E-08 0
NW1 NW5 1,2,3,6,7,8-HxCDD U 9.10E-08 0
NW1 NW5 1,2,3,6,7,8-HxCDF U 3.30E-08 0
NW1 NW5 1,2,3,7,8,9-HxCDD U 9.00E-08 0
NW1 NW5 1,2,3,7,8,9-HxCDF U 4.10E-08 0
NW1 NW5 1,2,3,7,8-PeCDD U 6.50E-08 0
NW1 NW5 1,2,3,7,8-PeCDF U 5.00E-08 0
NW1 NW5 2,3,4,6,7,8-HxCDF U 3.50E-08 0
NW1 NW5 2,3,4,7,8-PeCDF U 4.80E-08 0
NW1 NW5 2,3,7,8-TCDD U 3.10E-08 0
NW1 NW5 2,3,7,8-TCDF U 5.50E-08 0
NW1 NW5 OCDD U 1.24E-06 0
NW1 NW5 OCDF U 1.61E-07 0
NW1 NW5 TCDD Equivalent 0
NW2 NW10 1,2,3,4,6,7,8-HpCDD U 2.46E-07 0
NW2 NW10 1,2,3,4,6,7,8-HpCDF U 2.87E-07 0
NW2 NW10 1,2,3,4,7,8,9-HpCDF U 9.30E-08 0
NW2 NW10 1,2,3,4,7,8-HxCDD U 7.70E-08 0
NW2 NW10 1,2,3,4,7,8-HxCDF U 2.70E-08 0
NW2 NW10 1,2,3,6,7,8-HxCDD U 7.40E-08 0
NW2 NW10 1,2,3,6,7,8-HxCDF U 2.80E-08 0
NW2 NW10 1,2,3,7,8,9-HxCDD U 7.30E-08 0
NW2 NW10 1,2,3,7,8,9-HxCDF U 3.50E-08 0
NW2 NW10 1,2,3,7,8-PeCDD U 6.50E-08 0
NW2 NW10 1,2,3,7,8-PeCDF U 6.60E-08 0
NW2 NW10 2,3,4,6,7,8-HxCDF U 3.00E-08 0
NW2 NW10 2,3,4,7,8-PeCDF U 6.40E-08 0
NW2 NW10 2,3,7,8-TCDD U 2.30E-08 0
NW2 NW10 2,3,7,8-TCDF U 4.00E-08 0
NW2 NW10 OCDD U 2.20E-06 0
NW2 NW10 OCDF U 1.08E-07 0



Location ID Field Sample ID Parameter Qualifier Value TEF TCDD-Equiv

Appendix E.3
TCDD Equivalent Calculations 

Fish Tissue
Makua AFB

NW2 NW10 TCDD Equivalent 0



Location ID Field Sample ID Parameter Qualifier Value TEF TCDD-Equiv

Appendix E.3
TCDD Equivalent Calculations 

Fish Tissue
Makua AFB

NW2 NW2fd 1,2,3,4,6,7,8-HpCDD U 4.80E-07 0
NW2 NW2fd 1,2,3,4,6,7,8-HpCDF U 4.80E-07 0
NW2 NW2fd 1,2,3,4,7,8,9-HpCDF U 4.10E-07 0
NW2 NW2fd 1,2,3,4,7,8-HxCDD U 4.90E-07 0
NW2 NW2fd 1,2,3,4,7,8-HxCDF U 3.20E-07 0
NW2 NW2fd 1,2,3,6,7,8-HxCDD U 4.80E-07 0
NW2 NW2fd 1,2,3,6,7,8-HxCDF U 3.00E-07 0
NW2 NW2fd 1,2,3,7,8,9-HxCDD U 4.60E-07 0
NW2 NW2fd 1,2,3,7,8,9-HxCDF U 3.70E-07 0
NW2 NW2fd 1,2,3,7,8-PeCDD U 6.90E-07 0
NW2 NW2fd 1,2,3,7,8-PeCDF U 4.80E-07 0
NW2 NW2fd 2,3,4,6,7,8-HxCDF U 3.40E-07 0
NW2 NW2fd 2,3,4,7,8-PeCDF U 4.70E-07 0
NW2 NW2fd 2,3,7,8-TCDD U 3.40E-07 0
NW2 NW2fd 2,3,7,8-TCDF U 2.20E-07 0
NW2 NW2fd OCDD U 1.30E-06 0
NW2 NW2fd OCDF U 6.80E-07 0
NW2 NW2fd TCDD Equivalent 0
NW2 NW6 1,2,3,4,6,7,8-HpCDD U 1.55E-07 0
NW2 NW6 1,2,3,4,6,7,8-HpCDF U 1.22E-07 0
NW2 NW6 1,2,3,4,7,8,9-HpCDF U 1.65E-07 0
NW2 NW6 1,2,3,4,7,8-HxCDD U 1.30E-07 0
NW2 NW6 1,2,3,4,7,8-HxCDF U 8.40E-08 0
NW2 NW6 1,2,3,6,7,8-HxCDD U 1.24E-07 0
NW2 NW6 1,2,3,6,7,8-HxCDF U 8.60E-08 0
NW2 NW6 1,2,3,7,8,9-HxCDD U 1.29E-07 0
NW2 NW6 1,2,3,7,8,9-HxCDF U 1.07E-07 0
NW2 NW6 1,2,3,7,8-PeCDD U 3.64E-07 0
NW2 NW6 1,2,3,7,8-PeCDF U 2.42E-07 0
NW2 NW6 2,3,4,6,7,8-HxCDF U 9.10E-08 0
NW2 NW6 2,3,4,7,8-PeCDF U 2.31E-07 0
NW2 NW6 2,3,7,8-TCDD U 3.24E-07 0
NW2 NW6 2,3,7,8-TCDF U 2.90E-07 0
NW2 NW6 OCDD U 1.01E-06 0
NW2 NW6 OCDF U 5.83E-07 0
NW2 NW6 TCDD Equivalent 0
NW2 NW7 1,2,3,4,6,7,8-HpCDD J 7.71E-07 0.001 7.71E-10
NW2 NW7 1,2,3,4,6,7,8-HpCDF U 2.64E-07 0
NW2 NW7 1,2,3,4,7,8,9-HpCDF U 3.56E-07 0
NW2 NW7 1,2,3,4,7,8-HxCDD U 1.70E-07 0
NW2 NW7 1,2,3,4,7,8-HxCDF U 8.90E-08 0
NW2 NW7 1,2,3,6,7,8-HxCDD U 1.62E-07 0
NW2 NW7 1,2,3,6,7,8-HxCDF U 9.10E-08 0
NW2 NW7 1,2,3,7,8,9-HxCDD U 1.69E-07 0
NW2 NW7 1,2,3,7,8,9-HxCDF U 1.13E-07 0
NW2 NW7 1,2,3,7,8-PeCDD U 2.09E-07 0
NW2 NW7 1,2,3,7,8-PeCDF U 1.12E-07 0
NW2 NW7 2,3,4,6,7,8-HxCDF U 9.60E-08 0
NW2 NW7 2,3,4,7,8-PeCDF U 1.07E-07 0
NW2 NW7 2,3,7,8-TCDD U 1.50E-07 0
NW2 NW7 2,3,7,8-TCDF U 1.44E-07 0
NW2 NW7 OCDD U 5.23E-06 0
NW2 NW7 OCDF U 4.33E-07 0



Location ID Field Sample ID Parameter Qualifier Value TEF TCDD-Equiv

Appendix E.3
TCDD Equivalent Calculations 

Fish Tissue
Makua AFB

NW2 NW7 TCDD Equivalent 7.7E-10



Location ID Field Sample ID Parameter Qualifier Value TEF TCDD-Equiv

Appendix E.3
TCDD Equivalent Calculations 

Fish Tissue
Makua AFB

NW2 NW8 1,2,3,4,6,7,8-HpCDD J 2.05E-07 0.001 2.05E-10
NW2 NW8 1,2,3,4,6,7,8-HpCDF U 5.70E-08 0
NW2 NW8 1,2,3,4,7,8,9-HpCDF U 7.70E-08 0
NW2 NW8 1,2,3,4,7,8-HxCDD U 7.30E-08 0
NW2 NW8 1,2,3,4,7,8-HxCDF U 5.20E-08 0
NW2 NW8 1,2,3,6,7,8-HxCDD U 7.00E-08 0
NW2 NW8 1,2,3,6,7,8-HxCDF U 5.30E-08 0
NW2 NW8 1,2,3,7,8,9-HxCDD U 7.30E-08 0
NW2 NW8 1,2,3,7,8,9-HxCDF U 6.60E-08 0
NW2 NW8 1,2,3,7,8-PeCDD U 7.60E-08 0
NW2 NW8 1,2,3,7,8-PeCDF U 4.90E-08 0
NW2 NW8 2,3,4,6,7,8-HxCDF U 5.60E-08 0
NW2 NW8 2,3,4,7,8-PeCDF U 4.70E-08 0
NW2 NW8 2,3,7,8-TCDD U 9.60E-08 0
NW2 NW8 2,3,7,8-TCDF U 7.70E-08 0
NW2 NW8 OCDD U 1.18E-06 0
NW2 NW8 OCDF U 2.23E-07 0
NW2 NW8 TCDD Equivalent 2.1E-10
NW2 NW9 1,2,3,4,6,7,8-HpCDD U 5.76E-07 0
NW2 NW9 1,2,3,4,6,7,8-HpCDF U 4.98E-07 0
NW2 NW9 1,2,3,4,7,8,9-HpCDF U 7.40E-08 0
NW2 NW9 1,2,3,4,7,8-HxCDD U 4.90E-08 0
NW2 NW9 1,2,3,4,7,8-HxCDF U 3.90E-08 0
NW2 NW9 1,2,3,6,7,8-HxCDD U 4.70E-08 0
NW2 NW9 1,2,3,6,7,8-HxCDF U 4.10E-08 0
NW2 NW9 1,2,3,7,8,9-HxCDD U 4.70E-08 0
NW2 NW9 1,2,3,7,8,9-HxCDF U 5.00E-08 0
NW2 NW9 1,2,3,7,8-PeCDD J 1.72E-07 1 0.000000172
NW2 NW9 1,2,3,7,8-PeCDF U 5.40E-08 0
NW2 NW9 2,3,4,6,7,8-HxCDF U 4.40E-08 0
NW2 NW9 2,3,4,7,8-PeCDF U 5.20E-08 0
NW2 NW9 2,3,7,8-TCDD U 1.80E-08 0
NW2 NW9 2,3,7,8-TCDF U 6.83E-07 0
NW2 NW9 OCDD U 4.73E-06 0
NW2 NW9 OCDF U 6.74E-07 0
NW2 NW9 TCDD Equivalent 1.7E-07



Appendix E.4
Fish Tissue-Based Toxicity Reference Values

NOEC LOEC

Chemical Test Species Tissue
NOEC

(mg/kg dry wt.)a Type Notes Test Species Tissue
LOEC

(mg/kg dry wt.)a Type Notes Reference

Metals
Aluminum Rainbow trout, 

Onchorhyncus mykiss 
(FW)

Whole body 
less gut

42.7 NOEC - Survival Aluminum sulphate Atlantic salmon, Salmo 
salar (FW)

Whole body 100 LOEC - Reduced 
survival

Aluminum chloride; alevin 
life stage

Jarvinen and Ankley, 1999

Antimony Rainbow trout, 
Onchorhyncus mykiss 
(FW)

Whole body 25 NOEC - Survival Antimony potassium tartrate Rainbow trout, 
Onchorhyncus mykiss 
(FW)

Whole body 45 LOEC - Reduced 
survival  50%

Antimony potassium tartrate Jarvinen and Ankley, 1999

Arsenic Rainbow trout, 
Onchorhyncus mykiss 
(FW)

Whole body 10 NOEC - Survival Sodium arsenate Rainbow trout, 
Onchorhyncus mykiss 
(FW)

Whole body 15 LOEC - Reduced 
survival  50%

Sodium arsenate Jarvinen and Ankley, 1999

Cadmium Perch, Perca fluviatilis 
(FW)

Whole body 0.375 NOEC - Survival Cadmium nitrate Brook trout, Salvelinus 
fontinalis (FW)

Whole body 0.70 LOEC - Reduced 
survival 20%

Calcium chloride Jarvinen and Ankley, 1999

Chromium Rainbow trout, 
Onchorhyncus mykiss 
(FW)

Muscle 2.9 NOEC - Survival Potassium dichromate - - - - - Jarvinen and Ankley, 1999

Copper Stone loach, 
Noemacheilus barbatulus 
(FW)

Muscle 5.0 NOEC - Survival Copper sulfate Stone loach, 
Noemacheilus barbatulus 
(FW)

Muscle 8.0 LOEC - Reduced 
survival 80-100%

Copper sulfate Jarvinen and Ankley, 1999

Lead Brook trout, Salvelinus 
fontinalis (FW)

Whole body 13 NOEC - Growth Lead nitrate Brook trout, Salvelinus 
fontinalis (FW)

Whole body 20 LOEC - Reduced 
growth

Lead nitrate Jarvinen and Ankley, 1999

Mercury Multiple species Whole body 15 NOEC - Behavioral, 
reproductive, physiological 

effects

Multiple species Whole body 25 LOEC - Behavioral, 
reproductive, 

physiological effects

Weiner and Spry, 1996

Silver Bluegill, Lepomis 
macrochirus  (FW)

Whole body 0.30 NOEC - Survival, growth Silver nitrate - - - - - Jarvinen and Ankley, 1999

Selenium Bluegill, Lepomis
macrochirus  (FW)

Whole body 3.96 NOEC - Mortality 
(estimated)

Uncertainty factor of 10 was 
applied to LOEC to estimate 

a NOEC.

Bluegill, Lepomis
macrochirus  (FW)

Whole body 39.6 LOEC - Mortality U.S. EPA, 2004b

Vanadium Rainbow trout, 
Onchorhyncus mykiss 
(FW)

Carcass 0.10 NOEC - Growth Sodium orthovanadate Rainbow trout, 
Onchorhyncus mykiss 
(FW)

Carcass 2.1 LOEC - Reduced 
growth

Sodium orthovanadate Jarvinen and Ankley, 1999

Zinc Dogfish, Scyliorhinus 
canicula  (SW)

Muscle 57.0 NOEC - Survival Zinc sulfate Dogfish, Scyliorhinus 
canicula  (SW)

Muscle 68.0 LOEC - Reduced 
survival; immobilized

Zinc sulfate Jarvinen and Ankley, 1999

Pesticides
Aldrin Rainbow trout, 

Onchorhyncus mykiss 
(FW)

Whole body 10.7 NOEC - Survival, growth Based on surrogate TRVs for 
dieldrin.

Rainbow trout, 
Onchorhyncus mykiss 
(FW)

Whole body 28.3 LOEC - Reduced 
survival  50%

Based on surrogate TRVs for 
dieldrin.

Jarvinen and Ankley, 1999

alpha-BHC Rainbow trout, 
Onchorhyncus mykiss 
(FW)

Muscle 210 NOEC - Survival, growth Guppy, Poecilia reticulata 
(FW)

Whole body 850 LOEC - Reduced 
survival/

immobilization

Jarvinen and Ankley, 1999

beta-BHC Pinfish, Lagodon 
rhomboides  (SW)

Whole body 24.3 NOEC - Survival 
(estimated)

Based on technical grade 
BHC.  Uncertainty factor of 
10 was applied to LOEC to 

estimate a NOEC.

Pinfish, Lagodon 
rhomboides  (SW)

Whole body 243 LOEC - Reduced 
survival  50%

Based on technical grade 
BHC.

Jarvinen and Ankley, 1999



delta-BHC Pinfish, Lagodon 
rhomboides  (SW)

Whole body 24.3 NOEC - Survival 
(estimated)

Based on technical grade 
BHC.  Uncertainty factor of 
10 was applied to LOEC to 

estimate a NOEC.

Pinfish, Lagodon 
rhomboides  (SW)

Whole body 243 LOEC - Reduced 
survival  50%

Based on technical grade 
BHC.

Jarvinen and Ankley, 1999

gamma-BHC Gudgeon, Gobio gobio 
(FW)

Muscle 0.065 NOEC - Survival Gudgeon, Gobio gobio 
(FW)

Muscle 5.35 LOEC - Reduced 
survival  50%

Jarvinen and Ankley, 1999

4,4'-DDT Mosquito fish, Gambusia 
affinis  (FW)

Whole body 13.3 NOEC - Survival 
(estimated)

Uncertainty factor of 10 was 
applied to LOEC to estimate 

a NOEC

Mosquito fish, Gambusia 
affinis  (FW)

Whole body 133 LOEC - Reduced 
survival  50%

Jarvinen and Ankley, 1999

Heptachlor Spot, Leiostomus 
xanthurus  (SW)

Whole body 27 NOEC - Survival Technical grade Spot, Leiostomus 
xanthurus (SW)

Whole body 57.5 LOEC - Reduced 
survival

Jarvinen and Ankley, 1999

Dioxins and Furans
2,3,7,8-TCDD Rainbow trout, 

Onchorhyncus mykiss 
(FW)

Muscle 0.00049 NOEC - Survival 
(estimated)

Uncertainty factor of 10 was 
applied to LOEC to estimate 

a NOEC

Rainbow trout, 
Onchorhyncus mykiss 
(FW)

Muscle 0.0049 LOEC - Reduced 
survival 45%

Jarvinen and Ankley, 1999

Definitions:
NOEC No Observable Effect Concentration
LOEC Lowest Observable Effect Concentration
mg/kg Milligrams per kilogram

Notes:
aTissue concentrations were converted from wet weight to dry weight assuming a moisture content of 80 percent (Stephen et al ., 1985).
A dash indicates the absence of an applicable LOEC.
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1 

Comments to the draft Marine Resources Study were provided to the Army both orally and in 
writing in 2007 and again in 2009. Oral comments on the first draft were received by the Army 
during the Public meeting, held on February 24th, 2007.  Comments on the second draft were 
received by the Army during Public meeting, held on February 11th, 2009. Formal written 
comments were received by the Army through the duration of the comment periods, which ended 
on April 19th 2007 for the first draft and on March 16th for the second draft. This appendix presents 
the comments received by the Army and the Army’s responses to those comments.  

Formal written comments were provided by Mr. David Henkin, Dr. Jeffrey Foran and Drs. Jack 
Rensel and Ralph Elston. A variety of people provided oral comments during the public meeting. 
Both the written comments and the oral comments contained a large amount of additional text and 
commentary in addition to specific comments related to the draft Marine Resources Study. The 
Army has isolated the specific comments related to the draft Marine Resources Study, and has 
provided responses in a comment response format on the following pages. The comment response 
format lists the comments in the order they were provided, and identifies the page, paragraph, and 
line the comment came from. In the case of the oral comments, the comment response format also 
identifies the individual making the comment.  

Responses to comments on the EIS are provided in Appendix K.  
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RE: MAKUA MILITARY RESERVATION DRAFT ENVIRONMENTAL IMPACT 
STATEMENT, MR. DOUG HENKIN, APRIL 19, 2007 
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1. Comment:  Page 1, Paragraph 3, Line 1: Shellfish and Other Non-Fish, Non-Limu 
Marine Resources: The Marine Resources Study’s failure to examine whether 
shellfish or other non-fish, non-limu marine resources near Makua Beach 
and in the muliwai are contaminated violates the terms of the 2007 Order, 
which expressly requires that shellfish and marine resources other than fish 
and limu be tested. 2007 Order ¶ 6. As discussed on the enclosed expert 
reviews, as well as in expert comments on the draft SAP, testing shellfish and 
other benthic or demersal invertebrates is extremely important to assess 
potential contamination of marine resources since these species have 
continual contact with sediments that may contain contaminants from 
activities at MMR. 

 
Response:  The language in the 2007 order states that “As part of the preparation of the EIS for 

military training activities at MMR, Defendants shall complete one or more studies 
to determine whether fish, limu, shellfish, and other marine resources near Makua 
Beach and in the muliwai on which area residents rely for subsistence are 
contaminated by substances associated with the proposed training activities at 
MMR.” There is nothing in this language that expressly requires that shellfish be 
tested, and as such, the Army is not in violation of the 2007 Order.  

 
The results of the Marine Resources Study (MRS) indicate that relatively low levels 
of contamination are present in fish and limu in the Makua-area muliwai and 
nearshore areas, and that these levels are approximately the same as the levels 
detected in fish from background locations. The risk to subsistence fishermen from 
consuming the fish is below the levels used by USEPA for fish advisories. 
Furthermore, the study concludes that these contaminants are likely not coming 
from the MMR, because many of the chemicals are ubiquitous in the environment, 
and may be attributable to many different sources. Given that the fish are likely not 
contaminated by substances associated with the proposed training activities at 
MMR, that there is very little interchange between the muliwai where such 
substances might accumulate and the near-shore area which provides the habitat for 
the shellfish on which area residents rely, that any such transport of chemicals from 
the muliwai to the nearshore area would result in significant dilution of the 
chemicals, it is likely that the shellfish are not contaminated by substances associated 
with the proposed training activities at MMR. 

 
Despite the conclusion that the shellfish are likely not contaminated from activities 
at MMR, field staff did attempt to collect shellfish and benthic invertebrates, 
including crabs and sea urchins, during the MRS. However, the selected method 
(passive traps) was not successful in capturing crabs. Additionally, because of the 
large number of analytes included in the chemical analytical program, field staff were 
unable to collect a sufficient number of sea urchins to provide enough sample mass 
(more than 200 grams) for all of the analyses. It is important to recognize that this 
project required destructive sampling of a living resource, which has the potential to 
negatively impact a species population in the muliwai. The Army will be developing 
a long-term monitoring program to evaluate potential impacts from military 
activities to the muliwai and nearshore areas associated with MMR, and the Army 
anticipates soliciting public input for the development of the long-term monitoring 
plan. It is possible that shellfish and benthic invertebrates will be included as species 
of interest in this monitoring plan if it is determined that the sampling will not have 
a negative impact on the species population.  
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2. Comment:  Page 2, Paragraph 1, Line 1: The study’s failure to test shellfish and other 
non-fish, non-limu marine resources resulted in a failure to evaluate 
accurately whether military activities at MMR pose a human health risk to 
area residents who rely on these marine resources for subsistence, in further 
violation of the 2007 order. To comply with its legal obligations, the Army 
must complete another study that focuses on potential contamination of 
shellfish and other non-fish, non-limu marine resources and the health risks 
associated with consuming those resources, put the study out for public 
review and comment, and incorporate its analysis into the final EIS. Id. ¶¶ 6, 
11-13. 

 
Response:  As noted in the response to comment 1, there is nothing in the 2007 Order that 

requires the testing of shellfish. Furthermore, the results of the MRS indicate that 
activities at MMR likely have not resulted in the contamination of fish and limu, and 
therefore these activities do not pose a human health risk to area residents who rely 
on these marine resources for subsistence. This evaluation is consistent with the 
requirements of the 2007 Order. However, the Army will be developing a long-term 
monitoring program to continue to evaluate potential impacts from military 
activities to the muliwai and nearshore areas associated with MMR, and the Army 
anticipates soliciting public input for the development of the long-term monitoring 
plan. It is possible that shellfish and benthic invertebrates will be included as species 
of interest in this monitoring plan if it is determined that the sampling will not have 
a negative impact on the species population. 

 
3. Comment:  Page 2, Paragraph 2, Line 1: Fish: As discussed in Drs. Elston and Rensel’s 

review, the study analyzed only fish species that are present at Makua during 
the middle of the day. The study provides no data or analysis whether fish 
species that can be gathered only in the early morning or at night – marine 
resources on which area residents rely for subsistence – are contaminated, 
violating the 2007 Order. 

 
Response:  The Marine Resources Study was intended to sample a representative range of 

species that may be consumed by subsistence and recreational fishers on the 
Waianae Coast. Discussions with local subsistence fishers indicate that they typically 
are opportunists and are not selective of species. Substantial effort was made to 
select and collect species that were representative of and readily available in the 
habitats of the Makua muliwai and near shore waters and similar watersheds where 
military training exercises have not occurred in the recent past. Sampling all possible 
species that could be eaten by subsistence fishers is an unrealistic expectation, and 
was beyond the scope of the study. 

 
Since trophic level influences the potential uptake and concentration of 
contaminants, species from a range of trophic levels (primary producer, herbivore, 
omnivore, and carnivore) were targeted in the study. Since there is no clearly defined 
reason why a species that may be active at night would differentially uptake and 
concentrate contaminants, the study focused active sampling activitities during 
daylight hours, and employed passive methods (i.e., fish and crab traps) overnight 
on several occasions and in several muliwai. The only additional species collected 
using passive traps were a species of freshwater gobie, a shrimp (Macrobrachium 
grandimanus) and several crabs. Both of the gobi and the shrimp were identified as 
indigenous to Hawaiian waters and reportedly were non-existent in the lower 
reaches of streams on Oahu. Because their status was in question (i.e., protected by 
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state or federal government), these specimens were released back to the muliwai. 
The number of crabs that were collected were insufficient to be used as even a 
single sample for the MRS. 

 

4. Comment:  Page 2, Paragraph 3, Line 1: While the study claims “the seaweed in the 
samples were identified to genus,” review of the field notes reveals the 
investigators often had no idea what they were gathering. Study at ES-3. For 
example, the field notes refer to one sample of limu generically as “Limu 2.” 
These unidentified limu were then composited into mixed “seaweed” 
samples and then analyzed for contaminants. Study at 2-3, Table 2-2. Since 
it’s analysis is based on composites of “mystery” limu, which may have 
included species of limu that no one consumes, the study fails to satisfy the 
2007 Order’s requirement to focus on whether limu “on which area residents 
rely for subsistence” is contaminated. 2007 Order ¶ 6. 

 
Response:  Attempts were made to identify the seaweed in the samples to genus subsequent to 

sample collection. While some of the samples could be identified, several of the 
samples could not. The reference to samples being identified to genus will be 
removed from the MRS. The Army will be developing a long-term monitoring 
program to evaluate potential impacts from military activities to the muliwai and 
nearshore areas associated with Makua Military Reservation, and the Army 
anticipates soliciting public input for the development of the long-term monitoring 
plan. It is likely that limu will be included as species of interest in this monitoring 
plan, and that the limu will be identified to species, if possible, to verify appropriate 
species of limu (i.e. limu consumed by the local population) are being collected. 

 
5. Comment:  Page 2, Paragraph 4, Line 1: Having found extremely elevated levels of 

arsenic in limu from Makua, the investigators failed to perform standard 
analyses to determine whether the arsenic in the limu is present in its highly 
toxic, inorganic form or in the less toxic, organic form. Without this 
information, there was no way for the study to evaluate accurately whether 
consuming limu from Makua poses “a human health risk to area residents 
[who] rely on marine resources for subsistence,” further violating the 2007 
order. Id. 

 
Response:  Concentrations of arsenic in limu from Makua are not elevated over naturally 

occurring levels in seaweed around the world. According to Frankenberger (2002) 
total arsenic concentrations in various types of seaweed around the world range 
from 4.5 to 140 mg/kg dry weight, whereas the samples collected from Makua 
ranged from 4.56 to 110 mg/kg dry weight. Since arsenic has never been measured 
in any of the seaweeds present in Hawaii previously, it cannot be determined at this 
point whether the arsenic concentrations measured are naturally occurring or 
elevated; however, the concentrations measured in limu from Makua are consistent 
with naturally occurring concentrations.  

 
The language in the 2007 order states that “Defendants will evaluate the potential 
that activities at MMR have contributed or will contribute to any such 
contamination and whether the proposed training activities at MMR pose a human 
health risk to area residents that rely on marine resources for subsistence.” The 
Marine Resources Study concluded that the activities at MMR likely did not 
contribute to the arsenic detected in fish and limu, and therefore the proposed 
training activities at MMR do not pose a human health risk to area residents that rely 



 Appendix F: Response to Comments on the Draft Marine Resources Study 

 

6 

on marine resources for subsistence. Based upon this information, the defendants 
are not in violation of the 2007 order. Given that the detected arsenic likely did not 
come from MMR, the defendants are under no obligation to determine if the arsenic 
is organic or inorganic in order to be in compliance with the 2007 order. 
Furthermore, the speciation of arsenic to organic vs. inorganic forms was not 
requested or recommended by Earthjustice or its experts during their review of the 
Sampling and Analysis Plan, and therefore was not included as part of the analysis 
program for the Marine Resources Study. The Army will be developing a long-term 
monitoring program to evaluate potential impacts from military activities to the 
muliwai and nearshore areas associated with Makua Military Reservation, and the 
Army anticipates soliciting public input for the development of the long-term 
monitoring plan. It is likely that the speciation of arsenic to organic vs. inorganic 
forms will be included in this monitoring plan.  

 
6. Comment:  Page 2, Paragraph 5, Line 1: The study failed to analyze limu from any 

location other than Makua. Accordingly, as the study concedes, “it is not 
possible to determine whether the arsenic levels detected in seaweed at 
Makua Beach are elevated over background.” Study at ES-3. Having made 
no attempt to determine the levels of arsenic contamination that would be 
present in the absence of military activities, the study failed to satisfy the 
2007 Order’s requirement to “evaluate the potential that activities at MMR 
have contributed or will contribute to any such contamination.” 2007 Order ¶ 
6. 

 
Response:  The Marine Resources Study concluded that the activities at MMR likely did not 

contribute to the arsenic detected in fish and limu, and therefore the proposed 
training activities at MMR do not pose a human health risk to area residents that rely 
on marine resources for subsistence. Based upon this information, the defendants 
are not in violation of the 2007 order. The Army will be developing a long-term 
monitoring program to evaluate potential impacts from military activities to the 
muliwai and nearshore areas associated with Makua Military Reservation, and the 
Army anticipates soliciting public input for the development of the long-term 
monitoring plan. It is likely that collection of limu from background locations will 
be included in the long term monitoring plan. 

 

7. Comment:  Page 3, Paragraph 1, Line 1: In their comments, Drs. Elston and Rensel detail 
why the study’s selection of Nanakuli muliwai and Sandy Beach – both of 
which receive substantial inputs of anthropogenic contaminants that, in the 
absence of military activities, would not occur at Makua – as “background” 
locations was improper and rendered useless the study’s analysis of human 
health and ecological risk from training activities at MMR. To supplement 
their discussion, we enclose the relevant page from an O‘ahu map book, 
showing the location of the East Honolulu Wastewater Treatment Plant 
(labeled on the map as “STP” and circled in black), which is immediately 
across Kalaniana‘ole Highway from Sandy Beach. As noted in Drs. Elston 
and Rensel’s review, the sewage outfall is located only 400 meters offshore, at 
about only 12 meters in depth. 

 
Response:  The rationale for the selection of background sites was provided in both the final 

SAP and the draft Marine Resources Study. In the final SAP, Section 2.2, Marine 
Resources Sampling Strategy, states “Background muliwai will be located on the 
Waianae Coast within watersheds that are not subjected to military activity.” Section 
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2.2.3, Background Sampling, of the final SAP states “Samples will be collected from 
locations distant enough from Makua Valley that biota would be unlikely to be 
affected by target chemicals originating from MMR. Background muliwai will be 
located in watersheds that are not subject to military activity.”  

 
The purpose of the Marine Resources Study is to identify whether Army activities at 
the MMR have impacted Makua Valley resources above and beyond impacts from 
all other sources. Using an uncontaminated watershed for a background location 
would not allow the apportioning of impacts between the Army and other sources. 
This is a significant concern as there are many substantial sources of contamination 
other than the MMR. To adequately address the Army’s impact alone on Makua 
Valley resources, an appropriate control site (i.e., background location) would be a 
valley where all aspects of the valley are as similar as possible to Makua. Since inter-
watershed transport of contaminants is facilitated by wind and rain, the control 
valley should have similar wind and rain patterns as that of Makua. Biogeochemical 
processes affecting contaminants are a function of temperature and substrate, and 
these attributes should be as similar as possible to Makua Valley in order to identify 
impacts that can be attributed solely to Army activity. There are distinct differences 
in the substrate (mineralogy and age) between the different islands, making the 
selection of a control on another island inappropriate. Because of this, the most 
appropriate control watersheds are on the leeward (Waianae) coast of Oahu. As long 
as the background sites selected are representative of ambient conditions for the 
general Makua vicinity and have not received contamination from the MMR, they 
are considered acceptable, as per USEPA (1989, 2002a) risk assessment guidance. 

 
8. Comment:  Page 3, Paragraph 2, Line 1: We also note that, across the board, the study 

concluded the “non-carcinogenic hazard index estimates” from fish 
consumption were greater at the alleged “background” sites than at Makua, 
sometimes by many times. See, e.g., Study at Table 4-8 (non-carcinogenic 
hazard index estimates from likely fish consumption rates at Nanakuli 
muliwai using mean contaminant concentrations more than double that at 
Makua); Table 4-12 (non-carcinogenic hazard index estimate from likely fish 
consumption rates at Sandy Beach using mean contaminant concentrations 
double that at Makua Beach); Table 4-13 (non-carcinogenic hazard index 
estimate from likely fish consumption rates at Sandy Beach using maximum 
contaminant concentrations more than triple that at Makua Beach); Table 4-
16 (non-carcinogenic hazard index estimate from worst-case fish 
consumption rates at Nanakuli muliwai using mean contaminant 
concentrations more than double that at Makua); Table 4-20 (non-
carcinogenic hazard index estimate from worst-case fish consumption rates 
at Sandy Beach using mean contaminant concentrations double that at 
Makua Beach); Table 4-21 (non-carcinogenic hazard index estimate from 
worst-case fish consumption rates at Sandy Beach using maximum 
contaminant concentrations more than triple that at Makua Beach). The 
study’s ecological assessments similarly showed greater hazard indexes at 
the “background” locations than at Makua. See, e.g., id. at Tables 5-13, 5-15, 
5-16. That contaminant hazards are greater at the alleged “background” sites 
than at Makua confirms the inappropriateness of the study’s selection of 
reference sites. 

 
Response:  It is entirely possible that background concentrations for some metals may be higher 

than concentrations observed at the site. This does not automatically mean that the 
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background locations are not suitable. Rather, it merely indicates that there is 
variation in the conditions among sites, which is to be expected as the environment 
is not homogeneous. 

 
 The Army investigated a number of muliwai on Oahu to serve as a background 

location for this study. The choice of muliwai to serve as a background site was 
necessarily limited by a number of factors. The site, as noted above had to be 
physically similar to the tested area and in the same biogeographic area as Makua. 
This limited the locations to the leeward side of Oahu. Within this area, the Army 
looked at eleven different  muliwai, including Kalihii, Waialaenui, Nanakuli, 
Wailupe, Ulehawa, Keaau, Kamilonui, Manuwai, Makaha, Kaupini, and Nuuanu.  
One of the characteristics of the Makua watershed is the presence of intermittent 
streams with a perennial mouth, and the Army sought to duplicate this condition in 
the background muliwai location. At the time of the sampling, a reconnaissance of 
these muliwai performed by the Army indicated that Nanakuli was the only other 
muliwai, aside from Makua, that had flowing water. As a result, the Nanakuli 
muliwai was selected because it was physically the most representative location 
available, having similar size, hydrologic, rain, wind and geochemical features as 
Makua.  

 
 The Army investigated the HECO pier area as a nearshore background sampling 

location, but rejected this location because of potential impacts from the nearby 
power plant, and instead selected Sandy Beach as a more representative background 
location for the nearshore sampling.   

 
9. Comment:  Page 3, Paragraph 3, Line 1: Having failed to select appropriate background 

sites, the study could not accurately “evaluate the potential that activities at 
MMR have contributed or will contribute” to contamination of marine 
resources used for subsistence, violating the 2007 Order. 2007 Order ¶ 6. 

 
Response:  As discussed in the response to comment 8, the selection of background sites was 

appropriate for the purposes of this scientific study. 
 

10. Comment:  Page 3, Paragraph 4, Line 1: Even if the selection of Sandy Beach and/or 
Nanakuli muliwai as background sites were proper, the study’s narrow focus 
on “incremental risk” (i.e., risk over background) to evaluate human health 
and ecological risks would still be inappropriate and unlawful. In preparing 
its EIS for MMR, the Army must consider cumulative impacts, which are 
impacts that “result[] from the incremental impact of the action when added 
to other past, present, and reasonably foreseeable future actions regardless of 
what agency (Federal or non-Federal) or person undertakes such other 
actions.” 40 C.F.R. § 1508.7; see also id. §§ 1508.8, 1508.25. Thus, the Army 
must evaluate the effect on human health and the marine environment of 
adding contaminants from proposed training and related activities 
(including, but not limited to, controlled burns, grass-cutting, herbicides and 
other ecosystem management) at MMR to whatever level of contamination 
already exists, including any background levels of contamination. See id. § 
1508.27(b)(7) (“Significance exists if it is reasonable to anticipate a 
cumulatively significant impact on the environment”). Such an analysis is 
necessary to evaluate whether proposed training activities at MMR pose a 
human health risk to people relying on marine resources for subsistence, as 
the 2007 Order requires. 
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Response:  USEPA (2002b) states that “a baseline risk assessment generally is conducted to 

characterize the current and potential threats to human health and the environment 
that may be posed by hazardous substances, pollutants, and contaminants at a 
site…. this policy recommends a baseline risk assessment approach that retains 
constituents that exceed risk-based screening concentrations. This approach 
involves addressing site-specific background issues at the end of the risk assessment, 
in the risk characterization. Specifically, the COPCs with high background 
concentrations should be discussed in the risk characterization, and if data are 
available, the contribution of background to site concentrations should be 
distinguished.” Therefore, we have shown the risks from exposures to both 
chemicals at the site and under ambient conditions to distinguish the two and show 
the contribution over background from exposures at the site.  

 
11. Comment:  Page 4, Paragraph 1, Line 1: In the enclosed review, Dr. Foran details the 

flaws in the study’s assumptions regarding fish and limu consumption rates, 
which render useless its human health risk assessment. In addition to Dr. 
Foran’s comments, we note that the study inaccurately claims Sharma et al. 
(2003) present data for “Hawaiian fishermen in Hawai‘i.” Study at 4-8. In 
fact, Sharma et al. (2003) present data from average food consumers of 
Native Hawaiian ancestry, not necessarily Hawaiians who fish. Using this 
average consumption data “[t]o estimate the potential worst case exposures 
for recreational fishermen” (who, presumably, eat more fish than the average 
person) likely substantially underestimates human health risks. Id. 

 
The “likely” consumption rate the study used for subsistence fishermen 
(100.6 g/day) also likely substantially underestimates actual consumption 
and, thus, health risk. That rate is only about 70% the default national value 
(from the 1994-1996 Continuing Survey of Food Intake by Individuals) of 
142.4 g/day for subsistence fishers. (Sechena, et al., 2003). The study 
provides no basis for assuming that subsistence fishers on the Wai‘anae 
Coast consume substantially less seafood than the national average. 
 
In order to comply with its obligations under the 2007 Order, the Army must 
prepare a new human health assessment that is based on accurate data 
regarding area residents’ consumption of marine resources, circulate that 
new assessment for public review, and incorporate the results of the new 
assessment in the final EIS for MMR. 

 
Response:  Fish consumption rates may vary by ethnic group, lifestyle, economic status, and 

geography, among other factors (OEHHA 2001). Therefore, it is desirable to use a 
fish consumption rate that is applicable to the receptors being evaluated. As part of 
the MRS, the Army reviewed the literature on fish consumption rates in Hawaii and 
selected the highest fish consumption rates recorded *for Hawaii. The Army 
believes that the fish consumptions rates used in the MRS were appropriate for the 
study. 

 
 References: Frankenberger, W.T. 2002. Environmental Chemistry of Arsenic. New York, Marcel 

Dekker. 
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1. Comment:  Page 7, Paragraph 2, Line 1: The draft Marine Resources Study (MRS) is 
poorly written and contains numerous errors and oversights. For example, 
data reported in Tables 3-1, 3-2, and 4-2 lack units (subsequent comments are 
based on my assumption that all data are reported in mg/kg wet weight). 

 
Response:  The units mg/kg have been added to Tables 3-1, 3-2 and 4-2. 

 
2. Comment:  Page 8, Paragraph 1, Line 4 (Page 5): Because of the elevated concentrations 

of arsenic in both fish and limu, and because of the significantly elevated 
cancer risks of consuming arsenic-contaminated fish and limu, speculation 
regarding the form of arsenic in biological samples is inappropriate and 
should be replaced by analytical data that clearly quantify the concentrations 
of both inorganic and organic arsenic in fish and limu. 

 
Response:  Concentrations of arsenic in limu from Makua are not necessarily elevated over 

naturally occurring levels in fish or seaweed around the world. According to 
Frankenberger (2002), total arsenic concentrations in various types marine fish 
around the world range from 1.5 to 196 mg/kg dry weight, whereas the samples 
collected from Makua ranged from 1.46 to 53 mg/kg dry weight. Additionally, as 
stated in the report, a review of the published literature shows that arsenic is present 
almost exclusively as nontoxic organic forms in marine fish (Neff 1997; de Gieter et 
al. 2002; Kirby and Maher 2002; Frankenberger 2002; Kirby et al. 2002; Sloth et al. 
2005). Further, according to Frankenberger (2002) total arsenic concentrations in 
various types of seaweed around the world range from 4.5 to 140 mg/kg dry weight, 
whereas the samples collected from Makua ranged from 4.56 to 110 mg/kg dry 
weight. Since arsenic has never been measured in any of the seaweeds present in 
Hawaii previously, it cannot be determined at this point whether the arsenic 
concentrations measured are naturally occurring or elevated; however, the 
concentrations measured in limu from Makua are consistent with naturally occurring 
concentrations. The Army will be developing a long-term monitoring program to 
evaluate potential impacts from military activities to the muliwai and nearshore areas 
associated with Makua Military Reservation, and the Army anticipates soliciting 
public input for the development of the long-term monitoring plan. It is likely that 
arsenic will be speciated to determine if it is organic or inorganic as part of the long 
term monitoring plan. 

. 
 

3. Comment:  Page 8, Paragraph 2, Line 4: The rationale for selection of sites to provide 
information on background concentrations of contaminants is not described 
in the Final SAP or the draft MRS; therefore, it is impossible to determine 
whether samples collected from these sites provide data that are 
representative of background contaminant concentrations in fish. However, 
the location of a discharge outfall from the East Honolulu Wastewater 
Treatment Plant offshore at Sandy Beach may significantly influence 
contaminant loads and contaminant tissue burdens at this site. Nanakuli 
muliwai, which is located in the middle of an urban area and downstream 
from Lualualei Naval Magazine, may also be subject to significant 
contaminant loadings. As a result, samples collected from these sites would 
not represent true background (uncontaminated) conditions. 

 
Response:  The rationale for the selection of background sites was provided in both the final 

SAP and the draft Marine Resources Study. In the final SAP, Section 2.2, Marine 



 Appendix F: Response to Comments on the Draft Marine Resources Study 

 

12 

Resources Sampling Strategy, states “Background muliwai will be located on the 
Waianae Coast within watersheds that are not subjected to military activity.” Section 
2.2.3, Background Sampling, of the final SAP states “Samples will be collected from 
locations distant enough from Makua Valley that biota would be unlikely to be 
affected by target chemicals originating from MMR. Background muliwai will be 
located in watersheds that are not subject to military activity.”  

 
The purpose of the Marine Resources Study is to identify whether Army activities at 
the MMR have impacted Makua Valley resources above and beyond impacts from 
all other sources. Using an uncontaminated watershed for a background location, as 
suggested by Dr. Foran, would not allow the apportioning of impacts between the 
Army and other sources. This is a significant concern as there are many substantial 
sources of contamination other than the MMR. To adequately address the Army’s 
impact alone on Makua Valley resources, an appropriate control site (i.e., 
background location) would be a valley where all aspects of the valley are as similar 
as possible to Makua. Since inter-watershed transport of contaminants is facilitated 
by wind and rain, the control valley should have similar wind and rain patterns as 
that of Makua. Biogeochemical processes affecting contaminants are a function of 
temperature and substrate, and these attributes should be as similar as possible to 
Makua Valley in order to identify impacts that can be attributed solely to Army 
activity. There are distinct differences in the substrate (mineralogy and age) between 
the different islands, making the selection of a control on another island 
inappropriate. Because of this, the most appropriate control watersheds are on the 
leeward (Waianae) coast of Oahu. As long as the background sites selected are 
representative of ambient conditions for the general Makua vicinity and have not 
received contamination from the MMR, they are considered acceptable, as per 
USEPA (1989, 2002a) risk assessment guidance. 

 

4. Comment:  Page 9, Paragraph 2, Line 1: Data collected from background sites are used 
in the draft MRS to determine contaminant concentrations (or health 
hazards) from military operations at MMR by subtracting “background” 
contaminant concentrations (or quantitative estimates of hazard associated 
with exposure to contaminants) from MMR contaminant concentrations (or 
hazard estimates). The draft MRS suggests that this approach provides an 
estimate of contamination or risk originating from MMR. This approach 
ignores the fact that reference sites are impacted from local activities, are not 
pristine, and do not represent true background conditions. In this case, 
contamination from MMR would be “excused” simply because it occurs at a 
level similar to another contaminated site. The approach also fails to 
incorporate the effects of vast differences in the physical structure of the sites 
on the fate and transport of contaminants derived from local sources. Use of 
reference sites to determine background concentrations without addressing 
differing fate and transport phenomena will lead to an inaccurate assessment 
of the extent, nature, and impact of contamination at the MMR site. 

 
Response:  USEPA (2002b) states that “a baseline risk assessment generally is conducted to 

characterize the current and potential threats to human health and the environment 
that may be posed by hazardous substances, pollutants, and contaminants at a 
site…. this policy recommends a baseline risk assessment approach that retains 
constituents that exceed risk-based screening concentrations. This approach 
involves addressing site-specific background issues at the end of the risk assessment, 
in the risk characterization. Specifically, the COPCs with high background 
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concentrations should be discussed in the risk characterization, and if data are 
available, the contribution of background to site concentrations should be 
distinguished.” Therefore, we have shown the risks from exposures to both 
chemicals at the site and under ambient conditions to distinguish the two and show 
the contribution over background from exposures at the site. see response to 
Comment 3 for the selection of appropriate background sampling locations. 

 
5. Comment:  Page 11, Paragraph 3, Line 1: The draft MRS manipulates (attempts to 

minimize) the magnitude of risk by subtracting risk estimates derived for 
reference sites from risk estimates associated with consumption of fish and 
limu from the MMR. As discussed previously, the selection of sites to 
quantify contaminant background concentrations is flawed; thus, risk 
estimates associated with exposure to contaminants at these sites are not 
accurate depictions of “background risk.”  

 
Response:  USEPA (2002b) states that “a baseline risk assessment generally is conducted to 

characterize the current and potential threats to human health and the environment 
that may be posed by hazardous substances, pollutants, and contaminants at a 
site…. this policy recommends a baseline risk assessment approach that retains 
constituents that exceed risk-based screening concentrations. This approach 
involves addressing site-specific background issues at the end of the risk assessment, 
in the risk characterization. Specifically, the COPCs with high background 
concentrations should be discussed in the risk characterization, and if data are 
available, the contribution of background to site concentrations should be 
distinguished.” Therefore, we have shown the risks from exposures to both 
chemicals at the site and under ambient conditions to distinguish the two and show 
the contribution over background from exposures at the site. 

 
6. Comment:  Page 11, Paragraph 3, Line 6: Regardless of the approach to assess 

contaminant background concentrations, however, the assessment of risk 
from reference sites and reduction of MMR-associated risk by subtracting 
reference-site risk is inappropriate. Cancer risk estimates associated with 
consumption of seafood gathered from Makua are calculated and expressed 
as “excess risk” (risk above background). These are site-specific estimates of 
cancer risk above those associated with all other exposure sources and 
stressors such as exposure to radionuclides in drinking water, overexposure 
to sunlight, exposure to contaminants in food, and including exposure to 
contaminants at reference sites. Calculations of risk at reference sites 
produces estimates of excess cancer risk that are specific to those sites and in 
excess of all other cancer risks, including risks associated with MMR. 
Therefore, subtracting “reference site risk” from “MMR risk” is effectively 
subtracting excess risk from excess risk, an exercise that is conceptually and 
mathematically unsound.  

 
Response:  See response to Comment 4 for the appropriateness of subtracting the risks. No 

change is proposed to the methodology. However, the terminology used on page 4-
11 will be changed from “R = Estimated individual excess lifetime cancer risk” to 
“R = Estimated individual cancer risk” to resolve this apparent contradiction. 
“Excess cancer risk” will also be used in the document to denote risks elevated over 
background. 
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7. Comment:  Page 13, Paragraph 2, Line 1: These rates represent average daily 
consumption for populations studied by Sechena et al. (2003) and Sharma et 
al. (2003). However, the draft MRS adjusts these rates by multiplying by the 
exposure frequency (EF), which is set at 350 (out of 365) days for subsistence 
consumers and 48 (out of 365) days for recreational consumers. This 
adjustment is incorrect, as consumption rate data from Sechena et al. (2003) 
and Sharma et al. (2003) are annualized rates and already incorporate 
consideration of fish consumption that may not occur each day of the year. 
That is, estimates of consumption rate (such as 242 g/day) reflect the 
number of meals eaten during a year and the size (mass) of each meal. 
Therefore, the appropriate factor for EF is 365 days (which simply provides a 
unit conversion in the calculation of intake), not 350 days for subsistence 
consumers and 48 days for recreational consumers.  

 
Response:  The risk assessment has been revised such that the exposure frequency for both 

subsistence and recreational fishers is increased to 365 days/year. However, for 
subsistence fishers, an additional 15 days per year of exposure will result in an 
increase in the risk estimates of only 4% (i.e., 15/365). 

 

8. Comment:  Page 13, Paragraph 3, Line 6: This inappropriate reduction in intake and 
resultant underestimate of risk is compounded by the use of exposure 
duration (ED) of 24 years to establish intake via the equation on page 4-5, 
which results in a further underestimation of intake and risk by a factor of 2.9 
(compared with an ED of 70 years). The assumption of partial life intake (24 
years rather than 70 years) is unlikely to be representative of consumption 
and exposure among subsistence fish consumers (and potentially among 
recreational anglers, particularly those who share their catch with family 
members). Therefore, the draft MRS should assume that exposure duration 
(ED) in the equation on page 4-5 is 70, unless data demonstrate clearly that 
an ED less than 70 more accurately represents gathering and consumption of 
seafood from Makua. Risk estimates for consumers of fish and limu in the 
draft MRS may, therefore, be underestimated by more than a factor of 20 
because of these calculation and assumption errors. 

 
Response:  It is true that 70 years is the default lifetime assumed by USEPA. However, to 

perform residential risk estimates, USEPA and HDOH assume that residents are 
present at a site for 30 years (USEPA 1989, 1997, 2002b; HDOH 2006). This is the 
95th th percentile residency duration in the United States (USEPA 1997) and is the 
default exposure duration used by USEPA in risk assessments for residential 
exposure scenarios. The risk assessment presented in the MRS has been revised to 
evaluate residents for 30 years, in order to be consistent with USEPA and HDOH. 

 

9. Comment:  Page 14, Paragraph 3, Line 1: Accurate evaluation of fish and limu 
consumption and contaminant intake in the local population requires a 
comprehensive survey of local consumers. In the absence of such a survey, 
worst case estimates of consumption should be based on consumption from 
traditional diets such as those reconstructed by Smith (2003), where rates for 
some populations were nearly 400 g/day. Any seasonal differences in 
consumption rates should also be acknowledged and incorporated in 
estimates of intake and risk, such as those by Loranger et al. (2002) who 
found that daily fish intake rates were 6 to 10 times higher for recreational 
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anglers in the James Bay Territory of Canada at the end of the fishing season 
compared to a group that reported fish consumption on an annualized basis.  

 
Response:  The references cited by Dr. Foran are abstracts from talks that were presented at 

symposia. As such, they are not peer-reviewed nor in the published scientific 
literature. Further, their conclusions may change dramatically by the time they are 
published. Therefore, the information contained in these sources is considered as 
interesting but inappropriate for use in this study. Further, fish consumption rates 
vary dramatically by geography and ethnic groups, among many other factors. As 
part of the MRS, the Army reviewed the literature on fish consumption rates in 
Hawaii and selected the highest fish consumption rates recorded for Hawaii. These 
fish consumption rates are more appropriate for the MRS than the studies of fishers 
in Canada that were cited by Dr. Foran.  

 
10. Comment:  Page 15, Paragraph 2, Line 1: Finally, the draft MRS suggests that risk 

calculations may be overestimated as contaminant concentrations in whole 
fish were analyzed. (Concentrations of organic contaminants, excluding 
methyl mercury, in skin-off fillets may be lower than concentrations in whole 
fish as some organic contaminants concentrate disproportionately in fatty 
tissue.) The final SAP and draft MRS do not thoroughly describe methods to 
prepare fish for contaminant analysis. However, many fish from MMR 
contaminated sites are eaten whole (including head, skin, and bones) and in 
some cases internal organs are consumed as well (Vince Dodge, personal 
communication). Therefore, assumptions that contaminant analysis of whole 
fish results in overestimates of risk are not accurate or appropriate.  

 
Response:  The MRS did not assume that use of the whole fish analysis resulted in an 

overestimate of risk. The intent of the cited text was to identify an area of potential 
uncertainty in the risk assessment, and to indicate that the most conservative 
assumption (use of whole fish analysis) was used in performing the data analysis and 
risk assessment.  
 

References:  Frankenberger, W.T. 2002. Environmental Chemistry of Arsenic. New York, 
  Marcel Dekker. 

 

de Gieter, M., M. Leermakers, R. Van Ryssen, J. Noyen, L. Goeyens, and W. 

Baeyens. 2002. “Total and toxic arsenic levels in North Sea fish.” Arch. 

Environ. Contam. Toxicol. 43: 406-417. 

Hawai’i Department of Health (HDOH). 2006. Screening For Environmental 

Concerns at Sites With Contaminated Soil and Groundwater. Interim Final 

– August 2006. 
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compounds in three marine fish species: relationship to trophic position.” 
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1. Comment:  Page 7, Paragraph 5, Line 1: Missing entirely are important reviews of 
nearshore hydrographic conditions such as currents, wave, alongshore 
transport of sediments, physical characterization of the environment, 
characterization of the reference (termed “background”) sites and how they 
compare with the Makua sites, exact fishing or capture areas in either the 
muliwai or nearshore areas, etc. Such factors must be considered to properly 
design a study involving contaminants that are transported and accumulated 
as a result of the site-specific conditions. 

 
Response:  The objective of the Marine Resources Study (MRS) was to evaluate if military 

activities at the Makua Military Reservation (MMR) have contributed to 
contaminant concentrations in area fish, and if such activities present a health risk to 
area fishermen who rely on the fish for subsistence. While the additional studies 
suggested by the reviewers may be of interest, they were not included as part of the 
scope of work presented in the Final SAP, and are not essential to achieving the 
objectives of the MRS. Data presented in the MRS indicate that relatively low levels 
of contaminants were detected in fish and limu in the muliwai and near-shore areas 
near the MMR. However, the data indicate that it is unlikely that the MMR is the 
source of most of these contaminants. Based upon these data, the report concludes 
that activities at the MMR do not present a health risk to area fishermen who rely on 
the fish for subsistence. 

 
2. Comment:  Page 7, Paragraph 6, Line 4: We pointed out in our prior review that other 

seafood species such as urchins were more likely to be a conservative 
sampling target, easily obtained and more likely to be contaminated than 
either fish or lobsters. 

 
Despite our comments and provision of detailed information regarding 
subsistence use of invertebrate and other species by local community 
members, the final plan and field study entirely neglected all macrofauna 
invertebrates (including lobsters) and provided no explanation for the 
oversight or reasons for changes from the draft SAP. We find this omission 
unacceptable and on this account alone the study is, in our opinion, 
incomplete and inadequate. 

 
Response:  Although the Final Sampling and Analysis Plan (SAP) did not included invertebrates 

as species of interest, attempts were made to collect invertebrates for analysis as part 
of the Marine Resources Study (MRS), in order to address the concerns of the 
public. Sea urchins were collected from the nearshore area, however because of the 
extensive analytical suite included in the Final SAP, the total tissue mass needed for 
a single sample for all of the analyses exceeded 200 grams. The field team 
determined that continued collection of sea urchins might negatively impact the 
population of sea urchins in the nearshore area, and stopped sea urchin collection. 
Crab traps were set in the muliwai for several days, and although some crabs were 
collected in this manner, the field team was unable to collect crabs in sufficient 
numbers for even a single sample to be analyzed for the complete list of analytes. 

 
3. Comment:  Page 7, Paragraph 8, Line 1: The final SAP calls for sampling of fishes and 

limu only, and includes no documentation of critical facts regarding the 
selection of target species. For example, nothing is said regarding the extent 
of the home range of nearshore fishes that were collected.  
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Response:  Target species were selected based on their likely presence in known near shore 
habitats, and the use of these species by fishermen for subsistence. Determination 
of the exact home range of these fish was beyond the scope of work for the MRS, 
and while this determination may be of academic interest, it is of little concern to 
the fishermen who consume these fish for subsistence.  

 
4. Comment:  Page 8, Paragraph 2, Line 1: The executive summary of the draft field report 

and risk assessment begins by stating: 
 

“Tetra Tech conducted a marine resources study to determine if marine 
resources near Makua Beach and in the Makua muliwai are contaminated 
with constituents primarily associated with proposed training activities at 
Makua Military Reservation.” (Emphasis added) 

 
What are the “proposed training activities” and what contaminants would be 
involved compared to those from previous training?  

 
Response:  The proposed training activities include live fire training exercises. Target 

contaminants anticipated from these training activities are similar to target 
contaminants from previous training activities, including the explosives compounds 
and lead. 

 
5. Comment:  Page 8, Paragraph 4, Line 1: The draft field sampling objectives do not 

mention an ecological risk assessment, but an ecological risk assessment 
(albeit a flawed one) is included in the report.  

 
Response:  The screening level ecological risk assessment was performed to provide additional 

data to evaluate if proposed training activities at MMR pose a human health risk to 
area residents that rely on marine resources for subsistence.  

 
6. Comment:  Page 8, Paragraph 5, Line 1: Next we note that the study claims to include 

assessment of “marine resources,” which in the draft SAP included 
invertebrates, fish and limu (seaweed). The invertebrates, including 
commonly collected and utilized urchins and mollusks, are not included in 
the final study, but no explanation or justification for this omission is 
provided.  

 
Response:  Although the Final Sampling and Analysis Plan (SAP) did not included invertebrates 

as species of interest, attempts were made to collect invertebrates for analysis as part 
of the Marine Resources Study (MRS), in order to address the concerns of the 
public. Sea urchins were collected from the nearshore area, however because of the 
extensive analytical suite included in the Final SAP, the total tissue mass needed for 
a single sample for all of the analyses exceeded 200 grams. The field team 
determined that continued collection of sea urchins might negatively impact the 
population of sea urchins in the nearshore area, and stopped sea urchin collection. 
Crab traps were set in the muliwai for several days, and although some crabs were 
collected in this manner, the field team was unable to collect crabs in sufficient 
numbers for even a single sample to be analyzed for the complete list of analytes. 

 
 

7. Comment:  Page 8, Paragraph 8, Line 1: The contaminant status of important ecosystem 
components such as the surficial sediments of muliwai and nearshore areas 
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remains either inadequately evaluate due to application of inappropriate 
methods, in the case of the muliwai (where excessively deep sampling and 
extensive compositing could have easily diluted the results), or completely 
unknown and not investigated, in the case of the nearshore areas. We 
discussed the inadequacy of the prior studies upon which the draft and final 
SAP relied in this regard, pointing out that the food web (including 
invertebrates and demersal fish) is affected by the shallow surface sediment 
layers to a few centimeters depth, while prior Tetra Tech sampling relied 
upon subsurface samples to greater than one meter depth in some cases. No 
explanation is provided for this inappropriate sampling method. 

 
Response:  The reviewers are correct that most benthic invertebrates and demersal fish are 

exposed within the top 10 to 15 centimeters (0.3 to 0.5 feet) of sediments. Some 
surface sediment samples were collected. However, all data (both surface and 
subsurface) were used in the determination of sediment UCL95 sediment 
concentrations. Uncertainties stemming from the inclusion of deeper sediment data 
(i.e., 1 to 3 feet) in the calculation of UCL95 concentrations are discussed in the 
MRS. 

 
8. Comment:  Page 9, Paragraph 2, Line 2: The prior muliwai sediment sampling data were 

not representative of the biologically active surface layers that would directly 
affect the aquatic food web. The risk assessment also utilizes inappropriate 
background or reference locations, which may bias the comparison of what is 
“normal” in terms of contaminant load in the region. If the underlying data 
are biased or non-representative, the ecological risk assessment is precluded 
from being accurate or representative of the actual risks. The complete lack 
of any data from the nearshore sediments compounds the problem, an issue 
that is acknowledged in the draft field report and risk assessment but not 
explained or mitigated.  

 
Response:  All data (both surface and subsurface) were used in the determination of sediment 

UCL95 sediment concentrations. Uncertainties stemming from the inclusion of 
deeper sediment data (i.e., 1 to 3 feet) in the calculation of UCL95 concentrations are 
discussed in the MRS. 

 
 We believe that the background locations selected for the MRS were appropriate. 

The objective of the MRS is to identify whether Army activities at the MMR have 
impacted Makua Valley resources above and beyond impacts from all other sources. 
To adequately address the Army’s impact alone on Makua Valley resources, an 
appropriate control site (i.e., background location) is a valley where all aspects of the 
valley are as similar as possible to Makua. Since inter-watershed transport of 
contaminants is facilitated by wind and rain, the control valley should have similar 
wind and rain patterns as that of Makua. Biogeochemical processes affecting 
contaminants are a function of temperature and substrate, and these attributes 
should be as similar as possible to Makua Valley in order to identify impacts that can 
be attributed solely to Army activity. There are distinct differences in the substrate 
(mineralogy and age) between the different islands, making the selection of a control 
on another island inappropriate. Because of this, the most appropriate control 
watersheds are on the leeward (Waianae) coast of Oahu. As long as the background 
sites selected are representative of ambient conditions for the general Makua vicinity 
and have not received contamination from the MMR, they are considered 
acceptable, as per USEPA (1989, 2002a) risk assessment guidance. 
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9. Comment:  Page 9, Paragraph 5, Line 1: No specific sampling location data were 

recorded or reported with the nearshore samples. It was simply one general 
area or another. The specific sampling area could have made a difference for 
some species of fish and for most invertebrates, but no data were collected in 
this regard. If a series of samples had been taken at increasing distance from 
the MMR nearshore a trend might have been detected, but this was not done.  

 
Response:  Nearshore fish were collected using a hook and line, typically from an area beyond 

the shore break. Using this methodology, the maximum distance from the shoreline 
for the nearshore sample collection was approximately 100 feet, and typically 
samples were collected within 50 feet of the shore break.  

 
10. Comment:  Page 9, Paragraph 6, Line 1: Apparently large- and small-sized fish were 

sometimes composited to construct single samples, masking any size and 
age specific trends that might have been present.  

 
Response:  USEPA (2000) guidance on sampling fishes was followed. All fish used for sample 

analysis were within 25% of the total length of the largest caught fish. Establishing 
size and age specific trends in contaminant concentrations is not generally the goal 
of fish sampling for risk assessment (USEPA 2000). 

 
11. Comment:  Page 10, Paragraph 1, Line 1: The choice of reference (background) areas, as 

pointed out in our review of the draft SAP, was inappropriate and not 
supported by information or data regarding surrounding land and aquatic 
use. It is possible, in our opinion, that there are no pristine muliwai on the 
Wai‘anae coast of O‘ahu to allow for meaningful reference comparison. This 
possibility is not directly addressed in the SAPs and draft report, which make 
an invalid comparison between what the effects of the MMR may have 
produced versus effects of urbanization, transportation, industry and military 
use on the Nanakuli muliwai. There are many areas that could have served as 
appropriate nearshore area reference sites on the leeward coast. These could 
have included any of a number of areas of similar physical exposure, without 
significant human residential populations on septic or sewer systems and not 
subject to direct drainage from agricultural or urban development. We 
believe that a reference area to compare to the MMR areas should be, if 
possible, on the leeward coast as other remote areas may have different 
marine species assemblages and recruitment and physical factors may be 
significantly different too.  

 
Response:  Background locations were selected to be representative of Makua in the absence of 

releases from the Makua MMR. However, that does not mean that background sites 
are required to be free of any anthropogenic influence, as this is impossible. As long 
as the background sites selected are representative of ambient conditions for the 
general Makua vicinity, they should be considered as acceptable (as per USEPA 
guidance). 

 
12. Comment:  Page 10, Paragraph 2, Line 1: The report authors selected Sandy Beach in an 

entirely different region of the island as a nearshore reference area. We judge 
Sandy Beach an inappropriate reference site because it is the site of a major 
sewage treatment plant and nearshore outfall. It is also a relatively great 
geographic distance from the MMR, possibly subject to different physical 
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processes. There are likely differing biological dynamics resulting from the 
markedly different physical processes between the southeast coast of the 
island and the westward, leeward shore.  

 
Response:  Background locations were selected to be representative of Makua in the absence of 

releases from the Makua MMR. However, that does not mean that background sites 
are required to be free of any anthropogenic influence, as this is impossible. As long 
as the background sites selected are representative of ambient conditions for the 
general Makua vicinity, they should be considered as acceptable (as per USEPA 
guidance). 

 
 

13. Comment:  Page 10, Paragraph 3, Line 1: No sediment sampling was conducted in the 
nearshore area to allow for trend estimation or risk analysis. Incremental 
distance sampling from the areas adjacent to the MMR muliwai to distant 
locations could have been conducted, but was not.  

 
Response:  Sediment sampling in the nearshore area was not part of the scope for the MRS that 

was outlined in the SAP. Because of the many possible sources of contamination to 
nearshore sediments (exhaust from automobiles, trash in the ocean, etc.), evaluation 
of nearshore sediment contaminant concentrations would have provided little useful 
information to evaluate potential impacts to human health from Army activities at 
MMR.  

 
14. Comment:  Page 10, Paragraph 4, Line 1: As previously pointed out, the fishes that were 

assess may include species that are far-ranging in their home range and 
geographic distribution. We would not expect these fishes to be significantly 
affected by contaminated sediments, limu and other habitat features near the 
MMR if they were essentially “passing through” the area and thus had only 
very limited exposure to possible contaminants from the MMR sample sites.  

 
Response:  The objective of the MRS, as outlined in the Settlement Agreement was to 

“…evaluate the potential that activities at MMR have contributed or will contribute 
to any such contamination (of marine resources) and whether the proposed training 
activities at MMR pose a human health risk to area residents that rely on marine 
resources for subsistence.” The target species were selected based upon discussions 
with local fishermen regarding the fish that are used for subsistence. If fish were 
used by local fishermen for subsistence, they were included in the MRS, to the 
extent possible, whether or not they were far-ranging fish. This approach was 
consistent with the objectives of the study, as outlined in the Settlement Agreement. 

 
15. Comment:  Page 10, Paragraph 5, Line 1: The draft report’s next conclusion is not 

supported by the data. It states: 
 

“Samples from the muliwai locations tended to have higher concentrations of 
metals than the nearshore samples, although the nearshore samples typically 
had higher concentrations of arsenic.” 
 
This conclusion involves a comparison that is inappropriate for several 
reasons. Section 3.4 of the draft report describes results of metals sampling 
and points to Table 2-2, a summary of species sampled within general 
locations. Table 3-2 reports average concentrations of metals by subarea 
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(again, ostensibly for fish tissue) but these averages represent a mixture of 
different species with unequal representations among areas. Moreover, there 
were no samples from nearshore waters near the reference muliwai at 
Nanakuli, and there is no data from muliwai near Sandy Beach. 
 
An accurate comparison would need to compare “apples and apples,” or in 
this case, the same fish species within the muliwai and in the nearshore. This 
was not done. The comparison cannot be made because some of these fish 
represent different tropic niches, and several (e.g., tilapia and striped mullet) 
are omnivores but have differing food habits. Their feeding habits are a 
critical determinant of bioaccumulation or bio-magnification because 
contaminants may occur in higher tropic level niches depending on the 
exposure rates in the lower level niches.  

 
Response:  The italicized statement cited by the reviewers was from Section 6 (Conclusions), 

page 6-2 of the MRS. The statement referred to the fish tissue results for the 
Makua-area nearshore and muliwai sampling locations. It is not clear why the 
reviewers discusses the reference muliwai and near-shore sampling location in 
regard to the conclusion, since the conclusion only referred to the Makua-area 
sample results. The intent of the conclusion was to evaluate tissue concentrations 
detected in the muliwai fish vs. the tissue concentrations in the near-shore fish.  

 
16. Comment:  Page 11, Paragraph 2, Line 1: The comparison among muliwai is also not 

valid because unequal numbers of different species were collected from each 
muliwai (see Table 2-2). The data were collected (Table 3-1) to make a 
general comparison by species and subarea, but such a comparison was not 
done. A statistical test is not possible because of the compositing that was 
performed and the resulting loss of variability estimates, but summarizing 
these data could provide useful information.  

 
Response:  We agree with the reviewer’s comment that summarizing the data provides useful 

information, which is consistent with the intent of this section of the report. 
However, we disagree with the reviewers that the data were collected to make a 
general comparison by species. The objective of the MRS was not to perform 
rigorous statistical analysis of contaminant concentrations in different species, but 
rather to evaluate if military activities at MMR have contributed to contaminant 
concentrations in area fish, and if such activities present a health risk to area 
fishermen who rely on the fish for subsistence. Our discussions with area fishermen 
indicated they are opportunistic fishermen, who consume most species of fish they 
are able to catch. The methodology of the MRS was consistent with this approach, 
and is reflective of the conditions the fishermen encounter. It is not necessary to 
conduct rigorous statistical analysis to achieve the objectives of the study, and 
therefore the study was not designed to collect data in order to perform this type of 
statistical analysis.  

 
17. Comment:  Page 11, Paragraph 3, Line 1: In the draft field report narratives and 

summaries, elevated concentrations of contaminates are reported but the 
significance of this is dismissed on the grounds that it is not different from 
one or both of the background areas. Reference (or background-comparison) 
areas in the present context are needed to attempt to discern possible 
differences between levels of contamination at Makua with or without effects 
of military activities. In doing so, it is important to consider what is “normal” 
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in areas with similar physical and biological characteristics. If the 
background areas are subject to elevated levels of contamination, they are not 
suitable for comparison to the MMR areas. Because of prior use by the 
military and urban effects (for the Nanakuli muliwai) and because of a major 
sewage discharge source (Sandy Beach) we believe that the choices were not 
conservative or justified.  

 
Response:  Background locations were selected to be representative of Makua in the absence of 

releases from the Makua MMR. However, that does not mean that background sites 
are required to be free of any anthropogenic influence, as this is impossible. As long 
as the background sites selected are representative of ambient conditions for the 
general Makua vicinity, they should be considered as acceptable (as per USEPA 
guidance).  

 
18. Comment:  Page 11, Paragraph 4, Line 1: One of the most serious flaws in the study plans 

and draft report deals with selection of target organisms or species of 
interest. The draft SAP clearly stated that specific mollusks, crustaceans and 
fish would be collected for analyses. However, only fish were collected and 
analyzed, and there is no justification or rationale provided for this alteration 
in the final sample plan. No invertebrates were analyzed, although the field 
data (included in the appendix) indicate that some were collected.  

 
Response:  Although the final SAP did not included invertebrates as species of interest, 

attempts were made to collect invertebrates for analysis as part of the MRS, in order 
to address the concerns of the public. Sea urchins were collected from the nearshore 
area, however because of the extensive analytical suite included in the final SAP, the 
total tissue mass needed for a single sample for all of the analyses exceeded 200 
grams. The field team determined that continued collection of sea urchins might 
negatively impact the population of sea urchins in the nearshore area, and stopped 
sea urchin collection. Crab traps were set in the muliwai for several days, and 
although some crabs were collected in this manner, the field team was unable to 
collect crabs in sufficient numbers for even a single sample to be analyzed for the 
complete list of analytes. 

 
19. Comment:  Page 12, Paragraph 1, Line 8: This is highly critical as pelagic, far-ranging 

fish are not suitable to provide meaningful data for a human or 
environmental risk analysis. For the muliwai, benthic invertebrates or 
macroinvertebrates such as crabs should have been included as they have 
continual contact with contaminants associated with the sediments.  

 
Response:  Pelagic, far-ranging fish were not included in the samples analyzed as part of the 

MRS. Although the final SAP did not included invertebrates as species of interest, 
attempts were made to collect invertebrates for analysis as part of the MRS, in order 
to address the concerns of the public. Sea urchins were collected from the nearshore 
area, however because of the extensive analytical suite included in the Final SAP, the 
total tissue mass needed for a single sample for all of the analyses exceeded 200 
grams. The field team determined that continued collection of sea urchins might 
negatively impact the population of sea urchins in the nearshore area, and stopped 
sea urchin collection. Crab traps were set in the muliwai for several days, and 
although some crabs were collected in this manner, the field team was unable to 
collect crabs in sufficient numbers for even a single sample to be analyzed for the 
complete list of analytes. 
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20. Comment:  Page 12, Paragraph 3, Line 1: Seaweed: As noted in the draft report, the 

species of limu were not identified in the analysis but there were references to 
Codium edule and Gracilaria coronopifolia as species of interest. Apparently 
no taxonomic identification of samples was performed. This was a significant 
omission as it remains unknown if the samples were from edible limu likely 
to be consumed.  

 
Response:  The Army will be developing a long-term monitoring program to evaluate potential 

impacts from military activities to the muliwai and nearshore areas associated with 
Makua Military Reservation, and the Army anticipates soliciting public input for the 
development of the long-term monitoring plan. It is likely that identification of limu 
to species will be included in the long term monitoring plan. 

 
21. Comment:  Page 12, Paragraph 4, Line 1: The draft report does not identify trophic levels 

of the “species of interest” (an important planning and analysis 
consideration we discussed in the draft SAP review) or even discuss results of 
contaminant load by species. Table 3-2 presents the raw data by composite 
sample and subarea, but only a limited summarization of the data are 
provided. At a minimum, there should be a listing of averages for 
contaminants of higher concentrations. Such information would be useful for 
the community members, as presently they fish in the muliwai for tilapia and 
medaka. If these species are contaminated at a risk quotient of about 1.0 or 
above, the community should be informed. Tables 4-8, 4-9, 4-12, 4-13, 4-16, 4-
17, 4-20, 4-21 of the draft report indicate such elevated risk, at least for the 
composite of all COPC (chemicals of potential concern) within an area. 

 
Response:  Table 3-2 presents the average concentrations of metals and organochlorine 

pesticides, by fishing area (i.e. muliwai and nearshore areas). These are generally the 
contaminants that contributed the greatest cumulative risk to the risk calculations. 
Therefore, the type of data requested by the reviewer is already presented in the 
MRS. Table 3-1 presents the raw data by sample. 

  
The objective of the MRS was to evaluate if military activities at MMR have 
contributed to contaminant concentrations in area fish, and if such activities present 
a health risk to area fishermen who rely on the fish for subsistence. While the 
additional analysis requested by the reviewer may be of interest, it was not included 
as part of the scope of work presented in the Final SAP, and is not essential to 
achieving the objectives of the MRS. 

 
22. Comment:  Page 13, Paragraph 1, Line 1: For the nearshore fishes, it appears that the 

samples collected were species of convenience, i.e., what was available to the 
samplers on the day(s) they attempted to sample. Sampling was apparently 
conducted during mid-day, but fishing is often done at night or early 
morning when other species are more commonly available, and thus the 
analysis may be biased if the sampled fish do not represent the other fish in 
terms of contaminant load. If the sampled fish do not represent the other 
fishes, both the ecological and human risk assessment would be flawed on 
this account.  

 
Response:  Target species were selected based on their likely presence in known near shore 

habitats, and the use of these species by fishermen for subsistence. Our discussions 
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with area fishermen indicated they are opportunistic fishermen, who consume most 
species of fish they are able to catch. The methodology of the MRS was consistent 
with this approach, and is reflective of the conditions the fishermen encounter.  

 

23. Comment:  Page 13, Paragraph 1, Line 8: Additionally, there was no report or analysis of 
body fat levels within or among species that could influence contaminant 
burden (as discussed and recommended in our review of the draft SAP). 

 
Response:  Lipids were measured in all samples. The information will be provided, as requested. 

However, the proponents should note that only some contaminants are lipophilic. 
 

24. Comment:  Page 13, Paragraph 3, Line 1: For the muliwai, no ‘o‘opu (various stream 
fishes) or awa (milkfish) were reported to be sampled, although they were 
included on the community’s list of muliwai species that are commonly 
eaten.  

 
Response:  Target species were selected based on their likely presence in the muliwai, and the 

use of these species by fishermen for subsistence. Our discussions with area 
fishermen indicated they are opportunistic fishermen, who consume most species of 
fish they are able to catch. Although we were unable to catch every single species of 
fish that were identified as being consumed by the community, the fish that were 
caught and analyzed from the muliwai (tilapia, stripped mullet, medaka and 
Hawaiian flagtail) were also identified on the community’s list of muliwai species 
that are commonly eaten.  

 
25. Comment:  Page 13, Paragraph 4, Line 1: In regard to the muliwai samples, page 3-1 of 

the final SAP states: “Each muliwai sample will consist of a composite of five 
to seven individual specimens.” This statement appears to have been written 
after the fact to match what was actually done because the investigators 
selected an odd and variable number of samples. A balanced sampling plan 
with equal numbers of fish from the same species is always preferable to 
some variable or inexact number should any type of statistical assessment be 
attempted (i.e., that allows for use of more robust statistical analysis). 

 
Response:  The italicized statement listed above was included in the July 2006 version of the 

SAP, which was used to guide the field activities, and was not written after the fact. 
In some cases, more than 10 fish were included in the composite samples. In many 
instances, compositing this number of fish was necessary in order to obtain 
sufficient mass for the entire suite of analyses. Furthermore, with more individual 
samples composited, the closer the measured value will be to the true mean. 
Therefore, compositing samples was deemed appropriate and follows USEPA 
(2000) guidance for collecting fish samples for use in risk assessments. The objective 
of the MRS was not to perform rigorous statistical analysis of contaminant 
concentrations in different species, or to perform statistical comparisons between 
sites or to establish age/length relationships, but rather to evaluate if military 
activities at MMR have contributed to contaminant concentrations in area fish, and 
if such activities present a health risk to area fishermen who rely on the fish for 
subsistence.  

 
26. Comment:  Page 13, Paragraph 6, Line 1: Section 3-1 of the draft report states, “The 

individuals will be collected from within a limited target region” but no 
reporting of what constituted those regions appears other than some very 
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large scale maps with no details. Whether the fish were collected from the 
immediate nearshore or from farther offshore and whether there was a fixed 
shore location for casting or several different locations must be specified. As 
pointed out previously, these details matter if one is to conduct a 
representative and conservative assessment. 

 
Response:  Nearshore fish were collected using a hook and line, typically from an area beyond 

the shore break. Using this methodology, the maximum distance from the shoreline 
for the nearshore sample collection was approximately 100 feet, and typically 
samples were collected within 50 feet of the shore break. 

 
27. Comment:  Page 13, Paragraph 7, Line 1: Similarly, no estimates of the approximate 

home range of the fish species collected or of their general food habits are 
provided. There is no way to be sure which fish species is more or less risky 
based on its probable range of movement near and far from the potentially 
affected areas. Several of the fish (e.g., medaka, tilapia, and striped mullet) 
are omnivorous and may eat plant or animal matter. But this does not mean 
they eat everything all the time as feeding ecology studies sometimes 
indicate that some fish species focus on one type of food at a time. Some 
other fishes are more exclusively plankton feeders (e.g., Hawaiian flagtail) 
and those captured in the muliwai may have been feeding on plankton 
introduced by seawater overtopping that occurs periodically as a result of 
larger than normal waves. Alternatively, they may have been feeding on some 
combination of the externally-recruited plankton and internally-reproduced 
plankton. Since plankton are potentially transported and advected great 
distances by water currents, plankton feeders likely would be non-
conservative choices for the study as the plakton would be unlikely to be 
affected by nearshore contamination associated with sediments. We believe 
that the report should have considered these and other food web factors to 
properly direct the sampling and frame the results. This was not done. 

 
Response:  The objective of the MRS was to evaluate if military activities at MMR have 

contributed to contaminant concentrations in area fish, and if such activities present 
a health risk to area fishermen who rely on the fish for subsistence. While the 
additional analysis requested by the reviewer may be of interest, it was not included 
as part of the scope of work presented in the Final SAP, and is not essential to 
achieving the objectives of the MRS. 

 
28. Comment:  Page 14, Paragraph 2, Line 1: Reference (or background) areas are important 

because they potentially provide some basis for comparison of the nearshore 
and muliwai areas near MMR with what might be considered “normal” or 
“average” in the absence of military activities. The draft field report and risk 
assessment goes further with the comparisons by calculating hazard indices 
for both types of areas and then terming the difference among contrasted 
pairs as an “incremental risk.” The results of this process show the hazard 
indices for individual COPC among areas vary considerably. Total hazard 
indices were generally similar between areas near MMR and the comparison 
(“background”) areas but usually greater for the latter for non-carcinogenic 
hazards compared to carcinogenic hazards. This is not explained or 
discussed in the draft. 
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Response:  The requested information is already presented in the MRS. Section 4 of the MRS 
presents the results and interpretation of the human health risk assessment. Section 
4 of the MRS discusses both the carcinogenic and non-carcinogenic hazards, and 
the information presented in this section indicates that the non-carcinogenic hazards 
are usually greater than the carcinogenic hazards at each location. Section 4 also 
presents information indicating that the non-carcinogenic hazards were generally 
greater at the background locations as compared to the MMR locations. 

 
29. Comment:  Page 14, Paragraph 3, Line 1: In our experience, characterization and 

selection of appropriate reference areas for aquatic studies is often a 
challenging task that requires exploration and pre-study. To serve as an 
accurate basis for comparison, a reference area should be physically similar 
in depth, exposure, flushing rates, orientation, etc. and within the same 
biogeographic range as the affected area. If a reference area is too distant 
from an affected area, the food web composition and energy fluxes may be 
different. There may be different patterns of juvenile recruitment, timing and 
species dominance. In order to demonstrate similarity of physical conditions, 
at least some minimal types of measurements must be taken or utilized and 
site characterizations performed. As pointed out in our review of the draft 
SAP, to compare contaminant loads among sediment from different areas, 
leading governmental jurisdictions such as the Washington Department of 
Ecology require investigators to collect sediment grain size and total organic 
carbon content concurrently. It is well known that concentrations of many 
contaminant metals positively co-vary with the amount of silt and clay and 
total organic carbon, hence it is always important to normalize the 
contaminant results with these measurements. 

 
Response:  The rationale for the selection of background sites was provided in both the final 

SAP and the draft Marine Resources Study. In the final SAP, Section 2.2, Marine 
Resources Sampling Strategy, states “Background muliwai will be located on the 
Waianae Coast within watersheds that are not subjected to military activity.” Section 
2.2.3, Background Sampling, of the final SAP states “Samples will be collected from 
locations distant enough from Makua Valley that biota would be unlikely to be 
affected by target chemicals originating from MMR. Background muliwai will be 
located in watersheds that are not subject to military activity.” As long as the 
background sites selected are representative of ambient conditions for the general 
Makua vicinity and have not received contamination from the MMR, they are 
considered acceptable, as per USEPA (1989, 2002a) risk assessment guidance. 

 
30. Comment:  Page 15, Paragraph 2, Line 1: First, the Nanakuli muliwai reference area for 

fish collection is within an urbanized area with probable prior military base 
effects. The watershed includes drainage from the relatively large Navy 
Lualualei ammunition magazine, active since 1934. Because of the age 
extensive size of this facility, selection of the Nanakuli muliwai as a MMR 
reference area would require extensive pre-study and justification. Older 
military facilities in the US were often subject to on-site dumping of 
contaminated waste products such as spent cleaning solvents, petroleum 
lubricants, and other wastes. Burning of waste solids and liquids, land use 
practices such as the use of highly persistent and toxic pesticides, inadequate 
wastewater collection and treatment are but a few of the documented 
problems at some older military facilities. No justification or explanation is 
offered in either of the SAPs or the draft report for selection of this muliwai, 
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other than that it was unlikely to be affected by MMR activities. While that 
may be true, the relevant question is whether the Nanakuli site is a suitable 
reference area to compare with the muliwai near MMR. The latter are in a 
relatively remote, non-urbanized area, and again the goal is to know what 
they would be like without military impacts. 

 
Response:  The rationale for the selection of background sites was provided in both the final 

SAP and the draft Marine Resources Study. In the final SAP, Section 2.2, Marine 
Resources Sampling Strategy, states “Background muliwai will be located on the 
Waianae Coast within watersheds that are not subjected to military activity.” Section 
2.2.3, Background Sampling, of the final SAP states “Samples will be collected from 
locations distant enough from Makua Valley that biota would be unlikely to be 
affected by target chemicals originating from MMR. Background muliwai will be 
located in watersheds that are not subject to military activity.” As long as the 
background sites selected are representative of ambient conditions for the general 
Makua vicinity and have not received contamination from the MMR, they are 
considered acceptable, as per USEPA (1989, 2002a) risk assessment guidance. 

 
31. Comment:  Page 15, Paragraph 4, Line 1: In general, there appears to be relatively little 

background information on fish tissue contamination near O‘ahu, but the 
draft report should have included at least some general information on 
important prior studies or databases before selecting the Sandy Beach area as 
a reference area. As previously noted it is also on the opposite side of the 
island near the windward coast and therefore subject to different physical and 
biological pressures. 

 
Response:   see response to Comment 11. 

 
32. Comment:  Page 16, Paragraph 3, Line 3: No accounting for differing silt/clay properties 

was conducted, and, as we stated in our review of the draft SAP, subsurface 
sampling and compositing of sediment samples obfuscated and potentially 
skewed the results. 

 
Response:  The objective of the Marine Resources Study (MRS) was to evaluate if military 

activities at the Makua Military Reservation (MMR) have contributed to 
contaminant concentrations in area fish, and if such activities present a health risk to 
area fishermen who rely on the fish for subsistence. As such, the study was focused 
on the collection of marine resources (fish and limu) tissue data, an evaluation of the 
presence of the contaminants in these tissue samples, an evaluation if military 
activities had contributed or were likely to contribute contaminants to these marine 
resources, and if contaminants detected in the tissue samples that were related to 
military activities at MMR posed a threat to human health through the consumption 
of these marine resources. While an evaluation of differing silt/clay properties of the 
sediments in the various sampling locations may be of academic interest, these data 
were not necessary to achieve the objectives of the study, and therefore were not 
collected during the study. 

 
33. Comment:  Page 16, Paragraph 4, Line 1: The draft field report is also very unclear 

regarding sediment sampling. Nowhere in the draft or final SAP or elsewhere 
in the draft report is there a description of sampling or reference areas for 
sediments, but unexpectedly we see on page 5-4: “Four sediment samples 
were collected from each of the north and south background areas (Figure 2-



 Appendix F: Response to Comments on the Draft Marine Resources Study 

 

30 

1). These samples were from one to two feet deep All samples were analyzed 
for metals and explosives.” There are no north and south reference areas 
shown in Figure 2-1 of the draft report. There were north and south reference 
stations from creek mouths shown in Figure 2-1 of a prior report (Tetra Tech 
2005b) regarding muliwai sampling, but that report indicates only three 
samples were taken in each reference area. In any event, the sampling for the 
earlier study was minimal (three samples per area versus up to 22 for the 
muliwai) and too deep to be of the significance to biological organisms such 
as benthic invertebrates and epifauna. The draft report provides no analyses 
or discussion of the applicability or results of these samples, so the reader is 
left with no information to judge. 

 
Response:  The MRS incorrectly referenced Figure 2-1. The correct reference is to Figure 2-2, 

and this reference has been changed in the MRS. A total of four samples (three 
primary and one duplicate) were collected from each of the north and south 
reference locations. The MRS clearly states that the sediment samples were collected 
in 2003 and references the appropriate document from 2005. A sentence has been 
added to this section to clarify that the sediment data evaluated in Section 5 came 
from the 2005 Muliwai Sediment Study Report, which is included as an appendix to 
the EIS. 

 
34. Comment:  Page 16, Paragraph 5, Line 1: Limu (seaweed) was collected, but it was not 

identified to any useful taxonomic level in the report. 
 

Response:  The Army will be developing a long-term monitoring program to evaluate potential 
impacts from military activities to the muliwai and nearshore areas associated with 
Makua Military Reservation, and the Army anticipates soliciting public input for the 
development of the long-term monitoring plan. It is likely that identification of limu 
to the taxonomic level will be included in the long term monitoring plan. 

 
35. Comment:  Page 16, Paragraph 6, Line 4: As the limu identifications were not performed 

and pooling may have included species that are not consumed, the risk 
assessment involving seaweed is not valid for determining risk to local 
residents. 

 
Response:  The Army will be developing a long-term monitoring program to evaluate potential 

impacts from military activities to the muliwai and nearshore areas associated with 
Makua Military Reservation, and the Army anticipates soliciting public input for the 
development of the long-term monitoring plan. It is likely that identification of limu 
to the taxonomic level will be included in the long term monitoring plan. 

 
36. Comment:  Page 17, Paragraph 1, Line 7: In addition, because the total arsenic levels 

found in the draft study are relatively high, an analysis of inorganic vs. 
organic arsenic content should be conducted using appropriate collection 
and analysis procedures in order to be able to evaluate the effects on humans 
or marine life. 
 

Response:  Concentrations of arsenic in limu from Makua are not elevated over naturally 
occurring levels in seaweed around the world. According to Frankenberger (2002) 
total arsenic concentrations in various types of seaweed around the world range 
from 4.5 to 140 mg/kg dry weight, whereas the samples collected from Makua 
ranged from 4.56 to 110 mg/kg dry weight. Since arsenic has never been measured 
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in any of the seaweeds present in Hawaii previously, it cannot be determined at this 
point whether the arsenic concentrations measured are naturally occurring or 
elevated; however, the concentrations measured in limu from Makua are consistent 
with naturally occurring concentrations. The Army will be developing a long-term 
monitoring program to evaluate potential impacts from military activities to the 
muliwai and nearshore areas associated with Makua Military Reservation, and the 
Army anticipates soliciting public input for the development of the long-term 
monitoring plan. It is likely that the speciation of arsenic to organic vs. inorganic 
forms will be included in this monitoring plan.  

 
 

37. Comment:  Page 17, Paragraph 2, Line 1: Compositing of fish samples was implemented, 
thus eliminating the possibility of assaying differences among fishes. We 
understand the rationale for pooling specimens in that it achieves a broader 
representation of average results, but pooling specimens is valid only if the 
pooling represents single species of similar age and size. In the present 
study, compositing was not conducted correctly for limu (because pooling 
involved potentially different species) or for fish (because there is no 
evidence that similar age cohorts were composited; see Table B-1 of the draft 
report for size information). The draft final report justifies compositing by 
stating that it was necessary to do so to get sufficient sample volume for 
analyses (200 grams or less than 1/2 pound). This is a valid justification for 
small specimens but many of the single fish specimens reported in Table B-1 
would meet this goal. 

 
Response:  The reference to Table B-1 in the MRS was made in error – this table was never 

completed, and was not intended to be included in the MRS. The reference to Table 
B-1 has been removed from the MRS. The version of the table that was provided to 
Earthjustice and its’ technical experts following the February 24, 2007 public 
meeting was an incomplete table that was used for internal purposes.  

 
The lengths of collected fish were measured in the field, and these measured lengths 
were recorded on field data sheets, which are presented in Appendix A of the MRS. 
It is unclear how the reviewers determined the mass of the single fish specimens 
reported in the table and on the field sheets in Appendix A, since the fish were only 
weighed once they were received at the laboratory. Individual fish specimens that 
met the 200 gram criteria for sample analysis were not composited, and were 
analyzed as individual fish. 

 
38. Comment:  Page 17, Paragraph 3, Line 1: The compositing led to other questionable 

practices. For example, page 5-12 of the draft field report describes the use of 
the maximum detected concentrations in composite fish samples for the 
exposure point concentrations (EPCs). This is not valid or logical because 
there were few composites from each sampling area and, by definition, 
compositing produces an average value with no representation of the high 
end variability. The report claims that this is a more conservative method 
than using the UCL95 (95th percent confidence limit value results), but this 
claim cannot be assessed given the lack of variance data. 

 
Response:  A UCL95 can be calculated for the composite samples. As stated in the report, using 

the maximum detected value provides a more health-protective estimate of the risks 
than using the UCL95 of the composite data.  
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39. Comment:  Page 18, Paragraph 2, Line 1: As one yardstick to measure the efficacy and 

accuracy of the ERA we refer to EPA (1998, Guidelines for Ecological Risk 
Assessment), which is a pertinent and appropriate reference. This document 
states in section 5.1.1: 

 
“While field studies may best represent reality, as with other kinds of studies 
they can be limited by (1) a lack of replication, (2) bias in obtaining 
representative samples, or (3) failure to measure critical components of the 
system or random variations. Further, a lack of observed effects in a field 
survey may occur because the measurements lack the sensitivity to detect 
ecological effects.” 
 
The present study lacked replication, which is explained by the nature of the 
study, a screening study. A screening study is not an adequate basis on 
which to conduct a risk assessment. 

 
Response:  The reviewers were not specific about the lack of replication in the data used for the 

ERA (e.g., numbers of samples at particular sites or in particular media). A total of 
12 and 22 sediment samples were collected from the south and north muliwai, 
respectively. Five to seven composite samples of fish tissues were analyzed from 
each muliwai or the Makua nearshore area. The muliwai are generally the size of 
small ponds, having a maximum water surface area of less than one acre. Based on 
the limited sizes of the muliwai, the numbers of samples are considered adequate for 
the risk assessment. 

 
A screening-level ERA can provide risk managers with adequate information for 
decision making, particularly if no significant hazards are identified. Screening-level 
and higher tier ERAs vary in their levels of detail and complexity, conservatism, and 
uncertainty. Although screening-level ERAs typically use a more limited data set 
than higher tier ERAs, they also incorporate a greater level of protectiveness in their 
methodology. The screening-level ERA for the MMR applied a number of 
protective assumptions1 in the exposure and effects assessments to minimize the 
likelihood of underestimating ecological hazards. Higher tier ERAs beyond a 
screening assessment may be considered by risk managers to verify and provide 
more detail on any key hazards identified in the screening assessment, or to reduce 
uncertainties resulting from the protective assumptions used in the screening 
assessment (U.S. EPA 1998). 

 
40. Comment:  Page 18, Paragraph 4, Line 1: As noted previously, it appears that the muliwai 

reference area was arbitrarily selected without any field pre-study, or 
consideration of prior military or urban uses and contaminant loading in the 
watershed. In our opinion, the lack of an appropriate reference site for the 
muliwai near MMR renders the ERA fatally flawed. This is because a 
number of significant hazard quotients were detected for the marine 
resources near MMR, but these are simply dismissed as inconsequential and 

                                                 
1
 These protective assumptions included the decision criteria for metal background comparisons, the use of 

maximum detected or 95 percent upper confidence limit (UCL95) on the mean concentrations for exposure point 

concentrations, and the selection of no-effect level and threshold effect level toxicity reference values for fish and 

benthic invertebrates, respectively.  
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a result of background conditions. The potential alternative of no appropriate 
reference muliwai on O‘ahu was not considered or discussed. 

 
Response:  A number of hazard quotients exceeding 1 for fish tissues were not considered to 

represent s significant potential for hazard. The lack of incremental hazards above 
background conditions was one factor used in this determination.  

 
41. Comment:  Page 18, Paragraph 7, Line 1: For the nearshore, the situation is similarly 

inappropriate as the reference area is the site of a major wastewater discharge 
and not in the same geographic zone as the MMR, but rather on the opposite 
side of the island. The complete lack of any nearshore sediment analysis in 
the area near MMR is a significant omission and flaw in the study. 

 
Response:  The objective of the MRS was to evaluate if military activities at the Makua Military 

Reservation MMR have contributed to contaminant concentrations in area fish, and 
if such activities present a health risk to area fishermen who rely on the fish for 
subsistence. As such, the study was focused on the collection of marine resources 
(fish and limu) tissue data, an evaluation of the presence of the contaminants in 
these tissue samples, an evaluation if military activities had contributed or were likely 
to contribute contaminants to these marine resources, and if contaminants detected 
in the tissue samples that were related to military activities at MMR posed a threat to 
human health through the consumption of these marine resources. While nearshore 
sediment analysis may provide some interesting data, it is not essential to achieve the 
objectives of the MRS. 

 
42. Comment:  Page 19, Paragraph 2, Line 1: The importance of this reference area 

discussion is highlighted by a quote from the draft field report as follows: 
 

“Metals at concentrations equivalent to or lower than background 
concentrations do not need to be considered in the risk assessment. 
Therefore, the metals [chemicals of potential ecological concerns (COPECs)] 
were selected by comparing metal concentrations detected in muliwai 
sediments to local background metal concentrations...” 
 
By selecting reference areas with inappropriately high contamination (i.e., 
Nanakuli muliwai and Sandy Beach), the analysis greatly discounts risk from 
contaminants that otherwise may be considered unacceptably high. 

 
Response:  The quoted text describes the methodology for the selection of sediment COPECs 

using sediment data from the north and south background sites. Fish tissue data 
from the Nanakuli muliwai and nearshore at Sandy Beach background sites were not 
used to screen out COPECs in fish tissues. These data were used to calculate 
background risks to fish. Overall background risks to fish as indicated by fish tissue 
hazard indices (HIs) were higher at the Nanakuli muliwai and nearshore at Sandy 
Beach background sites than at the MMR muliwai and nearshore sites. The 
background HIs were driven primarily by higher concentrations of aluminum and 
vanadium (Nanakuli muliwai and Sandy Beach) and chromium and copper (Sandy 
Beach only) detected in fish tissues from the background sites (Tables 5-13, 5-15, 
and 5-16).  

 

43. Comment:  Page 19, Paragraph 4, Line 1: It would have been feasible to collect sediment 
samples near the MMR nearshore and then compare those results to a 
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reference area physically “upstream” of the MMR. But no prevailing 
alongshore current information was offered or collected. This reflects the lack 
of site characterization that we stressed as important in our review of the 
draft SAP. 

 
Response:  The objective of the MRS was to evaluate if military activities at the Makua Military 

Reservation MMR have contributed to contaminant concentrations in area fish, and 
if such activities present a health risk to area fishermen who rely on the fish for 
subsistence. As such, the study was focused on the collection of marine resources 
(fish and limu) tissue data, an evaluation of the presence of the contaminants in 
these tissue samples, an evaluation if military activities had contributed or were likely 
to contribute contaminants to these marine resources, and if contaminants detected 
in the tissue samples that were related to military activities at MMR posed a threat to 
human health through the consumption of these marine resources. While nearshore 
sediment analysis may provide some interesting data, it is not essential to achieve the 
objectives of the MRS. 

 
44. Comment:  Page 19, Paragraph 6, Line 1: An ecological conceptual site model (CSM) was 

used in the draft field report to assess exposure risks to fish and invertebrates 
using measured and estimated exposure rates of contaminants. Even if such 
a model were appropriate for the present case, it would be only as good as 
the site specific and calibration data, which are doubtful because of: 
 

•••• the absence of surficial sediment samples in any of the subject areas to 
properly measure sediment contaminant concentrations; 

•••• inadequate and unexplained sampling of reference areas for sediments as 
discussed above; 

•••• lack of sampling of benthic or aquatic organisms, despite the stated 
requirements of the model for appropriate “ecological receptors” (see 
bottom of page 5-8 of the draft field report) and 

•••• lack of analysis or presentation of the trophic level and relative 
importance of the ecological receptors (fish) that were selected despite 
the state requirements of the model. 

 
Response:   Comment noted. 
 

45. Comment:  Page 20, Paragraph 1, Line 1: This is a conceptual model and, by that 
description, is potentially useful for considering pathways and general 
processes, but it is not a numerical, stochastic model. Nor does the 
conceptual model as presented necessarily represent reality. Note in Figure 
4-1 of the draft field report that the model suggests no possible ingestion 
exposure of benthic invertebrates to contaminants present in sediments. 
How is that known? Due to the lack of site-specific information, this must be 
considered speculation. 

 
Response:  The reviewers are correct that benthic invertebrates may ingest chemicals present in 

sediments, however please note that exposures of benthic invertebrates were 
assessed using total sediment concentrations (as per the sediment toxicity 
benchmarks, which are based on total exposures from sediments), not ingestion 
doses specifically. Figure 4-1 has been revised to show ingestion exposure of 
benthic invertebrates. 
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46. Comment:  Page 20, Paragraph 2, Line 1: Potential risks to benthic invertebrates were not 

evaluated by any meaningful or accurate methods. First, no samples of 
invertebrates were collected. Instead, the authors relied on prior sediment 
core data for contaminant concentration data. As we pointed out in the 
review of the draft SAP, prior sediment studies included mostly subsurface 
sediments that are not appropriate for testing if one is interested in effects on 
infauna, epifauna, demersal or pelagic organisms, which are exposed only to 
sediments within a few centimeters of the surface. In other words, the biota is 
never exposed to the deep sediments, and few samples were taken from top 
few centimeters as recommended by EPA for such studies. Therefore the 
foundation of the ecological risk assessment is faulty, and all the subsequent 
analyses are seriously flawed. 

 
Response:  The assessment of potential hazards to benthic invertebrates using site-specific 

sediment data, as opposed to invertebrate tissue data, is standard practice in 
screening-level ERAs. Comparison of sediment data to sediment screening 
benchmarks is the preferred approach because (1) sediment screening benchmarks 
are conservative and based on large numbers of sediment bioassay results, and (2) 
relatively limited standardized, effect-based tissue concentrations for invertebrates 
are available.  

 
47. Comment:  Page 20, Paragraph 3, Line 1: Second, even if the above is overlooked, there 

are no data or assessments of risks to different trophic levels of the food web. 
It cannot be assumed that highest trophic levels are automatically the most at 
risk. Some contaminants may be converted to non-toxic forms upon transfer 
up the food web; for example, macroalgae may contain proportionately 
higher levels of toxic inorganic arsenic but become organic forms when 
grazed. 

 
Response:  The ecological receptors selected for the ERA were aquatic plants including 

seaweed, benthic invertebrates, aquatic invertebrates, and fish. As stated in the ERA, 
potential hazards to aquatic plants and aquatic invertebrates could not be quantified 
due to the lack of surface water data or seaweed tissue-based toxicity data. However, 
the categories of benthic invertebrates and fish include several trophic levels. 
Specific trophic levels within invertebrates and fish were not evaluated separately 
because the sediment screening benchmarks and fish tissue-based TRVs apply to all 
benthic invertebrates and fish, and are protective of all trophic levels. However, a 
conceptual food web will be provided in the ERA to illustrate the trophic levels 
included within the fish receptor category. 

 
48. Comment:  Page 20, Paragraph 4, Line 1: The ERA and field study do not address 

aquatic invertebrates in the nearshore areas, and no credible justification is 
given for not sampling either the sediments or the invertebrates in these 
areas. Pelagic and benthic invertebrates are present, although the report 
claims that risk analysis was not implemented for the former due to “the 
absence of surface water data.” This is illogical, as the organisms were there 
to sample, and water quality data (to estimate exposure risks) would be a 
poor substitute for the actual tissue data. No excuse is given for not sampling 
benthic or epibenthic invertebrates including commonly collected seafood 
species. 
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Response:  Although neither surface water data nor invertebrate tissue data were collected from 
the nearshore areas, tissue data would be a less preferred basis for evaluating 
potential risks. Relatively limited standardized, effect-based tissue concentration data 
for invertebrates are available in the literature. Demonstrating bioaccumulation in 
tissues does not necessarily indicate adverse effects. 

 
49. Comment:  Page 21, Paragraph 1, Line 1: There is no basis for the report’s conclusion 

that fish in the nearshore MMR area are not significantly more contaminated 
than fish from other nearshore regions of O‘ahu. As discussed above, the 
nearshore reference area the study selected is the site of a major sewage 
discharge outfall. As there are many beaches on O‘ahu not subject to the 
potential influences of direct sewage discharge, the choice of this reference 
area is among the least appropriate of all possible choices. 

 
Response:  Background locations were selected to be representative of Makua in the absence of 

releases from the Makua MMR. However, that does not mean that background sites 
are required to be free of any anthropogenic influence, as this is impossible. As long 
as the background sites selected are representative of ambient conditions for the 
general Makua vicinity, they should be considered as acceptable (as per USEPA 
guidance). 

 
50. Comment:  Page 21, Paragraph 2, Line 1: Similarly, the selection of the Nanakuli muliwai 

as a background or reference area is not appropriate due to long-term use by 
a large Navy ammunition magazine in the upstream watershed, as well as 
impacts associated with urbanization. No water, sediment or fish tissue 
descriptions from other locations on O‘ahu, from the study or the literature, 
are offered to justify the reference area choice. The report does not discuss 
the alternative of no suitable reference muliwai on the island, or whether 
there were other muliwai on neighbor islands that could have served in this 
regard. 

 
Response:  The purpose of the Marine Resources Study is to identify whether Army activities at 

the MMR have impacted Makua Valley resources above and beyond impacts from 
all other sources. Using an uncontaminated watershed for a background location 
would not allow the apportioning of impacts between the Army and other sources. 
This is a significant concern as there are many substantial sources of contamination 
other than the MMR. To adequately address the Army’s impact alone on Makua 
Valley resources, an appropriate control site (i.e., background location) would be a 
valley where all aspects of the valley are as similar as possible to Makua. Since inter-
watershed transport of contaminants is facilitated by wind and rain, the control 
valley should have similar wind and rain patterns as that of Makua. Biogeochemical 
processes affecting contaminants are a function of temperature and substrate, and 
these attributes should be as similar as possible to Makua Valley in order to identify 
impacts that can be attributed solely to Army activity. There are distinct differences 
in the substrate (mineralogy and age) between the different islands, making the 
selection of a control on another island inappropriate. Because of this, the most 
appropriate control watersheds are on the leeward (Waianae) coast of Oahu. As long 
as the background sites selected are representative of ambient conditions for the 
general Makua vicinity and have not received contamination from the MMR, they 
are considered acceptable, as per USEPA (1989, 2002a) risk assessment guidance. 
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51. Comment:  Page 21, Paragraph 3, Line 1: The assessment was supposed to evaluate 
human health risks to area residents who rely on “marine resources” for 
subsistence, but the investigators completely ignored important invertebrate 
seafood used by local people. Lacking actual appropriate sampling data, no 
method of modeling or estimation will identify what the actual risk is from 
consuming shellfish and other invertebrates from the muliwai and nearshore 
waters at Makua. 

 
Response:  The results of the MRS indicate that relatively low levels of contamination are 

present in fish and limu in the Makua-area muliwai and nearshore areas, and that 
these levels are approximately the same as the levels detected in fish from 
background locations. The risk to subsistence fishermen from consuming the fish is 
below the levels used by USEPA for fish advisories. Furthermore, the study 
concludes that these contaminants are likely not coming from the MMR, because 
many of the chemicals are ubiquitous in the environment, and may be attributable to 
many different sources. Given that the fish are likely not contaminated by 
substances associated with the proposed training activities at MMR, that there is 
very little interchange between the muliwai where such substances might accumulate 
and the near-shore area which provides the habitat for the invertebrates on which 
area residents rely, that any such transport of chemicals from the muliwai to the 
nearshore area would result in significant dilution of the chemicals, it is likely that 
the shellfish are not contaminated by substances associated with the proposed 
training activities at MMR. 

 
 

52. Comment:  Page 21, Paragraph 4, Line 1: Limu (seaweed) data shows high levels of 
arsenic that could be dangerous to human consumers, but the authors failed 
to sample reference areas for comparison, did not conduct taxonomic 
identifications, and did not differentiate between toxic and no toxic forms of 
that dangerous contaminant. Thus, the study fails to resolve questions about 
the risks to human health or marine life from arsenic-contaminated limu. 

 
Response:  The speciation of arsenic to organic vs. inorganic forms was not requested or 

recommended by the experts during their review of the SAP, and therefore was not 
included as part of the analysis program for the MRS. The Army will be developing 
a long-term monitoring program to evaluate potential impacts from military 
activities to the muliwai and nearshore areas associated with Makua Military 
Reservation, and the Army anticipates soliciting public input for the development of 
the long-term monitoring plan. It is likely that the speciation of arsenic to organic 
vs. inorganic forms, the collection of limu from reference areas and the 
identification of the limu will be included in this monitoring plan. 

 

53. Comment:  Page 21, Paragraph 5, Line 1: Much of the risk assessment was based on use 
of suspect sediment data, which, as we previously pointed out, were collected 
from far too deep below the surface to represent the biologically active 
surface zone. The samples were also composited from different depths, so, if 
there were a stratum of contamination, it would have been diluted in the 
process. Discrete samples of the biologically active surficial sediment zone 
should have been used instead. 

 
Response:   Comment noted. 
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54. Comment:  Page 21, Paragraph 6, Line 1: As a result of the errors and biases in sampling, 
species and site selection, the environmental risk assessment has significant 
bias. Even when relatively high hazard quotients are found for some 
contaminants, the report authors simply point to the potentially 
contaminated reference areas to claim the hazard quotients are normal for 
O‘ahu. This flawed study provides no valid support for this conclusion. 

 
Response:  The ERA provides an overall protective assessment of the potential for adverse 

effects resulting from past releases from the MMR. This screening-level evaluation 
applied a number of conservative assumptions to the selection of COPECs, 
quantification of exposure point concentrations, and selection of toxicity reference 
values. The collective effect of these assumptions was to minimize the likelihood of 
underestimating ecological hazards. To further address the reviewers’ concerns, 
uncertainties resulting from the use of deeper sediment depth intervals to estimate 
exposures to benthic invertebrates will be discussed in the ERA. Calculated hazards 
for the background sites indicate that there are no incremental hazards to fish at the 
two muliwai and the nearshore area off MMR. The background sites represent 
relevant ambient conditions for the sites.  

 
 
References:  Frankenberger, W.T. 2002. Environmental Chemistry of Arsenic. New York, Marcel 

Dekker. 
 

USEPA. 2000. Guidance for Assessing Chemical Contaminant Data for Use in Fish 
Advisories. Volume 1: Fish Sampling and Analysis, Third Edition. Office of 
Water, Washington, DC. EPAUSEPA 823-B-00-007. 
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1. Comment:  4 (a) Original S & A plan was flawed.  Most recommendations by community 
and our consultants were not followed. 

 
Response:  The Army solicited comments from the community on the draft Marine Resource 

Sampling and Analysis Plan, and modified the plan as a result of the comments.  
However, the Army is ultimately responsible for ensuring that the scope of the 
study is feasible, appropriate to the study's objectives, and is cost effective.  
Unfortunately, not all recommendations could be implemented within these limits.  
Specific comments are addressed elsewhere in this document.   

 
2. Comment:  4 (b) Nanakuli muliwae (known to local people as “stink pond”) is a poor 

and unacceptable choice for the control muliwae.  It’s in an urban drainage 
area (e.g. from a four lane heavily used highway) as well as gets drainage 
from Nanakuli  Ranch.  Therefore it is obviously contaminated.  This goes 
also for Sandy Beach.  The area was used for military training in the past.  
You should have a better control muliwai, even if you have to go to an outer 
island - one where there is no history of military training, ranch, or urban 
area runoff. 

 
Response:  As discussed in response to similar comments by others, the background sites were 

selected from locations on the Waianae Coast, within watersheds that are not 
subjected to military activity, and distant enough from Makua Valley to be unlikely 
to be affected by target chemicals originating from Makua Valley.  The purpose of 
the background sites is to compare to a reference unaffected by activities in Makua 
Valley, not necessarily to compare to a pristine environment.       

 

3. Comment:  4 (c) Limu study found high levels of arsenic.  The next obvious test was not 
done, i.e., to determine percentage of inorganic (toxic) vs. percentage of 
organic (safe) levels.  Will you do it ? All limu samples need to be identified-- 
not only by scientific but also by local names.  The limu sample was too 
small. Needs to be larger. 

 
Response:  The objectives of the study have to do with determining the impacts attributable to 

activities at MMR, not with determining the relative safety of consuming marine 
resources.  The comment highlights what may be a common misconception 
concerning the objectives of the studies conducted in response to the settlement 
agreement - namely that all hazards should be quantified, whether attributable to 
training activities at MMR or not.  The presence of what appear to be elevated 
concentrations of arsenic in limu, whether toxic to humans or not, is not within the 
scope of the study to quantify, because neither the concentrations nor the form of 
the arsenic are related to or affected by activities at MMR.      

 
4. Comment:  4 (d) Were the field notes  redone to be clearly legible?  Were all tables and 

information included in the appendices? 
 

Response:  Copies of original field notes are presented in the report, consistent with standard 
practice.  The appendices contain the complete record of relevant data supporting 
the study.  Between Section 7 and the Figures is a section containing tables.  These 
figures are not considered part of the appendices.      

 
5. Comment:  4 (e) Re fish catch: didn’t include eels (puhi) which was strongly 

recommended in scopings.  Need to do night fishing as well as diving both 
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day and night. Fish sample was too small, only 34 gms.  EPA recommends 
258 gms. Analysis of fish samples should be segregated by species. 

 
Response:  Please see response to Comment 1, regarding inclusion of some species such as eels.  

Adequate quantities of fish tissue were collected, for a representative range of 
species, and did not necessitate night fishing.  There is no particular reason to 
suspect that fish that are more easily caught at night would contain significantly 
different amounts of chemicals of concern than fish that forage during the day.   

  
 Users of the report can easily estimate the dose of a chemical of concern that would 

result from any daily rate of consumption of fish desired, based on the data 
provided in the report.  For example, if it were assumed that the daily rate of fish 
consumption was 258 grams (about one-half pound), then the chemical dose would 
simply be multiplied by a factor of 7.6.   The average daily fish consumption rate 
used to calculate the doses presented in the report is an accepted standard 
supported by the citations presented in the report.         

   
 As indicated in response to Comment 3, the purpose of the study was not to 

identify the all hazards, but to determine if activities at MMR would impact the 
health of people who depend on fish for a significant portion of their diet.  There is 
no evidence that the local population of consumers of fish relies on only one species 
of fish.    
 

6. Comment:  4 (f) Molluscs (shellfish) and crustaceans are supposed to be included in this 
study; e.g. crabs in muliwai and urchins near shore and benthic organisms.  
Please do it. 

 
Response:  An unsuccessful attempt was made to collect sufficient numbers of specimens of 

shellfish for analysis.  Based on the lack of evidence supporting a significant impact 
on human health from the most common and readily available edible species of fish 
and limu,  the Army considers it unlikely that analysis of additional species would 
alter the initial conclusion that human health is not currently impacted by chemicals 
resulting from activities at MMR.  The fact that it was difficult to obtain sufficient 
numbers of individuals to meet the analytical requirements of the study suggests that 
it would be equally difficult for local subsistence fishermen to consume the vast 
quantities of individuals of these species necessary to result in a significant impact 
on human health.        

 
7. Comment:  4 (g) “There was a potential hazard to benthic invertebrates from 2,3,7,8-

TCDD in sediments in the south muliwai”  (Page 6-3 near the bottom). It is 
unlikely that dioxin found in the muliwai came from “burning of household 
waste.”  More likely, is the burning that occurred in the former OB/OD site.  
Please refer to my testimony on February 24, 2007 and the photo I took of the 
OB/OD site in 1979 and exhibited at that meeting.  That information should 
be included in the revision. Dioxin/furans were also found in the 
“Halliburton” study of the OB/OD site (1994, I believe).  This is important 
information regarding the cumulative effects which are supposed to be 
included in the EIS.  Please so note in your revised report. 

 
Response:  As discussed in the hydrogeologic investigation report, the muliwai investigation 

report, and in the marine resources investigation report, dioxins and furans are 
ubiquitous in Hawaii and throughout the world in low concentrations.   The source 
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of these low levels is combustion.  The concentrations observed in media at or near 
MMR are consistent with background concentrations.   Regardless of whether past 
activities related to the OB/OD area may have contributed to the concentrations 
observed at MMR, the observed concentrations do not significantly differ from 
background levels.    

 

8. Comment:  4 (h) Re:  Draft Marine Resources Study (page 6-2)  you state “there is no        
obvious pattern of deposition of explosive related chemicals.” Yet you stated 
that perchlorate was found in surface water and detected in six samples of 
fish from the muliwai.  That appears to be a pattern to me. The 
dioxin/furans may not show “obvious pattern” but were widely distributed” 
in the environment tested. Therefore, there could be a less obvious and more 
subtle pattern. You reported that xylene was detected in fish samples.  This is 
disturbing and again raises more questions. Your study has raised more 
questions than it has answered. The critique by our consultants goes into 
more detail and needs to be addressed. 

 
 Response:  Additional discussion of perchlorate in fish tissue will be provided.  

Perchlorate was detected at highly variable concentrations in the fish samples. The 
concentrations in fish from the South Muliwai ranged from below the detection 
limit, to 160 parts per billion.  One background fish sample from Sandy Beach 
contained 110 parts per billion.  The large variability in the concentrations, and the 
similarity in the range of concentrations detected in the samples from both the 
muliwai and Sandy Beach suggests that a low level of accuracy resulting from one or 
more sources of error.  At least one study, which investigated concentrations of 
perchlorate in tissues of freshwater species of fish collected near the former Naval 
Weapons Industrial Reserve Plant in McGregor, Texas, found elevated perchlorate 
concentrations in fish heads, even when the concentrations were not detected in 
fillets (US Army Corps of Engineers 2004).  The study also found perchlorate in 
tissues of fish collected from watersheds thought to be isolated from sources of 
perchlorate.  Perchlorate is a highly water-soluble salt, and would be expected to mix 
rapidly and disperse in a nearshore environment.  Finally, although perchlorate is a 
constituent of rocket propellants and could be present in some munitions used in 
training activities at MMR, the amount of unburned rocket propellant released to 
the environment at MMR is expected to be very low.  Therefore, although 
perchlorate was reported in samples of fish tissue, there is at least some reason to 
suspect that the reported concentrations may not accurately reflect the actual 
concentrations in the fish, or that perchlorate may be sequestered in certain tissues.  
Although the results of the study raise interesting questions for future research, the 
concentrations observed in the fish tissues are not of a magnitude that would 
present a significant threat to human health.        

          
 

9. Comment:  4 (i) I quote from your Appendix C page 7 paragraph C.4.1: 
 
”A significant number of organochlorine data were disqualified because 
They could not be accurately quantified.  Additionally, nitroglycerine and  
RDX data from three samples were disqualified.  This resulted in a reduced 
number of valid data with which to use in the project assessment”. 
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Your honesty is appreciated—I would expect nothing less.  However, this 
appears to be a “significant” gap and deficiency in your data.   This study 
needs to be redone!!! 

 
Response:  It would be unusual if environmental investigations of the broad scope and 

complexity of those conducted at MMR did not generate a number of interesting 
questions worthy of further research.  However, the Army is required to consider 
the benefit versus the cost to the taxpayer to achieve improved confidence in 
analytical results that are below concentrations associated with significant human 
health effects.  Despite the invariable uncertainty associated with detecting trace 
concentrations of COPCs in fish and limu tissues, the Marine Resources Study has 
achieved one of its primary objectives, which is to determine whether the 
concentrations of chemicals associated with training activities at MMR present a 
significant health threat to persons for whom fish represents a significant dietary 
input.  The results of the study suggest that the threat is negligible.  While additional 
monitoring may be warranted to confirm these results when training is resumed, the 
study results indicate that under current conditions, no significant adverse health 
effects will result from consuming fish and limu collected near MMR relative to 
other comparable coastal sites.           

 
 

References: U.S. Army Corps of Engineers.  2004.  Final Report: Bosque and Leon River 
Watersheds Study.  Fort Worth District. Available online at: 

http://www.swf.usace.army.mil/pubdata/ppmd/perchlorate/index.ht

ml.  Accessed on June 6, 2007.   
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1. Comment:  David Henkin, Page 17, Line 6: ...field notes for the marine study are in many 
cases completely illegible, not suggesting anyone did anything intentional 
but you need to make the copies darker so one can actually read what species 
was collected where, and that information should be promptly provided to 
the public because we have a limited amount of time to comment. 

 
Response:  Darker copies of the field notes, which are easier to read, were provided to the 

public subsequent to the public meeting. Darker copies of the field notes have been 
included in the final Marine Resources Study (MRS). 

 
2. Comment:  David Henkin, Page 17, Line 17: ...there's a table B, as in boy, one that was 

supposed to be in appendix B that would set forth how the samples were 
composited, in other words, how different fish and limu species were mixed 
together.  I couldn't find it, I looked through every page of appendix B, 
hundreds of pages, I couldn't find it, so, again, that information just needs to 
be provided. 

 
Response:  The reference to Table B-1 in the MRS was made in error – this table was never 

completed, and was not intended to be included in the MRS. The reference to Table 
B-1 has been removed from the MRS. A version of the table was provided to 
Earthjustice and its’ technical experts following the February 24, 2007 public 
meeting, however this was an incomplete table that was used for internal purposes. 

 
3. Comment:  David Henkin, Page 18, Line 1: …even the hard copies that were provided 

today of the document, and it's appreciated the effort, if you look at it, and I 
don't know what's going on with the word processing program, but look, for 
example, on page 4-6, there are boxes instead of numbers, so certain 
numbers are coming through as boxes.  So, you know, for example, if you 
want to, you know, they say later, USEPA guidance provides a mean 
uncooked fish  consumption rate for the general U.S. population of box, 2.59 
grams per day, and, anyway, there's boxes all over the place, so you actually 
don't even have the numbers, so we need to correct that.  

 
Response:  A printing error was responsible for mistakes cited in the comment. Electronic 

copies of the MRS, which did not have the errors cited in the comment, were 
provided to the public during the public meeting. Revised hard copies of the MRS 
were provided to the public following the public meeting. 

 
4. Comment:  David Henkin, Page 18, Line 13[Due to missing data (see comments 6 and 

7)]:…and I think we need to extend the comment period, there's a 60 day 
comment period as required under the settlement agreement so that people 
can actually review the information.:  

 
Response:  The comment period was extended to April 19, 2007, in response to a request from 

the public. 
 

5. Comment:  William Alila, Page 24, Line 12: Regarding the marine study, sample size is 
too small.  

 
Response:  The Marine Resources Study was intended to sample a representative range of 

species that may be consumed by subsistence and recreational fishers on the 
Waianae Coast. Sampling all possible species that could be eaten by subsistence 
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fishers is an unrealistic expectation, and was beyond the scope of the study. 
However, the Army will be developing a long-term monitoring program to continue 
to evaluate potential impacts from military activities to the muliwai and nearshore 
areas associated with MMR, and the Army anticipates soliciting public input for the 
development of the long-term monitoring plan. Additional fish samples will likely be 
collected as part of this long-term monitoring plan.  

 
6. Comment:  William Alila, Page 24, Line 13: The Nanakuli Muliwai, I think we told you 

ahead of time that that was not a good choice to use because of the past 
military uses in Nanakuli, so it's not like you weren't told ahead of time don't 
use it, and you still went ahead and used it, so the results are mixed, the 
results are unsubstantiated, the results have failed to comply with our request 
for reasonable study.  

 
Response:  The rationale for the selection of background sites was provided in both the final 

SAP and the draft Marine Resources Study. In the final SAP, Section 2.2, Marine 
Resources Sampling Strategy, states “Background muliwai will be located on the 
Waianae Coast within watersheds that are not subjected to military activity.” Section 
2.2.3, Background Sampling, of the final SAP states “Samples will be collected from 
locations distant enough from Makua Valley that biota would be unlikely to be 
affected by target chemicals originating from MMR. Background muliwai will be 
located in watersheds that are not subject to military activity.”  

 
The purpose of the Marine Resources Study is to identify whether Army activities at 
the MMR have impacted Makua Valley resources above and beyond impacts from 
all other sources. Using an uncontaminated watershed for a background location 
would not allow the apportioning of impacts between the Army and other sources. 
This is a significant concern as there are many substantial sources of contamination 
other than the MMR. To adequately address the Army’s impact alone on Makua 
Valley resources, an appropriate control site (i.e., background location) would be a 
valley where all aspects of the valley are as similar as possible to Makua. Since inter-
watershed transport of contaminants is facilitated by wind and rain, the control 
valley should have similar wind and rain patterns as that of Makua. Biogeochemical 
processes affecting contaminants are a function of temperature and substrate, and 
these attributes should be as similar as possible to Makua Valley in order to identify 
impacts that can be attributed solely to Army activity. There are distinct differences 
in the substrate (mineralogy and age) between the different islands, making the 
selection of a control on another island inappropriate. Because of this, the most 
appropriate control watersheds are on the leeward (Waianae) coast of Oahu. As long 
as the background sites selected are representative of ambient conditions for the 
general Makua vicinity and have not received contamination from the MMR, they 
are considered acceptable, as per USEPA (1989, 2002a) risk assessment guidance. 

 

7. Comment:  William Alila, Page 24, Line 24: A more reasonable alternative would be to 
look at the baseline of a pristine muliwai, that baseline is closer to Makua 70 
years ago than Nanakuli is, you're comparing apples with oranges. The 
baseline that we need to be looking at is the baseline that occurred before the 
military showed up and started bombing and started burning and started 
dumping and started doing OBOD disposal there, that's the baseline, not the 
baseline for the last 20 years, the baseline is what occurred before the military 
showed up and evicted people from Makua Valley, that's the baseline.  That 
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should always be the baseline, whether it's archeological, whether it's 
chemical, whether it's hydrological, whether it's sociological. 

 
Response:  The rationale for the selection of background sites was provided in both the final 

SAP and the draft Marine Resources Study. In the final SAP, Section 2.2, Marine 
Resources Sampling Strategy, states “Background muliwai will be located on the 
Waianae Coast within watersheds that are not subjected to military activity.” Section 
2.2.3, Background Sampling, of the final SAP states “Samples will be collected from 
locations distant enough from Makua Valley that biota would be unlikely to be 
affected by target chemicals originating from MMR. Background muliwai will be 
located in watersheds that are not subject to military activity.”  

 
The purpose of the Marine Resources Study is to identify whether Army activities at 
the MMR have impacted Makua Valley resources above and beyond impacts from 
all other sources. Using an uncontaminated watershed for a background location 
would not allow the apportioning of impacts between the Army and other sources. 
This is a significant concern as there are many substantial sources of contamination 
other than the MMR. To adequately address the Army’s impact alone on Makua 
Valley resources, an appropriate control site (i.e., background location) would be a 
valley where all aspects of the valley are as similar as possible to Makua. Since inter-
watershed transport of contaminants is facilitated by wind and rain, the control 
valley should have similar wind and rain patterns as that of Makua. Biogeochemical 
processes affecting contaminants are a function of temperature and substrate, and 
these attributes should be as similar as possible to Makua Valley in order to identify 
impacts that can be attributed solely to Army activity. There are distinct differences 
in the substrate (mineralogy and age) between the different islands, making the 
selection of a control on another island inappropriate. Because of this, the most 
appropriate control watersheds are on the leeward (Waianae) coast of Oahu. As long 
as the background sites selected are representative of ambient conditions for the 
general Makua vicinity and have not received contamination from the MMR, they 
are considered acceptable, as per USEPA (1989, 2002a) risk assessment guidance. 

 
8. Comment:  William Alila, Page 25, Line 14: The marine study clearly states in several 

places in the executive summary about uncertainties, uncertainties of 
baselines by which to make comparisons, uncertainties of order of 
magnitude of effect, uncertainties based on assumptions which translate into 
risk assessment, and what we asked for was some certainty, not more 
uncertainty when we requested the muliwai study, we want to know with 
certainty, is the fish safe to eat, are the crabs safe to eat, is the limu safe to 
eat?  

 
Response:  According to USEPA (1989) guidance, “Uncertainties in the risk assessment must 

be evaluated and discussed, including uncertainties in the physical setting definition 
of the site, in the models used, in the exposure parameters, and in the toxicity 
assessment.”  Knowing the uncertainties in the information used to write the report 
allows a better evaluation of the information presented in the report and is required 
by both federal and state regulators.  

 
9. Comment:  William Alila, Page 26, Line 4: Is the arsenic organic or inorganic? Gee, I 

don't know, maybe I should stop eating the limu but until you guys tell me, 
because if it's inorganic, then chances are I'm going to die of cancer. You 
guys knew when you were doing the study that there are two forms of 
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arsenic, why didn't you just figure out what the percentage was in the limu 
and the fish instead of coming back with our report that's full of uncertainty.  
 

Response:  The Marine Resources Study concluded that the activities at MMR likely did not 
contribute to the arsenic detected in fish and limu, and therefore the proposed 
training activities at MMR do not pose a human health risk to area residents that rely 
on marine resources for subsistence. Given that the detected arsenic likely did not 
come from MMR, the Army is under no obligation to determine if the arsenic is 
organic or inorganic. Furthermore, the speciation of arsenic to organic vs. inorganic 
forms was not requested or recommended by the public or Earthjustice or its’ 
experts during their review of the Sampling and Analysis Plan, and therefore was 
not included as part of the analysis program for the Marine Resources Study. 
However, the Army will be developing a long-term monitoring program to evaluate 
potential impacts from military activities to the muliwai and nearshore areas 
associated with Makua Military Reservation, and the Army anticipates soliciting 
public input for the development of the long-term monitoring plan. It is likely that 
the speciation of arsenic to organic vs. inorganic forms will be included in this 
monitoring plan.  

 
10. Comment:  William Alila, Page 26, Line 13: The choice of Sandy Beach as an alternate 

control site, wow, who came up with that one?  They should have gone back 
and checked the records. Alan Davis was used to house military folks, there 
were military activities that occurred at Alan Davis, Alan Davis is another 
name for Sandy Beach. So you compare an area that has been used for 
military activities with an area that is being used for military activities and, 
guess what, the difference shouldn't be that much, so does that make it 
okay?  More appropriate, and we said this in our comments to you before you 
designed the study, we said, use someplace where there's been no military 
influence, use Haena on Kauai, use someplace on the North Shore of 
Molokai, that's the baseline, that's the appropriate baseline in which to make 
comparisons because you guys not going to eat the fish, you guys going to 
serve two years over here and you guys going to leave, but we got to eat the 
fish and we got to eat the limu.  

 
Response:  The rationale for the selection of background sites was provided in both the final 

SAP and the draft Marine Resources Study. In the final SAP, Section 2.2, Marine 
Resources Sampling Strategy, states “Background muliwai will be located on the 
Waianae Coast within watersheds that are not subjected to military activity.” Section 
2.2.3, Background Sampling, of the final SAP states “Samples will be collected from 
locations distant enough from Makua Valley that biota would be unlikely to be 
affected by target chemicals originating from MMR. Background muliwai will be 
located in watersheds that are not subject to military activity.”  

 
The purpose of the Marine Resources Study is to identify whether Army activities at 
the MMR have impacted Makua Valley resources above and beyond impacts from 
all other sources. Using an uncontaminated watershed for a background location 
would not allow the apportioning of impacts between the Army and other sources. 
This is a significant concern as there are many substantial sources of contamination 
other than the MMR. To adequately address the Army’s impact alone on Makua 
Valley resources, an appropriate control site (i.e., background location) would be a 
valley where all aspects of the valley are as similar as possible to Makua. Since inter-
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watershed transport of contaminants is facilitated by wind and rain, the control 
valley should have similar wind and rain patterns as that of Makua. 

 
11. Comment:  William Alila, Page 28, Line 2: where did those chemicals that are associated 

with Heptachlore and pesticide use, agriculture pesticide use end up in fish 
in Makua?  

 
Response:   The purpose of the Marine Resources Study is to identify whether Army activities at 

the MMR have impacted Makua Valley resources above and beyond impacts from 
all other sources. There are a wide variety of potential sources of contaminants in 
the fish that were outlined in the MRS, and it is not part of the scope of the MRS to 
determine the source of all of these contaminants. The data collected from the 
Makua Military Reservation during several environmental investigations, combined 
with the fish tissue data collected during the MRS indicate that the Army is likely 
not the source of the contaminants detected in the fish.  

 
12. Comment:  Vince Dodge, Page 41, Line 6: which brings me back to the marine study 

because the marine study is about food, and I love my 'ia, I love my fish, and 
one of the things that I noticed is missing in that study, and Gary from Tetra 
Tech was kind enough to tell me that they spent five weeks catching fish, 
they didn't catch too many species, they only fished in the daytime, they 
didn't fish early in the morning, they didn't fish at night, they didn't go 
diving,  so their methodology and their window of, you know, trying to catch 
fish was pretty limited, you know, and as fishermen we know there's certain 
things you catch in the middle of the day and there's certain things you got 
to go in the morning early or you got to go at night, and you got to throw 
palu, you know.  

 
Response:  The MRS was intended to sample a representative range of species that may be 

consumed by subsistence and recreational fishers on the Waianae Coast. Sampling 
all possible species that could be eaten by subsistence fishers is an unrealistic 
expectation, and was beyond the scope of the study. Since trophic level influences 
the potential uptake and concentration of contaminants, species from a range of 
trophic levels (herbivore, omnivore and carnivore) were targeted in the study. Since 
there is no clearly defined reason why a species that may be active at night would 
differentially uptake and concentrate contaminants, the study focused active 
sampling activities during daylight hours, and employed passive methods (i.e., fish 
and crab traps) overnight on several occasions and in several muliwai. However, 
these passive traps were not successful in catching sufficient numbers of fish or 
invertebrates to use as even a single sample. However, the Army will be developing 
a long-term monitoring program to continue to evaluate potential impacts from 
military activities to the muliwai and nearshore areas associated with MMR, and the 
Army anticipates soliciting public input for the development of the long-term 
monitoring plan. Additional fish samples will likely be collected as part of this long-
term monitoring plan. 

 
13. Comment:  Vince Dodge, Page 42, Line 1:...when I look at that marine study, I'm like 

either these guys are not good fishermen and/or there's just no fish in the 
ocean anymore, but one of the things that they did not catch and they did not 
make any real effort to catch, was the puhi, the eel, and in the scoping 
meetings, as folks that live down here, as folks that fish and eat fish, you 
know, we strongly recommended many times that they catch puhi because 
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the puhi is a creature that eats near shore, inshore fish and crustaceans, and 
he's at the top of the food chain, pretty much, you know, and he lives in the 
area, and he's going be to the one that if there are toxins he's going to be one 
that you're going to find the concentration in, you're not going to find 
concentration in oholiholi that are this big, you know, moana that are like 
eight inches, I mean, that's a fish that's maybe a year or two old, that's not an 
old fish but a nice big puhi, one of the green ones or a big white eel, that fish, 
that fish has been around for awhile, he's eaten a lot of things and we'd get 
some, it would be a good indicator.  

 
Response:  The MRS was intended to sample a representative range of species that may be 

consumed by subsistence and recreational fishers on the Waianae Coast. Sampling 
all possible species that could be eaten by subsistence fishers is an unrealistic 
expectation, and was beyond the scope of the study. Since trophic level influences 
the potential uptake and concentration of contaminants, species from a range of 
trophic levels (herbivore, omnivore and carnivore) were targeted in the study. The 
primary methods used for catching fish were various nets and hook and line. A 
variety of other methods used by local fishermen, including spear fishing, were not 
used in the study, because of the potential to introduce metals and other types of 
contamination into the fish. However, the Army will be developing a long-term 
monitoring program to continue to evaluate potential impacts from military 
activities to the muliwai and nearshore areas associated with MMR, and the Army 
anticipates soliciting public input for the development of the long-term monitoring 
plan. Additional fish samples will likely be collected as part of this long-term 
monitoring plan. 

 
14. Comment:  Dr. Jonathan Deenik, Page 44, Line 20: So here is, I think, a basic flaw in this 

study is the number of samples that were gathered. Now, maybe it was 
constrained by money, well, that's fair enough, you know, we have to operate 
within a budget, but if you were to look at this and say that decisions are 
being made on four samples of limu, that's at least what's said in the paper 
there, well, then, of course, you're going to have a lot of uncertainty and you 
cannot, anybody in their right mind can't make, you know, a good prediction 
of what is the health hazard on four samples.  So that's a pretty fundamental 
basic baseline.  

 
Response:  The Army will be developing a long-term monitoring program to continue to 

evaluate potential impacts from military activities to the muliwai and nearshore areas 
associated with MMR, and the Army anticipates soliciting public input for the 
development of the long-term monitoring plan. Additional limu samples will likely 
be collected as part of this long-term monitoring plan. 

 
15. Comment:   Dr. Jonathan Deenik, Page 45, Line 8: The other important question is what 

are we comparing this to, so there's always in any kind of study a control 
group and an affected group, so Mr. Aila clearly pointed out the flaws 
associated with the control group.  I don't think the study needed to select a 
control within the Waianae Coast, that was never one of our suggestions 
during the scoping meeting, so where do you go find an area that has not 
been affected by military use? Well, Oahu, it's not easy to find an area that 
hasn't been impacted by military activity, in fact, I still think there are two or 
three super fund sites associated with military activity on this island, so 
you're going to have to go somewhere else, Molokai, that's a fair enough 
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comparison, same type of sediments in east Molokai as Makua, similar, at 
least, make a comparison.  That becomes a real control, and then you can say 
with a little bit more certainty, well, there is an impact or there isn't an 
impact.  

 
Response:  The rationale for the selection of background sites was provided in both the final 

SAP and the draft Marine Resources Study. In the final SAP, Section 2.2, Marine 
Resources Sampling Strategy, states “Background muliwai will be located on the 
Waianae Coast within watersheds that are not subjected to military activity.” Section 
2.2.3, Background Sampling, of the final SAP states “Samples will be collected from 
locations distant enough from Makua Valley that biota would be unlikely to be 
affected by target chemicals originating from MMR. Background muliwai will be 
located in watersheds that are not subject to military activity.”  

 
The purpose of the Marine Resources Study is to identify whether Army activities at 
the MMR have impacted Makua Valley resources above and beyond impacts from 
all other sources. Using an uncontaminated watershed for a background location 
would not allow the apportioning of impacts between the Army and other sources. 
This is a significant concern as there are many substantial sources of contamination 
other than the MMR. To adequately address the Army’s impact alone on Makua 
Valley resources, an appropriate control site (i.e., background location) would be a 
valley where all aspects of the valley are as similar as possible to Makua. Since inter-
watershed transport of contaminants is facilitated by wind and rain, the control 
valley should have similar wind and rain patterns as that of Makua. Biogeochemical 
processes affecting contaminants are a function of temperature and substrate, and 
these attributes should be as similar as possible to Makua Valley in order to identify 
impacts that can be attributed solely to Army activity. There are distinct differences 
in the substrate (mineralogy and age) between the different islands, making the 
selection of a control on another island inappropriate. Because of this, the most 
appropriate control watersheds are on the leeward (Waianae) coast of Oahu. As long 
as the background sites selected are representative of ambient conditions for the 
general Makua vicinity and have not received contamination from the MMR, they 
are considered acceptable, as per USEPA (1989, 2002a) risk assessment guidance. 

 
16. Comment:  David Henkin, Page 48, Line 11: So when you do a study based on very 

limited sampling size such that the uncertainties are so great that you cannot 
say anything meaningful about the potential for contamination by substances 
associated with proposed training at Makua, you haven't done what the court 
order said, you haven't done what you agreed to do, so money in this case 
really is not relevant, what's relevant is what the Army voluntarily entered 
into and what the court ordered.  
 

 Response:  According to USEPA (1989) guidance, “Uncertainties in the risk assessment must 
be evaluated and discussed, including uncertainties in the physical setting definition 
of the site, in the models used, in the exposure parameters, and in the toxicity 
assessment.”  Knowing the uncertainties in the information used to write the report 
allows a better evaluation of the information presented in the report and is required 
by both federal and state regulators. The Army will be developing a long-term 
monitoring program to continue to evaluate potential impacts from military 
activities to the muliwai and nearshore areas associated with MMR, and the Army 
anticipates soliciting public input for the development of the long-term monitoring 
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plan. Additional limu samples will likely be collected as part of this long-term 
monitoring plan. 
 

17. Comment:  David Henkin, Page 48, Line 21: The emphasis here is marine resources, 
limu, shell fish, fish on which area residents rely for subsistence.  That goes 
to the point that Vince Dodge raised, people fish at night, people dive, 
people eat a variety of things out of the ocean, these are the things that the 
Army agreed to and is obliged to study, and that's not what we got.  

 
Response:  The MRS was intended to sample a representative range of species that may be 

consumed by subsistence and recreational fishers on the Waianae Coast. Sampling 
all possible species that could be eaten by subsistence fishers is an unrealistic 
expectation, and was beyond the scope of the study. Since trophic level influences 
the potential uptake and concentration of contaminants, species from a range of 
trophic levels (herbivore, omnivore and carnivore) were targeted in the study. Since 
there is no clearly defined reason why a species that may be active at night would 
differentially uptake and concentrate contaminants, the study focused active 
sampling activities during daylight hours, and employed passive methods (i.e., fish 
and crab traps) overnight on several occasions and in several muliwai. However, 
these passive traps were not successful in catching sufficient numbers of fish or 
invertebrates to use as even a single sample. The Army will be developing a long-
term monitoring program to continue to evaluate potential impacts from military 
activities to the muliwai and nearshore areas associated with MMR, and the Army 
anticipates soliciting public input for the development of the long-term monitoring 
plan. Additional fish samples will likely be collected as part of this long-term 
monitoring plan. 

 

18. Comment:  David Henkin, Page 49, Line 20: Well, the study assumed that for 
recreational fishermen, so people that are not subsistence, that a meal of fish 
is 34 grams, 28 grams is an ounce, so we're talking a little bit more than a 
couple of bites, that was the, obviously, how much of something you eat has 
a strong correlation to the likelihood you're going to get poisoned by it or it's 
going to contribute to cancer rates, so if you start with an unrealistically low 
assumption that people take a bite of fish and that's their fish meal and that's 
what you're going to evaluate, you're going to get inaccurate results that are 
not reliable because the point of the exercise really is not to, we didn't enter 
into this to try and prove that marine resources at Makua are unhealthy, 
because that would really be damaging to this community if that were the 
truth, we'd like to have good data that proved that marine resources at 
Makua are healthy because the fact of the matter is, that healthy or 
unhealthy, people are going to be keep eating them... So when you do a study 
that assumes that we only eat an ounce of fish at a meal, that doesn't give us 
good information.  

 
Response:   Fish consumption rates may vary by ethnic group, lifestyle, economic status, and 

geography, among other factors (OEHHA 2001). Therefore, it is desirable to use a 
fish consumption rate that is applicable to the receptors being evaluated. As part of 
the MRS, the Army reviewed the literature on fish consumption rates in Hawaii and 
selected the highest fish consumption rates recorded for Hawaii. The Army believes 
that the fish consumptions rates used in the MRS were appropriate for the study. 
The recreational fishermen consumption rate used in this report was the average 
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fish consumption rate from a survey of 13,629 Hawaiian fishermen in Hawai`i 
(Sharma et al. 2003). 

 
19. Comment:  David Henkin, Page 51, Line 23: Now, for a subsistence fisherman, now this 

is someone who is relying on this area to really survive, I mean, they're not 
going to the supermarket for their fish, this is survival, they consume 110 
grams, so that's about a four ounce portion, it's a quarter pound of meat, so 
those who go get a quarter pounder, not very much, again.  So in terms of 
what the experts who do this over at EPA, EPA assumes that an average fish 
sized meal is 227 grams, so over twice as much they  consume for subsistence 
fishermen or about half a pound, and based on my own experience and 41 
years on this earth, that's kind of more like what people tend to eat when 
they sit down to eat fish, so we need studies that are based on good data, and 
we're entitled to them.  

 
Response:   Fish consumption rates may vary by ethnic group, lifestyle, economic status, and 

geography, among other factors (OEHHA 2001). Therefore, it is desirable to use a 
fish consumption rate that is applicable to the receptors being evaluated. As part of 
the MRS, the Army reviewed the literature on fish consumption rates in Hawaii and 
selected the highest fish consumption rates recorded for Hawaii. The fish ingestion 
rate of 100.6 grams/day used in this report was the 95th percentile fish 
consumption rate from a survey of 13,629 Hawaiian fishermen in Hawai`i (Sharma 
et al. 2003).  USEPA guidance indicates that much lower fish consumption rates 
should be used in risk assessments (with the exception of Native American 
subsistence fishermen), as stated in the report  “The USEPA Superfund Program 
guidance assumes an ingestion rate of 54 grams of fish per day (g/day) for high 
consumers of locally caught fish (USEPA 1991a). For the general US population, 
the USEPA Exposure Factors Handbook recommends a mean marine fish 
consumption rate of 14.1 g/day for the general US population and a mean of 70 
g/day and 95th percentile of 170 g/day fish consumption rate for Native American 
subsistence populations (USEPA 1997a).”  It is not clear where the reviewer 
obtained the estimate of 227 grams for an average fish sized meal, but in any case it 
should be noted that the assumption used in the MRS was that the subsistence 
fisherman was eating 100.6 grams/day every day for 30 years. Based upon this 
information, the Army believes that the fish consumption rates used in the MRS 
were appropriate for the study. 

 
20. Comment:  David Henkin, Page 52, Line 14: One of the big issues that's totally 

unresolved in this study is the likelihood that people are eating toxic levels of 
arsenic.  They came out in the study with extremely high levels of arsenic in 
the fish and the limu, the problem is they don't tell us whether the arsenic is 
organic arsenic, which has a lower toxicity, or inorganic arsenic, which has a 
very high toxicity, there's no reason for that.  You can analyze a sample and 
determine the proportion that's organic and inorganic.  

 
Response:  The Marine Resources Study concluded that the activities at MMR likely did not 

contribute to the arsenic detected in fish and limu, and therefore the proposed 
training activities at MMR do not pose a human health risk to area residents that rely 
on marine resources for subsistence. Given that the detected arsenic likely did not 
come from MMR, the Army is under no obligation to determine if the arsenic is 
organic or inorganic. Furthermore, the speciation of arsenic to organic vs. inorganic 
forms was not requested or recommended by the public or Earthjustice or its’ 
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experts during their review of the Sampling and Analysis Plan, and therefore was 
not included as part of the analysis program for the Marine Resources Study. 
However, the Army will be developing a long-term monitoring program to evaluate 
potential impacts from military activities to the muliwai and nearshore areas 
associated with Makua Military Reservation, and the Army anticipates soliciting 
public input for the development of the long-term monitoring plan. It is likely that 
the speciation of arsenic to organic vs. inorganic forms will be included in this 
monitoring plan.  

 
21. Comment:  David Henkin, Page 53, Line 4: ...they didn't analyze whether the arsenic was 

organic or inorganic, they looked at studies that said worldwide, most fish 
has organic arsenic in it, therefore, we assume that all of the  arsenic that we 
found is organic.  Well, that doesn't follow logically because most fish aren't 
in a near shore area where we have surface water studies that the Army has 
done that inorganic arsenic is flowing in the streams into the water, so you 
can't just sort of assume, you know, sort of Socrates was a man, that type of 
logic.  Unless you study the specific fish that people are going down and 
eating to determine whether it's organic arsenic or inorganic arsenic, you're 
not going to get good data. Same thing with limu, limu had very high levels 
of arsenic, they did not go into any analysis of whether it was organic or 
inorganic, that's information that we need, that's information that we're… 

 
Response:  The Marine Resources Study concluded that the activities at MMR likely did not 

contribute to the arsenic detected in fish and limu, and therefore the proposed 
training activities at MMR do not pose a human health risk to area residents that rely 
on marine resources for subsistence. Given that the detected arsenic likely did not 
come from MMR, the Army is under no obligation to determine if the arsenic is 
organic or inorganic. Furthermore, the speciation of arsenic to organic vs. inorganic 
forms was not requested or recommended by the public or Earthjustice or its’ 
experts during their review of the Sampling and Analysis Plan, and therefore was 
not included as part of the analysis program for the Marine Resources Study. 
However, the Army will be developing a long-term monitoring program to evaluate 
potential impacts from military activities to the muliwai and nearshore areas 
associated with Makua Military Reservation, and the Army anticipates soliciting 
public input for the development of the long-term monitoring plan. It is likely that 
the speciation of arsenic to organic vs. inorganic forms will be included in this 
monitoring plan.  

 
22. Comment:  David Henkin, Page 53, Line 22: Also, with limu, I'll get into a little bit later 

the references that were used for these various studies, but for limu they did 
not sample limu anywhere else in the Hawaiian islands, in fact, anywhere 
else at all, they just looked at the chemical constituents that are in this limu 
that people are eating, people are gathering, people are eating, I've eaten it, 
there's no comparison, so we don't know what pristine limu would have, 
maybe it is that all limu in Hawaiian waters have elevated levels of arsenic, 
and even if you go to pristine areas on neighbor islands that are not affected 
not only by military activities, and I'll get into this, but by any urbanization 
or human input, any anthropogenic input, maybe that's just the way our limu 
is, well, that would be a meaningful study, that would provide meaningful 
information, that this is the level arsenic that you get in limu.  
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Response:  The Marine Resources Study concluded that the activities at MMR likely did not 
contribute to the arsenic detected in fish and limu, and therefore the proposed 
training activities at MMR do not pose a human health risk to area residents that rely 
on marine resources for subsistence. Given that the detected arsenic likely did not 
come from MMR, the Army is under no obligation to determine if the arsenic is 
organic or inorganic. Furthermore, the speciation of arsenic to organic vs. inorganic 
forms was not requested or recommended by the public or Earthjustice or its’ 
experts during their review of the Sampling and Analysis Plan, and therefore was 
not included as part of the analysis program for the Marine Resources Study. 
However, the Army will be developing a long-term monitoring program to evaluate 
potential impacts from military activities to the muliwai and nearshore areas 
associated with Makua Military Reservation, and the Army anticipates soliciting 
public input for the development of the long-term monitoring plan. It is likely that 
the speciation of arsenic to organic vs. inorganic forms will be included in this 
monitoring plan.  

 
23. Comment:  David Henkin, Page 55, Line 1: There's nothing in this study about shell fish, 

they didn't gather shell fish, whether it's crabs in the muluwai or urchin in 
the inshore areas, there's no study of shell fish at all, none. So they have 
failed to comply with their agreement and the court order to study shell fish, 
they need to do that. 

 
Response:  The language in the 2007 order states that “As part of the preparation of the EIS for 

military training activities at MMR, Defendants shall complete one or more studies 
to determine whether fish, limu, shellfish, and other marine resources near Makua 
Beach and in the muliwai on which area residents rely for subsistence are 
contaminated by substances associated with the proposed training activities at 
MMR.” There is nothing in this language that expressly requires that shellfish be 
tested, and as such, the Army is not in violation of the 2007 Order.   

 
The results of the Marine Resources Study (MRS) indicate that relatively low levels 
of contamination are present in fish and limu in the Makua-area muliwai and 
nearshore areas, and that these levels are approximately the same as the levels 
detected in fish from background locations. The risk to subsistence fishermen from 
consuming the fish is below the levels used by USEPA for fish advisories. 
Furthermore, the study concludes that these contaminants are likely not coming 
from the MMR, because many of the chemicals are ubiquitous in the environment, 
and may be attributable to many different sources.  Given that the fish are likely not 
contaminated by substances associated with the proposed training activities at 
MMR, that there is very little interchange between the muliwai where such 
substances might accumulate and the near-shore area which provides the habitat for 
the shellfish on which area residents rely, that any such transport of chemicals from 
the muliwai to the nearshore area would result in significant dilution of the 
chemicals, it is likely that the shellfish are not contaminated by substances associated 
with the proposed training activities at MMR. 

 
Despite the conclusion that the shellfish are likely not contaminated from activities 
at MMR, field staff did attempt to collect shellfish and benthic invertebrates, 
including crabs and sea urchins, during the MRS. However, the selected method 
(passive traps) was not successful in capturing crabs. Additionally, because of the 
large number of analytes included in the chemical analytical program, field staff were 
unable to collect a sufficient number of sea urchins to provide enough sample mass 
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(more than 200 grams) for all of the analyses. It is important to recognize that this 
project required destructive sampling of a living resource, which has the potential to 
negatively impact a species population in the muliwai. The Army will be developing 
a long-term monitoring program to evaluate potential impacts from military 
activities to the muliwai and nearshore areas associated with MMR, and the Army 
anticipates soliciting public input for the development of the long-term monitoring 
plan. It is possible that shellfish and benthic invertebrates will be included as species 
of interest in this monitoring plan if it is determined that the sampling will not have 
a negative impact on the species population.  

 
24. Comment:  David Henkin, Page 57, Line 2: You need to look at a non-contaminated 

muluwai, which is what Makua would be, and determine what the 
background levels are.  

 
Response:  The rationale for the selection of background sites was provided in both the final 

SAP and the draft Marine Resources Study. In the final SAP, Section 2.2, Marine 
Resources Sampling Strategy, states “Background muliwai will be located on the 
Waianae Coast within watersheds that are not subjected to military activity.” Section 
2.2.3, Background Sampling, of the final SAP states “Samples will be collected from 
locations distant enough from Makua Valley that biota would be unlikely to be 
affected by target chemicals originating from MMR. Background muliwai will be 
located in watersheds that are not subject to military activity.”  

 
The purpose of the Marine Resources Study is to identify whether Army activities at 
the MMR have impacted Makua Valley resources above and beyond impacts from 
all other sources. Using an uncontaminated watershed for a background location 
would not allow the apportioning of impacts between the Army and other sources. 
This is a significant concern as there are many substantial sources of contamination 
other than the MMR. To adequately address the Army’s impact alone on Makua 
Valley resources, an appropriate control site (i.e., background location) would be a 
valley where all aspects of the valley are as similar as possible to Makua. Since inter-
watershed transport of contaminants is facilitated by wind and rain, the control 
valley should have similar wind and rain patterns as that of Makua. Biogeochemical 
processes affecting contaminants are a function of temperature and substrate, and 
these attributes should be as similar as possible to Makua Valley in order to identify 
impacts that can be attributed solely to Army activity. There are distinct differences 
in the substrate (mineralogy and age) between the different islands, making the 
selection of a control on another island inappropriate. Because of this, the most 
appropriate control watersheds are on the leeward (Waianae) coast of Oahu. As long 
as the background sites selected are representative of ambient conditions for the 
general Makua vicinity and have not received contamination from the MMR, they 
are considered acceptable, as per USEPA (1989, 2002a) risk assessment guidance. 

 

25. Comment:  David Henkin, Page 58, Line 16: Sandy Beach, there's been questions raised 
whether that's an appropriate background for the fish and so, in general, you 
need to address how you selected the locations because if they're not free of 
human input, if they're not pristine areas, they don't tell us what the effects 
are of the military being there. 

 
Response:  The rationale for the selection of background sites was provided in both the final 

SAP and the draft Marine Resources Study. In the final SAP, Section 2.2, Marine 
Resources Sampling Strategy, states “Background muliwai will be located on the 
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Waianae Coast within watersheds that are not subjected to military activity.” Section 
2.2.3, Background Sampling, of the final SAP states “Samples will be collected from 
locations distant enough from Makua Valley that biota would be unlikely to be 
affected by target chemicals originating from MMR. Background muliwai will be 
located in watersheds that are not subject to military activity.”  

 
The purpose of the Marine Resources Study is to identify whether Army activities at 
the MMR have impacted Makua Valley resources above and beyond impacts from 
all other sources. Using an uncontaminated watershed for a background location 
would not allow the apportioning of impacts between the Army and other sources. 
This is a significant concern as there are many substantial sources of contamination 
other than the MMR. To adequately address the Army’s impact alone on Makua 
Valley resources, an appropriate control site (i.e., background location) would be a 
valley where all aspects of the valley are as similar as possible to Makua. Since inter-
watershed transport of contaminants is facilitated by wind and rain, the control 
valley should have similar wind and rain patterns as that of Makua. Biogeochemical 
processes affecting contaminants are a function of temperature and substrate, and 
these attributes should be as similar as possible to Makua Valley in order to identify 
impacts that can be attributed solely to Army activity. There are distinct differences 
in the substrate (mineralogy and age) between the different islands, making the 
selection of a control on another island inappropriate. As long as the background 
sites selected are representative of ambient conditions for the general Makua vicinity 
and have not received contamination from the MMR, they are considered 
acceptable, as per USEPA (1989, 2002a) risk assessment guidance. 
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Comment 
Number Commenter COMMENT RESPONSE
1 Tomas S. See, P.E., Chief, 

DOH/MRS_DOH.pdf
However, our main concern is the contamination of water sources by 
non-treated domestic wastewater generation and/or the improper 
methods of domestic wastewater treatment and disposal. Therefore, as 
wastewater treatment and disposal is not the main issue here, we have 
no objections at this time.

Thank you for your review of the MRS.

2 Chad 
Noah/2009.02.13_Noah.Chad.
pdf

how can anyone agree that the training being conducted down at 
makua does not have that significant of an impact on our natural 
resources?

The EIS, in fact, was prepared because the Army anticipated that there would 
be significant environmental impacts. The Final EIS discloses these impacts.

3 Chad 
Noah/2009.02.13_Noah.Chad.
pdf

when man puts contaminants into the ground anywhere, the result of 
rain run-off of any magnitude equals further contamination rather 
widespread or otherwise local.

The natural processes of the earth widely disperse pollutants and/or 
substances from any number of human or natural sources.

4 Chad 
Noah/2009.02.13_Noah.Chad.
pdf

I suggest that testing continue through a 12-24 month period to allow 
for the best and worst that mother nature has to throw at us to render a 
fair judgment.

No additional testing of marine resources is anticipated as a part of this EIS. 
The Army is developing a long-term monitoring program for MMR. That long-
term monitoring plan will be available for public comment when available.

5 Kapua Keliikoa Kamai/Public 
Comment - 11 FEB 2009.pdf

The Marine Study needs to continue to incorporate the comments of 
Malama Makua, Earth Justice, cultural practitioners, community 
members and our health practitioners.

All comments submitted are reviewed, considered and incorporated into the 
document as necessary. In addition, the Army will conduct a long-term 
monitoring study at MMR.

6 Kapua Keliikoa Kamai/Public 
Comment - 11 FEB 2009.pdf

The study lacks adequate test sites, test samples, variety, quantity, 
comparison of other pristine non-military training areas, test period, etc.

The study met the requirements of the SA and the EIS, in order to determine 
the Army's impacts from proposed training at MMR.

7 Kapua Keliikoa Kamai/Public 
Comment - 11 FEB 2009.pdf

The study's "positive" results are considered suspect and then 
discounted by the Army.

False positive and false negative results are often unavoidable.  For that 
reason all laboratory results are carefully evaluated within the context of the 
sampling location and the analytical procedure. The study does not discount 
most of its results. The few instances of possible false positives were 
explained.

8 Kapua Keliikoa Kamai/Public 
Comment - 11 FEB 2009.pdf

The study lacks conclusive evidence that there is minimum impact of 
military training

The study points out several areas where marine resources contain 
substances associated with possible military training activities, or other natural 
or anthropogenic sources. There is no conclusive evidence about the source 
of these substances. Nevertheless, the study concludes that there is a 
potential that military activities at MMR have contributed, or could contribute in 
the future to the presence of these substances.
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Comment 
Number Commenter COMMENT RESPONSE
9 David Henkin, Earth 

Justice/COMMENT-
Earthjustice MRS 3-13-09.pdf

As discussed herein, the revised draft study still falls far short of 
satisfying the minimum requirements set forth in the settlement 
agreements in Malama Makua v. Gates, Civ. No. 00-00813 SOM-LEK 
(D. Haw.), that were entered on October 4, 2001 and January 8, 2007. 
To comply with its legal obligations, the Army must conduct additional 
studies, using proper procedures, circulate those additional studies for 
public (including expert) comment, and incorporate the results of those 
studies in the final environmental impact statement ("EIS") for 
proposed training at MMR.

The MRS is a scientifically credible study and meets the requirements of the 
SA. We have summarized in the responses in this document the reasons why 
the study met the requirements of the 2001 and 2007 Settlement Agreements.

10 David Henkin, Earth 
Justice/COMMENT-
Earthjustice MRS 3-13-09.pdf

Both the 2001 and 2007 settlements require the Army to "complete one 
or more studies to determine whether ... limu ... near Makua Beach and 
in the muliwai on which area residents rely for subsistence are 
contaminated by substances associated with the proposed training 
activities at MMR." 2007 Settlement ¶ 6.a see also 2001 Settlement ¶  
6.a. This latest version of the Marine Resources Study confirms the 
Army has failed to comply with this mandate.

The MRS is a scientifically credible study and meets the requirements of the 
SA. We have summarized in the responses in this document the reasons why 
the study met the requirements of the 2001 and 2007 Settlement Agreements.

11 David Henkin, Earth 
Justice/COMMENT-
Earthjustice MRS 3-13-09.pdf

Since its analysis is based on composites of "mystery" limu, which may 
have included species of limu that no one consumes, the study fails to 
satisfy the 2007 Order's requirement to focus on whether limu “on 
which area residents rely for subsistence" is contaminated.

The species that were collected were the species that were available at 
Makua.  None of the species tested were edible, so they all equally stand in 
for edible species. Due to this fact, we took a very conservative approach to 
ensure that we not underestimate the risk of consuming limu within the Makua 
area. 
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12 David Henkin, Earth 

Justice/COMMENT-
Earthjustice MRS 3-13-09.pdf

The study failed to analyze limu from any location other than Makua. 
Instead, the study made irrelevant comparisons to levels of arsenic 
"found in marine algae in pristine regions of Antarctica," where entirely 
different species of limu and environmental conditions are found.

Without reference to a background site we do not know if the risks at Makua 
are elevated above the risks at background locations.  However, though it 
may have been preferable to collect limu from background locations, this lack 
of background for limu does not change the actual risk. By not having a 
background site we are artificially attributing all the risk to the Makua area. 
The actual risks are likely much lower than reported due to the lack of 
speciation of arsenic. 

The reference to the study of Marine Algae in Antarctica is an indication that 
the levels found at Makua are not necessarily all inorganic arsenic. This 
literature was all that was available and we took into account the fact that 
Antarctica is a different environment and the "limu" there is much different.

In addition, we used conservative assumptions by assuming that all arsenic in 
limu was the toxic "inorganic" form in order to provide an extra measure of 
safety, and avoid under-reporting the potential risk. As a result, it is important 
to consider the narrative as well as the numbers themselves. The conclusions 
section of the report attempts to 
summarize the findings while conveying our interpretation of what they 
actually mean.

13 David Henkin, Earth 
Justice/COMMENT-
Earthjustice MRS 3-13-09.pdf

Having made no attempt to determine the levels of arsenic 
contamination that would be present in Hawaiian species of limu in the 
absence of military activities, the study failed to satisfy the 2007 
Order's requirement to “evaluate the potential that activities at MMR 
have contributed or will contribute to any such contamination.” 2007 
Order ¶ 6. As the study authors concede, "Since arsenic has never 
been measured in any of the seaweeds present in Hawaii previously, it 
cannot be determined at this point whether the arsenic concentrations 
measured are naturally occurring or elevated." Study at App. F., page 
5. Making that determination, however, is precisely what the settlement 
agreements require.

It must be remembered that the conclusions drawn in the study about the 
potential for contamination from the activities at MMR were based not only on 
arsenic, but on many other substances. Even if arsenic were totally ignored 
the study would still have concluded that there is a potential that the activities 
at MMR contributed to contamination.
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14 David Henkin, Earth 

Justice/COMMENT-
Earthjustice MRS 3-13-09.pdf

The study's exclusive focus on whether shellfish, fish, and limu near 
Makua Beach and in the muliwai are contaminated violates the terms 
of the 2007 Order, which expressly requires that marine resources 
other than shellfish, fish, and limu be tested.

Shellfish is a layman's term that lumps multiple organisms from several 
taxonomic groups into one. There is not a scientific definition of a "shellfish".  
It would be more appropriate to scientifically evaluate whether the organisms 
sampled in the the Marine Resources Study covered an adequate number of 
different kinds of organisms. The Marine Resources Study sampled two 
Kingdoms (Plantae and Animalia); three animal phyla including chordata 
(vertebrates e.g., fish), anthropoda (e.g. crustaceans), echinodermata (e.g, 
sea urchins).  The vernacular "shellfish" is most closely associated with the 
subphylum crustacea.  Therefore, the sea urchins (phylum echinodermata) 
could be consider a marine resource other than shellfish, fish and limu.  Effort 
was focused on collecting mollusks as well; however, the available genera 
were two small to collect and process.  Thousands of individuals would have 
been required to obtain adequate biomass.

15 David Henkin, Earth 
Justice/COMMENT-
Earthjustice MRS 3-13-09.pdf

testing benthic or demersal invertebrates is extremely important to 
assess potential contamination of marine resources since these 
species have continual contact with sediments that may contain 
contaminants from activities at MMR.

We tested the Kona crab which eats those bethic organisms, and therefore 
we tested something higher in the food chain, which is a better indicator of 
bioaccumulation.  

16 David Henkin, Earth 
Justice/COMMENT-
Earthjustice MRS 3-13-09.pdf

As discussed in Dr. Rensel's review, the study analyzed only fish 
species that are present at Makua during the middle of the day. The 
study provides no data or analysis whether fish species that can be 
gathered only in the early morning or at night – marine resources on 
which area residents rely for subsistence - are contaminated. As Dr. 
Rensel explains, the failure to sample species of fish that enter 
nearshore waters at Makua at night means a major component of the 
ecosystem at risk to contaminants was ignored, violating the 2007 
Order.

Sampling was conducted in accordance with the SAP and the Settlement 
Agreements.

17 David Henkin, Earth 
Justice/COMMENT-
Earthjustice MRS 3-13-09.pdf

There is no basis for the authors' claim that Sandy Beach is 
"representative of ambient conditions for the general Makua vicinity." 
Id.

Greater discussion of the Army's process for selecting background sites is 
found in Section 2.2 of the MRS.

18 Jeffery A. foran, Ph.D./Foran 
Review MRS Final 3-11-09.pdf

However, there remains no quantitative support for selection of species 
based on their value to sport or commercial anglers, to local residents, 
or to subsistence consumers. I recommended previously that SOI 
selection should be based on statistically supportable quantitative data 
that accurately represent collection and consumption by anglers and 
local residents, including subsistence consumers.

The species of fish collected were selected and agreed upon in the SAP (see 
Section 2.2.1 of the SAP).  Therefore, we have complied with the SA to collect 
and test the fish, limu, shellfish, and other organisms on which residents rely 
for subsistence.   
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19 Jeffery A. foran, Ph.D./Foran 

Review MRS Final 3-11-09.pdf
Further, the consultant did not identify genera or species of limu that 
were collected, and mixed genera and species of limu that were 
collected were composited prior to analysis. As a result, the consultant 
has no idea whether composites of limu that were analyzed are the 
same species that are harvested and consumed by residents. I 
conclude, therefore, that species assessed in the MRS may not be 
those of greatest interest to, or used and consumed most frequently by 
local anglers and others.

Limu were identified to species and indeed were composited for analysis.  
The species that were collected were the species that were available at 
Makua at the time of sampling. .

20 Jeffery A. foran, Ph.D./Foran 
Review MRS Final 3-11-09.pdf

I also commented that the draft SAP lacked discussion of SOI 
selection based on trophic level and feeding niche, or on the potential 
of some fish species to accumulate contaminants of concern based on 
their position in the local food chain, their lipid content, and other 
factors. These are critical factors that influence the accumulation of 
contaminants in tissues and, without a thorough understanding of 
them, the MRS may have missed species with the highest tissue 
contaminant residues or those at greatest ecological risk from the 
effects of MMR-associated toxicants. For example, benthic species 
accumulate contaminants in their tissues and, therefore, play an 
important role in the transport of toxicants through the food chain. They 
are also critical in an assessment of adverse ecological effects. 
However, there were no true benthic species selected for the MRS 
and, while the importance of trophic level is acknowledged, there is still 
no analysis to support this deletion.

By definition, bioaccumulating substances tend not to be metabolized.  The 
mass of a bioaccumulating lipophyllic chemical tends to increase in an 
individual over its lifetime as a result of the rate of uptake of the chemical, not 
because the individual's tissues become more oily.  Lipophyllic substances 
partition to fats and oils and are retained in the individual.  Since 
concentration of a chemical in whole fish tissue is the ratio of mass of 
chemical to the individual's mass, an increase in the weight of a fish due to 
increased storage of oil in its tissues would serve to reduce the concentration 
of the target chemical rather than increase it. We are not aware of any studies 
that support the hypothesis that the mass of lipophyllic chemicals varies 
significantly with time of year.  

We tested the Kona crab which eats those bethic organisms, and therefore 
we tested something higher in the food chain, which is a better indicator of 
bioaccumulation.  

21 Jeffery A. foran, Ph.D./Foran 
Review MRS Final 3-11-09.pdf

I noted in my previous comments that the location of a discharge outfall 
from the East Honolulu Wastewater Treatment Plant offshore at Sandy 
Beach may significantly influence contaminant loads and contaminant 
tissue burdens at this background site, and that Nanakuli muliwai, 
which is located in the middle of an urban area and downstream from 
Lualualei Naval Magazine, may also be subject to significant 
contaminant loadings. These concerns remain and I find the rationale 
for their selection as background sites, as well as use of information 
from these sites to identify or minimize MMR-associated risks, to be 
flawed.

Our justification for selecting the background sites is clearly articulated in the 
Marine Resources Study at Section 2.
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22 Jeffery A. foran, Ph.D./Foran 

Review MRS Final 3-11-09.pdf
If the intent of this effort is to identify and characterize contamination 
resulting from the MMR, then background concentrations should be 
determined from a pristine site.

A pristine site is not a logical selection as identified in Section 2.3 of EPA’s 
“Guidance for Comparing Background and Chemical Concentrations in Soil 
for CERCLA Sites” (EPA 540-R-01-003, Sept 2002). The Army conducted its 
study in accordance with these guidelines.

Greater discussion regarding background site selection has been added to 
Chapter 2.2 of the MRS.

23 Jeffery A. foran, Ph.D./Foran 
Review MRS Final 3-11-09.pdf

If there are potential sources of contaminants to the Muliwai and near 
shore areas in the Makua Valley other than the MMR, such as a 
WWTP discharge outfall or urban non-point runoff, contaminant loads 
from these sources should be characterized as part of a 
comprehensive site assessment. If they do not co-exist with the MMR, 
then they should not be assumed to be co-contributors of contaminants 
to the site.

There are not any WWTP or urban non-point runoffs from MMR. 
Nevertheless, the ocean can transport substances from these sources around 
the island of Oahu to MMR.

24 Jeffery A. foran, Ph.D./Foran 
Review MRS Final 3-11-09.pdf

The report also suggests that the background sites are not affected by 
military activities; yet, one of the sites is located downstream from a 
naval magazine.

The Army followed EPA guidelines in locating background sites that should 
not be influenced by live-fire training at MMR.

Lualualei Naval Magazine is not a live-fire training area. It has historically 
been used for storage of munitions items. Although, it is possible that past 
military activities have impacted that area.  

There was common agreement that a background muliwai should be located 
on the Waianae coast since this ecosystem is so closely linked to the 
terrestrial environment. Nanakuli mulawai was the only muliwai on the 
Waianae coast, other than the Makua muliwai, that contained water during the 
summer of the initial sampling event.  

It is also possible that substances found in the samples from the nearshore 
area are attributable to natural or other anthropogenic sources.
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25 Jeffery A. foran, Ph.D./Foran 

Review MRS Final 3-11-09.pdf
The report also fails to acknowledge that substances other than 
explosives are contaminants of concern and may have resulted from 
activities associated directly with the MMR (e.g., past use of 
herbicides). It is likely that biota at background sites have also been 
affected by these target chemicals, although they derive from other 
sources. Therefore, while the Army’s consultants have not established 
the existence of contaminant sources other than MMR at the site, the 
report assumes that these and other sources co-exist with the MMR 
and contribute contaminants and impacts equally. This assumption is 
flawed and appears to serve a single purpose, to reduce concern with 
contaminants and attendant impacts from the MMR.

The Army tested for analytes (chemicals of concern) as specified by the SA. It 
was not within the scope of the study to identify the location of the other 
sources, but their existance was noted and assumptions were made that they 
could be transported through ocean currents to the nearshore environment. 
The study did not state that the impacts from other sources were equal to the 
potential impacts from MMR, rather, that substances from other sources are 
possibly present in the vicinity of MMR. There was no attempt by the Army to 
artificially reduce concern about contaminant impacts at MMR.

26 Jeffery A. foran, Ph.D./Foran 
Review MRS Final 3-11-09.pdf

The MRS attempts to minimize some of these risks by inappropriately 
subtracting from them concentrations of contaminants and associated 
risks at background sites, by arguing that uncertainty in the estimates 
(e.g., associated with arsenic speciation) may result in overestimates 
of risk, and by implying that because “background” risk estimates for 
limu were not developed, the actual risks of limu consumption from the 
muliwai and near shore areas may be lower.

The intent of this report was to evaluate the contribution of munitions 
constituents to the local environment by firing activities at MMR.  Without a 
background comparison, this would be impossible to do, especially for many 
of the ubiquitous, non-military unique substances that the SA stipulated.  The 
lack of background for limu doesn't change the actual risk, but it does change 
the amount that can be accurately attributed to the site.  However, the actual 
risks are likely much lower than reported due to the lack of speciation of 
arsenic.  The ATSDR (2000) states that fish, seafood, and algae contain high 
concentrations of arsenic in the form of arsenobetaine and arsenocholine, 
referred to as "fish arsenic".  Fish arsenic has low toxicity to humans and is 
rapidly excreted in urine.  
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27 Jeffery A. foran, Ph.D./Foran 

Review MRS Final 3-11-09.pdf
The cumulative risk estimates for fish, shellfish, and limu consumption 
are extremely elevated (limu-associated cancer risks are greater than 
1X10-2, which is an order of magnitude above cancer risks associated 
with smoking 3 packs of cigarettes per day) and these estimates would 
and should trigger aggressive cleanup efforts as well as efforts to warn 
individuals to reduce or eliminate consumption of contaminated 
species. Yet the report attempts to minimize the risks by failing to 
report them (or their magnitude) in the summary paragraph while 
concurrently emphasizing uncertainty in the estimates. In contrast, the 
U.S. EPA1 and many states would warn individuals to reduce 
consumption of fish or shellfish contaminated with dioxin at levels 
reported in the MRS to no more than one half meal per month.

It is extremely important to evaluate the reported risks in light of the 
assumptions that were made during their preparation (see the executive 
summary).  

The occurrence of substances detected in marine resources is neither 
surprising nor unique to Hawaii.  It certainly does not justify any type of 
cleanup action or instigating widespread public fear of seafood consumption.  
The risk assesment, based on local consumption rates for a subsistence 
fisherman, did not indicate unacceptable risk for the dioxin and furan 
congeners detected at this site.  Generic Region I guidance for dioxins/furans 
is not pertinent in this case.  Regardless, the assessment was conducted on a 
muliwae that does not contain enough biota to even support a subsistence 
fisherman.

The Hawaii Department of Health has reviewed the study.

28 Jeffery A. foran, Ph.D./Foran 
Review MRS Final 3-11-09.pdf

Similarly, EPA would warn individuals to eliminate consumption of fish 
or shellfish contaminated with inorganic arsenic at levels found in limu 
(EPA does not issue consumption advice for seaweed or other aquatic 
plants).

The Hawaii Department of Health has reviewed the study.

29 Jeffery A. foran, Ph.D./Foran 
Review MRS Final 3-11-09.pdf

As I indicated in my previous comments, the report’s approach to 
development of MMR-associated cancer risk estimates is 
inappropriate. Cancer risks are calculated and expressed as “excess 
risk” (risk above background); that is, risks above those associated 
with all other exposure sources and stressors such as exposure to 
radionuclides in drinking water, overexposure to sunlight, exposure to 
contaminants in food, and exposure to contaminants at reference sites 
among many others. Calculations of risk at reference sites produces 
estimates that are specific to those sites and in excess of all other 
risks, including risks associated with MMR. Therefore, subtracting 
“reference site risk” from “MMR risk” is effectively subtracting excess 
risk from excess risk, an exercise that is conceptually and 
mathematically flawed.

In Chapter 4, the study does report the actual risk of consuming marine 
resources without subtracting the background.
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30 Jeffery A. foran, Ph.D./Foran 

Review MRS Final 3-11-09.pdf
Arsenic concentrations in fish and limu are significantly elevated, 
although the MRS continues to assume that arsenic occurs in fish 
tissue solely as the less toxic organic form. Arsenic in limu is reported 
as the inorganic form resulting in highly elevated consumption-based 
estimates of cancer and non-cancer risk; however, the report attempts 
to minimize these estimates by suggesting that at least some arsenic in 
limu may also be organic. I strongly recommended in my previous 
comments that analysis of both inorganic and organic arsenic should 
be conducted for fish, shellfish, and limu because of the elevated 
concentrations of arsenic in these species and because of the 
significantly elevated cancer risks of exposure to inorganic arsenic. 
This analysis was not conducted and, as a result, inappropriate 
speculation regarding the form of arsenic in biological samples and 
attendant health risks continues in the current report.

We used conservative assumptions by assuming that all arsenic in limu was 
the toxic "inorganic" form.  In order to provide an extra measure of safety, and 
avoid under-reporting the potential risk. As a result, it is important to consider 
the narrative as well as the numbers themselves. The conclusions section of 
the report attempts to summarize the findings while conveying our 
interpretation of what they actually mean.

The actual risks, however, are likely much lower than reported due to the lack 
of speciation of arsenic.  The ATSDR (2000) states that fish, seafood, and 
algae contain high concentrations of arsenic in the form of arsenobetaine and 
arsenocholine, referred to as "fish arsenic".  Fish arsenic has low toxicity to 
humans and is rapidly excreted in urine.  

Rather than assuming that the arsenic is all organic, the Army assumed that it 
was all the inorganic, toxic form.

31 Jeffery A. foran, Ph.D./Foran 
Review MRS Final 3-11-09.pdf

The report suggests that risk estimates associated with contaminant 
concentrations at sites not impacted by MMR can be used as 
“background” risks – contaminant concentration-based risks that occur 
naturally - and, therefore, can be subtracted from contaminant 
concentrations and risks associated with MMR activities that have 
impacted north and south muliwai and the near shore area. As 
described elsewhere in this review and in my previous comments, this 
approach is fundamentally flawed as some “background” sites are 
highly impacted by anthropogenic sources and, therefore, are not 
representative of pristine background sites or sites with naturally 
occurring contaminant concentrations.

In Chapter 4, the study reports the actual risk of consuming marine resources 
without subtracting the background.

The human health risk assessment was conducted and reported such that the 
reader could evaluate the risk associated with resources at Makua and the 
background sites independently or by comparing differences between the two 
sites.  The best available scientific information was used in assessing the 
human health and ecological risks assessments.

The entire island of Oahu is impacted by anthropogenic sources to some 
degree. Section 2 of the MRS now contains a more detailed description of 
background site selection.
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32 Jeffery A. foran, Ph.D./Foran 

Review MRS Final 3-11-09.pdf
At the same time, background sites with relatively low contaminant 
concentrations are dismissed or ignored. For example, the elevated 
selenium concentration in MMR north muliwai sediments is dismissed 
as naturally occurring, yet the north background area (the site used to 
compare with the north muliwai at MMR) had no selenium, or virtually 
any other metals, in sediments, suggesting that background, naturally 
occurring concentrations of selenium and other metals are very low or 
nonexistent. These results are ignored in the final discussion of MMR-
associated contaminant concentrations and ecological risks.

The elevated selenium concentration in the MMR north muliwai was not 
considered to pose an ecological hazard based on several key factors, 
including the limited magnitude of the HQ and significant uncertainty in the 
benthic invertebrate TRV.  The exceedance of an apparent effects threshold 
in the absence of a more supportable and robust guideline for selenium (i.e., 
threshold effects level or probable effect level) results in extremely low 
confidence in the HQ.  Although selenium was not detected in sediments of 
the background muliwai, selenium in the north muliwai sediments was 
nonetheless not expected to be anthropogenic and assumed to be naturally 
occurring.  No source of selenium associated with MMR activities was 
identified.

33 Jeffery A. foran, Ph.D./Foran 
Review MRS Final 3-11-09.pdf

The highly elevated hazard indices for the Sandy Beach background 
site (HI = 331 for fish; HI = 20 for shellfish) and the Nanakuli 
background muliwai (HI = 167 for shellfish; HI = 387 for fish), both of 
which are used to produce estimates of incremental risk for the north 
and south muliwai and near shore area at MMR, are also noteworthy. 
These elevated HIs indicate major  anthropogenic sources of 
contaminants at the Sandy Beach and the Nanakuli muliwai, rendering 
these sites inappropriate for estimates of background contamination 
and risk.

Section 2 of the MRS now contains a more detailed description of background 
site selection.

34 Jeffery A. foran, Ph.D./Foran 
Review MRS Final 3-11-09.pdf

HQs were less than one for the north and south background muliwai; 
yet, HIs from these sites were not used to develop incremental risk 
estimates for muliwai and the near shore area at MMR. It is unclear 
why the Army’s consultants would choose only heavily contaminated 
sites to produce background estimates of contaminant concentrations 
and attendant risk estimates, particularly when other “background” 
sites are not impacted by elevated contaminant concentrations, 
although the approach suggests an intentional attempt to selectively 
choose data that support conclusions of minimal impact of contaminant 
concentrations and risks associated with MMR activities.

Section 2 of the MRS now contains a more detailed description of background 
site selection.
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35 Jeffery A. foran, Ph.D./Foran 

Review MRS Final 3-11-09.pdf
While the report implies that high tissue concentrations may not reflect 
high toxicity, it fails to mention that many nonbioaccumulative 
compounds exert toxicity without accumulating to high levels in some 
tissues. Therefore, toxicity reference values (TRV) used in the report to 
produce HQs and HIs likely underestimate toxicity and associated risk 
to ecological systems and their components.

This issue was discussed in the Uncertainty Analysis (Section 5.10.2), which 
states that for some chemicals, tissue concentrations have limitations in 
reflecting internal doses at target organs (e.g., for nonbioaccumulative 
chemicals).  To the extent possible, the tissue-based TRVs were selected to 
be conservative indicators of toxicity to fish and shellfish based on the criteria 
discussed in Section  5.7.5 of the report.  For example, the TRVHighs are 
protective of biota by identifying the lowest of the concentrations that cause 
an effect (LOECs), while TRVLows are protective by identifying a 
concentration that does not cause any effect (NOEC).

36 Jeffery A. foran, Ph.D./Foran 
Review MRS Final 3-11-09.pdf

Hazard quotients and indices are derived from TRVs based on growth 
rather than reproductive impairment or other effects. As a result, risk 
estimates do not necessarily represent potential impacts on 
populations, species, and higher levels of ecological organization.

Tissue-based TRVs were selected from the available toxicity values, including 
those based on reproductive, developmental, growth, and survival effects.  
Most shellfish and fish TRVs were based on survival (Tables 5-3 and 5-4) 
because these TRVs were the lowest (i.e., most conservative) among the 
toxicity values compiled that satisfied study selection criteria.

37 Jeffery A. foran, Ph.D./Foran 
Review MRS Final 3-11-09.pdf

Further, HQs and HIs were derived for only a subset of contaminants 
at MMR; therefore, risks to individuals, populations, species, and 
higher levels of ecological organization are likely underestimated.

Human health and ecological risks included results from the analysis of all 
compounds required by the SA.  As discussed in the uncertainty analysis 
(Sections  2.11 and 5.7.5), those chemicals for which no toxicity values were 
available were not assessed using HQs and HIs.

38 Jeffery A. foran, Ph.D./Foran 
Review MRS Final 3-11-09.pdf

The report acknowledges that contaminant concentrations in surface 
water were not measured; thus, exposure of benthic invertebrates 
(through pore water), shellfish, and fish to contaminants in surface 
water was not assessed. This is a significant and potentially fatal gap 
in the ecological risk assessment as direct exposure to contaminants in 
surface water will cause adverse effects at all levels of biological 
organization (in many cases without accumulation in tissues).

The Army did not choose to conduct additional testing of water or sediment 
samples. We chose to rely on existing data that the Army produced for other 
studies that are evaluated in the EIS. This prior data included sediment 
samples from the muliwai.
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39 Jeffery A. foran, Ph.D./Foran 

Review MRS Final 3-11-09.pdf
There is an extensive toxicity database on the effects of ambient 
contaminant concentrations in freshwater and marine biota, and water 
quality criteria are available to assess effect thresholds for many 
contaminants. The significant data gaps that exist in the MRS likely 
could have been eliminated had the ERA used ambient water 
concentrations to assess ecological risks in muliwai and near shore 
areas.

The Army did not choose to conduct additional testing of water or sediment 
samples. We chose to rely on existing data that the Army produced for other 
studies that are evaluated in the EIS. This prior data included sediment 
samples from the muliwai.

The database to which the reviewer refers relates effects in biota to chemical 
concentrations in water.  Since water was not sampled, the database was not 
pertinent to the ecological evaluation.  The shellfish evaluation was based on 
data available for chemical concentrations in shellfish (e.g., crabs, 
echinoderms) tissues.

While this information would have contributed to the analysis, its absence 
does not mean the anlysis was defective. 

40 Jeffery A. foran, Ph.D./Foran 
Review MRS Final 3-11-09.pdf

The MRS is particularly misleading when it suggests that many 
contaminants found in fish, shellfish, and limu are not the result of 
MMR activities. For example, the report states that dioxins/furans, 
organochlorine pesticides, and DEHP are not constituents of past or 
proposed military munitions. While these toxicants may not be 
constituents of military munitions, they may result from or be 
byproducts of processes or activities that may have occurred at MMR 
such as waste incineration (production of dioxins) and pesticide 
application (organochlorine herbicides and insecticides).

Although we state that dioxins/furans, organochlorine pesticides, and DEPH 
are not constituents of past or proposed military munitions, the report 
acknowledges that they may be substances associated with other activities 
occurring on MMR (see Section 3.2.4, for example).  In addition, the Army 
does not dispute the fact that these substances may have some association 
with activities conducted at MMR.  However, these substances may also 
result from or be by products of anthropogenic processes occurring outside of 
Makua .

41 Jeffery A. foran, Ph.D./Foran 
Review MRS Final 3-11-09.pdf

The report also states that acetone and di-n-butylphthalate are 
common lab contaminants and are not likely attributable to transport 
from MMR; however, they may have been used as solvent-based 
cleaning materials or for other purposes at MMR (sound laboratory 
practices should have identified and eliminated acetone and phthalates 
as laboratory contaminants). 

These substances have been used as solvent-based cleaning materials, but 
di-n-butylphthalate was not found in surface or groundwater assessments as 
part of the hydrogeological investigations that are summarized in the EIS. 
Acetone was found in trace amounts in two samples, just above laboratory 
detection limits. Based on the information available, a far more likely source is 
lab contamination.

Sound laboratory practices were used for all analyses. 
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42 Jeffery A. foran, Ph.D./Foran 

Review MRS Final 3-11-09.pdf
The report is also flawed in its approach to characterizing MMR 
contributions to contamination and risk in muliwai and near shore areas 
through the selective use of “background” contaminant concentrations, 
while ignoring data and information that would allow a more accurate 
assessment and attribution of contamination and attendant risks. There 
is an abundance of data contained in the draft Supplemental EIS for 
MMR on concentrations of metals, organic contaminants, and 
explosives in soil, stream water, stream sediments, groundwater, and 
pore water within MMR, and in sediments collected from muliwai. 
These contaminants included dioxins, organochlorine pesticides, 
acetone, chromium, aluminum, vanadium, arsenic, thallium, cadmium, 
cobalt, copper, lead, mercury, selenium, silver, zinc, gasoline 
constituents (benzene, xylene, toluene), and the explosives DNT, 
HMX, and RDX. This information combined with ambient water quality 
data for muliwai and the near shore areas, and appropriate fate and 
transport models should have been used to assess the role that 
activities at MMR may have played in 
contamination of muliwai and near shore areas.

The MRS does not provide an exhaustive description of all possible transport 
models. Nevertheless it acknowledges the potential that contaminants from 
military activities at Makua are moving to the muliwai and nearshore 
environments.

43 Jeffery A. foran, Ph.D./Foran 
Review MRS Final 3-11-09.pdf

Contaminant concentrations in sediments, open water, and pore water 
in muliwai and the near shore area should also have been collected 
and used to assess risk, rather than only using tissue residues of 
contaminants in the ecological risk assessment. Indeed, the report 
frequently acknowledged the paucity of data on toxicity associated with 
contaminant concentrations in fish and shellfish tissue as a limitation to 
the risk assessment.

The Army did not choose to conduct additional testing of water or sediment 
samples. We chose to rely on existing data that the Army produced for other 
studies that are evaluated in the EIS. This prior data included sediment 
samples from the muliwai.
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44 Jeffery A. foran, Ph.D./Foran 

Review MRS Final 3-11-09.pdf
Ambient concentrations of contaminants (in open water and in 
sediment pore water) exert toxicity at all levels of biological 
organization, even where contaminants do not readily accumulate in 
biological tissues. Therefore, use of ambient water and sediment 
concentrations of contaminants (and associated federal or state criteria 
for those contaminants) in risk assessments for the muliwai and the 
near shore area would have filled data gaps, providing a more 
comprehensive and accurate characterization of contaminant 
occurrence and distribution, a more robust assessment of ecological 
and human health risks, and additional insight into the potential of 
MMR to serve as a source of contaminants to muliwai and the near 
shore areas.

The Army did not choose to conduct additional testing of water or sediment 
samples. We chose to rely on existing data that the Army produced for other 
studies that are evaluated in the EIS. This prior data included sediment 
samples from the muliwai.

45 Jeffery A. foran, Ph.D./Foran 
Review MRS Final 3-11-09.pdf

The MRS concludes that there is some potential for past and future 
release of substances from activities at MMR. It attempts to reduce 
concern around this potential, however, by suggesting that low levels 
of toxicants and attendant risks detected during the study indicate that 
live-fire training at MMR has not resulted in significant impacts in the 
muliwai or near shore area, nor will it result in future adverse impacts. 
Where elevated risks are documented at MMR, the MRS suggests that 
they cannot “uniquely be attributed to military activities.” I find these 
conclusions, as well as their basis in the report, to be heavily flawed 
and in many cases contrary to the data and studies presented in the 
MRS.

The wide range of sources, both natural and anthropogenic, of all the 
substances analyzed in this study make it highly unlikely that a study could be 
devised that could "uniquely attribute" the presence and/or concentration of 
these substances to military activities.

Nevertheless, the Army is developing a long-term monitoring plan to detect if 
there is a potential for substances to migrate off the installation.

In addition, this study was developed and conducted with scientific integrity, 
which has resulted in scientifically defensible conclusions.

46 J.E. Rensel, Ph.D./ Review of 
MRS March 12, 2009

In coastal marine environments, it is in many cases difficult to find 
suitable  reference areas for biological and sediment studies.  And it is 
never possible  to find a duplicate area in all aspects except the 
“treatment” (study effect)  that is the focus of such studies.

You are correct, it is difficult to find suitable reference areas for biological 
studies. Sediment studies were beyond the scope of the requirements for our 
marine resources study. Nonetheless, the study the Army conducted met the 
requirements of Settlement Agreements and the Sampling and Analysis Plan.

47 J.E. Rensel, Ph.D./ Review of 
MRS March 12, 2009

The report states: “Background sites were selected to evaluate 
whether  chemicals found in the vicinity of MMR were different from 
chemicals found in other parts of O‘ahu”  (page 2�1).   I believe, and 
demonstrate below, that it was in fact an impossible task for comparing 
muliwai (brackish ponds) and was done using one of the most remote 
and polar�opposite nearshore envir-onments possible.

Greater discussion of the Army's process for selecting background sites is 
found in Section 2.2 of the MRS.
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48 J.E. Rensel, Ph.D./ Review of 

MRS March 12, 2009
I believe these factors should involve both areas:
 
1) being within the same biogeographic region so that biological 
species  composition is about the same and recruitment of juvenils is 
similar in terms of species and abundance.  The further the distance 
from the treatment area (in this case MMR) the less likely that the 
species composition is the same  according to principals of population 
ecology.  And the probability of being  able to compare pollution status 
between treatment and background areas is reduced because of 
prbable differences in a host of other variables such as  food source, 
percent silt and clay in sediments (which is often positively  correlated 
with concentrations of several types of contaminant), etc.  In  layman’s 
terms, it can amount to “comparing apples to oranges”.

Biological, chemical, physical, and morphogeological attributes were taken 
into consideration when selecting the background sites. Greater discussion of 
the Army's process for selecting background sites is found in Section 2.2 of 
the MRS. 

49 J.E. Rensel, Ph.D./ Review of 
MRS March 12, 2009

I believe these factors should involve both areas having similar 
physical  factors  such as type of water body (e.g., bay versus bight 
versus channel  versus coastal ocean or offshore), flushing rate, 
freshwater input, depth,  exposure, temperature, rainfall, etc
   

Greater discussion of the Army's process for selecting background sites is 
found in Section 2.2 of the MRS.

50 J.E. Rensel, Ph.D./ Review of 
MRS March 12, 2009

I believe these factors should involve both areas:3) not having any  
confounding sources of contamination in the background area, which 
are  unrepresentative of the type of background area one seeks to 
measure.  A  background area should not have actual or probable 
direct sources of  contaminants from anthropogenic sources but only 
indirect airborne or  precipitation related sources found throughout the 
region and northern  hemisphere.  In the present case this means not 
having any significant prior military uses, especially related to 
munitions storage or explosion or prox-imity to urban runoff or 
discharge from sewage treatment plants.

Greater discussion of the Army's process for selecting background sites is 
found in Section 2.2 of the MRS.
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51 J.E. Rensel, Ph.D./ Review of 

MRS March 12, 2009
Both the nearshore and offshore background locations were likely to 
have been compromised by a variety of major pollutant souces which 
render them  unsuitable as acceptable background locations for 
comparison to Mākua.   We pointed out obvious sources of 
contamination in both of the reference  areas that should, without 
question, have excluded the selected areas  (Nanakuli Muliwai and 
Sandy Beach). 

Greater discussion of the Army's process for selecting background sites is 
found in Section 2.2 of the MRS.

52 J.E. Rensel, Ph.D./ Review of 
MRS March 12, 2009

The Nanakuli muliwai reference area for fish collection is within an 
urbanized area with probable prior military base effects. The watershed 
includes drainage from the relatively large Navy Lualualei ammunition 
magazine, active since 1934. Because of the age and extensive size of 
this facility, selection of the Nanakuli muliwai as a MMR reference area 
would require extensive pre-study and justification. Older military 
facilities in the U.S. were often subject to on-site dumping of 
contaminated waste products such as spent cleaning solvents, 
petroleum lubricants, and other wastes. Burning of waste solids and 
liquids, land use practices such as the use of highly persistent and 
toxic pesticides, inadequate wastewater collection and treatment are 
but a few of the documented problems at some older military facilities. 
No justification or explanation is offered in either of the SAPs or the 
draft report for selection of this muliwai, other than that it was unlikely 
to be affected by MMR activities. While that may be true, the relevant 
question is whether the Nanakuli site is a suitable reference area to com
with the muliwai near MMR. The latter are in a relatively remote,  
non-urbanized area, and again the goal is to know what they 
would be like without military impacts.

Greater discussion of the Army's process for selecting background sites is 
found in Section 2.2 of the MRS.
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53 J.E. Rensel, Ph.D./ Review of 

MRS March 12, 2009
The nearshore reference area selected for this study was Sandy 
Beach, on theopposite side of O‘ahu from MMR, just east of Honolulu 
and its eastern  suburbs.  The beach is the site of sewage treatment 
and discharge facilities  known as the East Honolulu Waste Water 
Treatment Plant andoutfall.   NPDES discharge data indicate the 
recent flows (August 2004 to April 2006) average 4.4 million gallons 
per day (NPDES 2007).  The outfall is unusually  shallow (~12 m deep) 
and near shore (0.4 km), according to Dollar and Grigg(2003) and the 
City of Honolulu (undated).  Domestic wastewater discharge often 
includes substantial loads of contaminants from household chemical  
use, highway wastes such as dripped oil, PAHs, tire breakdown 
products,  residential and urban runoff directed into sewers during 
rainfall events and  even untreated industrial discharges.  Dollar and 
Grigg (2003) report  num-erous fishes feeding near the discharge 
diffuser consuming solids directly  from the plume, which could be a 
direct means of fish contamination”.

The East Honolulu Wastewater Treatment Plant does not have combined 
sewers therefore it is very highly unlikely that highway wastes such as dripped 
oil, tire breakdown products, residential 
and urban runoff, or untreated industrial discharges would be 
directed into sewers during rainfall events (Tetra Tech Personal 
communication with Hawaii Department of Health).  In fact it is more common 
that during rainfall events residential and commercial wastewater would be 
spilled into the streets, streams or nearshore waters.

Greater discussion of the Army's process for selecting background sites is 
found in Section 2.2 of the MRS.

54 J.E. Rensel, Ph.D./ Review of 
MRS March 12, 2009

 why was the analysis of alternatives not included in any of the reports,  
including the present, subject report? The answer can only be that 
there was no such quantitative or even qualitative analysis.  And this 
single factor, i.e., selection of reference or background sites, is the 
overarching and most  important factor in any such study as noted 
herein.  If that part of a study is  deeply flawed, the resultant study is 
also deeply flawed.

An analysis of alternatives that we used to conduct our site selection process 
is found in Section 2.2 of the MRS.

55 J.E. Rensel, Ph.D./ Review of 
MRS March 12, 2009

the results of the MRS study, if credible, have significant implications 
on  public health from seafood use and recreational use of waters 
throughout  O’ahu. If the public is to believe the contractors, the 
polluted conditions theyfound at both of the background study areas 
are representative of back-ground conditions throughout O’ahu.   This 
would be an extremely important and serious finding because few fish, 
shellfish or possibly even limu would  be safe to consume from 
anywhere near the island of O’ahu

The Hawaii Department of Health has reviewed the results of the study.
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56 J.E. Rensel, Ph.D./ Review of 

MRS March 12, 2009
I agree that identifying a background muliwai is a difficult task as there 
are  few on the leeward coast. There was apparently one mulawi that 
would have served, but it is only seasonally full of water.  Apparently 
no consideration  was giving to waiting until this other muliwai was full 
of water to conduct  sampling (note that, prior to adopting such an 
approach; consideration  would have to be given to whether the 
biology of a seasonal muliwai differs materially from that of a perennial 
muliwai).

It was assumed that the biology of perenial, non-perennial and intermittant 
streams and associated muliwai would be different; therefore, only muliwai 
containing water throughout the year that demonstrated intermittant breaching 
were considered for the study.

Greater discussion of the Army's process for selecting background sites is 
found in Section 2.2 of the MRS.

57 J.E. Rensel, Ph.D./ Review of 
MRS March 12, 2009

No consideration was given to the possibility there simply is no suitable 
background muliwai available due to the limited numbe of muliwai on 
the lee-ward coast and problems that preclude the use of the available 
muliwai as  appropriate “background” sites.  Such problems include 
intensive, modern-era urbanization and the presence of a military 
magazine, both of which should have ruled out use of Nanakuli muliwai 
as a background site.

Greater discussion of the Army's process for selecting background sites is 
found in Section 2.2 of the MRS.

58 J.E. Rensel, Ph.D./ Review of 
MRS March 12, 2009

Had the Army’s consultants reached the proper conclusion, that there 
are no suitable background muliwai, different approaches could have 
–and should  have – been taken.  For example, an approach that 
involved a careful review  of the mobility and probability of nonmilitary 
transport of various contam-inants could have been performed, leading 
to selection of key indicators, as  discussed later in this report.  
Alternatively, a lithium�based geonorm-alization system for heavy 
metals could have been used as it is in other  marine sediment work 
(Lithium occurs predominantly in silicate minerals,  and is widely 
present as an accessory element in K�feldspar, biotite mica,  
amphibole and clay minerals, such as illite, where it can substitute for 
K,  Na and Mg.  As such, the use of elemental/lithium ratios represents 
an  effective means to normalize against the detrital background. 
(Loring 1990,   1991; Sutherland et al. 2007).   Such alternative 
methods would not require  use of a polluted muliwai like Nanakuli as a 
“background” area, which has  proven to be controversial, subject to 
uncertainty and potential abuse.

Greater discussion of the Army's process for selecting background sites is 
found in Section 2.2 of the MRS.  

The MRS is a credible study and meets the requirements of the SA. This 
study was developed and conducted with the outmost scientific integrity, 
which have resulted in scientifically defensible conclusions.
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59 J.E. Rensel, Ph.D./ Review of 

MRS March 12, 2009
For nearshore analyses, the island is surrounded by nearshore waters  
including some very nearby that may have been much more suitable 
than  Sandy Beachfor comparison. There are locations on the leeward 
coast that  would have been more suitable too, such as sandy beaches 
about 2.5 miles  south of the south end of Mākua Beach.  If the MRS 
process would have  used local published oceanographic data, 
discussed later in this report, it  would have been seen that there is a 
very slow but net northward flow of nearshore waters which means that 
probability of MR contaminants moving  south a great distance are 
reduced.   Yet, Sandy Beach was the only altern-ative nearshore 
background area discussed and no other alternatives were  reported.

An analysis of alternatives that we used to conduct our site selection process 
is found in Section 2.2 of the MRS.
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60 J.E. Rensel, Ph.D./ Review of 

MRS March 12, 2009
The STP discharge at Sandy Beach is “treated” but the treatment used 
in  such STPs is focused first on removing solids and then biological 
oxygen  demand of organic materials   Harmful and persistent 
chemicals are often  trapped in the sludge byproducts of STPs, but 
many dissolved and even part-iculate bound contaminants escape 
treatment to be discharged into ambient  waters.  This is why industrial 
dischargers are subject to pretreatment  requirements that over the 
past several decades have significatly reduced the toxicity of STP 
discharge.  But residential and agricultural sources are not  subject to 
pretreatment requirements and the Sandy Beach STP services  these 
ypes of sources, not industrial sources.   Citizens of our society are 
soldand use a plethora of chemicals and other contaminants in and 
around their homes, and the sewage and drainage systems that 
include storm runoff of  pavement are often funneled into these 
systems.  The trend has not been to abate these problems like it has 
for industry, hence the concern about dis-charge of such a large 
amount of treated sewage water, in shallow water and close to shore.  H
could ever defend the area as a suitable  “background” area 
escapes my imagination.  Again, the MRS authors themselves 
are unable to respond to this criticism and simply sidestep the 
issue in  the response to comments (despite the word 
“background” occurrence 163  times in the response to 
comments) and claim that they are in compliance with EPA 
guidelines.

An analysis of alternatives that we used to conduct our site selection process 
is found in Section 2.2 of the MRS.
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61 J.E. Rensel, Ph.D./ Review of 

MRS March 12, 2009
The authors repeatedly state “As long as the background sites 
selected are  representative of ambient conditions for the general 
Mākua vicinity and havenot rceived contamination from the MMR, they 
are considered acceptable, asper USEPA (1989, 2002a) risk 
assessment guidance”.   If we accept this  construct, then any site with 
any type of pollution, as long as it was not from the MMR, is 
acceptable.  For example, if similar types of military pollution  were 
generated in another watershed, it is an acceptable background area.   
This is clearly circuitous and fallacious reasoning with profound con-
sequences to the present study. It is internally contradicting, a common 
flaw in logic mistakes, in that it assumes that MMR-origin pollution is 
unique  and not reproducible elsewhere by anyone (including the 
military), but  frequently the same report argues the opposite.

An analysis of alternatives that we used to conduct our site selection process 
is found in Section 2.2 of the MRS.

62 J.E. Rensel, Ph.D./ Review of 
MRS March 12, 2009

As we pointed out in earlier reviews, there has been no discussion of 
the  affected environment regarding nearshore waters and not even 
any general  mapping (using existing GIS information) of the nearshore 
water sediments, reefs, beach configuration (rapid drop off versus 
gentle slope), location  relative to known or likely contaminant sources, 
climatic and oceanographic current and circulation patterns or other 
information from which a reason-able justification of nearhore 
background areas could be performed.  

Greater discussion of the Army's process for selecting background sites is 
found in Section 2.2 of the MRS.  

63 J.E. Rensel, Ph.D./ Review of 
MRS March 12, 2009

I also now am aware that there have been repeated violations of water 
qualitystandards at the Sandy Beach treatment plant ven leading to 
criminal con-victions.   It is also not uncommon to smell sewage in the 
water at Sandy  Beach according to Hawai’i Department Health field 
sampling notes.   Nothing in the current report justifies the use of 
Sandy Beach as the beach  and nearshore area most similar to that of 
Mākua.

Greater discussion of the Army's process for selecting background sites is 
found in Section 2.2 of the MRS.  
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64 J.E. Rensel, Ph.D./ Review of 

MRS March 12, 2009
For the nearshore:The authors depart from their insistence to use only 
back-ground areas on the leeward coast for muliwai when selecting 
nearshore background areas (mistakenly called “controls” at one point 
in their report).  For selection of this area they deem that:“The 
background nearshore area  was located at Sandy Beach, on the 
southeast side of O‘ahu, as shown on  Figure 2-1. Sandy Beach is 
considered to be similar to the Mākua nearshore area because both 
support rocky areas and sandy beaches, with very low rain-fall. There 
is much greater movement of water and fish in nearshore areas  than 
in a muliwai, so there is much less need for the background nearshore  
area to be next to a watershed that is similar to Mākua than the need 
or the  background muliwai to be located in a watershed that is similar 
to Mākua.” This statement is erroneous and misleading for numerous 
reasons.  Sandy  Beach is not similar in exposure, energy level of 
waves, undercurrents near  the beach, beach morphology (cross 
sectional aspects perpendicular to  shore), and exposure to prevailing 
winds, annual rainfall totals and relation-ship to oceanic currents.  
Had the consultants spent even a small amount of  time in pre-
study of alternatives, they would have realized that Sandy 
Beach is not biologically comparable either due to a lack of limu 
(seaweed, which remains unsampled for background nearshore 
areas).   What is similar  between the two nearshore sites?  
Simply that they are on the same island.   Both have rocky and 
sandy beaches in adjacent areas, but that applies to other 
beaches along either the leeward or windward coast.  Rainfall is 
some-what similar, but how does that affect a nearshore area 
with no creek or riverine input such as Sandy Beach?
   
  
 

The report actually states in Section 2.2 "...the most appropriate control 
watersheds are on the leeward (Waianae) coast of Oahu." Section 2.2 further 
defines our site selection process.
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65 J.E. Rensel, Ph.D./ Review of 

MRS March 12, 2009
The consultants could not have gone geographically further from Māku
a to find a background nearshore area on O’ahu if they 
tried.  This introduces the probability of increased differences in biologi
cal populations, food webs and recruitment of larval or 
juvenile forms. Sandy Beach is notorious for its undertows and 
intense beach break of waves. These conditions are not 
comparable to the leeward side of the island and border on 
nearly opposite.  In comparison, there is no sewage treatment 
plant within miles of Mākua.   Later in this report I discuss 
circulation patterns at the two locations and show that Mākua,  
which is now relatively well known, is likely very different from  
Sandy Beach, which is poorly characterized in the literature.
   

An analysis of alternatives that we used to conduct our site selection process 
is found in Section 2.2 of the MRS.

66 J.E. Rensel, Ph.D./ Review of 
MRS March 12, 2009

Throughout the MRS reports we are repeatedly told by the consultants 
that  all of the contaminants found on MMR and nearshore ould likely 
have been  introduced from external, non�military related sources 
because of atmos-pheric and other undetermined mechanisms.   To 
some extent and for some contaminants, it is certainly possible.   But 
the probabilities vary greatly with different classes and individual types 
of contaminants.  And the probabilities are highly related to prevailing 
winds and adjacent land use practices and  temporal use or history.
   

The report recognizes that the substances detected at Makua may be 
attributable to military activitites. The report also states that these activities are 
also attributable to other natural and anthropogenic sources than the military.

67 J.E. Rensel, Ph.D./ Review of 
MRS March 12, 2009

Unfortunately, the narrative presents no evidence of a careful and  
incremental assessment of alternatives to select suitable background 
areas   Rather, it simply declares the best option and does not mention 
other  specific options and how they were rated.   The narrative 
involves a  collection of unsupported assumptions, declarative 
statements and a vague  discourse on how contaminants    are easily 
transported among watersheds.  We are not informed as to which 
contaminants are more or less likely to be  transferred among 
watersheds and nearshore areas ad which are less likely to be mobile. 
Yet clearly some are highly mobile and easily circulated by  
atmospheric processes (e.g., dioxins), while others, such as some 
heavy  metals discussed below, are not but tend to bind to soils and 
sediments.
  

Greater discussion of alternatives discounted during the site selection process 
is now found in Section 2.2. 

Yes, heavy metals do not circulate as easily as dioxins.

We concurr that some substances are  highly  mobile  and  easily  circulated 
 by atmospheric processes (e.g., dioxins), while others, 
such as some heavy metals discussed below, are not but tend to bind 
to soils and sediments. Futhermore, many if not all the heavy metals have 
natural sources in the soils and sediments.
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68 J.E. Rensel, Ph.D./ Review of 

MRS March 12, 2009
Mobility estimates of harmful chemicals and metals were performed for 
terrestrial studies on MMR and a similar effort was neede for the MRS 
analysis. Mobility of contaminants in water and air is highly germane to 
selection of  key chemicals or metals that could be used as indiators, 
but this was not per-formed.  Instead the reader is repeatedly told in 
the report and response to  comments that the source of these 
contaminants could be aywhere else than the MMR, but we know that 
this is not true because mobility varies  significantly.
  

The report states that the source of these substances could be anywhere 
including MMR. We did not suggest that they could be anywhere other  than 
MMR.

69 J.E. Rensel, Ph.D./ Review of 
MRS March 12, 2009

It is also unlikely that the winds and rainfall have introduced significant  
amounts of heavy metals and many other contaminantsfrom 
anthropogenic  sources into the Mākua Valley as many have a strong 
affinity and adsorption ability to silt and clay fines within soils and 
sediments.   As discussed later inthis report, a cursory examination of 
prevailing winds and upstream sources indicate little probability of 
transfer of industrial and residntial contaminants and byproducts into 
the terrestrial, riparian and muliwai of the MMR that  would be expected 
further south on the island of O’ahu.
  

Muliwai are also influenced by a variety of natural processes, including ocean 
water, rain, and surface water runoff.

Nevertheless, the Army has not definitively excluded the possibility that such 
substances in the marine resources have resulted from military activities at 
MMR. We also note that the sources of these substances are also likely to be 
from other natural or anthropogenic (human) sources.

70 J.E. Rensel, Ph.D./ Review of 
MRS March 12, 2009

For pesticides, with the exception of early organics, nitro-phenols,  
chlorophenols, creosote, naphthalene, and petroleum oils, our modern 
age  began after about 1945 and thus the occurrence of these 
chemicals in MMR  and muliwai are more likely to be strogly correlated 
with military use since  the 1940s.   Such pesticides include all 
chlorinated organics, DDT, HCCH,  chlorinated cyclodienes, 
cholinesterase inhibitors, organophosphorus com-pounds, carbamates, 
synthetic pyrethroids, avermectins, juvenile hormone  mimics and 
biological pesticides (Stephenson and Solomon 1993).
  

As discussed above, the Army recognizes that we are one possible source for 
these substances. We also recognize that there are a number of other 
potential sources such as natural sources, and anthropogenic (human 
sources) as well.
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71 J.E. Rensel, Ph.D./ Review of 

MRS March 12, 2009
For heavy metals, cadmium is an example of highly toxic, carcinogenic 
and hazardous heavy metal whose presence nearshore Mākua is 
highly likely to  be related to military use of the ara.   Besides the fact 
that the concentrations of cadmium were judged to have a very high 
and significant hazard  quotient for Māku nearshore in the MRS report, 
the occurrence at Mākua is unlikely to be related to any other source(s) 
as follows.   In nature, cadmium occurs in minuscule quantities 
generally associated with zinc "ores".  Like many heavy metals it does 
occur in volcanic rock and soils, but typically not at high 
concentrations.   Its use in modern society is entirely post World War I 
and mostly in the past 50 years associated with battery production and  
subsequent improper disposal as well as pigments for plastic 
production,  both of which are entirely post World War II.  Burning of 
fossil fuels and  municipal wastes as well as tobacco smoking are 
significant sources of  cadmium to human exposure, but these are not 
necessarily major environ-mental sources.  From the above, and knowin
history of the  valley before World War II, and its position 
relative to prevailing winds and  possible sources, it is 
reasonable to conclude that the majority of cadmium  found in 
MMR water, soils and sediments of muliwai are from military use 
of the area.
   

In fact, two low level detections (semi-quantified results) of cadmium during 
surface water investigations. It is far more likely that the cadmium detected in 
the MRS investigation was from natural or other anthropogenic sources.
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72 J.E. Rensel, Ph.D./ Review of 

MRS March 12, 2009
While some other contaminants may be more easily transported into 
the  MMR and nearshore due to atmospheric mechanisms, the authors 
fail to  perform the necessary studies to establish whether, in fact, such 
transport  has occurred and, if it has, from which non�MMR source(s).  
For example,  while dioxins can be subject to transport, none of the 
activities that tend to  generate them –coal fired utilities, diesel trucks, 
municipal waste  incineration, burning of  treated wood and metal 
smelting –are to be found  in high concentrations geographically and 
atmospherically  immediately  upstream of MMR.  Moreover, it is likely 
that military�related activities on  the MMR (e.g., waste and munitions 
incineration) have produced at least some of the dioxins present there 
and in Mākua’s nearshore waters.  The MRS has no basis for 
assuming the dioxin contamination found in marine  resources at MMR 
is due to sources other than miliary activities at  MMR.
  

Your comment is not correct. There are other anthropogenic sources, such as 
coal fired utilities, diesel trucks, municipal waste incineration, and burning of 
treated wood. All of these are found to be geographically and atmospherically 
immediately upstream from MMR. However, the Army has not difinitively 
excluded the possibility that such substances in the marine resources have 
resulted from military activities at MMR.

73 J.E. Rensel, Ph.D./ Review of 
MRS March 12, 2009

The purpose of the prior discussion is to illustrate that the specific  
characteristics of specific contaminants and their known historical use  
period can be used in some specific cases to estimate probability of 
source.   Instead of such an analysis, the MRS only laundry lists the 
large variety of  possible sources of each contaminant with the obvious 
intent to downplay  the mlitary as an important or primary source of 
each.  The listing of possible sources is non�quantitative and 
potentially confusing to the uninformed  reviewer and fits into a pattern 
seen throughout the report where the authors seek to minimize the 
possible risks instead of doing diligence in an impartialand unbiased 
attempt to fully characteriz the existing conditions.
   

The MRS acknowledges that military activities at MMR are in fact a potential 
source of substances detected in marine resources. It is impossible to 
pinpoint the exact source of these substances.

74 J.E. Rensel, Ph.D./ Review of 
MRS March 12, 2009

In prior reviews, we emphasized the importance of site-specific 
characterization, not only for background areas but for the nearshore 
and  muliwai areas of Mākua.  The latest report includes a partial page 
of text  labeled “site description” but is totally without any description or  
characterization, general or scientific, about Mākua Beach or the 
nearshore marine habitats and conditions. Instead it is limited to just a 
few generalities describing mostly terrestrial conditions.

As part of the EIS, the Army conducted a thorough characterization of MMR. 
Section 1.1 of the MRS is the site description. The MRS was done as part of 
the EIS process, and the two documents should be read together.
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75 J.E. Rensel, Ph.D./ Review of 

MRS March 12, 2009
We previously observed that it was not possible to prepare a 
reasonable sampling and analysis plan without some pre�study and 
basic under-standing of the species, conditions and physical 
processes that dominate in  the subject areas.  This latest MRS report 
states that the ecological risk  assessment is predicated on 
development of an “ecological conceptual site  model” that is supposed 
to include information about potential exposure  pathways. Instead we 
find the “model” is just a crudely simplistic diagram  not even 
mentioning the muliwai or nearshore marine environment.  (It may be 
found as figure 4�1, not as figure 5�1 as stated in the report).  
Besides  this one brief mention, the conceptual model is never 
mentioned again.  This is symptomatic of the entire MRS report 
process, i.e., no attention to site  specific considerations that are 
fundamental drivers of how the ecosystem  works, in particular ocean 
circulation patterns discussed below.  

A pre-sampling survey was, in fact, conducted to determine species 
availability, assess site specific conditions, screen background locations, and 
assess access.

The model is schematic rather than representational. Nevertheless, it 
illustrates exposure routes by which substances could reach human and 
ecological receptors at Makua. 

As required in the SAP, it is summarized graphically.

76 J.E. Rensel, Ph.D./ Review of 
MRS March 12, 2009

Mākua’s nearshore environment is not a well flushed area compared to 
other energetic locations such as the deeper waters of te southern 
shore of O‘ahu  and Mamala Bay (Alford et al. 2005) and the windward 
coast.   It is not  acceptable to perform an environmental study of any 
kind (screening level or otherwise) and not consider such factors in the 
planning, conceptual model  development, field work or interpretation.  
Moreover, these factors make  clear that the selection of an energetic 
location like Sandy Beach as a back-ground or reference site was 
unustified and speculative in nature.
   

The study sought to find similar locations as background locations as Makua. 
These criteria are more thoroughly discussed in Chapter 2.2 of the MRS. The 
sites that the reviewer would have us sample are not only not similar to Makua 
due to lower water circulation, they are also subject to greater runoff from 
urban environments.  Therefore, we selected Sandy beach because the high 
energy (high circulation) environment would likely flush contaminants away 
from nearshore areas.

The energetic coastline along the Koko Head watershed coupled with low 
density residential development makes this region an excellent choice.

77 J.E. Rensel, Ph.D./ Review of 
MRS March 12, 2009

No night time sampling was performed for the MRS reports and given 
the  clockwork�like daily patterns of fish entering the nearshore area, a 
major  component of the ecosystem at risk to contaminants was 
ignored.   Along  with the abundant but tiny fish that migrate in each 
night, larger predators  no doubt accompany them each day for a food 
source.  Contaminants largelytrapped inshore are likely to be acquired 
by plankton, transferred to this rich assortment of tiny fish and funneled 
up the food web to larger fish.
    

Sampling was conducted in accordance with the SAP and the Settlement 
Agreements.
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78 J.E. Rensel, Ph.D./ Review of 

MRS March 12, 2010
These findings undermine the MRS report’s assumption that dilution 
will be the solution to toxic and persistent pollution at MMR. The 
authors of the Marine Resource Study have speculated that dilution of 
contaminants spreading from the muliwai to the nearshore is significant 
(repeated three times in the response to comments), but clearly there 
is no basis for this in the report as the physical fluxes were never 
defined.

The MRS report does not present an assumption that dillution is the solution 
to pollution at MMR. Rather, the response referred to indicates that water 
flowing from the muliwai to the nearshore would be diluted during that 
process. In addition, Section 3.3.5 of the MRS refers to the concentration of 
RDX necessary to result in an observed detection of RDX in a fish tissue 
sample. This is not dillution per se, but is an example of bioconcentration 
factors being discussed in the MRS.

79 J.E. Rensel, Ph.D./ Review of 
MRS March 12, 2009

AAlthough not specifically prepared to characterize currents nearshore 
at  Sandy Beach, the model suggests major deviations of flow vector 
from along channel direction, as indicated by the vector arrow pointing 
directly inshore near Sandy Beach and another pointing tangentially 
away to the soutwest.  The relative shallowness of the entire area, 
occurrence of Sandy Beach in a  minor bight between headlands plus 
the orientation of the shallows suggest  the possibility of narshore eddy 
circulation but it is impossible to say with  certainty. No other types of 
published circulation data are available for the  Sandy Point nearshore. 
Although there is intense surf energy immediately nearshore which is  
notorious as one of the worst “shore breaks” in Hawai’i, this does not  
necessarily mean the entire nearshore area is well flushed in terms of 
net  current flows or along shore transpor.  While some of the STP 
discharge  components are removed before discharge, many of the 
soluble wastes  including some fines with associated metals and other 
contaminants are  transported to the nearshorevia the outfall, part-icular
when operating capacity and efficiency may be taxed.  These 
fines are not to be found deposited in the intertidal surf zone, as 
part-icle resuspension  occurs with the nearly incessant 
pounding of the surf.  Rather we would  expect fines in the 
subtidal areas of the nearshore.  This area was apparently not 
sampled in the MRS urchin sampling and it is impossible to say 
where  the crab sampling occurred.

Greater discussion regarding background site selection has been added to 
Chapter 2.2 of the MRS.

Urchin sampling occurred in the intertidal area at both Makua and the Sandy 
Beach region primarily because they inhabit the intertidal zone.  Kona crab 
were sampled in the nearshore waters of Makua on sand bottom near reefs.  
Although it would been preferable to collect the Kona crab at both sites, they 
were not available for collection within our sampling period. 
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80 J.E. Rensel, Ph.D./ Review of 

MRS March 12, 2009
In some cases field data do indicate general sub�location, but those 
data  were obviously not used to stratify sample compositing, analysis 
or reporting. But in the MRS study, we are not privy to where nearshore 
samples were  collected on any scale, and it may involve distances of 
a kilometer or more in both cases.
  

All sampling at Sandy Beach was conducted at two rocky outcroppings 
separated by ~ 1 km.  All sampling at Makua was conducted from the north 
muliwai extending 1 km to the southeast. 

81 J.E. Rensel, Ph.D./ Review of 
MRS March 12, 2009

The Ecological Risk Assessment dismisses in part the higher 
incremental  risks of Kona Crab contamination at Mākua compared to 
andy Beach by stating that the hazard index was greater at the 
“background” area at Sandy Beach.  Therefore it is implied that those 
conditions are normal around the  Island of O‘ahu.  This of course is 
highly unlikely as the Sandy Beach area  was a particularly 
inappropriate selection to serve as a background area due  to the 
discharge from a relatively large sewage treatment plant.
  

Greater discussion regarding background site selection has been added to 
Chapter 2.2 of the MRS.

82 J.E. Rensel, Ph.D./ Review of 
MRS March 12, 2009

Samples were composited without regard to varying size or subarea ori
gin and in at least one case led to probable bias by comparing significa
ntly different sized composites between MMR and “background” sites, 
as described in the next section.

During the sampling period, we were unable to capture sufficient species for 
trophic level comparisons due to sample coposition and size; and in 
accordance with the SA, we were able to draw general conclusions about fish. 
The sampling and analysis we did were adequate to support the conclusions 
of the study.

It should be noted, however, all fish samples were composited by species and 
sampling location. Similarly, shellfish samples were composited by species 
and sampling location.

83 J.E. Rensel, Ph.D./ Review of 
MRS March 12, 2009

The data are not parsed into any subareas or even major habitats such 
as  nearshore, subtidal or deeper nearshore or rocky vs. sandy.  
Inspection of thefield data indicates that shellfish were collected and 
composited from  different habitat types and that som samples 
reported as “Sandy Beach” werenot in fact from the beach but from 
separate reef areas nearby, but how far  away?   Nowhere in the 
sampling and analysis plan or the reports do the  consultants set the 
limits for their sampling locations or dscuss spatial  sampling factors as 
a potential source of variance and error.
   

Samples were collected in the muliwai or nearshore environments.  
Nearshore included rocky intertidal zone, the preferred habitat of the sea 
urchin and rock crab, and sandy bottom, the preferred habitat of the Kona 
crab.

You are correct to say that fish and shellfish collections were not tracked or 
reported as to location within an area. We did, however, stay within the 
muliwai, and we followed the rquirements of the SAP. We sampled no more 
than 100 yards off shore from the Makua and Koko Head (Sandy beach) 
watersheds. 
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84 J.E. Rensel, Ph.D./ Review of 

MRS March 12, 2009
I concur with the above and believe that by removing so many urchins 
from  these areas, they may have unintentionally biased size and 
therefore probablyage of the 2008 collections.  Older urchins are more 
likely to have higher  concentrations of contaminants that 
bioaccumulate, but this was not  considered in the report.  Many sea 
urchins have a high degree of daily homerange fidelity (Lawrence 
2007), returning to the same crevice or niche on a  diel basis.  So it is 
possible, and even probable in some cases, that many of  the urchins 
from the undesignated prior collection area were in fact more  recent 
recruits that would have much lower body burdens of harmful 
chemicals that bioaccumulate. This could significantly bias the results 
for  chemicals known to be a problem in the prior terrestrial and 
riparian studies of the  MMR studies such as arsenic, dioxins and 
methyl mercury.
    

Fewer than 25 urchins were removed during the first sampling event when the 
decision was made that the number of urchins needed to complete a sample 
would be in the hundreds.  These urchins were collected from a small region 
immediately adjacent to the south muliwai and likely had a minimal effect on 
the size of the overall population.  A much broader area was sampled during 
the second sampling event. 

85 J.E. Rensel, Ph.D./ Review of 
MRS March 12, 2009

Examining the field data further through my own statistical analysis and 
using the neatly recorded field notes of the field technicians, I find 
there are  highly significant differences between the available 
composite data from  Sandy Beach versus those collected a Mākua 
nearshore.  Helmet urchins  collected numbered 242 urchins averaging 
4.79 cm and 314 averaging 5.28 cmat Mākua and Sandy Beach, 
respectively.   Helmet urchins are not large  compared to other Pacific 
Ocean urchins and generally vary from 4 to 6 cm  with occasionally 
larger specimens, so these differences could represent  differing 
cohorts recruited in different years on average and the Mākua   
specimens were definitely toward the smaller sizes that normally 
occurs.
   

It is possible to have a very large sample (> 200) of a population with low 
variance and find a statistically significant difference that is ecologically 
insignificant.  We suggest that a difference of less than 1/2 centimeter 
between two populations where the individuals range from less than 2 
centimeters to greater than 6 centimeters is not ecologically significant.

During the sampling period, we were unable to capture sufficient species for 
trophic level comparisons due to sample composition and size; and in 
accordance with the SA. The sampling and analysis we did were adequate to 
support the conclusions of the study.
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86 J.E. Rensel, Ph.D./ Review of 

MRS March 12, 2009
Significant bias could also have been introduced through the capture  
methods used for urchins.  These were not specified in the methods 
section but apparently they were collected by hand or rake in the 
intertidal.  If so,  these urchins were in a much more energetic zone for 
both Mākua and  Sandy  Beach nearshore than the population of 
urchins that exist subtidally.  Many of the contaminants involved in this 
study are likely to be associated  with finer  sediments not found in 
abundance in the intertidal zone  where  coarse sands  or rock is 
prevalent. My analysis of the data was from  composite numbers  MNS-
03 and SBNS-01.  No other composite  samples  of urchins were  
included in the appendices although the MRS report  indicates there 
were  more.  It is possible that these groups were  further  separated 
by the  consultants into other composite groups, as the results  section 
reports two  sets from Mākua and three from Sandy Beach.   This is  
not discussed in the report. 

 
 

 

Sea urchins were collected by hand at Makua and Sandy Beach.  The 
distribution of the urchins into five samples is reflected in the field data sheets 
included as part of the report. Helmut urchin habitat is strictly in the intertidal 
environment at both Makua and Sandy Beach and all urchins were collected 
from this environment.  Although subtidal urchins exist in the nearshore 
waters of Makua, the helmut urchin was identified as the urchin that was 
available in quantities sufficient for the required laboratory analyses.
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87 J.E. Rensel, Ph.D./ Review of 

MRS March 12, 2009
A sample codes and species list is included in Appendix A for the 
shellfish  sampling which shows several sub locations for bothSandy 
Beach (“back-ground”) and Mākua area.  For the former there was 
listed: 1) intertidal- Bamboo Ridge, 2) Intertidal, and 3) Nearshore.  No 
explanation of what is  meant for these is given in the MRS report or 
appendix.  For Mākua, the  options include 1) North Muliwai, 2) South 
Muliwai, 3) Intertidal (inexp-licably crossed out with pen writing) and 4) 
Nearshore.  The first two are  obvious but what about the latter two?   
And if there was no intertidal, how  were urchins sampled since 
apparently no one collected them by diving?  If  they were collected by 
diving, then the urchins were collected from highly  different habitats 
between the study sites.  There is no way to know whether  there are 
legitimate answers to any of these questions; the report’s 
discussiondemonstrates a low level of planning and reporting that is 
not sufficient for  reviewers to carefully eamine what was actually done. 
We previously pointedout the need to do a field pre-study of the subject 
formal sampling and analysis plan to assess what species and 
trophic levels werepresent at varying approximate abundances, 
but our suggestions were not followed.

Intertidal and intertidal-Bamboo ridge refer to the two areas adjacent to Sandy 
Beach where urchins were collected.  These samples were reported as 
nearshore samples. No other nearshore sampling occurred at Sandy Beach. 
Once again, intertidal sampling was reported as nearshore samples. 

A species survey was completed before invertebrate sampling was 
conducted.  The species collected were the only species available in sufficient 
numbers to conduct the required laboratory analyses.

88 J.E. Rensel, Ph.D./ Review of 
MRS March 12, 2009

In the end, this was not achieved as there were no omnivores sampled 
in the shellfish community in both the treatment and background areas 
and the herbivores were apparently from the intertidal where risks 
associated with fine sediments would have been much less than from 
the subtidal. 

The Kona crab is an omnivore, and was the only species of shellfish available 
in sufficient numbers to conduct the required laboratory analyses.

89 J.E. Rensel, Ph.D./ Review of 
MRS March 12, 2009

For fish, the results are even muddier, as there was no differentiation i
n most of  the composites

All fish samples were composited by species and sampling location. This was 
necessary due to the size of the sample obtained. Nevertheless, the 
composite testing produced useful and scientifically valid results.
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90 J.E. Rensel, Ph.D./ Review of 

MRS March 12, 2009
It could be argued that this was an averaging process and random, but 
as  reviewers we are not privy to the distribution of catch among fish 
trophic  levels, so bias could exist within or between sites.  For 
example, mostly lowertrophic level fish from one site compared to 
higher trophic level fish at  another site is not a fair comparison.  As 
previously pointed out, an entire  cadre of fish species was probably 
missed that respond to the nighttime onshore movement of small 
fishes described above.

Most, but not all, fish species that were collected at Makua were also 
collected at Sandy Beach. Because they are the same species their trophic 
level at each location would be similar.

Sampling was conducted in accordance with the SAP and the Settlement 
Agreements.

91 J.E. Rensel, Ph.D./ Review of 
MRS March 12, 2009

It is probable that seaweed does exist at the Sandy Beach site, but the
y would be  located in the subtidal ranges. 

Different species than those collected in the intertidal zone at Makua would be 
located in subtidal ranges at Sandy Beach.

92 J.E. Rensel, Ph.D./ Review of 
MRS March 12, 2009

High concentrations of arsenic were found in Mākua nearshore 
(probably  lower intertidal) samples, so this too is not a trivial matter.  
No solution to  this dilemma is offered, we are simply told that it exists 
and it didn’t seem to influence the authors’ final conclusion that the 
significantly higher risks at  Mākua are not necessarily associated with 
military activity.  This despite the fact that the environmental risk 
assessment, flawed as it was, clearly ident-ified risks associated with 
Mākua  that were not associated with the  extremely biased 
background areas.

We recognize that there is a potential that the source of arsenic could be from 
past military activities at Makua. It is more likely that the arsenic detected is 
from natural sources.

93 J.E. Rensel, Ph.D./ Review of 
MRS March 12, 2009

Arsenic in seaweed is common and often occurs in the nontoxic 
organic  form, although there are notable exceptions.  The only way to 
know for  certain whether the arsenic detected in the seaweed at 
Mākua is toxic or non-toxic was to conduct thenecessary tests to 
speciate the arsenic into inorganic vs. organic forms.  This was never 
done, precluding any valid conclusions  regarding the health risk of 
consuming seaweed from Mākua.  Of course,  since the consultants 
admitted in this latest draft of the report that they were unable to 
identify many of the seaweed sample to genus (Appendix F, page 5), 
there is no way to know if they were even analyzing types of seaweed 
that  residents of the Wai‘anae Coast consume for subsistence, the 
purported  focus of the study. 

It is well recognized that arsenic in seaweed is common and often occurs in 
the nontoxic, organic form with exceptions.  

Arsenic speciation was not required by the SA nor requested by reviewers of 
the SAP.  For the purpose of all analyses the assumption was made that all 
arsenic in limu was in the toxic, inorganic form.  This is highly improbable and 
overestimates the potential risk. 

We used conservative assumptions by assuming that all arsenic in limu was 
the toxic "inorganic" form.  In order to provide an extra measure of safety, and 
avoid under-reporting the potential risk. 
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94 J.E. Rensel, Ph.D./ Review of 

MRS March 12, 2009
Moreover, the consultants failed to provide any background samples 
from  anywhere in Hawai‘i and, thus, had no basis for making any 
conclusions  about whether the levels of arsenic found in seaweed at 
Mākua are elevated  above backgound.

Without reference to a background site we do not know if the risks at Makua 
are elevated above the risks at background locations. The actual risks are 
likely much lower than reported due to the lack of speciation of arsenic.  The 
ATSDR (2000) states that fish, seafood, and algae contain high 
concentrations of arsenic in the form of arsenobetaine and arsenocholine, 
referred to as "fish arsenic".  Fish arsenic has low toxicity to humans and is 
rapidly excreted in urine.  

We used conservative assumptions by assuming that all arsenic in limu was 
the toxic "inorganic" form.  In order to provide an extra measure of safety, and 
avoid under-reporting the potential risk. As a result, it is important to consider 
the narrative as well as the numbers themselves. The conclusions section of 
the report attempts to summarize the findings while conveying our 
interpretation of what they actually mean.

It may have been preferable to collect limu from background locations, but, 
this lack of background for limu does not change the actual risk. By not having 
a background site we are artificially attributing all the risk to 
the Makua area.

95 J.E. Rensel, Ph.D./ Review of 
MRS March 12, 2009

I have concerns that if the arsenic is military�use derived that the limu 
results from Mākua nearshore are indicative of widespread 
contamination of sedi-ments and possibly othr organisms.  It remains a 
huge oversight that the  consultants didn’t bother sample any of the 
nearshore, especially subtidal  sediments. In response to comments 
(Appendix F, page 35 bottom) they  simply do not address this issue.

Sediment sampling was not a requirement for this study.

96 J.E. Rensel, Ph.D./ Review of 
MRS March 12, 2009

Arsenic will bind with silts and clays, but, from what I saw diving near  
Mākua Beach, and as was expected, the surficial seabottom 
substrates are  mostly coarse sand, undoubtedly of biogenic origin 
(coral) that slowly shifts  to more fines within the nearshore (snorkeling) 
zone. 

So there is an increased risk of available, unbound arsenic. Because 
the con-tractors did not collect a single sediment or water sample from 
any of the  nearshore locations, we cannot know what arsenic or other 
contaminant con-centrations are in the nearshore habitat.  This 
constitutes a major gap and  flaw that is not mitigated by any of the 
crudely constructed excuses offered  in the conclusin section of the 
MRS.

While there may be unbound arsenic in the sampling area, we used 
conservative assumptions by assuming that all arsenic in limu was the toxic 
"inorganic" form.  In order to provide an extra measure of safety, and avoid 
under-reporting the potential risk. 

The actual risks are likely much lower than reported due to the lack of 
speciation of arsenic.  The ATSDR (2000) states that fish, seafood, and algae 
contain high concentrations of arsenic in the form of arsenobetaine and 
arsenocholine, referred to as "fish arsenic".  Fish arsenic has low toxicity to 
humans and is rapidly excreted in urine.  
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97 J.E. Rensel, Ph.D./ Review of 

MRS March 12, 2009
Heavy metals analyses are relatively inexpensive, accurate and 
common.   There is no explanation made for not conducting the 
speciation of the  arsenic found in the seaweed into inorganic vs. 
organic forms; it is just  simply stated.   I investigated the costs of such 
analysis and found one  suitable laboratory willing to perform analysis 
of samples for abou $3,000 for approximately 25 samples. Other 
laboratories may be less expensive but  there was apparently no 
consideration of testing for inorganic arsenic.

Arsenic speciation was not required by the SA nor requested by reviewers of 
the SAP.  For the purpose of all analyses the assumption was made that all 
arsenic in limu was in the toxic, inorganic form.  This is highly improbable and 
substantially overestimates the potential risk. 

We used conservative assumptions by assuming that all arsenic in limu was 
the toxic "inorganic" form.  In order to provide an extra measure of safety, and 
avoid under-reporting the potential risk. 

98 J.E. Rensel, Ph.D./ Review of 
MRS March 12, 2009

The report refers several times to significant dilution processes of 
oceanic  currents as mitigation means to deal with harmful hemicals 
originating on  MMR.  For example, see page 3-15, where the results 
and discussion state:
   
“Given the amount of water circulation in the ocean, it is unlikely that 
the  ocean water in the Mākua nearshore area would contain RDX at a 
sufficient concentration to result in te observed detection of RDX in the 
fish tissue sample”.   (Underline emphasis added).

This comment was not intended to suggest that dilution was the solution.  The 
comment intended to suggest that concentrations of RDX that would be 
required to detect RDX at the concentration reported by the lab was very 
highly improbable.

99 J.E. Rensel, Ph.D./ Review of 
MRS March 12, 2009

Even a cursory review of water quality conditions for nearshore waters 
of  O‘ahu reveal occasional violations of bacterial standards, and 
elevated  sediment and nutrient pollution of nearshore waters as a 
result of residential, agricultural and industrial sources. Bacterial water 
quality indicator data are readily available from the Hawai’i Department 
of Health for a number of  locations troughout the islands at: 
http://Hawai’i.gov/health/environ-
mental/water/cleanwater/wqsmaps/index.html. Some of these data 
show  violations of enterococcus bacteria counts at Mākua nearshore 
since the  beginning of year 2000 to occur 36% of the time.  Such 
violations occur  throughout O‘ahu periodically, including the much 
more energetic windward shore areas.   These are an indicator of the 
major disconnect between the  offshore and main channel processes 
and the weak flushing and trasport that occurs on many O‘ahu 
nearshore and beach areas.

The Army did not test for bacterial contamination. Bacteria is also not one of 
the substances the Army was required to sample for in the SAP. In addition, 
bacteria is not associated with live-fire training activities. It is correct to say 
that water quality conditions around Oahu do contain bacteria from the 
sources you identified.

Regarding your comment about flushing and transport, the MRS now includes 
greater discussion of our background site selection process in Chapter 2.
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100 J.E. Rensel, Ph.D./ Review of 

MRS March 12, 2009
The consultants want to have it both ways; they are stating there are 
physicalprocesses that will dilute the harmful chemicals such as 
explosives but can’t be bothered ith doing diligence to describe those 
processes or even the most basic characterization of site specific 
nearshore processes.  I submit that the site-specific conditions at 
Mākua (discussed herein) point much more  strongly to very limited 
flushing ability near shore.  Advection dilution/ diffusion of toxic or 
carcinogenic contaminants is not an acceptable or  legitimate means of 
treatment.
   

We recognize that circulation at the Makua nearshore waters is not as great 
as other parts of the island. Circulation (current) direction and speed data 
area available at the Naval Research Laboratory Global Ocean Analysis and 
Modelling website, found at 
(http://www7320.nrlssc.navy.mil/global_nlom32/navo/arc_list_HAWSP1_ZOO
M.html). 

101 J.E. Rensel, Ph.D./ Review of 
MRS March 12, 2009

The authors are consistent; they continued to composite samples and 
for fishdid so without regard to trophic level and location within different 
nearshor areas.  With the recent addition of shellfish collection and 
analysis the situation is further confounded as follows.

Thank you for noting that we were consistent. It should be noted, however, all 
fish samples were composited by species and sampling location. Similarly, 
shellfish samples were composited by species and sampling location.

102 J.E. Rensel, Ph.D./ Review of 
MRS March 12, 2009

An incomplete overview of shellfish collection is discussed in the 
methods  section and in the ecological risk assessment (page 5-6).  
From this latter  section I made the following tables summary of 
locations, species and  number of samples followed by my preliminary 
attempt to organize the  information, including limu, in Table 1:
North Muliwai: 1 Samoan crab composite  
South Muliwai: 1 Hawaiian prawn composite and 1 Rock Crab 
composite 
Mākua Nearshore:  1 Kona crab composite and 2 composite samples 
of  helmet urchin 
Nanakuli Muliwai: 2 composite Hawaiian prawn samples 
Sandy Beach: 3 composite helmet urchin samples 
First I could not rationalize the number of composite samples claimed 
to  have been collected.   For example, only one composite of urchin 
samples is shown for each area in the appendices.

   

The commentor's summary of the samples is correct and they are properly 
reported in Appendix A.  The composites were dictated by the availability of 
organisms at each of the sampling locations.
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103 J.E. Rensel, Ph.D./ Review of 

MRS March 12, 2009
Next, I note samples collected of one species such as Kona crab or 
limu in  one area (treatment or comparison) but not the other.   I view 
these samples as a waste of time and analytical energy since the 
objective was to compare  between Mākua and backgroun sites.  This 
could have been avoided if  adequate planning and pre-study had 
been completed as previously recom-mended. 

During the sampling period, we were unable to capture sufficient species for 
trophic level comparisons due to sample composition and size; and in 
accordance with the SA, we were able to draw general conclusions about fish.

As a result of this situation we conducted two separate risk analyses on fish 
and limu; one using the mean and one using the maximum chemical 
concentrations. For shellfish, on the other hand, we only used the maximum 
value because in some circumstances we only had one detection at a sample 
location. Nevertheless, the sampling and analysis we did were adequate to 
support the conclusions of the study.

The number of samples and composites were dictated by the availability of 
organisms at each of the sampling locations.  Pre-sampling surveys were 
conducted for all sampling events and locations.

104 J.E. Rensel, Ph.D./ Review of 
MRS March 12, 2009

Then there is the category of partially completed species sampling, for  
example there were Hawaiian prawns sampled in two of five locations, 
but  not in all locations of the same type of habitat (i.e., muliwai).  This 
is not the fault of the sampling team if they didn’t exist; it is a 
shortcoming in the lack of planning that didn’t identify their relative 
abundance in the sampling and analysis planning stage.

It would have been preferable to collect similar species or the same species at 
each location. Pre-sampling surveys indicated that there were no 
invertebrates that local residents depend upon for subsistence that occurred 
across all muliwai. Hawaiian prawns were one of the more abundant 
crustaceans at two sites.  However, the only crustacean found in the north 
muliwai was the samoan crab.
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105 J.E. Rensel, Ph.D./ Review of 

MRS March 12, 2009
The only potentially useful comparison is between helmet urchins at 
Mākua Nearshore and Sandy Beach if one assumes that:

a) the latter is a valid “background” site to compare to the Mākua 
nearshore environment,
b) that the samples were randomly collected within similar depths and 
habitats,
c) they represented the same year classes of urchin that had similar 
exposure times to contaminants, and d) they are a representative 
nearshore shellfish species in that they are exposed to the sources of 
contaminants possibly in that area.

The comparison fails on all accounts for reasons discussed elsewhere 
in this review and fails especially on item d. Helmet urchins exist in the 
lower intertidal and range to the higher intertidal in exposed surf zones. 
As such, their numbers can be relatively well estimated and they can 
be exploited relatively easily by human collectors. But these are not 
necessarily the most abundant urchins in the nearshore Mākua area. 
Abundance of target species should have been a priority in the 
planning stages of the study because the consultants needed large 
quantities of tissue for all the types of analysis to be conducted. 
As shown in Figure 4, a photograph my snorkeling partner took at 
Mākua Beach, large quantities of banded sea urchins 
(Echinothrix calamaris) were present throughout the shallow 
subtidal and beyond on rocky habitat.
      

The distribution of marine resources at Makua made it impossible to conduct 
a statistically random sample and still collect sufficient biomass to complete 
the required analyses. We did collect a representative sample of the 
population at both Makua and Sandy Beach.

The researchers collected urchins at Makua and did their best to collect 
samples of similar sizes at the other sampling locations. 

The intent was to capture representative samples of those marine resources 
that were available for subsistance consumption. The comparison is valid and 
the helmet urchin was the only urchin available in sufficient numbers to 
conduct all the analyses required by the SA.

Greater discussion of the Army's process for selecting background sites is 
now found in Section 2.2 of the MRS.

The Army did conduct a Marine Resources Survey prior to conducting the 
2008 sampling. The helmet urchin was the only urchin available at our 
sampling locations in sufficient numbers to conduct all the analyses required 
by the SA. The researchers did look for Banded urchins. There was not 
enough biomass to complete all the required analyses.
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106 J.E. Rensel, Ph.D./ Review of 

MRS March 12, 2009
Banded urchins are larger than helmet urchins and their abundance is 
apparently large, but, for reasons unknown, the Army’s consultants 
apparently ruled out diving or snorkeling as a method of collection for 
the MRS project. Use of urchins of any species is undeniably not a 
conservative choice as these species live on rock, cobble and 
otherwise coarse surfaces. As such, they are not exposed to potentially 
contaminated fine sediments as much as other organisms such as 
crabs, demersal fishes, invertebrate infauna, etc. Elevated hazard 
indices were calculated for both nearshore Mākua and Sandy Beach 
background areas with similar chemical components, but this is not 
surprising as in either case there was a large probable source of 
contaminants although being in the surf zone, the prevalence of fine 
grain sediments that adsorb many of the contaminants must have been 
scarce. Had the Army’s consultants focused their collecting efforts on 
species more likely to be exposed to potentially contaminated fine 
sediments, the hazard indices likely would have been substantially 
more elevated.

Helmet urchins were available in greater numbers at both Makua and Sandy 
Beach than banded urchins. 

Due to potential tort liability, This contract did not allow scuba diving and other 
subsurface collection activities. 

The bottom consisted of crushed coral and rocks and did not have fine 
sediment that would have been host to species that are likely to have 
contained contamination from substances in those sediments. Nevertheless, 
we tested the Kona crab which eats those bethic organisms, and therefore we 
tested something higher in the food chain.

107 J.E. Rensel, Ph.D./ Review of 
MRS March 12, 2009

For other species in Table 1 or pairs of comparison species, a single 
sample  is not adequate in any case for a reasonable evaluation as the 
lack of repli-cation and ability to assess variation prevents any type of 
within or between  site statistical comparisons.  The entire study was 
set up without any statis-tical testing, no doubt excused in the planners’ 
minds by their definition of it as a “screening-level” survey, as 
discussed later in this review.  EPA’s (1998) risk assessment 
guidelines notes:
  
“In observational field studies, statistical hypothesis testing is often 
used to compare site conditions with a reference site(s).  The 
difficulties of drawing proper conclusions from these types of studies 
(which frequently cannot  employ replication) have been discussed by 
many investigators”.
   
This is but one of many areas that the MRS is not in compliance with 
generalguidelines of EPA for risk assessment.

As a result of this situation we conducted two separate risk analyses on fish 
and limu; one using the mean and one using the maximum chemical 
concentrations. For shellfish, on the other hand, we only used the maximum 
value because in some circumstances we only had one detection at a sample 
location. Nevertheless, the sampling and analysis we did were adequate to 
support the conclusions of the study. 

The distribution of marine resources at Makua made it impossible to conduct 
a statistically random sample and still collect sufficient biomass to complete 
the required analyses. We did collect a representative sample of the 
population at both Makua and Sandy Beach.

The intent was to capture representative samples of these marine resources 
that were available for subsistance consumption.

EPA guidance takes into account that statistical sampling is not always 
possible.
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108 J.E. Rensel, Ph.D./ Review of 

MRS March 12, 2009
Assuming there were two or three replicates of helmet urchin 
composites,  these data and the size data should have been analyzed 
to see if the results  were comparable, regardless of the TRV and HQ 
risk assessment approach  that  fails to take that into account.  
Ostensibly, this could still be done  and it should be done as a quality 
control measure.

We were not able to composite similar size urchins due to the lack of 
availability of the helmet urchins during sampling. Therefore, composites were 
made of varying size specimens.

Because of the small variation in urchin sizes, the probability of an 
ecologically significant difference is minimal.

109 J.E. Rensel, Ph.D./ Review of 
MRS March 12, 2009

The Army’s consultants indicate on page 2-4 of the methods in major  
bullets that target species were prioritized according to three criteria  
including the need to “represent a variety of trophic levels and feeding 
niches”, yet  no  subsequent effort goes to describe how this was 
planned or how it  ended up  for the shellfish.  There is also no 
consideration on how the  species actually  sampled figure in their 
ability and means of  bio-accumulation  that could occur with different 
species and contaminants  and different times of the year  relating to 
fat levels.

The Army's study was focused on prioritizing available species at the sample 
locations, and was based on our SAP.  The intent was not to conduct a 
trophic analysis. The authors are not aware of any bioaccumulation studies on 
these species.

Unfortunately, during the sampling period, we were unable to capture 
sufficient species for trophic level comparisons due to sample composition 
and size.  The ability and means for these organisms to bioaccumulate was 
not a requirement of the SAs or SAP. 

110 J.E. Rensel, Ph.D./ Review of 
MRS March 12, 2009

Habitats compared included one each for muliwai (brackish ponds near 
and on the beach) and one each for “nearshore” areas at background 
or  MMR related study sites.  Hazard quotients were constructed from 
sampled shellfish or fish tissue exposure concentrations divided by the 
toxicity risk  alue (TRV) for each contaminant which is a 
literature�based value.  Ideally  the literature species was the same as 
the tested species, but it was apparent  in comparing table 5-3 
(shellfish, many different species and taxa other thanthose tested) and 
table 5-4 (fish, no species identified at all, some referencesnot included 
in the references cited) that was not performed.  There was no  linkage 
between the entries of these tables and the stated TRVs; the  
calculations and adjustments (uncertainty factors were used) are not 
stated.

Toxicity reference values (TRVs) were not available for species collected at 
Makua and the background sites.  Therefore, TRVs were selected for species 
that were as taxonomically close as possible to the collected species and also 
satisfied study criteria (e.g., saltwater species; post-embryo life stages; whole 
body/carcass/muscle tissues; and survival/growth/reproduction toxicity 
effects).  TRVs for both echinoderms and crustaceans were developed, where 
possible, and compared to echinoderm and crustacean tissue samples 
collected in the study.  TRVs for crabs were developed, if at all possible, to 
provide a basis for evaluating tissue samples of crabs collected at the sites.  
However, TRVs for other crustaceans were selected if they were more 
protective (i.e., lower) than those for crabs.  Both a TRVLow and a TRVHigh 
were selected to indicate a range of protectiveness.  The only adjustments to 
TRVs were extrapolations between a no-effect level and a lowest effect level 
using an uncertainty factor of 10, if both values were not available from the 
literature, as described in Section 5.6.5.  This is indicated by footnotes 
in Table 5-3 and entries marked "estimated" in Table 5-4.
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111 J.E. Rensel, Ph.D./ Review of 

MRS March 12, 2009
This approach may have merit if the TRVs are carefully selected and re
presentative of the species actually tested in a study.  But use of differ
ent major taxa within “shellfish” (e.g., crustacean 
and echinoderm) or finfish (different or unidentified families 
of teleost fish) is not justified as there are differing sensitivities 
to toxins within and among taxa. The TRV species the report 
selected in many cases were radically different types of speciesin term
s of size, habitats occupied and food web positions and 
possibly sensitivity to toxins.
   

Toxicity reference values (TRVs) were not available for the specific species 
collected at Makua and the background sites.  Therefore, TRVs were selected 
for species that were as taxonomically close as possible to the collected 
species and also satisfied study criteria (e.g., relevant tissue types and toxicity 
effects).  TRVs for both echinoderms and crustaceans were developed, where 
possible, and compared to echinoderm and crustacean tissue samples 
collected in the study.  TRVs for crabs were developed, if at all possible, to 
provide a basis for evaluating tissue samples of crabs collected at the sites.  
However, TRVs for other crustaceans were selected if they were more 
protective (i.e., lower) than those for crabs. 

112 J.E. Rensel, Ph.D./ Review of 
MRS March 12, 2009

For example, for cadmium, a toxic and carcinogenic heavy metal found 
in  high concentration in Kona crab in the nearshore near MMR, the 
contractors selected mysid shrimp as the pertinent TRV.   A 
literature�based no obser-vable effects concentration (NOEC) for 
these shrimp exposed to cadmium  was then multiplied by an arbitrary 
“uncertainty” (i.e., “fudge factor”) value of 10 to produce a lowest 
observable effects (LOEC) concentration to be usedin calculating the 
TRV and resulting HQ.  This may be a common practice  in some risk 
assessments but ten times zero (or undefined) is zero (or some  
undefined value).  We have no way of knowing if the NOEC value was 
low orhigh within its range for the TRV species, much less for the 
actual, tested  receptor species at Mākua.

Toxicity reference values based on crab data were developed if studies 
meeting selection criteria were available.  However, TRVs for other 
crustaceans were selected if they were more protective (i.e., lower).  The 
cadmium TRV was derived using a conservative (ecologically protective) 
approach.  First, the lowest observable effect concentration (LOEC) was 
identified for crustaceans (in this case a study causing reduced growth in 
mysid shrimp).  Second, in accordance with USEPA guidance, the LOEC was 
divided by a factor of 10 to estimate a no observable effect concentration 
(NOEC).  The resulting NOEC was lower than all other NOECs identified in 
the literature for cadmium in crustaceans with effects on survival, 
reproduction, development or growth.
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113 J.E. Rensel, Ph.D./ Review of 

MRS March 12, 2009
Moreover, the receptor species at Mākua nearshore for high 
concentrations  of cadmium was Kona crab, an epibenthic (on or 
immediately above the  seabottom) omnivorous, large crab while the 
TRV values were from mysid  shrimp (Mysidopsis bahia, aka opossum 
shrimp) which are tiny (~1 cm)  pelagic (water column oriented) 
zooplankter that feed on microzooplankton such as Daphnia sp. (water 
fleas).  The Army’s contractors provide no justi-fication for their failure 
to select a similar sized and behavior-oriented, bot-tom-dwelling crab 
species for calculating TRVs.  Likewise, no justifications  or specific 
explanations for any of the other 43 selections made in Tables 5-3and 
5-4 were provided.  I have observed species in table 5-3 (none are  
listed in table 5-4) that have no relevance ecologically to the receptor 
species actually tested.  We are apparently supposed to trust that the 
appropriate selections were made, but as a reviewer I have a fiduciary 
responsibility to  the public.  This appears to be a highly questionable 
procedure and is subject to much potential bias that could have 
massively affected the outcome of the study.

No applicable toxicity studies on the effects of cadmium in crabs were 
identified in the literature.  TRVs for species were selected that were as 
taxonomically close as possible to the collected species and also satisfied 
study criteria (e.g., relevant tissue types and toxicity effects).  Where sufficient 
data were available, TRVs for both echinoderms and crustaceans were 
developed, and compared individually to echinoderm and crustacean tissue 
samples collected in the study.  Where possible, TRVs for crabs were 
developed to provide a basis for evaluating tissue samples of crabs collected 
at the sites.  However, TRVs for other crustaceans were selected if they were 
more protective (i.e., lower) than those for crabs.  

114 J.E. Rensel, Ph.D./ Review of 
MRS March 12, 2009

Once the above TRV process was completed, background HQ results 
were  subtracted from HQ calculated for MMR and nearby samples.  If 
a positive  value resulted, this difference was attributed to the 
incremental risks  associated with past military use of the MMR.   So, if 
pristine areas were  selected as background areas, the military effects 
on Mākua would likely be  judged profoundly significant.  Here, 
however, areas with high concentrations of the same pollutants found 
at MMR were selected as background areas,  often resulting in little or 
no increased incremental risk. As discussed above, the selection of 
polluted “background” areas improperly downplayed  contamination 
associated with military use of MMR. 

Using a pristine site would inaccurately characterize all substances in the 
Makua as being attributable to Army activities. Using the selected background 
sites allows for a direct comparison to the Makua area by being able to control 
the other anthropogenic sources of substances. Using a pristine site would 
allow for comparing concentrations of substances associated with activities 
around Oahu and not just military activities.

Additionally, due to the currents that move around Hawaii, there presumably 
are no areas on Oahu that are not untouched by anthropogenic sources.
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115 J.E. Rensel, Ph.D./ Review of 

MRS March 12, 2009
Throughout the MRS efforts, the authors maintained that the study they 
were to conduct would be a “screening�level” ecological risk 
assessment  (ERA).  In EPA nomenclature, this designation can be 
interpreted to mean  cursory or overview level.  No justification for this 
level of effort and analysis is offered, it simply is deemed the correct 
thing to do. Throughout the ERA we see an insistence that every 
action was consistent with EPA ERA guide-lines.  When challenged 
with legitimate questions about the study, the con-sultants often 
responded with repetitive and non-responsive narrative.  And  in many 
cases, the concept of a screening-level assessment was used as an  
excuse for not doing more or the appropriate action.   The word 
“screening” was used 20 times in Appendix F, response to comments 
in this manner.

The Sampling and Analysis Plan (SAP), which was circulated to the public for 
comment, called for only a screening-level ecological risk assessment. The 
screening level risk assessment was performed in accordance with EPA 
ecological risk assessment guidelines. It satisfies both the requirements of the 
SA, and the requirement for the EIS to take a hard look at the impacts of the 
proposed action. Obviously in this case, there is considerable identity 
between the proposed action in the EIS and previous military training at MMR. 
Therefore, the risks disclosed in the MRS are predictive of the impacts to be 
expected from the proposed action.

116 J.E. Rensel, Ph.D./ Review of 
MRS March 12, 2009

I asked the attorney for the plaintiff in the MMR litigation (Mr. David  
Henkin) if there were limitations in the settlement that restricted the 
study to a “screening�level study”.  He sent me the following pertinent 
extract from the January 8, 2007 settlement document:
  
"As part of the preparation of the EIS for military training activities at 
MMR,Defendants shall complete one or more studies to determine 
whether fish,  limu, shellfish, and other marine resources near Mākua  
Beach and in the  muliwai on which area residents rely for subsistence 
are contaminated by  substances associated with the proposed training 
activities at MMR. To  reach this partial settlement, Defendants further 
agree to test the marine  resources for all substances listed in Exhibit 
“2.”   Defendants will evaluate  the potential that activities at MMR have 
contributed or will contribute to  any such contamination and whether 
the proposed training activities at MMR pose a human health risk to 
area residents that rely on marine resources  for subsistence."

The Sampling and Analysis Plan (SAP), which was circulated to the public for 
comment prior to commencement of the MRS, called for only a screening-
level ecological risk assessment. It was the SA that called for preparation and 
circulation of the SAP.
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117 J.E. Rensel, Ph.D./ Review of 

MRS March 12, 2009
I find no explanation in the above passage to explain why the 
consultants  thought that they were charged with performing a 
screening level  assessment.  The study should have been planned 
and executed to accuratelyachieve the objectives spelled out in the 
settlement.  Instead, the consultant’s construct of being charged to 
perform a screening level survey was repeatedly used as an excuse for 
not performing logical and needed assessments that were necessary 
to characterize the nature of the habitat  and the level of contamination 
of different components of the habitat.   Despite the fact that some 
components were more or less completed with  marginally useful 
results, the remaining issues leave such gaping holes in 
theassessment that the end product is not reliable or substantiated 
enough to be useful to “determine whether fish, limu, shellfish and 
other marine  resources near Mākua Beach and in the muliwai on 
which area residents rely for subsistence are contminated by 
substances associated with the proposed training activities at MMR”.

The Sampling and Analysis Plan (SAP), which was circulated to the public for 
comment prior to commencement of the MRS, called for only a screening-
level ecological risk assessment. The screening-level ecological risk 
assessment satisfied the needs of both the settlement agreement and the 
EIS. 

118 J.E. Rensel, Ph.D./ Review of 
MRS March 12, 2009

If we assume that the charge of the consultants was to conduct a 
screening level survey, by examining their plans and conceptual model 
of the affected  environment, we can judge the representativeness of 
the completed work.    This assumes that their conceptual model was 
complete and accurate and  that it was implemented, but as previously 
discussed, it was brief and inar-ticulately constructed and of no serious 
consequence.

The Sampling and Analysis Plan (SAP), which was circulated to the public for 
comment prior to commencement of the MRS, called for only a screening-
level ecological risk assessment. The screening-level ecological risk 
assessment satisfied the needs of both the settlement agreement and the 
EIS. 
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119 J.E. Rensel, Ph.D./ Review of 

MRS March 12, 2009
Major components of a normal risk assessment were ignored entirely, 
such  as nearshore sediment sampling or water quality sampling in 
either the  muliwai or nearshore.  This is important for a number of 
reasons.  In the  cases of sediments, they could be better means to 
evaluate risks than the  flawed application of TRV and HQ methods 
described above.  Sediment  guidelines and reference toxicity values 
are available and used as regulatory  standards in some jurisdictions.  
Also, EPA and other jurisdictions have  pursued explicit, numerical 
water quality standards for most contaminants  including those of 
known high risk at Mākua nearshore such as cadmium or dozens of 
marine invertebrates and many fishes.  No explanation for this  gap is  
provided in the MRS reports.

The Sampling and Analysis Plan (SAP), which was circulated to the public for 
comment prior to commencement of the MRS, called for only a screening-
level ecological risk assessment. The screening-level ecological risk 
assessment satisfied the needs of both the settlement agreement and the 
EIS. 

120 J.E. Rensel, Ph.D./ Review of 
MRS March 12, 2009

With regard to missing water quality assessments, I note the MRS 
report  states that explosive residues in fish samples from Mākua were 
found but nottheir “background area”  The authors downplay the 
results, stating that one of the compounds (RDX) was likely a false 
positive although this is incon-sistent with their stated conclusion that it 
would take a large environmental  concentration to show up in fish 
tissue.  This topic needs more attention.   What if the samples had not 
been composited and individual fish were testedfor nitroglycerine and 
RDX?  An entirely different story may emerge, one  that shows 
potential threat to environment and human sport or subsistence  users.  
Why were there no muliwai or nearshore water samples for the  
explosives when this is arguably a good tracer of adverse effecs of 
MMR use by the military?  What is the affinity for and longevity of these 
chemicals in  the tested muliwai or other sediments?  It is an incredibly 
weak argument to suggest that these chemicals, extensively used at 
MMR and present in MMR soils and riparian samples, were not legitimat
(composited) fish  tissue without any QAQC backing.  It is 
disingenuous to further disregard  any explosive results from 
MMR marine resources by saying that they may have been due to 
fireworks use.   When one considers the historical use of the 
valley and lack of residential use in the modern age, this is not 
believable.

Of all the fish sampled, only one came up positive for RDX. It should be noted 
that the other Goatfish sample came up non-detect for RDX, as did all 
samples from other trophic levels. It should be noted that the BCFs are low for 
RDX, as referenced in Belden et al. 2005; Lotufo and Lydy 2005.

Fish samples were composited by species and sampling location. This was 
necessary due to the size of the sample obtained. Nevertheless, the 
composite testing produced useful and scientifically valid results. 

The Army did not choose to conduct additional testing of water or sediment 
samples. We chose to rely on existing data that the Army produced for other 
studies that are evaluated in the EIS. This prior data included sediment 
samples from the muliwai.
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121 J.E. Rensel, Ph.D./ Review of 

MRS March 12, 2009
Selection of target species was left to chance and lopsidedly collected 
to  result in gaping holes in the comparison as shown asTable 1.  The 
principle  shellfish species relied upon in this survey, helmet urchins, 
do not occur in  subtidal habitats most likely to accumulate 
contaminated fine sediments andwere in many regards an extremely 
oor choice as a target species as they are exclusive inhabitants of 
rocky habitat with little or no fine sediment.  These  are to name but a 
few shortcomings in the study that likewise become faults  in the 
ERA.No reasons are given why nearshore sediments were not 
sampledas they were in the Muliwai5.  We previously devoted 
extensive comments to this failure and the response (e.g., Appendix F, 
section 8, page 20) comp-letely sidesteps the question.  The answer 
was nonresponsive and evasive  and focused on other topics as if the 
question didn’t exist. The consultants  could have argued that they 
need not sample the nearshore sediments  because they sampled 
nearshore invertebrats (although they didn’t) but that kind of response 
wouldn’t be appropriate for the following 
reasons.

For this study, sampling of sediments was not a requirement of the settlement 
agreement, but the Army did use data from previous studies. The Settlement 
Agreement stated "……determine whether fish, limu, shellfish, and other 
marine resources near Makua Beach and in the muliwai on which area 
residents rely for subsistence are contaminated by substances associated 
with the proposed training activities at MMR.”   The SA required sampling 
organisms "on which the residents rely for subsistence."  Crabs and shrimp 
are benthic or demersal invertebrates that live at the bottom of the ocean and 
have contact with sediments.  Several species of crabs and one shrimp 
species were collected. 

122 J.E. Rensel, Ph.D./ Review of 
MRS March 12, 2009

The authors sampled a few epibenthic (above bottom) invertebrates 
but no  benthic infauna invertebrates were collected in either the 
muliwai or the nearshore.  Benthic infauna invertebrates are more at 
risk to sediment contam-inants than epibenthic invertebrates because 
they live in the affected  sediment, not upon it and the longer living, 
larger infauna invertebrates are more at risk to contamination and 
biological accumulation and  ampli-fication of the contaminants.   As 
described above, fish and shellfish  collections were not tracked or 
reported as to location within an area.   For allwe know, it could have 
been anywhere in the vicinity, near or far from  possible high risk areas 
as discussed elsewhere in this review.

The Settlement Agreement stated "……determine whether fish, limu, shellfish, 
and other marine resources near Makua Beach and in the muliwai on which 
area residents rely for subsistence are contaminated by substances 
associated with the proposed training activities at MMR.”   

You are correct to say that fish and shellfish collections were not tracked or 
reported as to location within an area. We did, however, stay within the 
muliwai, and we followed the rquirements of the SAP. We sampled no more 
than 100 yards off shore from the Makua and Koko Head (Sandy beach) 
watersheds. 

Chapter 2 has been updated to define "nearshore."
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123 J.E. Rensel, Ph.D./ Review of 

MRS March 12, 2009
Moreover, the primary epibenthic invertebrates utilized for nearshore  
analysis in the MRS report were not regularly exposed to sediment 
contam-ination, e.g., helmet urchins that live in the intertidal zone only 
where  contaminated fine sediments are unlikely to occur because of 
physicl trans-port.  These urchins feed on seaweed, algae or 
epibenthic diatom growths  not on sediments such as some deposit 
feeding clams or sea cucumbers  (class Holothruoidea) that actually 
ingest sediment.  The authors maintain  that they carefully selected the 
species for sampling, but as noted elsewhere  in this review, it is very 
apparent they simply took what they could easily findand selection of 
helmet urchins is unthinkable if they had properly assessed  the 
available species, their habits and exposure risks.  This flaw is 
traceable  to the poorly conceived and executed sampling and analysis 
plan and the  consultants’ apparent lack of understanding of the basic 
biology of the target  organisms.  The consultants didn’t bother to dive 
or snorkel the area to inspect what was there (as I did), to see what was
of the types of invertebrates at risk to sediment contaminant. 
Under EPA guidelines, it is allowable to sample different species 
that may have differing probable risks of exposure, but this is to 
be  considered in the risk assessment, discussion and 
conclusions, not done  blindly as if all animals in the area are 
interchangeable! 

These species were selected and agreed upon in the SAP (see Section 2.2.1 
of the SAP).  

124 J.E. Rensel, Ph.D./ Review of 
MRS March 12, 2009

The other types of invertebrates selected for nearshore assessment 
were  Kona crabs, which do not ingest or live continuously within the 
sediment butwill burrow in the surficial sediments (almost always sand, 
not silt) while  waiting to ambush prey.  They are more correctly 
classified as epifauna and would only receive the effects of 
contaminated sediments as higher tropic  level consumers of prey that 
may or may not have lived in and fed upon  contaminated sediments. 
In fact, the results indicate they have been subject  to unreasonably 
high contaminate exposure in several cases not seen at the  
“background” areas.

These species were selected and agreed upon in the SAP (see Section 2.2.1 
of the SAP).  
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125 J.E. Rensel, Ph.D./ Review of 

MRS March 12, 2009
All the evidence points to the fact that at least three contaminants 
occur in  elevated concentrations at the Mākua nearshore an, based 
on the authors’  risk assessment system, these were undeniably a 
result of military use of the MMR.  But, by the time a reviewer gets to 
the conclusions section, poorly- reasoned excuses lead the authors to 
disregard their own results and  conclude military-related activities at 
MMR have had little effect on marine resources.  The same concocted 
conclusion is applied to future activities.

The nearshore substances are not "undeniably a result of military use of the 
MMR."  Substances found in elevated concentrations at the MMR nearshore 
were comparable to background conditions.  Therefore, past training does not 
appear to have contributed any significant amount of substances to the area 
to affect the health of subsistance and recreational fishers. Despite this, we 
concluded that fish, limu, and shellfish, and other marine resources near 
Makua beach on which area residents rely for subsistence, contain 
substances that are known to be associated with training activities at MMR.

222 Fenix Grange, MS and Dr. 
Barbara Brooks - HEER/09-
176-FG Makua Risk 
Assessment.pdf

Overall, the DOH believes that the data support the conclusion that 
proposed military activities are anticipated to have little influence on 
contaminant levels in marine resources in the Makua nearshore and 
mulawai areas. A number of health protective assumptions were used 
to conduct the assessment including assuming: a) that fishers only eat 
whole fish, b) using a 95th percentile fish consumption rate of 100.3 
g/day and c) assuming that subsistence fisherman could rely only on 
the muliwai for fish, which is very conservative given their limited size.

Thank you for your review and your support of our conclusion.

223 Fenix Grange, MS - HEER/09-
176-FG Makua Risk 
Assessment.pdf

However, the DOH has concerns with the way the risk assessment 
evaluated the background data. Subtracting out the risk from 
background contamination does not address whether the site related 
contaminants pose a risk and is confusing to the reader when trying to 
evaluate whether the fish are safe to eat.

In Chapter 4, the study does report the actual risk of consuming marine 
resources without subtracting the background.

The human health risk assessment was conducted and reported such that the 
reader could evaluate the risk associated with resources at Makua and the 
background sites independently or by comparing differences between the two 
sites.  The best available scientific information was used in assessing the 
human health and ecological risks assessments.
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224 Fenix Grange, MS - HEER/09-

176-FG Makua Risk 
Assessment.pdf

Additionally, a comparison between the chemical concentrations in fish 
caught from the muliwai and nearshore Makua areas to fish caught 
from background locations should only be made between identical fish 
species of similar size, the same number of composites and the same 
number of fish within each composite. Also, subtracting risk due a 
naturally occurring chemical in a background location from the risk 
potentially due to a site related chemical does not address whether the 
activities from proposed military activities are impacting marine 
resources and posing a risk.

All fish composite samples were of a single species. We were unable to 
collect equal numbers of composites of each species. 

Based on the number of anthropogenic sources that may be contributing 
similar substances into the Makua area, it is not possible, with certaintly, to 
determine how much of these substance may be directly associated with 
MMR activities, therefore, it is not possible to address the impacts of 
proposed military training.

225 Fenix Grange, MS and Dr. 
Barbara Brooks - HEER/09-
176-FG Makua Risk 
Assessment.pdf

Future sampling plans should be designed so that valid comparisons 
can be made between background and site related contamination.

Valid comparisons can be made with the data collected from the current 
study, as they were performed under accepted protocols. The Army is 
developing a long-term monitoring program for MMR. That long-term 
monitoring plan will be released for public comment when available.

226 Fenix Grange, MS - HEER/09-
176-FG Makua Risk 
Assessment.pdf

Nitroglycerin is incorrectly omitted as a COPC in fish tissue in North 
and South Muliwai.

Table 4-1 has been revised to include nitroglycerin. Thank you for your 
review.

227 Fenix Grange, MS - HEER/09-
176-FG Makua Risk 
Assessment.pdf

Table 4.2 shows no measured concentration (min or max) of 
nitroglycerin in the muliwai, omitting 2 south muliwai samples that show 
nitroglycerin detections. QC field sample 2fd had a detection of 0.69 
mg/kg. According to the text in Section 4.1.4, "field duplicates for fish 
were collected as part of the QA/QC process. Since field duplicates 
represent different individual fish, the analytical results of the field 
duplicates were treated as unique samples in the calculation of 
exposure point concentrations." In addition, sample 9fd10a comp had a 
p-flagged detection of 0.95 mg/kg. While the second detection is 
suspect, it should still be noted in the table. Was second column 
confirmation conducted on these two samples as required by method 
8330 or 8330B?

Table 4.2 has been corrected in the MRS. Further, the second column 
confirmation was conducted on these samples.

228 Fenix Grange, MS - HEER/09-
176-FG Makua Risk 
Assessment.pdf

None of the detections of nitroglycerin are discussed in the analytical 
results discussion of explosives. As nitroglycerin was detected only in 
the study area and not in either of the background areas, this is 
important evidence of exposure to munitions related contaminants.

Section 3.3.5 has been updated to include information on our analytical 
results and discussion of nitroglycerin.

Discussion of nitroglycerin was included in Chapter 6.4.
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229 Fenix Grange, MS - HEER/09-

176-FG Makua Risk 
Assessment.pdf

Last sentence, page 3-15. The text refers to NW1 fd(STL) which had a 
j-f1agged detection of 0.057 mg/kg
RDX as a field duplicate for NW1(APPL) which was non-detect at 0.6 
mg/kg. However, looking at table 3-1, there is no fish sample named 
NW1. Looking at table 2-2 it appears that NW1fd is a field duplicate for 
NW4. Please clarify.

You are correct. The MRS has updated information on this topic.

230 Fenix Grange, MS - HEER/09-
176-FG Makua Risk 
Assessment.pdf

The data collected are suggestive, but not sufficient to conclude 
affirmatively that the RDX detection is a RDX "false positive". Was the 
second column confirmation conducted on the sample as required by 
method 8230? If so, what was the result? The absence of a parallel 
detection of RDX in the primary sample (see above, probably NW4, the 
only other goatfish sample collected at that site) may be attributable to 
the higher reporting limit, as a similar detection in that sample would be 
more than 10X below the reporting limit. The "false positive" argument 
presented relies on bioconcentration from the water column as the only 
RDX Comment continued pathway to explain an RDX detection in fish. 
Goatfish forage in the sediments and could be coming in contact with 
localized release areas with solid phase particulates or higher  
dissolved phase concentration gradients in localized source areas, 
especially given that dissolution rates of explosives are extremely slow. 
This could result in localized exposures across the gills or through 
consumption of contaminated prey items, that would result in detections
the absence of bioaccumulation or water column detections at 
the detection limit of 0.5 mg/kg. The lack of detections in 
other fish species may be a result of differences in foraging 
behaviour between those species.

Of all the fish sampled, only one came up positive for RDX. It should be noted 
that the other Goatfish sample came up non-detect for RDX, as did all 
samples from other trophic levels. 

The BCFs are low for RDX, as referenced in Belden et al. 2005; Lotufo and 
Lydy 2005. 

Chapter 3.3.5 has been adjusted.
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231 Fenix Grange, MS - HEER/09-

176-FG Makua Risk 
Assessment.pdf

The discussion of perchlorate detections overlooks the fact that the 
highest perchlorate detection was 3.3.5 Perchlorate observed in the 
muliwai, which also had a disporportionate percentage of the overall 
detections (7/12:range 0.0012 -0.16 mg/kg) vs Nanakuli (1/4: only 
detection at 0.0012 mg/kg). The conclusion that "their presence in fish 
tissue in both background and Makua area locations suggests that 
there are likely multiple sources of perchlorate in these areas" is 
misleading. While there are clearly other sources of perchlorate, the 
reasonable conclusion about the muliwai is that it has been impacted 
by perchlorate from MMR activities.

There is no conclusive evidence about the source of these substances. There 
are a number of other potential sources that would contribute to perchlorate 
found in the muliwai. Nevertheless, the study concludes that there is a 
potential that military activities at MMR have contributed to the presence of 
these substances. 

232 Fenix Grange, MS - HEER/09-
176-FG Makua Risk 
Assessment.pdf

Footnote suggests all As [Arsenic] in fish tissue is organic, non-toxic 
form. Literature suggests up to 10% is inorganic.

We assumed that all arsenic was in the inorganic form, to avoid 
underestimating the risks. The footnote is correct because it is likely organic, 
but the TRVs and the risk assessment we conducted are based on inorganic 
arsenic. 

233 Fenix Grange, MS - HEER/09-
176-FG Makua Risk 
Assessment.pdf

Text assumes all [Arsenic] in Iimu is inorganic. This is likely to 
overestimate risk by 50% or so.

Yes, this is discussed in the nearshore Makua beach limu consumption 
section of Chapter 4.

Risk assessment is an imprecise science that uses very conservative 
assumptions in order to provide an extra measure of safety, and avoid under-
reporting the potential risk.

234 Fenix Grange, MS - HEER/09-
176-FG Makua Risk 
Assessment.pdf

The risk assessment assumes all limu arsenic exposures are 
inorganic, leading to a likely overestimation of risk. Similarly, arsenic in 
fish was assumed to be entirely nontoxic, when in fact, a fraction of the 
arsenic may be the more toxic inorganic form. Future studies that 
include arsenic as a COPC should include arsenic speciation to reduce 
uncertaintv in risk assessment.

We assumed that all arsenic was in the inorganic form, to avoid 
underestimating the risks. The footnote is correct because it is likely organic, 
but the TRVs and the risk assessment we conducted are based on inorganic 
"toxic"arsenic. 

Arsenic speciation was not required by the Settlement Agreement nor was it 
requested during review of the original Sampling and Analysis plan.

No additional testing of marine resources is anticipated as a part of this EIS. 
The Army is developing a long-term monitoring plan that will sample surface 
and groundwater. That long-term monitoring plan will be available for public 
comment when available.
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235 Dr. Barbara Brooks - HEER/09-

176-FG Makua Risk 
Assessment.pdf

Because of significant differences in uptake, trophic level, etc, any data 
summary, such as Table 3-1, and assessment should list the fish or 
biota species, so that appropriate comparisons can be made.

During the sampling period, we were unable to capture sufficient species for 
trophic level comparisons due to sample coposition and size; and in 
accordance with the SA, we were able to draw general conclusions about fish 
in general.

As a result of this situation we conducted two separate risk analyses on fish 
and limu; one using the mean and one using the maximum chemical 
concentrations. Shellfish, on the other hand, we only used the maximum value 
because in some circumstances we only had one detection. 

Nevertheless, the sampling and analysis we did were adequate to support the 
conclusions of the study.

236 Dr. Barbara Brooks - HEER/09-
176-FG Makua Risk 
Assessment.pdf

In order to compare risks between areas, it is necessary to use the 
same species. It is not apppropriate to compare tilapia results at 
Nanakuli with mullet, flagtail results in the muliwais. 

During the sampling period, we were unable to capture sufficient species for 
trophic level comparisons due to sample composition and size; and in 
accordance with the SA, we were able to draw general conclusions about fish.

As a result of this situation we conducted two separate risk analyses on fish 
and limu; one using the mean and one using the maximum chemical 
concentrations. Shellfish, on the other hand, we only used the maximum value 
because in some circumstances we only had one detection. 

Nevertheless, the sampling and analysis we did were adequate to support the 
conclusions of the study.

237 Dr. Barbara Brooks - HEER/09-
176-FG Makua Risk 
Assessment.pdf

Need a table describing the composition of the composites, including 
number, size and weight of fish in each composite. These data are 
visible in the field sheets, but hard to link to samples because the field 
notations don't reference the final sample naming.

This information is available in Table 2-2, Section 4.4.1, and are also found in 
the Appendix A data sheets.

238 Dr. Barbara Brooks - HEER/09-
176-FG Makua Risk 
Assessment.pdf

Discussion in the text about the fish compositing is inadequate, and 
does not describe what was composited and subseauently compared.

This information is available in Table 2-2, Section 4.4.1, and are also found in 
the Appendix A data sheets.
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239 Dr. Barbara Brooks - HEER/09-

176-FG Makua Risk 
Assessment.pdf

Text states that the overall risk is 7 x 10-5 for recreational fisherman 
exposed to the maximum COPC, but Table 4-8 reports the risk as 1 x 
10-5. Also, text states that incremental risks are due to dioxins/furans, 
but Table 4-8 reports the risks due to dioxins/furan for the recreational 
fisher as 5.49 x 10-11, clearly not a risk driver. See next comment on 
error in reporting TCDD equivalent concentrations.

The text is correct.  Table 4-8 has been updated and is now consistent with 
Table 5-7.

240 Dr. Barbara Brooks - HEER/09-
176-FG Makua Risk 
Assessment.pdf

There appears to be an error in the TCDD equivalent concentrations 
reported in Table 4-2. They are several orders of magnitude lower than 
the values reported in Table 5-7 for Nanakuli maximum concentrations 
(3.8 x 10-15 vs 3.8 x 10-9 mg/kg).Simiiarly, the maximum Sandy Beach 
TCDD equivalent concentration in Table 4 2 is reported as 1.7 x 10-13 
and 1.7 x 10-7 in Table 5-9. The risk estimates for human health 
should be recalculated using the correct concentrations.

Corrected tables have been included in the final report.

241 Ernesty Y. W. Lau/MRS_Wrap-
up 09.pdf

The report does not impact any of the Department of Accounting an 
General Services' projects or existing facilities, and we have no 
comments to offer at this time.

Thank you for reviewing the MRS.

242 Alec Wong, P.E., 
Chief/MRS_Wrap-up 09.pdf

The Department of Health (DOH), Clean Water Branch (CBW), has 
reviewed the subject document and offers no comments at this time.

Thank you for reviewing the MRS.

243 Dan Polhemus, 
Administrator/MRS_Wrap-up 
09.pdf

First, the DAR considers the choices of Nanakuli and Sandy beaches 
as background (control) sites to be questionable. Both of these areas 
have had or currently have military activities conducted there, with the 
Lualualei Naval Magazine located in Nanakuli valley. The past and 
present military activity in these areas makes these areas similar to 
MMR, therefore finding any differences would be difficult.

Section 2 of the MRS now contains a more detailed description of background 
selection.

244 Dan Polhemus, 
Administrator/MRS_Wrap-up 
09.pdf

DAR staff also concludes that sample size, organisms sampled, and 
sampling duration are questionable. Four samples of limu (marine 
algae) seems too small a sample size to make a definitive assessment.

Pre-sampling surveys identified the most abundant species at Makua and the 
control sites.  Those species collected were the species available in large 
enough quantities to conduct all analyses required by the SA.  

245 Dan Polhemus, 
Administrator/MRS_Wrap-up 
09.pdf

The targeted limu (waiwaiole (Codium edule) and manuea (Gracilaria 
coronopifoli), which the local residents eat, were not obtained. 

Even though the species collected were not edible, we used this limu because 
they were the only form available in the sampling area to conduct our 
analysis.

The best available scientific information suggests that the values we detected 
in limu collected at Makua are similar to other marine algal species.
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246 Dan Polhemus, 

Administrator/MRS_Wrap-up 
09.pdf

Two alien species (Acanlhopora spicifera and Sargassum mulicum), 
and an endemic species, (Sargassium polyphyllum), were analyzed as 
a composite to make up the four samples. Why were these limu not 
analyzed separately? 

We used a composite of all the limu species because their growth form 
prohibited the species from being easily separated. In fact, none of the 
species tested were edible, so they all equally stand in for edible species. 
Based on this fact, we used very conservative assumptions regarding the limu 
(i.e., all arsenic detected was the inorganic (toxic) form) to provide an extra 
measure of safety, and avoid under-reporting the potential risk. However, the 
actual risks are likely much lower than reported due to the lack of speciation 
of arsenic.  The ATSDR (2000) states that fish, seafood, and algae contain 
high concentrations of arsenic in the form of arsenobetaine and 
arsenocholine, referred to as "fish arsenic".  Fish arsenic has low toxicity to 
humans and is rapidly excreted in urine. 

247 Dan Polhemus, 
Administrator/MRS_Wrap-up 
09.pdf

Why were limu samples not obtained and analyzed from the 
background areas (Nanakuli and Sandy Beach)?

It may have been preferable to collect limu from background locations, but, 
this lack of background for limu does not change the actual risk. By not having 
a background site we are artificially attributing all the risk to the Makua area.

248 Dan Polhemus, 
Administrator/MRS_Wrap-up 
09.pdf

The limu that were analyzed as a composite are not a good 
representation of the limu that the local residents eat.

We used a composite of all the limu species because their growth form 
prohibited the species from being easily separated. In fact, none of the 
species tested were edible, so they all equally stand in for edible species. Due 
to this fact, we used very conservative assumptions regarding the limu (i.e., all 
arsenic detected was the inorganic (toxic) form) to provide an extra measure 
of safety, and avoid under-reporting the potential risk. However, the actual 
risks are likely much lower than reported due to the lack of speciation of 
arsenic.  The ATSDR (2000) states that fish, seafood, and algae contain high 
concentrations of arsenic in the form of arsenobetaine and arsenocholine, 
referred to as "fish arsenic".  Fish arsenic has low toxicity to humans and is 
rapidly excreted in urine. 

249 Dan Polhemus, 
Administrator/MRS_Wrap-up 
09.pdf

As far as organisms sampled, DAR fish tagging data has shown that 
certain fish travel long distances, so analyzing fish from MMR and 
Nanakuli could be similar to comparing fish from the same "school" 
(population) rather than discrete localities.

Only fish isolated in the muliwai at Nanakuli were collected for this study.  
Nearshore species with the freedom to travel long distances were collected 
from the Koko Head watershed (Sandy Beach area).

250 Dan Polhemus, 
Administrator/MRS_Wrap-up 
09.pdf

Our DAR biologists are also not clear as to why eels were not sampled. 
Eels are more residential than reef fish, are one of the top predators on 
a coral reef, and can easily be caught on hook and line or in traps.

Hook and line sampling and traps were used in an attempt to collect eels, but 
eels were not collected. 
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251 Dan Polhemus, 

Administrator/MRS_Wrap-up 
09.pdf

Finally, DAR concludes that the sampling duration was too short. Why 
was sampling only conducted over a limited timeframe (August 2-24. 
2006 and September 29-0ctober 10, 2008)? Cost should not be an 
excuse or limiting factor when trying to determine if human health is at 
risk. The sampling duration should have occurred for at least a year or 
two, to sample the areas during the wet (winter) season(s) and the dry 
(summer) season(s). This is due to the fact that the organism 
composition both in the muliwai (stream mouth) and nearshore area 
changes during the different seasons. Some organisms will only be 
found during a certain time of year and may not be there during the 
limited sampling timeframe. For example, limu may be present during 
the wet season and not during the dry season.

The sampling was scientifically sound and defensible, and sufficient to satisfy 
the requirements of the settlement agreement and provided sufficient 
information for the EIS. The Army will also conduct long-term monitoring.

252 Melva Aila/MRS_Melva 
Aila09.pdf

You cannot use Nanakuli muliwai and Sandy Beach as test sites and 
compare these sites to Makua muliwai and beach. It is a ludicrous 
comparison! All of these sites have had military impacts and are 
polluted.

Historically, there has been a broad spectrum of impacts across the island of 
Oahu. Military training in Hawaii is ubiquitous historically, to include training on 
other islands such as Molokai, Maui, and Hawaii island; therefore, we 
selected the sites on a scientifically valid basis using EPA guidelines. 

A background site should represent "background" conditions which would 
include all anthropogenic inputs, excluding live-fire military training, and all 
natural exports (e.g., ocean circulation).  There are no live-fire military 
activities at either background site. 

253 Melva Aila/MRS_Melva 
Aila09.pdf

In Makua there are no industrial facilities, housing developments, 
sewage outfalls, MSW landfills, petroleum storage tanks, or golf 
courses. There is only live-fire training and a military landfill of 
unexploded ordnances and contaminated soils from open burn and 
open detonation sites, These sites encompass the whole Makua Valley 
which includes Koiahi and Kahanhaili. The Marine Resource Study is 
flawed.

There are no industrial facilities, sewage outfalls, housing developments, golf 
courses, landfills (to include unexploded ordnance landfills) or petroleum 
storage tanks located at MMR. The Army has not used MMR for live-fire 
training since 2004, and only a small portion of MMR was used for open burn 
and open detonation.

254 Melva Aila/MRS_Melva 
Aila09.pdf

Malama Makua and Hui Malama O Makua has asked the Army two 
years ago not to use the Sandy Beach and Nanakuli Muliwai as test 
sites. The recommended to use pristine locations such as an outer 
island where no military or human impacts were present. The Army did 
not listen.

Greater discussion regarding background site selection has been added to 
Chapter 2.2 of the MRS.
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255 Melva Aila/MRS_Melva 

Aila09.pdf
When did you do the sampling is a key factor? Heavy rains and 
erosion occurred in the winter months. Did you do any sampling then? 
In December heavy runoffs, streams flowing into the ocean, sealife 
eating whaterver comes down. Did you do any sampling in December, 
January, or February?

The Army did conduct surface water sampling after the heavy rain events in 
December 2008. Sampling the fish after such events would not produce 
different results because the substances bioaccumulate in the fish over time, 
and a spike would not be expected to occur after a heavy rain event.

More information on the surface water sampling results is found in the EIS.

256 Melva Aila/MRS_Melva 
Aila09.pdf

Our health is very important to us. The Army is also concerned about the health of all the people who live in 
Hawaii. 

257 Melva Aila/MRS_Melva 
Aila09.pdf

There was not enough samples found for the testing. It could be the 
people you hired didn't know how to catch the sealife or it shows the 
sealife resource has been impacted by the military's cantaminants. 60+ 
years ago, the resources were plentiful and easy to collect.

During the sampling period, we were unable to capture sufficient species for 
trophic level comparisons due to sample composition and size; and in 
accordance with the SA, we were able to draw general conclusions about fish. 
The sampling and analysis we did were adequate to support the conclusions 
of the study.

The study does point out several areas where marine resources contain 
substances associated with possible military training activities, or other natural 
or anthropogenic sources. There is no conclusive evidence about the source 
of these substances. Nevertheless, the study concludes that there is a 
potential that military activities at MMR have contributed, or could contribute in 
the future to the presence of these substances.

It is unfortunate that fisheries around Makua have declined. This is also 
indicative of fisheries world-wide and is primarily a function of overfishing and 
widespread pollution, a trend that is likely to continue as the population of 
humans continues to increase.

258 Melva Aila/MRS_Melva 
Aila09.pdf

Can you honestly say that 60+ years of Military live fire training has had 
little impact on the Makua marine resources?

There is some potential for past and future release of substances from 
activities at MMR. However, the low levels of most substances detected 
during these investigations support the position that if 60 years of live-fire 
training has not resulted in significant detectable levels of most substances in 
the area, then future live-fire activities at MMR would be expected to be 
likewise insignificant.

259 Melva Aila/MRS_Melva 
Aila09.pdf

Where in the report does it say that the marine resources in the 
nearshore waters and muliwai are safe to eat? It does not because it is 
not in the report.

The Hawaii Department of Health has reviewed the study.
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260 Melva Aila/MRS_Melva 

Aila09.pdf
All the substances, found could only come from one source, the Army's 
60+ years of occupation and military use.

It is noted that the substances found within marine resources could be 
attributed to training activities, but is also attributable to natural and 
anthropogenic sources from elsewhere on Oahu.

261 Melva Aila/MRS_Melva 
Aila09.pdf

Now is the time for the Army to admit and tell the truth, that Military live 
fire training has severely contaminated our marine resources and land.

Results of this the study shows that military activities may be a source of the 
substances found within the Makua area but that many other anthropogenic 
sources have also contributed to the marine environment.  Therefore 
substances detected in marine resources can not be solely attributed to 
military activities.  In addition, the study did not find that the level of 
substances found within the Makua muliwai and nearshore areas were 
substantially (significantly) different from background conditions.

262 Melva Aila/MRS_Melva 
Aila09.pdf

Live fire training must cease and the Army needs to remove 
contaminants from the soils and in our nearshore waters, and muliwai.

Upon authorization to resume live-fire training at MMR, the Army would 
evaluate the potential impacts from the proposed training by conducting a 
long-term monitoring program to detect if there is a potential for substances to 
migrate off the installation and into the Mākua nearshore and muliwai areas. 
Further details are found in the executive summary and in Section 6.8.

263 Melva Aila/MRS_Melva 
Aila09.pdf

There's a statement that says that this report has not provided any 
definitive evidence that links military training to resource 
contaminations

It is correct that the study does not show definitive evidence that links military 
training to substances detected in marine resources

264 Melva Aila/MRS_Melva 
Aila09.pdf

This report also do not definitively exclude the possibility that such 
substances in the fish, shellfish, and limu are a result of activities 
conducted  at MMR

Your statement is also correct.

265 Melva Aila/MRS_Melva 
Aila09.pdf

The Army cannot use this report to come up with justifying its three 
conclusions.

The conclusions of the study are set out in Chapter 6 and are justified by the 
data.

266 Melva Aila/MRS_Melva 
Aila09.pdf

Army be responsible, tell the truth, admit that live fire training and open 
burn and open detonations has contaminated our marine resources. 
Then be a good neighbor and clean up the contaminants and return 
Makua Valley back to the community.

The Army will undertake a long-term program to monitor for substances at 
MMR.

In accordance with the requirements of the 2001 SA, before finalizing a long-
term program to monitor for these detected substances, the Army will provide 
a 60-day public comment period on the scope of and protocol for such 
monitoring.
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126 David Henkin/ Meeting 

transcripts - 2009 Feb 11
We were concerned that activities in the past had resulted in 
contamination of the land that would flow down through the streams or 
the ground water or the air and end up in the nearshore areas where 
keiki play in the muliwai, where people gather food to put on their 
family's table, and we were concerned that if additional military training 
happened in the future that, likewise, those ill-health effects would 
continue and the cumulative effects of years of use would take their 
toll.

Comments from the Hawaii DOH state, "Overall, the DOH believes that the 
data supports the conclusion that proposed military activities are anticipated 
to have little influence on contaminant levels in marine resources in the 
Makua nearshore and mulawai areas."

127 David Henkin/ Meeting 
transcripts - 2009 Feb 11

And so we wanted to make sure that as part of the environmental 
impact statement there would be a thorough, scientific, and credible 
analysis of whether these concerns were justified.

The EIS incorporates the MRS, and thereby satisfies many of these concerns. 

128 David Henkin/ Meeting 
transcripts - 2009 Feb 11

So we would like a good study, a scientific study, a credible study to 
give the military's activities a clean bill of health in terms of the effect 
on these resources.

The MRS is a credible study and meets the requirements of the SA. It does 
not, however, give the military's activites a "clean bill of health." As discussed 
in the study, the source of substances found in marine resources could also 
be attributable to natural or other anthropogenic sources.

129 David Henkin/ Meeting 
transcripts - 2009 Feb 11

"...we have so far is a flawed study,…" The MRS is a credible study and meets the requirements of the SA. This 
study was developed and conducted with the utmost scientific integrity, which 
have resulted in scientifically defensible conclusions.

130 David Henkin/ Meeting 
transcripts - 2009 Feb 11

But before even getting into those details, even with a flawed study, we 
have a study that says that there are significant carcinogenic risks to 
eating various of these marine resources that are beyond the EPA 
levels, and that there are significant non-carcinogenic risks.  And then 
we have an effort by the Army to soft-pedal these risks that come from 
a flawed methodology, but nonetheless show risk by saying that, as 
compared to the highly polluted areas off of the urbanized streets of 
Nanakuli and as compared to the sewage out-flow at Sandy Beach, 
these resources at Makua are no worse than those.

The assumptions (Table ES-1) should be considered when evaluating the 
risks reported in the MRS. Furthermore, the human health risk assessment 
was conducted and reported such that the reader could evaluate the risk 
associated with resources at Makua and the background sites independently 
or by comparing differences between the two sites.  By evaluating the risks 
separately, the reader can make assessment without being concerned with 
the level of contamination at the background site. 

Comments from the Hawaii DOH state, "Overall, the DOH believes that the 
data supports the conclusion that proposed military activities are anticipated 
to have little influence on contaminant levels in marine resources in the 
Makua nearshore and mulawai areas."

131 David Henkin/ Meeting 
transcripts - 2009 Feb 11

So, number one, the Army has to stop putting spin on the results of its 
study and must admit that military activities at Makua in the past have 
contaminated resources…

In the report, the Army acknowledges that although this and other reports 
have not provided any definitive evidence that links military training to 
substances detected in marine resources, it is also possible that such 
substances may be a result of past activities conducted at MMR, or more 
likely by other natural or anthropogenic sources on Oahu.
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132 David Henkin/ Meeting 

transcripts - 2009 Feb 11
Because it may be because the people who put together the study are 
not from here and therefore are not familiar with this area, but we need 
to bear in mind that since World War II everything that has happened 
mauka, on the mountainside of Farrington Highway at Makua has been 
military.

The nature of the environment we are tasked to study (i.e., ocean water) is a 
moving, dynamic environment. This characterization of the migration of 
contamination in a marine environment is overly simplistic.

133 David Henkin/ Meeting 
transcripts - 2009 Feb 11

Have past military activities contaminated the resources on which 
people rely for subsistence at Makua?  The answer to that question is:  
Yes.  It's not a:  No, there's no incremental risk because compared to 
the other polluted areas on the island, it's no worse. The answer is:  As 
compared to the pristine areas, we have human input of contaminants 
that is poisoning your food supply.

In the report, the Army acknowledges that although this and other reports 
have not provided any definitive evidence that links military training to 
substances detected in marine resources, it is also possible that such 
substances may be a result of past activities conducted at MMR, or more 
likely by other natural or anthropogenic sources on Oahu.

The study clearly points out both the overall risk and the incremental risk 
when background is taken into account. Finally, the study now contains a 
more complete description of the process used to select background sites, 
and explains why a pristine site on another island was not used.

134 David Henkin/ Meeting 
transcripts - 2009 Feb 11

…all of the analysis of risk is done with reference to pollution by 
humans, environments that are polluted by humans.  So rather than 
compare Makua, which but for the military's presence would not have 
all of these human sources of pollutants, with a pristine watershed, 
one, you know, maybe, like looking at the water quality off of Kaena 
Point, further up the coast where you don't have the water coming 
down from the military and affecting activities at Makua, they look at 
Nanakuli, they look at Sandy Beach, and there is scientific justification 
for that.

The nature of the environment we are tasked to study (i.e., ocean water) is a 
moving, dynamic environment. This characterization of the migration of 
contamination in a marine environment is overly simplistic. 

Greater discussion of the Army's process for selecting background sites is 
found in Section 2.2 of the MRS.

135 David Henkin/ Meeting 
transcripts - 2009 Feb 11

…what are the background conditions in the absence of military 
activities at Makua… the things that if the Army had not carried out its 
training at Makua and did not carry out that training in the future, would 
nonetheless be present in the food supply.  We don't have any of that 
information, we don't have any of that data.

The wide range of sources, both natural and anthropogenic, of all the 
substances analyzed in this study make it highly unlikely that a study could be 
devised that could "uniquely attribute" the presence of these substances to 
military activities. Had there been no military presence in Makua it is 
reasonable to assume that the Makua watershed would have been developed 
similiarly to the surrounding watersheds.

136 David Henkin/ Meeting 
transcripts - 2009 Feb 11

Now, it's very important that they claim that the conditions that they're 
analyzing at Nanakuli and Sandy Beach are the ambient conditions… 
but there's no data to back that up.

Greater discussion of the Army's process for selecting background sites is 
found in Section 2.2 of the MRS.
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137 David Henkin/ Meeting 

transcripts - 2009 Feb 11
There's no reason to believe that contaminants that wash down into 
the nearshore areas from urbanized Nanakuli come up this coastline 
and get into Makua Bay.  Our experts tell us that that bay has very little 
circulation, that the studies that have been done indicate that those 
waters do not exchange with the waters down the coast, at least that's 
not what the available data indicate.        

Current direction and speed data are available at the Naval Research 
Laboratory Global Ocean Analysis and Modelling website 
(http://www7320.nrlssc.navy.mil/global_nlom32/navo/arc_list_HAWSP1_ZOO
M.html). These data suggest that waters from the Nanakuli area move toward 
Makua at least seasonally.

The marine resources study has been updated to reflect this information. It 
should be noted that Dr. Rensel acknowldges that there are currents along 
the leeward shore where Makua is located (page 10 Dr. Resel Review of the 
Marine Resources Study, 13 March 2009). Dr. Rensel is presumably one of 
the experts referred to in this comment.

138 David Henkin/ Meeting 
transcripts - 2009 Feb 11

And if you want to do a responsible study, a study as was required by 
court order, but more importantly, by agreement between Malama 
Makua and the Army, before you make an assumption that these 
pollutants are ubiquitous, you actually need to do some current studies, 
some other inquiry to find out whether or not that's the case.  So you're 
making very false comparisons between the results you get at Makua 
and the results you're getting in these polluted areas and saying that 
there's no difference, and that if the Army weren't there you'd still have 
pollution.

Information on the currents that exist around Hawaii are readily available to 
the public. Additional current studies were not required for the Army to 
complete our evaluation. The best available scientific information has been 
used to evaluate the results of the required studies. 

Globally, studies suggest that many of the substances found at Makua are 
also found in remote regions far from their anthropogenic sources (see 
Exectuve Summary, and Section 3.3.6 of the MRS).

All studies required as part of the SA and EIS have been conducted. The 
MRS now has a revised and expanded section on the choice of background 
sites. 

The MRS does not present false comparisons, but rather has as its focus, the 
substances detected at Makua. The report clearly finds that there is the 
potential that at least some of the substances originate with Army activity.

139 Vince Dodge/ Meeting 
transcripts - 2009 Feb 11

…test sea life that we eat or that are long-term nearshore residents, 
like the puhi, the eel, like limu pe'al pe'a, a short nobby limu that grows 
on the east shore on the flat papa reef, the Hawaii wana, which is the 
collector sea urchin, which lives offshore and seems to be a really 
good indicator of the filthy kind of pollution.  None of these three, and 
they were all suggested, were tested.  So I think in order to make it the 
best study, we need to test some of those creatures that would give us, 
I think, good results with indications.

We have complied with the mandate to collect fish, limu, shellfish, and other 
organisms on which residents rely for subsistence. Those species collected 
were the species available in large enough quantities to conduct all required 
analyses.

Hook and line sampling and traps were used in an attempt to collect eels, but 
eels were not collected. 
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140 Vince Dodge/ Meeting 

transcripts - 2009 Feb 11
…it does not make very much sense to me that the Nanakuli muliwai, 
which is makai of the highway and so it gets the runoff from all that 
traffic and from up mauka and Nanakuli Valley, would be a good 
comparison for Sandy Beach, which also gets a lot of traffic and then 
does have the sewage out-fall 400 meters offshore, except that it's a 
great fallback to explain why there would be contamination in Makua.

Section 2 of the MRS now contains a more detailed description of background 
selection.

141 Vince Dodge/ Meeting 
transcripts - 2009 Feb 11

So it seems to me that it would make really good sense to test, as a 
background, some place that's clean. If you tested a pristine place and 
you came up with a whole bunch of contamination, then we could say, 
wow, I guess that's just the way it is in the Hawaiian islands, you know, 
this is normal, so we don't have to worry, but now that information is 
really cloudy.

Section 2 of the MRS now contains a more detailed description of background 
selection.

142 Vince Dodge/ Meeting 
transcripts - 2009 Feb 11

There's a time and a season…that…we want to test, like, after the big 
rains because that's when you get the washed out …  that's when you 
get the topsoil leaving the Valley, you know, there's contaminants in 
that Valley from military activity over the last 60 years.  

The Army did conduct surface water sampling after the heavy rain events in 
December 2008. Sampling the fish after such events would not produce 
different results because the substances bioaccumulate in the fish over time, 
and a spike would not be expected to occur after a heavy rain event.

More information on the surface water sampling results is found in the EIS.

143 Vince Dodge/ Meeting 
transcripts - 2009 Feb 11

We know that, we know the hot spots in 1992, that the Halliburg 
study… did show that there were these hot spots, and the hot spots 
weren't there in 2000 when they went for the fire remediation study, 
they were going to concoct hot soil for that study. So contaminants are 
moving, they're changing.  It would be really important to know, you 
know, are they moving downstream, which seems pretty likely, or are 
they being taken up by the plants or, you know, what's going on with 
them, you know.  

The study that the reviewer refers to is likely the phytoremediation study that 
the Army conducted.

As outlined in the hydrogeologic assessment of the SDEIS (Appendix G), and 
summarized in Chapter 3 of the EIS. The Army used all the available data 
from this and other studies as part of evaluating the impact of "hot spots" (like 
the OB/OD site) on marine resources.

144 Vince Dodge/ Meeting 
transcripts - 2009 Feb 11

…the testing was done in the summer, and the testing was done in late 
September, early October, you know, we just had a huge rain in 
December, like now would be a good time to test, now would be a 
really good time to test, we strongly encourage you to go back and test 
some of those creatures now.

The Army did conduct surface water sampling after the heavy rain events in 
December 2008. Sampling the fish after such events would not produce 
different results because the substances bioaccumulate in the fish over time, 
and a spike would not be expected to occur after a heavy rain event.

More information on the surface water sampling results is found in the EIS.
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145 Vince Dodge/ Meeting 

transcripts - 2009 Feb 11
…follow up on some of the red flags.  The arsenic in the limu was way, 
way, way high, I don't understand the numbers but it was way, way, 
way, high, and it's like, is that inorganic or organic, one that's supposed 
to be harmful to us, one that isn't?  Can we please have a follow-up so 
we know what this thing is?...it's very incomplete information.

Without reference to a background site we do not know if the risks at Makua 
are elevated above the risks at background locations. The actual risks are 
likely much lower than reported due to the lack of speciation of arsenic.  The 
ATSDR (2000) states that fish, seafood, and algae contain high 
concentrations of arsenic in the form of arsenobetaine and arsenocholine, 
referred to as "fish arsenic".  Fish arsenic has low toxicity to humans and is 
rapidly excreted in urine.  

We used conservative assumptions by assuming that all arsenic in limu was 
the toxic "inorganic" form.  In order to provide an extra measure of safety, and 
avoid under-reporting the potential risk. As a result, it is important to consider 
the narrative as well as the numbers themselves. The conclusions section of 
the report attempts to summarize the findings while conveying our 
interpretation of what they actually mean.

146 Vince Dodge/ Meeting 
transcripts - 2009 Feb 11

In one of the composite fish samples there was RDX, and RDX is a 
contaminant that is generated by munitions, and that contaminant was 
not found in the fish samples from Sandy Beach, it was only found in 
Makua, and they downplayed in the report as a, quote, unquote, "false 
positive due to laboratory contamination."  Well, I got to ask, you know, 
first of all, what kind of laboratory?  There was a number of those 
statements, laboratory contamination made.  What kind of laboratory is 
being used to do this testing, number one, and then you call it a false 
positive, like this is the stuff that, like, is critical.

False positive and false negative results are often unavoidable.  For that 
reason all laboratory results are carefully evaluated within the context of the 
sampling location and the analytical procedure. The study does not discount 
most of its results. The few instances of possible false positives were 
explained. It should be noted that the BCFs are low for RDX, as referenced in 
Belden et al. 2005; Lotufo and Lydy 2005. 

Finally, all the labs used were certified and followed EPA proceedures.

147 Vince Dodge/ Meeting 
transcripts - 2009 Feb 11

To make this study better is to go back and go catch more of those fish 
and enough of them so you don't have to do a composite, which as I 
understand is when you combine all of them, you know, but to test 
them one-by-one and see if we get a different picture of what the 
contamination levels are.

Compositing is a proceedure that EPA risk assessment guidelines (Guidance 
for Assessing Chemical Contaminant Data for Use in Fish Advisories, Volume 
1, Fish Sampling and Analysis) allows. All composites were individuals of the 
same species, with the exception of tilapia. 

The study met the requirements of both the SA and the EIS. It demonstrated 
the possible connection between military activities at MMR and the 
substances detected in the Marine Resources.
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148 Vince Dodge/ Meeting 

transcripts - 2009 Feb 11
One thing that I didn't get from reading was whether they were testing 
the whole fish or just parts of the fish because we know as fish eaters, 
I mean how many people like to eat fish heads?  I like to suck their 
heads, man, it tastes good, and I like to eat the liver, I like to eat the 
heart, you know, we know that in the na'au, those parts, the 
contamination tends to settle in those in greater concentrations.  So, 
you know, what part was tested is really important and really critical.

In conducting the study, fisherman were assumed to eat fish whole, and not 
remove the skin, head, gonads, or gastrointestinal tract. Therefore, whole fish 
samples from the sites were analyzed (see Chapters 5.10.2 and 4.6).

149 Fred Dodge/ Meeting 
transcripts - 2009 Feb 11

But, basically, we spoke strongly against the control areas that were 
used, that is Nanakuli muliwai, which the locals call "stink pond", which 
is a good description, highly contaminated, and then the Sandy Beach 
area, which I understand had a military base near there during World 
War II, and also there's a sewage out-flow further out in the ocean.  So 
it's not the best one, and I can only say, again, that you need to go to 
more pristine places, areas in the North Shore of Kauai have been 
mentioned, North Shore of Molokai, even Kaena Point would be an 
improvement or some of the North Shore areas on Oahu.  So this 
needs to be redone.

Section 2 of the MRS now contains a more detailed description of background 
selection.

150 Fred Dodge/ Meeting 
transcripts - 2009 Feb 11

Again, high arsenic levels in limu need to have a further test.  Even 
though there's some evidence that arsenic is in the organic form, which 
is nontoxic, we don't know for sure, it could be in the inorganic form 
which is very toxic.  

We used conservative assumptions by assuming that all arsenic in limu was 
the toxic "inorganic" form.  In order to provide an extra measure of safety, and 
avoid under-reporting the potential risk. However, the actual risks are likely 
much lower than reported due to the lack of speciation of arsenic.  The 
ATSDR (2000) states that fish, seafood, and algae contain high 
concentrations of arsenic in the form of arsenobetaine and arsenocholine, 
referred to as "fish arsenic".  Fish arsenic has low toxicity to humans and is 
rapidly excreted in urine.  

151 Fred Dodge/ Meeting 
transcripts - 2009 Feb 11

And we also need to know what type of limu was used. Table 2-2 identifies the species of limu used for analysis.  

152 Fred Dodge/ Meeting 
transcripts - 2009 Feb 11

When you say you're going to do something, you're going to test these 
chemicals you should get enough specimens.  You've got to go back, if 
you don't get enough you go back, you don't get enough, talk to locals, 
get people who will know, who will help you find these specimens, it 
could have been a much better study, and it should have been a much 
better study. So lack of adequate sampling, lack of adequate testing.

The sampling was scientifically sound and defensible, and sufficient to satisfy 
the requirements of the settlement agreement and provided sufficient 
information for the EIS. The Army will also conduct long-term monitoring.

153 Fred Dodge/ Meeting 
transcripts - 2009 Feb 11

The comparisons to contaminated control areas, it's not good. Section 2 of the MRS now contains a more detailed description of background 
selection.
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154 Fred Dodge/ Meeting 

transcripts - 2009 Feb 11
…the heavy rains and flooding that occurred in …  damaged the roads 
in Makua,…brought down much soil and dirt, …and contamination of 
those washed out grounds, they headed to the ocean… is the time to 
test the muliwais and the ocean and get the right number of fish and 
the right type of fish, please, please do it again.

While sampling during the rainy could increase the concentration of 
substances transported from the watershed, it could also dilute the 
concentration.  The highest concentrations of water soluable compounds 
would be expected to occurr at the end of the dry season when evaporation 
has reduced the amount of water in the muliwai thereby concentrating 
dissolved as well as suspended substances.

The Army did conduct surface water sampling after the heavy rain events in 
December 2008. Sampling the fish after such events would not produce 
different results because the substances bioaccumulate in the fish over time, 
and a spike would not be expected to occur after a heavy rain event.

More information on the surface water sampling results is found in the EIS.

155 Fred Dodge/ Meeting 
transcripts - 2009 Feb 11

So my take on what I've looked at in this new study is that it basically 
has the same flaw as the 2007 study, which generated the new study 
which, by the way, started on September 29th, 2008.

We agree that the 2008 information was incorporated using the same 
methodology and assumptions as the previous study.

156 Fred Dodge/ Meeting 
transcripts - 2009 Feb 11

…we need to know what kind of arsenic is in  the limu. Arsenic speciation was not required by the Settlement Agreement nor was it 
requested during review of the original Sampling and Analysis plan.

157 Fred Dodge/ Meeting 
transcripts - 2009 Feb 11

But the non-carcinogenic, or noncancerous hazard from eating the 
same thing was also elevated greater than background, and that would 
be shellfish, fish…
The metals that were found in excessive amounts, hazardous 
quotients greater than one, aluminum… there's chromium, cobalt, 
copper, iron, led, manganese, selenium, vanadium… and zinc, and 
these were the ones from the south muliwai shellfish tissue, that's why 
the shellfish comes up as a contaminated species in Makua so often.  
As far as the nearshore, from the ocean now, there's arsenic, 
cadmium, chromium, cobalt, copper, iron, selenium, and zinc.

The COPCs that indicate incremental hazards for metals are listed in Table 
ES-3 of the MRS.

158 Bill Prescott/ Meeting 
transcripts - 2009 Feb 11

You know, you talk about all these contaminants in Makua, yet there is 
no evidence of the consequences as a result of this contamination.  I 
haven't heard any. People are still fishing and eating all that fish.

The Hawaii Department of Health has reviewed the study.
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159 Bill Prescott/ Meeting 

transcripts - 2009 Feb 11
Pollutants and whatever contaminants you can find in Makua can be 
treated, and they can be neutralized.

Thank you for your comment.

160 William Aila/ Meeting 
transcripts - 2009 Feb 11

In the analysis of the study so far, there's no evidence of any current 
studies or wave studies that can back up the conclusion that the 
pollution that's measured in the muliwai or in the neutral waters can be 
coming from someplace else.

The MRS now references existing, publically available,  research and data 
that address currents around Hawaii. This information has been incorporated 
into the executive summary of the study.

161 William Aila/ Meeting 
transcripts - 2009 Feb 11

There's a big flaw in the study, you didn't catch enough samples, you 
didn't find enough samples, so why did you stop?

Samples were collected in accordance with a window of time prescribed in the 
SAP. Despite extensive efforts, there was not enough biomass available for 
collection in order to obtain sufficient biomass for analyses. Note that 
observers were present during sampling events and no objections were 
raised regarding insufficient biomass.

162 William Aila/ Meeting 
transcripts - 2009 Feb 11

Why didn't you keep fishing?  Why didn't you sample throughout 
different periods like when the wana is fat, when the wana is fat, guess 
what, if there are political potential chemicals of concern, guess what, 
it's going to be accumulated in a much higher.  …But there was no 
accommodation for testing during the certain times of the season, 
although they did bring that up, I do remember them bringing it up in 
2006.

The sampling and analysis plan (SAP) was available for a 60 day public 
review and comment period. The Army conducted its study in accordance with 
the SAP and with Settlement Agreements.

163 William Aila/ Meeting 
transcripts - 2009 Feb 11

…the study isn't comprehensive enough, the study has no analysis of 
cumulative impacts nor the interactions of multiple contaminants.  
Guess what?  The draft study still does it.

In addition, the risk assessment also takes into account interactions, for 
example, Table 4-15 demonstrates the risk of consuming marine resources 
and demonstrates the effect of the various substances consumed over time. 
Chapter 4, in determining human risk, assumes long-term and steady 
consumption of these resources, not just occasional contact.

164 William Aila/ Meeting 
transcripts - 2009 Feb 11

The sample engineer did not take into consideration at the time that 
individual species have the higher fat content…

The MRS did not look at all seasonal variation, this was beyond the scope of 
the study. Nevertheless, the MRS met the requirements of the SA to identify 
the potential for contamination from military activities at MMR. It also provides 
information required for the EIS.
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165 William Aila/ Meeting 

transcripts - 2009 Feb 11
The control site should be in a pristine area.  And we gave examples in 
2006, like the north side of Molokai because there was no Army 
training there, like the Na Pali Coast, and we had people that said:  
Well, you know it's got to be kind of like the same, it's got to have a 
white sand beach, and it's got to have reef offshore fish, all of those 
locations have valleys, white sand beach and fish offshore, and certain 
times of the year they have muliwai, too.  The only difference is they 
never had any military training. …if you're going to make the 
comparisons of the impacts of military training in an area, you should 
compare it to an area that hasn't been used for military training.

Section 2 of the MRS now contains a more detailed description of background 
selection.

166 William Aila/ Meeting 
transcripts - 2009 Feb 11

Nanakuli, they can tell you, they had soldiers back over here in the 
1940s, that's why the homesteaders up here, when they're digging in 
the yard, they find grenades and other things.

Section 2 of the MRS now contains a more detailed description of background 
selection.

167 William Aila/ Meeting 
transcripts - 2009 Feb 11

I don't know who you consult, but Sandy Beach, guess what?  1940s, 
they had military bivouacs back over there, so there was a military 
impact to those sites.  So it's not a fair comparison.

The Army is not aware of any live-fire activities that occurred at Sandy Beach 
since WWII. For further information on the process we used to select 
background sites, please see Section 2 of the MRS.

168 William Aila/ Meeting 
transcripts - 2009 Feb 11

There is no discussion or invitation that Tetra Tech was given 
information regarding the open burn and open detonation activities that 
occurred in Makua.  Of course there's a good chance that there's 
PCBs there and there's metals, because what happens when you burn 
contaminated diesel or jet fuel?  You get chemicals like that, you get 
chemicals like dioxins, you get those things and the open burn and 
open detonation, I can tell you the recordkeeping was pretty bad.

The Army used all the available data from this and other studies as part of 
evaluating the impact of "hot spots" (like the open burn/open detonation 
(OB/OD) site) on marine resources.

Information on the results of this sampling are discussed Appendix G of the 
SDEIS, and are summarized in the Final EIS.

These substances are also attributable to both natural sources and other 
human sources around Oahu. PCBs and dioxins, for instance, are also found 
as outfall from the many industrial and commercial activities that are located 
all along the Waianae coast.
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169 William Aila/ Meeting 

transcripts - 2009 Feb 11
So when they ask you what the health effects are you tell them you got 
arsenic, but they don't tell you what kind?

Arsenic speciation was not required by the Settlement Agreement nor was it 
requested during review of the original Sampling and Analysis plan.

We used conservative assumptions by assuming that all arsenic in limu was 
the toxic "inorganic" form.  In order to provide an extra measure of safety, and 
avoid under-reporting the potential risk. However, the actual risks are likely 
much lower than reported due to the lack of speciation of arsenic.  The 
ATSDR (2000) states that fish, seafood, and algae contain high 
concentrations of arsenic in the form of arsenobetaine and arsenocholine, 
referred to as "fish arsenic".  Fish arsenic has low toxicity to humans and is 
rapidly excreted in urine.  

170 William Aila/ Meeting 
transcripts - 2009 Feb 11

…Tetra Tech is very careful to say that, although this report and other 
reports have not provided any definite evidence that links military 
training to resource contamination, these reports also do not 
definitively exclude the possibility that the military activities could 
contribute to the pollution.

Thank you for your review. The report does not exclude the possibility that 
military activities contribute to substances detected in marine resources.

171 William Aila/ Meeting 
transcripts - 2009 Feb 11

So in the report, buried someplace in the middle, is a statement that 
says those scientists, to the best of their ability, cannot tell you:  Yes 
that there's hazards, and cannot tell you:  No that there's not hazards.  
But the spin, and I challenge every one of you to go read that second 
poster board over there, the conclusions never mention that statement, 
it just mentions that we think that it's safe, we don't think that the 
military's use of Makua has contributed to any of those chemicals, and 
there's a long list, go get it, there's a long list of dioxins, there's a long 
list of metals, there's a long list of other chemicals that have been 
reported in the fish, in the limu, in the haukeuke that, until today, our 
tutus go down there to eat.

The best available scientific information has been used to evaluate the results 
of the required studies.

Results of this the study shows that military activities may be a source of the 
substances found within the Makua area but that many other anthropogenic 
sources have also contributed to the marine environment.  Therefore 
substances detected in marine resources can not be solely attributed to 
military activities.  In addition, the study did not find that the level of 
substances found within the Makua muliwai and nearshore areas were 
substantially different from background conditions. The MRS clearly describes 
the risk associated with eating the marine resources.
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172 Vanda Hanakahi/ Meeting 

transcripts - 2009 Feb 11
…that there's no indication that consultation was ever made between 
cultural practitioners and the military because if there was a 
consultation process, then you would have been very aware of the 
seasons, the Hawaiian seasons, that if you did your studies during a 
dryer period, the fish would be different, the limu would be different and 
the kai. Our Kapuna knew when the hala is pala, momona kawana, 
kau ka he'e.  They knew that, and so there are seasons and those 
seasons determine whether the marine, you know, the fishes spawn or 
they were fat or it was time to harvest.

In fact, the SAP was available for a 60 day public review and comment period. 
The Army conducted its study in accordance with the SAP and with 
Settlement Agreements.

173 Vanda Hanakahi/ Meeting 
transcripts - 2009 Feb 11

What part of the fish did you study, was it po'o, was it the hi'u, was it 
the head or was it the tail, because the head is where all of the 
chemicals are concentrated, in the na'au.

In conducting the study, fisherman were assumed to eat fish whole, and not 
remove the skin, head, gonads, or gastrointestinal tract. Therefore, whole 
finsh samples from the sites were analyzed (see Chapters 5.10.2 and 4.6).

174 Vanda Hanakahi/ Meeting 
transcripts - 2009 Feb 11

…we want to see the situation remedied through a process of 
consultation with the community and practitioners and that a more 
careful, culturally appropriate study be done.

In fact, the SAP was available for a 60 day public review and comment period. 
The Army conducted its study in accordance with the SAP and with 
Settlement Agreements.

175 Leimana DaMate/ Meeting 
transcripts - 2009 Feb 11

The health of the native Hawaiian people are directly connected to the 
health of the natural resources, and in our studies in the last three, five 
years, maybe, we have come to believe, through the 43 moku in the 
State of Hawaii that each moku is special, each moku is site specific 
with distinct geographic properties.

The Army understands that the Moku is unique and special. The health of all 
citizens in the state of Hawaii is important, and we agree is directly related to 
the health of our natural resources.

176 Leimana DaMate/ Meeting 
transcripts - 2009 Feb 11

…incorporate the Native Hawaiian science into the western science. Although the EIS does take note of culture concerns and customs; the MRS 
was conducted using standard scientific methodology.

177 Leimana DaMate/ Meeting 
transcripts - 2009 Feb 11

We've been working with a lot of the native Hawaiian health 
practitioners in the last three years, and although they were asked to 
come to the hearing, they are more ma'a, they're more comfortable in 
talking in smaller groups, they don't like to come out to a big public 
hearing, but they have a lot of information to share.

It is unfortunate that native Hawaiian health practicioners did not provide their 
input to the study. There were opportunities to comment in other forms outside 
the large meeting group (mail, email, phone, facimile), and we hope that 
everyone who wished to comment took advantage of these opportunities.

178 Leimana DaMate/ Meeting 
transcripts - 2009 Feb 11

…during the certain seasons… the currents run different ways, and if 
there are any pollutants that come down it's not only going to affect 
Makua, it's going to go all the way down to the harbor, and then all the 
way around to Kaena Point. It depends on the season, it depends on 
what's going on in nature.

You are correct. In addition, pollutants originating from Waikiki, Campbell 
Industrial Park, Ala Wai Canal, and other industrial areas from around Oahu.
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179 Leimana DaMate/ Meeting 

transcripts - 2009 Feb 11
Makua is a very special and distinct ecosystem.  When you do the 
comparative studies on Nanakuli and Sandy Beach, you are working 
with different moku that has different properties, different geographical 
properties.  Sandy Beach is nowhere close to what Makua is, it's a 
whole different moku and it's on the other side of the island.  So where 
you may see a similarity, the Hawaiian people will see it in a different 
perspective.

The Army understands that the Moku is unique and special. A greater 
discussion regarding the Army's background site selection process has been 
added to Chapter 2.2 of the MRS.

180 Leimana DaMate/ Meeting 
transcripts - 2009 Feb 11

The study, we feel can be stronger, it can be better if you're able to 
connect with the native Hawaiian cultural practitioners of the Waianae 
area and talk to the Kapuna and let them tell you exactly what happens 
… you know, what spawns in the ocean is the exact same thing is 
harvesting in the mountain. What happens on the land affects the 
ocean all the way out and vice versa, and it's not only right here, it's all 
along the coast.

Although the EIS does take note of culture concerns and customs; the MRS 
was conducted using standard scientific methodology.

The whole point of the study is to determine if there is a land-water 
connection.

181 Leimana DaMate/ Meeting 
transcripts - 2009 Feb 11

We didn't see any references, in your reference portion, of what native 
Hawaiian cultural practitioners, expert lawai'a and mahi'ai, were 
consulted and they're the ones that can tell you when the wana is fat, 
which is the best delicacy, when the ha ha'uke'uke is fat, and when 
that's fat, what is the native endemic plant that is blooming at the top of 
the mountain or within the mountain?

In fact, the SAP was available for a 60 day public review and comment period. 
The Army conducted its study in accordance with the SAP and with 
Settlement Agreements.

182 Albert Silva/ Meeting 
transcripts - 2009 Feb 11

The military has gone, I feel, personally feel, beyond their expectations. Thank you for your review of the MRS.

183 Dr. Kit Glover/ Meeting 
transcripts - 2009 Feb 11

I'm just wondering if it would be possible to do a public health study 
comparing the health and the length of life of the people who use 
Makua and who fish there and who eat the fish, with people in some 
really controlled part of the island.

A study such as the one you mention is possible. It was not the scope of the 
Army's evaluation as determined in settlement agreements.

184 Dr. Kit Glover/ Meeting 
transcripts - 2009 Feb 11

Then another question I have is the appropriateness of continuing to 
use Makua for military training.  Is the topography of Makua so much 
like the topography of Iraq or Afghanistan or anywhere else where we 
have military or expect to have military, that they couldn't find a place 
that doesn't have the cultural connections that Makua does for the 
training?

The EIS considers an alternative location (Alternative 4) and discusses 
several other possible alternatives to training at MMR.

185 Dr. Kit Glover/ Meeting 
transcripts - 2009 Feb 11

And, finally, let us remind the military that there was a promise made 
that, I think it was in 1942, that as soon as the war is over, all of you 
people that we pushed out of Makua Valley can come back.

The Army presents a brief history of the Mākua land transaction in Section 1.1 
of the EIS. The long-term status of MMR and legal title to it are beyond the 
scope of this marine resources study.
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186 Ioane Hoomanui/ Meeting 

transcripts - 2009 Feb 11
…help the whole Valley presented before you in a holistic, accurate 
information to be presented to all people, not just to serve one needs 
or another needs but for all needs.

The EIS takes a hard look at many areas of the affected environment, and is 
available for public review.

187 Carl Jellings Meeting 
transcripts - 2009 Feb 11

…this last year I was up testifying on the dump, and we surrounded a 
school of fish right off Kahe Point about three weeks ago, and me and 
my son came down with the meanest ear infection that I ever had in my 
life, you know, it was unbelievable, and it's right in front of the dump we 
were fishing. And the gentleman talked about Ulehawa, you know, we 
took pictures of all the trash there and wrote letters to the editor about 
Ulehawa stream.  We're concerned about the whole coastline, for all of 
it, the initial ones.

Ear infections are not related to munitions constituents or military activity in 
any way. Ear infections are typcially caused by viruses or bacteria.

188 Carl Jellings Meeting 
transcripts - 2009 Feb 11

…from Makua I feed tens of thousands of people every year.  So when 
I ask you, is it safe what I'm feeding the people?

This is an understandable concern for people who rely on fish in this area. 

The human health risk assessment was conducted and reported such that the 
reader could evaluate the risk associated with resources at Makua and the 
background sites independently or by comparing differences between the two 
sites.  

The Hawaii Department of Health has reviewed the study.

189 Carl Jellings Meeting 
transcripts - 2009 Feb 11

I want to know that the people that I love, the Kona crab that I catch in 
the sand, right off shore, right off where you guys go, what we're 
talking about tonight, is it safe for my loved ones to eat?

The human health risk assessment was conducted and reported such that the 
reader could evaluate the risk associated with resources at Makua and the 
background sites independently or by comparing differences between the two 
sites.  

The Hawaii Department of Health has reviewed the study.

190 David Henkin/ Meeting 
transcripts - 2009 Feb 11

…there was no attempt to differentiate between organic arsenic and 
inorganic arsenic.  The assumption apparently was made that it's 
inorganic arsenic that was tested, that was found, and, therefore, toxic, 
and therefore, the risk, if anything, was, in some cases, perhaps, over, 
you know, over-represented, and that's not a good study either.

We used conservative assumptions by assuming that all arsenic in limu was 
the toxic "inorganic" form.  In order to provide an extra measure of safety, and 
avoid under-reporting the potential risk. 

The actual risks are likely much lower than reported due to the lack of 
speciation of arsenic.  The ATSDR (2000) states that fish, seafood, and algae 
contain high concentrations of arsenic in the form of arsenobetaine and 
arsenocholine, referred to as "fish arsenic".  Fish arsenic has low toxicity to 
humans and is rapidly excreted in urine.  
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191 David Henkin/ Meeting 

transcripts - 2009 Feb 11
You know, the questions, and we've paraphrased them up there and 
I'm a lawyer so I'll rely on the words of our two settlement agreements, 
not one.  One in October 2001 and a second one in January of 2007, 
where we said that the Army would have to do a study to determine 
whether or not the resources on which the residents of this coast rely 
for subsistence, the limu, the shellfish, the fish, whether they're 
contaminated, whether they're harmful, and we just want the truth.

The study points out that the Army found substances within the marine 
resources (fish, limu, shellfish) around MMR. 

The SA required the Army to "evaluate the potential activites at MMR have 
contributed or will contribute to any such contamination, and whether the 
proposed training activities at MMR pose a human health risk to area 
residents that rely on Marine Resources for subsistence." 

The report, in the Executive Summary and the Results and Conclusion 
sections, based on all influences in the environment, identifies potential health 
risks associated with substances found within the Makua area and 
background areas.

It is noted that the substances found within marine resources could be 
attributed to training activities, but is also attributable to natural and 
anthropogenic sources from elsewhere on Oahu.

The Hawaii Department of Health has reviewed the study; and their comments 
are incorporated into this docoument.

192 David Henkin/ Meeting 
transcripts - 2009 Feb 11

So a study that is conservative and tells us that things are more 
dangerous than they really are has direct effect on the mental health of 
the people of this coast and is going to have potentially effect on their 
ability to use resources, and it's as inconsistent with the agreement that 
we have as a study that under-represents a threat…

The human health risk assessment was conducted and reported such that the 
reader could evaluate the risk associated with resources at Makua. The 
Hawaii Department of Health has reviewed the results of this study.

193 David Henkin/ Meeting 
transcripts - 2009 Feb 11

…we need a scientifically rigorous and accurate study that has 
transparencies and has accuracy, so that people will know whether 
they can eat the limu, whether they can eat the fish, whether they can 
eat the crab, it's that simple.

The Hawaii Department of Health has reviewed the results of this study.

194 David Henkin/ Meeting 
transcripts - 2009 Feb 11

And if the study soft-pedals the risk or over-emphasizes the risk, it's 
equally in violation of the settlement agreement because the settlement 
agreement isn't about making the Army look good or bad, it's about 
getting accurate information to the people of this coast, of this island 
and of this state, of what it means to have resumption of military 
activities at Makua and what the effects of past activities at Makua 
have been.

The single goal of the study was to answer the questions of the SA and 
provide a report that is scientifically accurate and defensible, within the the 
constraints of the SA.
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195 David Henkin/ Meeting 

transcripts - 2009 Feb 11
In the past it's been very helpful, and when the Army has been willing, 
to post those transcripts on a website, preferably during the comment 
period, so that people can take a look at those comments and make 
sure that they accurately reflect what they said, or in some cases what 
they meant to say because when you get behind a microphone 
sometimes you'd be amazed at what things comes out of your mouth. 
And so I'm sure what the Army would like to know is what the people 
meant to say…

Any transcripts produced will be handled In accordance with the settlement 
agreement.

196 David Henkin/ Meeting 
transcripts - 2009 Feb 11

…it's that these concerns have been raised before and in many cases 
up until now the Army has said: We note your concern.  But they 
haven't actually responded to it.

The Army has consistently addressed the concerns of the residents of the 
region.

197 David Henkin/ Meeting 
transcripts - 2009 Feb 11

Now, before the public comment period happened tonight, I had a 
conversation with David Howlett in which he indicated that the Army 
was considering actually doing some studies of the currents along the 
Waianae Coast of the interaction in the water to see whether, in fact, 
contaminates, more urbanized areas of Oahu might get up to Makua, 
or what the actual situation was with respect to that…that's something 
that, from the get-go, our experts were saying is essential. Because 
you cannot assume that the contamination you find at Makua is 
ubiquitous…

The MRS now references existing, publically available,  research and data 
that address currents around Hawaii. This information has been incorporated 
into the executive summary of the study.

198 David Henkin/ Meeting 
transcripts - 2009 Feb 11

…that if there are new studies, the public, my client and everyone on 
the Waianae Coast has a right to a public review of those before you 
finalize the study.

The Army has, and will continue to comply with the terms of the various 
settlement agreements.

199 David Henkin/ Meeting 
transcripts - 2009 Feb 11

If they're saying that Sandy Beach is a background level, if they're 
saying that Nanakuli is a background level, then why is it that in many 
cases the levels at Makua are substantially and significantly less of 
various contaminants than Nanakuli and Sandy Beach?

Sandy Beach was selected as a background site in which we obtained 
background levels. Chapter 2 of the Marine Resources Study has been 
updated to include the Army's selection process of background sites. We 
summarized in the above comments why these sites were selected.
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200 David Henkin/ Meeting 

transcripts - 2009 Feb 11
Unless somehow military training activities or something magical about 
Makua sucks up contaminants and cleans the water, then, by 
definition, these are not ambient conditions of the water but rather a 
reflection of the fact that there are different inputs of contaminants in 
different places, which gets back to the request that we made on the 
original study plan and then on the original draft and now on this draft, 
that you actually look at some pristine areas, some areas where there 
are not human input of contaminants, and try and determine whether, 
based on good studies to determine where those areas would be.

Section 2 of the MRS now provides a more in-depth discussion on 
background selection.

201 David Henkin/ Meeting 
transcripts - 2009 Feb 11

Dr. Deenik, who studies soils and understands what it is to do a 
control, he says:  Quote, "there's always, in any kind of study, a 
controlled group and an effected group." And then he says:  "I don't 
think the study needed to select a control within the Waianae Coast." 
So here's someone who actually studies soils throughout the state and 
so, as far as natural input from natural sources would know what those 
are, and he says Molokai would be a good place to go:  Quote, "Same 
type of sediments in east Molokai as Makua.  Similar, at least make a 
comparison."  So let's go to some of those non-contaminated areas to 
do our study.

Section 2 of the MRS now provides a more in-depth discussion on 
background selection.

202 David Henkin/ Meeting 
transcripts - 2009 Feb 11

…we're told that arsenic levels are not from the military, there's a 
statement in the study in response to concerns about the failure to do 
more inquiry on arsenic, this is on page 6 of the response to 
comments:  Quote, "the Makua researcher's study concluded that the 
activities at Makua likely did not contribute to the arsenic detected in 
fish and limu."  Well, where did we get that from?  There's nothing in 
the study that suggests that. In fact, if you look at table 4-3, which is 
the level of arsenic in shellfish tissue, in the nearshore areas of Makua, 
that model is 26.4 milligrams per kilogram.  

We recognize that there is a potential that the source of arsenic could be from 
past military activities at Makua. It is more likely that the arsenic detected is 
from natural or other anthropogenic sources.
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203 David Henkin/ Meeting 

transcripts - 2009 Feb 11
Well, if Hawaii's waters just generally have the same level of arsenic 
everywhere, then why is the level in Makua shellfish 24, 25 times 
higher than at Sandy Beach?  So, clearly, there's got to be some 
reason for that, and the study doesn't answer the question.

Near shore shellfish samples at Sandy beach consisted of helmet urchins 
only. Helmet urchins collected at Makua (MNS-03) had very similar arsenic 
concentrations as the helmet urchin samples from Sandy beach. Sample 
MNS-05 indeed shows a higher arsenic level, however, it was composed of 
an entirely different species, the Kona crab, which may retain arsenic within its 
tissue differently than helmet urchins.

Although it would been preferable to collect the same species at both sites, 
the species that were available were collected within our sampling period. 

204 David Henkin/ Meeting 
transcripts - 2009 Feb 11

So, there are all of these possible human sources of input that could 
account for this radical difference between the amount of arsenic that's 
shown off of the beaches of Makua versus Sandy Beach.  You never 
talked about it, you never get into it, we don't know the answers to that.

In fact, the MRS does cite possible sources of human input for Arsenic. This 
can be found in the Executive Summary, Section ES-8.

205 David Henkin/ Meeting 
transcripts - 2009 Feb 11

When we talked about this two years ago, your draft study said that 
you knew which limu you had gathered down to the genus level but not 
the species.  That was problematic in and of itself because the whole 
purpose of the agreement was to find out whether or not the limu that 
people eat is contaminated.  And just because it's in the same genus 
doesn't mean it's actually the same kind that people eat.  And so we 
raise that as a concern that you didn't necessarily even test the limu 
that people eat.

Even though the species collected were not edible, they were the only species 
available at Makua at the time of sampling. We used this limu because it was 
the only form available in the sampling area to conduct our analysis.

The best available scientific information suggests that the values we detected 
in limu collected at Makua are similar to other marine algal species.

206 David Henkin/ Meeting 
transcripts - 2009 Feb 11

…study says we don't even know what genus it's from, we know it's 
seaweed, but we have no idea what it is.  So in the future we'll try and 
do better, when we do long-term monitoring after we return to training 
at Makua, we'll do better.  Well, if you can do better, then you need to 
do better, and if you're unable to do better you should talk to coastal 
practitioners, who I assure you can tell you what types of limu people 
eat and can help you gather it in a responsible manner and let you test 
it.

The Army is preparing a long-term monitoring plan that will be available for the 
public to review. If a substance were identified during monitoring, the Army 
would conduct further analysis to verify the detection. If the identified 
substance were detected above the USEPA acceptable risk level, then the 
Army would take appropriate action to correct the situation and prevent or 
minimize the potential for the substance to be released into the muliwai or 
nearshore areas of Mākua. In accordance with the requirements of the 2001 
SA, before finalizing a long-term program to monitor detected contaminants, 
the Army would provide a 60-day public comment period on the scope of and 
protocol for such monitoring.
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207 David Henkin/ Meeting 

transcripts - 2009 Feb 11
So, you know, first you need to gather the right kind of limu.  Then, you 
didn't have to gather limu from anywhere else in the State of Hawaii to 
see whether the highly elevated levels of arsenic are naturally 
occurring, again your poster board says:  "Naturally occurring in some 
limu, but not all limu."  Well, let's gather the same limu somewhere that 
is not contaminated by human activities in Hawaii.

Even though the species collected were not edible, they were the only species 
available at Makua at the time of sampling. We used this limu because it was 
the only form available in the sampling area to conduct our analysis. 

The SA does not state which organisms must be collected. Limu sampled in 
the Marine Resources Study was identified to species by specialists at Bishop 
Museum. The best available scientific information suggests that the values we 
detected in limu collected at Makua are similar to other marine algal species.

The intent of this report was to evaluate the contribution of munitions 
constituents to the local environment by firing activities at MMR.  Without a 
background comparison, this would be impossible to do, especially for many 
of the ubiquitous, non-military unique substances that the SA stipulated.  The 
lack of background for limu doesn't change the actual risk, but it does change 
the amount that can be inaccurately attributed to the site.  However, the actual 
risks are likely much lower than reported due to the lack of speciation of 
arsenic.  The ATSDR (2000) 
states that fish, seafood, and algae contain high concentrations of 
arsenic in the form of arsenobetaine and arsenocholine, referred to as 
"fish arsenic".  Fish arsenic has low toxicity to humans and is rapidly 
excreted in urine.  

208 David Henkin/ Meeting 
transcripts - 2009 Feb 11

And I would respectfully suggest that, although I'm not a scientist, the 
limu that they gather off of Antarctica and the limu that they gather off 
of Makua are different species of limu and undoubtedly have different 
characteristics.

The reference to the study of Marine Algae in Antarctica is an indication that 
the levels found at Makua are not necessarily all inorganic arsenic. This 
literature was all that was available and we took into account the fact that 
Antarctica is a different environment and the "limu" there is much different.
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209 David Henkin/ Meeting 

transcripts - 2009 Feb 11
In conclusion, our agreement is a good study, a scientifically rigorous 
study that will tell us whether the fish, shellfish, limu and other marine 
resources on which the people of this coast relies for subsistence have 
been contaminated, whether any of that contamination is due to military 
activities and whether future military activities are likely to contribute to 
additional contamination of a human health threat.  I respectfully 
submit that you don't know what limu you've looked at, you've got lousy 
background comparison sites, and it's just not good science.

The human health risk assessment was conducted and reported such that the 
reader could evaluate the risk associated with resources at Makua and the 
background sites independently or by comparing differences between the two 
sites. The Hawaii Department of Health has reviewed the study.

The study does note that the substances found within marine resources could 
be attributed from training activities, but they are also attributable to natural 
and anthropogenic sources from elsewhere on Oahu.

We did not collect the edible limu. The lack of background for limu doesn't 
change the actual risk, but it does change the amount that can be inaccurately 
attributed to the site. 

We have included greater discussion of the Army's background site selection 
process in Section 2.2 of the MRS.

The MRS is a credible study and meets the requirements of the SA. This 
study was developed and conducted with the outmost scientific integrity, 
which have resulted in scientifically defensible conclusions.

210 David Henkin/ Meeting 
transcripts - 2009 Feb 11

So please do the studies, please listen to the comments and please 
come back with studies that actually take a hard look at the situation, 
and I assure you that if, after doing that, and it's a clean bill of health, 
we will all raise a glass with you, but we need to know whether the food 
that people put on their table is safe.

The MRS is a credible study and meets the requirements of the SA. It does 
not, however, give the military's activites a "clean bill of health." As discussed 
in the study, the source of substances found in marine resources could also 
be attributable to natural or other anthropogenic sources.
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211 Sparky Rodriguez/ Meeting 

transcripts - 2009 Feb 11
The study indicates that the contamination is also in Nanakuli and 
Sandy Beach, does that indicate that the military's contamination has 
traveled that far, has it polluted the entire coast?

The study does not indicate that substances from military activities at MMR 
has traveled as far as Nanakuli and Sandy Beach. In fact, information on the 
currents at MMR indicates that transport is toward Kaena Point and away from 
the rest of Oahu. To the extent that there is some clockwise movement of 
currrent around the island, as indicated by Dr. Rensel, it is possible that some 
substances traveled from MMR to Sandy Beach and then continued to 
Nanakuli. By the same token, however, some of the substances detected 
could have originated from other locations on Oahu, and traveled to MMR, 
such as contaminants  travelling from Nanakuli to Makua.  In any event, the 
substances found at the reference locations are entirely att ributable to either 
natural sources (e.g. volcanic rocks) or common sources of pollution in an 
urbanized area (e.g., runoff from roads, automobile exhaust, industrial 
chemical use, etc.) There is no evidence to suggest any widespread 
contamination from military activities.

212 Sparky Rodriguez/ Meeting 
transcripts - 2009 Feb 11

The other thing, Dr. Carson was talking, and she mentioned something 
about air transporting a lot of the contamination.  So as downwinders 
from Schofield, has that added to our contamination on this side, on 
this coast?  And it raises the next question, the next step in this 
process may end up having to be testing us, what levels of 
contamination have we accumulated?

Contaminants can be transported by wind and water great distances. Your 
load of contaminants is going to be an accumulation of these multiple 
exposure points.

213 Sparky Rodriguez/ Meeting 
transcripts - 2009 Feb 11

I walk my grandson through some of the ponds near Makua looking at 
the fish, and he's licking my hand because the salt.  I'm thinking:  
What's in that, is this safe, what's he going to look like when he grows 
up?

The human health risk assessment was conducted and reported such that the 
reader could evaluate the risk associated with resources at Makua and the 
background sites independently or by comparing differences between the two 
sites.  The best available scientific information was used in assessing the 
human health and ecological risks assessments. The Hawaii Department of 
Health has reviewed the study.

214 Sparky Rodriguez/ Meeting 
transcripts - 2009 Feb 11

Some of the constituents there change us genetically, some of it is 
cancer-causing, some of it will end up affecting our reproductive 
systems. What is he going to be like when he reaches age, maturity, 
how is it going to affect his thought process, his thinking ability, how is 
it going to affect the generation after him?

The human health risk assessment was conducted and reported such that the 
reader could evaluate the risk associated with resources at Makua and the 
background sites independently or by comparing differences between the two 
sites.  The best available scientific information was used in assessing the 
human health and ecological risks assessments. The Hawaii Department of 
Health has reviewed the study.
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215 Sparky Rodriguez/ Meeting 

transcripts - 2009 Feb 11
So what we're asking is for honesty, we want to know, if there's 
problems, let's find out, let's put it all on the table, let's work it out. If 
cleanup is what it's going to take, then clean it up.

The Army is preparing a long-term monitoring plan that will be available for the 
public to review. If a substance were identified during monitoring, the Army 
would conduct further analysis to verify the detection. If the identified 
substance were detected above the USEPA acceptable risk level, then the 
Army would take appropriate action to correct the situation and prevent or 
minimize the potential for the substance to be released into the muliwai or 
nearshore areas of Mākua. In accordance with the requirements of the 2001 
SA, before finalizing a long-term program to monitor detected contaminants, 
the Army would provide a 60-day public comment period on the scope of and 
protocol for such monitoring.

216 Sparky Rodriguez/ Meeting 
transcripts - 2009 Feb 11

But first we need to find out, and what I see up there we're finding out 
more than we did before, more contamination has left Makua, gotten 
into the ocean, but there's one piece that's missing, the ko'a, the coral, 
which is the base food supply for a lot of the reef fish, the uhu eats the 
coral, makes the sand, becomes part of that cycle.  

We did not sample coral, but we sampled many other marine resources 
higher on the food chain that are more subjected to bioaccumulation.  In 
addition, the Settlement Agreement mandated that the Army determine 
whether marine resources which area residents rely on for subsistence, are 
contaminated.   Coral are not consumed by area residents for subsistence.

217 Sparky Rodriguez/ Meeting 
transcripts - 2009 Feb 11

Needs to expand a little bit more, more needs to be covered.  Consider 
the health study for the Waianae Coast.

The Army conducted a study in accordance with all the requirements of 
settlement agreements.

218 Kapua Keliikoa-Kamai/ 
Meeting transcripts - 2009 Feb 
11

You know, we take a test, it's a snapshot in time.  You know, to do a 
real study you need to do recurring tests as a snapshot in each time.

The Army will undertake a long-term program to monitor for substances at 
MMR.

In accordance with the requirements of the 2001 SA, before finalizing a long-
term program to monitor for these detected substances, the Army will provide 
a 60-day public comment period on the scope of and protocol for such 
monitoring.
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219 Kapua Keliikoa-Kamai/ 

Meeting transcripts - 2009 Feb 
11

And I'm glad that Sparky brought up that one of the significant 
omissions of the study is the lack of a human sample.  Why haven't we 
sampled humans?  Yes, it would be hard because there are a whole 
bunch of input into each and every one of us that is not limited to 
Makua, but I would not be surprised that you could find people that 
subsist on the marine life of Makua.  And that you could limit your 
parameters to specific tests that would help you, and then you need to 
compare them to somewhere and somebody, because we're talking 
humans, to somebody who has had no impact with military training. 
The human factor needs to be studied here because, you know, 
marine life will affect us because we consume it, but it's about the 
human life, and how that could be omitted from a study that's 
supposed to protect us befuddles me.

The sampling of humans was not within the scope of the study.

220 Kapua Keliikoa-Kamai/ 
Meeting transcripts - 2009 Feb 
11

So the study needs to continue, it shouldn't have ever stopped, the 
study period should not be closed, the study should be recurring 
because now you have a baseline, you don't have the bottom line, the 
final line, you've just identified a baseline, so please continue the 
study.

The Army is preparing a long-term monitoring plan that will be available for the 
public to review.

221 Kapua Keliikoa-Kamai/ 
Meeting transcripts - 2009 Feb 
11

You know, when you perform a study or a test and you set those 
controls, environmental controls, parameters, control studies, the 
control samples, you're going to end up with the results that you 
wanted in the first place, and I think everybody  see that that's so 
transparent.  So I ask you to consider your study as being incorrectly 
closed, inadequately performed with inadequate results.

In fact, the SAP was available for a 60 day public review and comment period. 
The Army conducted its study in accordance with the SAP and with 
Settlement Agreements.
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