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Appendix C: ProUCL Output - Arsenic Bioaccessibility Data

General UCL Statistics for Data Sets with Non-Detects
User Selected Options
From File   Bioaccessibility ESDAT Files\D11122_Bioacc_ProUCL_12Mar09.wst
Full Precision   OFF
Confidence Coefficient   95%
Number of Bootstrap Operations  2000

Bioacc(%)

General Statistics
Number of Valid Observations 15 Number of Distinct Observations 15

Raw Statistics Log-transformed Statistics
Minimum 5.8 Minimum of Log Data 1.758
Maximum 41.5 Maximum of Log Data 3.726
Mean 19.88 Mean of log Data 2.816
Median 20 SD of log Data 0.64
SD 11.35
Coefficient of Variation 0.571
Skewness 0.559

Relevant UCL Statistics
Normal Distribution Test Lognormal Distribution Test
Shapiro Wilk Test Statistic 0.931 Shapiro Wilk Test Statistic 0.936
Shapiro Wilk Critical Value 0.881 Shapiro Wilk Critical Value 0.881
Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution
   95% Student's-t UCL 25.04    95% H-UCL 30.04
   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL 35.41
   95% Adjusted-CLT UCL 25.15  97.5% Chebyshev (MVUE) UCL 42
   95% Modified-t UCL 25.11    99% Chebyshev (MVUE) UCL 54.94

Gamma Distribution Test Data Distribution
k star (bias corrected) 2.471 Data appear Normal at 5% Significance Level
Theta Star 8.045
nu star 74.13
Approximate Chi Square Value (.05) 55.3 Nonparametric Statistics
Adjusted Level of Significance 0.0324    95% CLT UCL 24.7
Adjusted Chi Square Value 53.3    95% Jackknife UCL 25.04

   95% Standard Bootstrap UCL 24.62
Anderson-Darling Test Statistic 0.287    95% Bootstrap-t UCL 25.39
Anderson-Darling 5% Critical Value 0.744    95% Hall's Bootstrap UCL 25.34
Kolmogorov-Smirnov Test Statistic 0.116    95% Percentile Bootstrap UCL 24.57
Kolmogorov-Smirnov 5% Critical Value 0.223    95% BCA Bootstrap UCL 24.67
Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL 32.65

97.5% Chebyshev(Mean, Sd) UCL 38.17
Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL 49.03
   95% Approximate Gamma UCL 26.65
   95% Adjusted Gamma UCL 27.65

Potential UCL to Use Use 95% Student's-t UCL 25.04

Page 1 of 1 D11122_AppC_BioAccProUCL_31Mar09.xls
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 Appendix D - Laboratory Data Validation 

Specific elements relating to the data validation of the soil sampling data that have been checked and 
assessed for this project were: 

• Preservation and storage of samples upon collection and during transport to the 
laboratory in order to maintain sample integrity in accordance with AS4482.1-2005 
(Standards Australia, 2005) and Victorian EPA Publication 441 - “A guide to the sampling 
and analysis of waters, wastewaters, soils and wastes”; 

• Sample holding times to maintain sample integrity in accordance with AS4482.1-2005 
(Standards Australia, 2005) and USEPA SW846 (1998); 

• Use of appropriate analytical procedures in accordance with National Australian Testing 
Authority (NATA); 

• Required limits of reporting to be below applied guideline concentrations; 

• Frequency of conducting quality control measurements as defined in AS4482.1-2005 
(Standards Australia, 2005), National Environment Protection Measure (NEPM 1999) – 
“Guideline on data collection, sample design and reporting” and Victorian EPA Publication 
441; 

• Laboratory blank results which enable the measurement of incidental or accidental 
contamination within the laboratory; 

• Matrix spike recovery results in order to assess the effects of the sample matrix on the 
precision and accuracy of the analyses.  The desired matrix spike recovery range is 
between 70% - 130%; 

• Surrogate spike results in order to assess the accuracy of organic analyses that involve 
chromatographic techniques.  The desired surrogate recovery range is between 70% - 
130%; 

• Intra-laboratory duplicate results to assess the combined precision of sampling, sample 
preparation and analysis AS4482.1-2005 (Standards Australia, 2005); 

• Inter-aboratory duplicate results to assess the accuracy of the data generated by the 
primary laboratory in accordance with AS4482.1-2005 (Standards Australia, 2005); 

• Field rinsate equipment and trip blanks to be collected where applicable, to ensure that no 
cross contamination occurs during sampling and transport; and 

• The occurrence of apparently unusual or anomalous results, e.g. laboratory results that 
appear to be inconsistent with field observations or measurements. 

The following sections summarise the specific analytical data quality elements that were checked and 
assessed for this project. 
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Collection, Preservation, Transportation and Storage of Samples 

Samples were collected, preserved and transported by ENSR field staff and are considered to be 
representative of the conditions encountered during sampling. This sampling program was performed in 
accordance with AS4482.1-2005 Guide to the Investigation and Sampling of Sites with Potentially 
Contaminated Soil (Standards Australia, 2005) and under chain of custody protocols. Copies of the 
chain of custody documentation can be found with the NATA Certified Analytical Results provided within 
Appendix A.  

Holding Times 

Analysed samples were extracted and analysed within acceptable holding times as defined in Australian 
Standard (AS 4482.1-2005) and EPA Publication 441.7 - A Guide to the Sampling and Analysis of 
Waters, Wastewaters, Soils and Wastes (2000).   

Laboratories and Analytical Procedures 

In vitro bioaccessibility analysis was conducted by the centre for Environmental Risk Assessment and 
Remediation (CERAR), located at the Mawson Lakes Campus of the University of South Australia. A 
summary of the methods utilised is provided in the laboratory reports in Appendix B.  

Australian Laboratory Services Pty Ltd (ALS) and Labmark Pty Ltd (Labmark) (used by CERAR for 
arsenic analysis) used NATA accredited methods for the analyses undertaken (arsenic). The methods 
utilised are described in the laboratory reports (Appendix B). 

Required Limits of Reporting 

Generally acceptable limits of reporting (LOR) were provided by the analytical laboratory to allow the 
results to be compared against the adopted soil and groundwater quality objectives.  

Laboratory Method Blanks 

Laboratory method blank samples from the sampling program reported results that were lower than the 
laboratory LOR.  

Laboratory Duplicates 

The Relative Percent Difference (RPD) between analytical results for primary samples and their 
corresponding laboratory duplicates were generally within acceptable limits of 0-50%.  

Matrix Spike Recoveries 

The matrix spike recovery results can be found in the analytical laboratory reports and generally ranged 
within the data quality objective (DQO) range of 70% - 130%.  

Surrogate Spike Recoveries 

The surrogate spike recovery results can be found in the analytical laboratory reports and generally 
ranged within the DQO range of 70% - 130%.  

CERAR Internal Laboratory Control Samples 

Internal quality control (QC) procedures undertaken by CERAR included the analysis of two internal QC 
standard samples. These samples were referred to as QC03 and QC04 in the CERAR laboratory report.  
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The analytical results for these samples were within the acceptable range cited by the laboratory (see 
attached email). 

Duplicate Samples 

Eight (8) blind duplicate samples were collected as part of the bioaccessibility assessment (soil sampling 
program).  Duplicate samples were collected at a frequency greater than 1 duplicate sample per 20 
primary samples collected / analysed. A summary of the parent and duplicate sample identification 
numbers is provided below. 

Table 1: Summary of Duplicate Samples  

Parent Sample ID Duplicate Sample 
ID 

Laboratory 

SB02/2.5 QC01 CERAR (sent to LabMark) 

SB05/0.5 QC02 CERAR (sent to LabMark) 

SB02/2.5 SB02/2.5 CERAR (sent to LabMark) & ALS 

SB03/2.5 SB03/2.5 CERAR (sent to LabMark) & ALS 

SB04/1.0 SB04/1.0 CERAR (sent to LabMark) & ALS 

SB11/0.7 SB11/0.7 CERAR (sent to LabMark) & ALS 

SB13/0.2 SB13/0.2 CERAR (sent to LabMark) & ALS 

SB15/0.7 SB15/0.7 CERAR (sent to LabMark) & ALS 
 

RPD calculations for the blind duplicate samples and their corresponding primary samples are 
presented within Tables B1 and B2. The relative RPDs between the blind duplicates and their 
corresponding primary samples were within acceptable limits of 0-50% (or incalculable due to recorded 
concentrations below the laboratory limits of reporting).  

Equipment Rinsate Blanks 

Two (2) equipment rinsate blanks (QCA and QCB) were collected to ensure cross contamination 
between samples was not occurring due to insufficient decontamination of equipment used or supplied. 
The equipment rinsate blank results reported chemical concentrations below the LOR. 

Trip Blanks 

No trip blanks were collected during the soil sampling program as arsenic was the focus of the 
investigation. 

Occurrence of Anomalous Results 

No anomalous results were reported.  

Overall Assessment of Data Quality 

On the basis of the analytical data validation procedure employed and interpretation provided above, the 
overall quality of the analytical data produced is considered to be of an acceptable standard for 
interpretative use. 

 



Table D1
RPD Summary CERAR Data
Fortuna Defence Site, Bendigo, Victoria

SDG CERAR
Field 

Duplicate RPD CERAR
Field 

Duplicate RPD
Sample ID SB02/2.5 QC01 % SB05/0.5 QC02 %
Date Sampled 20/01/2009 20/01/2009 20/01/2009 20/01/2009

Chem_Group ChemNamUnits EQL
Metals Arsenic mg/kg 2 (Primary): 5  (Inte 765.0 750.0 2 805.0 760.0 6

*RPDs have only been considered where a concentration is greater than 5 times the EQL.
**High RPDs are in bold (Acceptable RPDs for each EQL multiplier range are: 30 (5-10 x EQL); 30 (10-30 x EQL); 30 ( > 30 x EQL) )
***Interlab Duplicates are matched on a per compound basis as methods vary between laboratories.  Any methods in the row header relate to those used in the primary laboratory

Page 1 of 1 D11122_TableD1_RPDsCERAR_19Mar091.xls



Table D2
RPD Summary CERAR and ALS Data
Fortuna Defence Site, Bendigo, Victoria

SDG CERAR
ALS (Interlab 

Duplcate) RPD CERAR

ALS 
(Interlab 

Duplcate) RPD CERAR
ALS (Interlab 

Duplcate) RPD CERAR
ALS (Interlab 

Duplcate) RPD CERAR
ALS (Interlab

Duplcate) RPD CERAR
ALS (Interlab 

Duplcate) RPD
Sample ID SB02/2.5 SB02/2.5 % SB03/2.5 SB03/2.5 % SB04/1.0 SB04/1.0 % SB11/0.7 SB11/0.7 % SB13/0.2 SB13/0.2 % SB15/0.7 SB15/0.7 %
Date Sampled 20/01/2009 20/01/2009 20/01/2009 20/01/2009 20/01/2009 20/01/2009 20/01/2009 20/01/2009 20/01/2009 20/01/2009 20/01/2009 20/01/2009

Chem_Group ChemName Units EQL
Metals Arsenic mg/kg 2 (Primary): 5  (Interlab 765.0 520.0 38 1450.0 1140.0 24 1500.0 1180.0 24 1900.0 1350.0 34 2400.0 1920.0 22 1400.0 1160.0 19

*RPDs have only been considered where a concentration is greater than 5 times the EQL.
**High RPDs are in bold (Acceptable RPDs for each EQL multiplier range are: 30 (5-10 x EQL); 30 (10-30 x EQL); 30 ( > 30 x EQL) )
***Interlab Duplicates are matched on a per compound basis as methods vary between laboratories.  Any methods in the row header relate to those used in the primary laboratory

Page 1 of 1 D11122_TableD2_RPDsCERARVsALS_10Mar09.xls
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Appendix E – Estimation of Homegrown Produce Intake  

E.1 Introduction 
For the assessment of chemical intakes and risks associated with ingestion of homegrown 
produce, four groups of produce were identified, i.e., below ground vegetables, leafy 
vegetables, vine crops, and fruits. In order to estimate chemical intakes via ingestion of each 
crop type, the following factors were required for each crop type: 

• The extent of arsenic uptake into the edible portions of each crop type; 
and 

• The ingestion rate of each crop type by relevant human receptors 
(specifically adult and child residents). 

The adoption and/or derivation of the above factors is further detailed below. 

E.2 Vegetable Uptake Factors 
The extent of arsenic uptake by each crop type was estimated using plant uptake factors for 
arsenic, which relate to the concentration of arsenic in the plant to the concentration in soil.  
Crop type-specific uptake factors were adopted from USEPA (1992), and are summarised in 
Table E1 below.   

The uptake factors published by USEPA (1992) are based on dry weight, and therefore must 
be converted to wet weight values, since crop ingestion rates are published on a wet weight 
basis. Dry weight uptake factors were converted to a wet weight basis assuming an 80% crop 
moisture content. 

It should be noted that the use of crop uptake factors is associated with a high degree of 
uncertainty, as many different factors can affect the manner in contaminants enter and are 
distributed within a plant.  Some of these factors include: 

• The nature of the relationship between chemical concentration in soil and 
the rate of plant uptake (e.g., linear, asymptotic, logarithmic). 

• The study conditions and growth matrix. 

• The distribution of contaminant between edible and non-edible portions of 
the plant. 

The uptake factors adopted have therefore been selected to provide a conservative estimate 
of likely arsenic uptake, based on review of available literature studies (USEPA, 1992), in 
order to provide indicative estimates of the potential for produce ingestion to contribute to 
overall health risks associated with the site.  However, the uncertainty associated with this 
method is noted, and it is recommended that site-specific assessment of contaminant uptake 
(e.g., based on measurements of contaminant levels in produce grown in the actual 
contaminated soil) be considered if contaminated soil is expected to be used as a growth 
medium for edible plants under a given land use scenario. 

E.3 Vegetable Ingestion Rates 
Ingestion rates for adult and child residential receptors were adopted from Langley and 
Sabordo (1996). Langley and Sabordo (1996) report adult ingestion rates of major food 
groups from the Victorian Nutrition Survey of Adults (Table 6 within Langley and Sabordo, 
1996), including itemised intake rates of various vegetable types.  However, the data do not 
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include an intake rate for fruit.  In contrast, Langley and Sabordo (1996; Table 3) report total 
vegetable and total fruit intake for children, but do not itemize child intake rates of different 
vegetable types.  In order to use the published data to estimates of produce intake for the 
crop types above, the following assumptions were adopted: 

• It was assumed that the ratio of total vegetable intake to fruit intake adults 
was the same as that reported for children (approximately 60:40 vegetable 
to fruit; see Table 3 within Langley and Sabordo, 1996). 

• It was assumed that the relative proportions of different vegetable types 
ingested by children was the same as that reported for adults (based on 
Table 6 within Langley and Sabordo, 1996). 

The adopted produce ingestion rates based on the above assumptions are summarised in 
Table E1.  

Table E1: Summary of Parameters Used to Estimate Uptake of Arsenic by Homegrown 
Crops 

Parameter Below ground 
vegetables 

Leafy vegetables Vine crops Fruit crops 

Included Crops Potatoes, carrots, 
onions, beets, 
turnips, parsnips 

Leafy green 
vegetables, 
lettuce, spinach, 
cabbage, broccoli, 
cauliflower 

Peas, beans, 
cucumbers, 
pumpkins, squash 

Tomatoes, 
strawberries, 
apples, melons 

Uptake factor 
(mg/kg dry weight 
crop / mg/kg soil) 
(USEPA, 1992) 

0.004 0.02 0.001 0.001 

Uptake factor 
(mg/kg fresh 
weight of crop / 
mg/kg soil) 

0.0008 0.004 0.0002 0.0002 

Intake rate – 
adults (g/day fresh 
weight) (Langley 
and Sabordo, 
1996) 

Potatoes: 59 

Carrots: 20 

Onions and leeks: 
10 
Turnips and 
parsnips: 6 

TOTAL: 95 

Leafy greens:14 

Cabbage, 
cauliflower etc: 26 
TOTAL: 40 

Peas and beans: 
30 

Marrow and 
pumpkin: 29 

Other: 21 

TOTAL: 80 

Tomatoes: 35 

Other fruits: 1091 

TOTAL: 144 

Intake – child 
(g/day fresh 
weight) 

53 23 45 81 
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E.4 Detailed Ingestion Rate Calculations 
E.4.1 Fruit consumed by adults 
According to Table 6 within Langley and Sabordo (1996), adult average vegetable intake 
includes 95 g of below ground vegetables, 40 g of leafy vegetables, 59 g of vine crops and 35 
g of tomatoes. Let ‘x’ represent the amount of fruit (other than tomatoes) consumed by an 
adult (in g/day). The total amount of fruit consumed is thus 35 + x, and the total amount of 
fruit and vegetables consumed is: 

95 + 40 + 59 + (35 + x) + 21 = 250 + x 

The proportion of fruit eaten to total fruit and vegetables consumed by children per day is 
81/202 = 0.401 (Table 3 within Langley and Sabordo, 1996). 

Assuming the reported child ratio applies to adult consumption, 0.401*(250 + x) = 35 + x 

Solving this equation gives x = 109 

Thus the total amount of fruit consumed per day is 35 + 109 = 144 g, and this consumption 
rate has been applied to further calculations. 

E.4.2 Vegetables consumed by children (by type)  
Children eat a total of 121g of vegetables per day (Table 3 within Langley and Sabordo, 
1996).  

According to the breakdown of vegetable consumption for adults, 44% of vegetables 
consumed are below ground vegetables, 19% are leafy vegetables and 37% are vine or other 
vegetables. Applying these ratios to children’s consumption,  

121 * 0.44 = 53 g/day below ground vegetables, 

121 * 0.19 = 23 g/day leafy vegetables, 

121 * 0.37 = 45 g/day vine or other vegetables. 

These consumption rates have been used for further calculations. 

E.5 References 
Langley A.J. and Sabordo L., 1996. Exposure Factors in Risk Assessment. In: The Health 
Risk Assessment and Management of Contaminated Sites, Proceedings of the Third National 
Workshop on the Health Risk Assessment and Management of Contaminated Sites, edited by 
A. Langley, B. Markey and H. Hill. Contaminated Sites Monograph Series Number 5. South 
Australian Health Commission, p. 137–190. 

USEPA, 1992. Technical Support Document for Land Application of Sewage Sludge - Volume 
1.  United States Environmental Protection Agency, Office of Water, EPA 822/R-93-001a, 
November. 
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Appendix F 

Statistical Testing - Bioaccessibility Data 

 

 



Appendix F: Statistical Testing of Bioaccessibility in Mullock vs Tailings Material

Mullock Tailings
13.5 21.6
28.6 29.3
11.8 14
20.8 5.8
41.5 6.8
26.8 6.1

20
12.6

39

F-Test Two-Sample for Variances

Mullock Tailings
Mean 23.83333333 17.24444444
Variance 120.8826667 130.1952778
Observations 6 9
df 5 8
F 0.928471975
P(F<=f) one-tail 0.489992726
F Critical one-tail 0.207541238

t-Test: Two-Sample Assuming Equal Variances

Mullock Tailings
Mean 23.83333333 17.24444444
Variance 120.8826667 130.1952778
Observations 6 9
Pooled Variance 126.6135043
Hypothesized Mean 0
df 13
t Stat 1.111023947
P(T<=t) one-tail 0.143342334
t Critical one-tail 1.770933383
P(T<=t) two-tail 0.286684667
t Critical two-tail 2.160368652

Page 1 of 1 D11122_AppF_BioAcc_t_test_24Mar09.xls
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Appendix G 

Derivation of Dermal Absorption Factor from ASLP/TCLP 

Data 

 

 



Appendix G1: Leaching Data Summary and Calculation of Leachable Fraction Estimates from ASLP/TCLP Data
Fortuna Defence Site, Bendigo, Victoria

Sample AEI Precinct Test Total As (mg/kg) Prefix Leachable (mg/L)

Leachable (mg/kg) 
(assumes 20 L 
leaching solution 
per kg soil) Leachable fraction

BH41/0.5
AEI M - north slope parade ground

 Army Precinct
A

792 0.6 12 1.52E-02

BH41/1.5*
AEI M - north slope parade ground

 Army Precinct
T

1,140
<

0.1 2 1.75E-03
BH34/0.5 AEI E - wash bay - kitchen Army Precinct A 884 < 0.1 2 2.26E-03
BH35/7.5 AEI M - parade ground Army Precinct A 2,340 < 0.1 2 8.55E-04
BH35/10.5 AEI M - parade ground Army Precinct A 3,280 1.2 24 7.32E-03
BH36/6.0 AEI M - parade ground Army Precinct A 1,260 < 0.1 2 1.59E-03
BH36/11.6 AEI M - parade ground Army Precinct A 717 1.3 26 3.63E-02
BH37/2.0 AEI M - parade ground Army Precinct A 1,280 < 0.1 2 1.56E-03
BH37/8.0 AEI M - parade ground Army Precinct A 1,490 0.4 8 5.37E-03
BH38/1.0 AEI M - parade ground Army Precinct A 1,190 1.1 22 1.85E-02

BH41/2.5
AEI M - north slope parade ground

Army Precinct
A

5,760 2.5 50 8.68E-03
BH42/0.5 AEI O - south west corner Army Precinct A 913 0.9 18 1.97E-02
BH3/0.1 AEI S - Bush Block Bush Block Precinct A 769 0.7 14 1.82E-02
BH4/1.0* AEI S - Bush Block Bush Block Precinct T 1,080 < 0.1 2 1.85E-03
BH30/0.01 AEI K -Main Lake Main Lake Precinct A 3,880 < 0.1 2 5.15E-04
BH30/0.1 AEI K - Main Lake Main Lake Precinct A 1,560 0.6 12 7.69E-03
BH31/0.15 AEI K - Main Lake Main Lake Precinct A 2,220 0.5 10 4.50E-03
BH32/0.5 AEI K - Main Lake Main Lake Precinct A 2,210 0.2 4 1.81E-03
BH22/0.1 AEI N - POL storage shed Recreation Precinct A 833 0.6 12 1.44E-02

BH23/0.1 AEI N - Tennis court - storage shed Recreation Precinct
A

535 1.2 24 4.49E-02
BH26/0.5 AEI I -infilled lake - NW corner Recreation Precinct A 596 1.2 24 4.03E-02

BH28/0.5 AEI G - infilled lake - tennis court Recreation Precinct
A

1,040 0.3 6 5.77E-03

BH29/0.5 AEI G - infilled lake - tennis court Recreation Precinct
A

987 0.1 2 2.03E-03

BH29/3.0 AEI G - infilled lake - tennis court Recreation Precinct
A

1,730 0.4 8 4.62E-03

BH7/4.0 AEI F - infilled lake - SE car park Southern Area  Precinct
A

832
<

0.1 2 2.40E-03

BH8/2.0 AEI F - infilled lake - SE car park Southern Area Precinct
A

862 0.1 2 2.32E-03

BH9/0.5 AEI F - infilled lake - SE car park Southern Area Precinct
A

634 1.1 22 3.47E-02

BH9/4.7 AEI F - infilled lake - SE car park Southern Area Precinct
A

1,370 0.1 2 1.46E-03

BH87/0.4* AEI L – photographic buildings Southern Area Precinct
T

612
<

0.1 2 3.27E-03

BH88/0.3 AEI L – photographic buildings Southern Area Precinct
A

336 0.3 6 1.79E-02

BH89/0.3 AEI L – photographic buildings Southern Area Precinct
A

391 3 60 1.53E-01

BH90/0.3 AEI L – photographic buildings Southern Area Precinct
A

183
<

0.1 2 1.09E-02

BH91/0.4 AEI L – photographic buildings Southern Area Precinct
A

1200
<

0.1 2 1.67E-03

BH92/0.4 AEI L – photographic buildings Southern Area Precinct
A

472 0.1 2 4.24E-03

BH93/0.4 AEI L – photographic buildings Southern Area Precinct
A

549 0.2 4 7.29E-03

BH94/0.4 AEI L – photographic buildings Southern Area Precinct
A

130
<

0.1 2 1.54E-02

BH12/0.1
AEI B - TIT photographic buildings

Villa Precinct
A

902 0.7 14 1.55E-02

BH18/1.0
AEI L – photographic buildings

Villa Precinct
A

1,960 0.4 8 4.08E-03
BH43/0.2 AEI O – NE part of site Villa Precinct A 1,650 0.9 18 1.09E-02
BH51/2.0 AEI D - TIT adj. car wash bay Villa Precinct A 1,320 2.3 46 3.48E-02
BH49/0.2 Background – on-site Villa Precinct A 1,550 0.9 18 1.16E-02

BH12/0.5*
AEI B - TIT photographic buildings

Villa Precinct
T

567 0.5 10 1.76E-02
BH51/1.0* AEI D - TIT adj. car wash bay Villa Precinct T 1,160 0.6 12 1.03E-02

ALL 
SAMPLES
Min 5.15E-04
Max 1.53E-01
Mean 1.45E-02
Stdev 2.46E-02
95% UCL 
(ProUCL) 3.10E-02

EXCLUDING 
OUTLIER
Min 5.15E-04
Max 4.49E-02
Mean 1.12E-02
Stdev 1.17E-02
95% UCL 
(ProUCL) 1.40E-02

Page 1 of 1 D11122_AppG1_LeachingDataSummary_12Mar09.xls



Appendix G2: ProUCL Output; Leachable Fraction Estimates

General UCL Statistics for Data Sets with Non-Detects
User Selected Options
From File   Leaching_Data\D11122_LeachingDataforProUCL_12Mar09.wst
Full Precision   OFF
Confidence Coefficient   95%
Number of Bootstrap Operations   2000

All

General Statistics
Number of Valid Data 43 Number of Detected Data 31
Number of Distinct Detected Data 31 Number of Non-Detect Data 12

Percent Non-Detects 27.91%

Raw Statistics Log-transformed Statistics
Minimum Detected 0.00146 Minimum Detected -6.529
Maximum Detected 0.153 Maximum Detected -1.874
Mean of Detected 0.0188 Mean of Detected -4.55
SD of Detected 0.0278 SD of Detected 1.061
Minimum Non-Detect 5.15E-04 Minimum Non-Detect -7.57
Maximum Non-Detect 0.0154 Maximum Non-Detect -4.174

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect 31
For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected 12
Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage 72.09%

UCL Statistics
Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only
Shapiro Wilk Test Statistic 0.545 Shapiro Wilk Test Statistic 0.979
5% Shapiro Wilk Critical Value 0.929 5% Shapiro Wilk Critical Value 0.929
Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution
DL/2 Substitution Method DL/2 Substitution Method
Mean 0.014 Mean -5.174
SD 0.0247 SD 1.438
   95% DL/2 (t) UCL 0.0204    95%  H-Stat (DL/2) UCL 0.0246

Maximum Likelihood Estimate(MLE) Method N/A Log ROS Method
MLE yields a negative mean Mean in Log Scale -5.129

SD in Log Scale 1.321
Mean in Original Scale 0.0139
SD in Original Scale 0.0247
   95% Percentile Bootstrap UCL 0.0207
   95% BCA Bootstrap UCL 0.0236

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only
k star (bias corrected) 0.93 Data appear Gamma Distributed at 5% Significance Level
Theta Star 0.0202
nu star 57.66

A-D Test Statistic 0.706 Nonparametric Statistics
5% A-D Critical Value 0.775 Kaplan-Meier (KM) Method
K-S Test Statistic 0.775 Mean 0.0141
5% K-S Critical Value 0.162 SD 0.0244
Data appear Gamma Distributed at 5% Significance Level SE of Mean 0.00378

   95% KM (t) UCL 0.0204
Assuming Gamma Distribution    95% KM (z) UCL 0.0203
Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL 0.0203
Minimum 0.00146    95% KM (bootstrap t) UCL 0.0273
Maximum 0.153    95% KM (BCA) UCL 0.021
Mean 0.0161    95% KM (Percentile Bootstrap) UCL 0.0208
Median 0.00868 95% KM (Chebyshev) UCL 0.0306
SD 0.024 97.5% KM (Chebyshev) UCL 0.0377
k star 1.109 99% KM (Chebyshev) UCL 0.0517
Theta star 0.0145
Nu star 95.37 Potential UCLs to Use
AppChi2 73.85    95% KM (Chebyshev) UCL 0.0306
   95% Gamma Approximate UCL 0.0207
   95% Adjusted Gamma UCL 0.0209
Note: DL/2 is not a recommended method.

All_NoOutlier

General Statistics
Number of Valid Data 42 Number of Detected Data 30
Number of Distinct Detected Data 30 Number of Non-Detect Data 12

Percent Non-Detects 28.57%

Raw Statistics Log-transformed Statistics
Minimum Detected 0.00146 Minimum Detected -6.529
Maximum Detected 0.0449 Maximum Detected -3.104
Mean of Detected 0.0143 Mean of Detected -4.639
SD of Detected 0.0123 SD of Detected 0.953
Minimum Non-Detect 5.15E-04 Minimum Non-Detect -7.57
Maximum Non-Detect 0.0154 Maximum Non-Detect -4.174

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect 31
For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected 11
Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage 73.81%
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UCL Statistics
Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only
Shapiro Wilk Test Statistic 0.843 Shapiro Wilk Test Statistic 0.96
5% Shapiro Wilk Critical Value 0.927 5% Shapiro Wilk Critical Value 0.927
Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution
DL/2 Substitution Method DL/2 Substitution Method
Mean 0.0107 Mean -5.252
SD 0.0119 SD 1.359
   95% DL/2 (t) UCL 0.0138    95%  H-Stat (DL/2) UCL 0.0194

Maximum Likelihood Estimate(MLE) Method Log ROS Method
Mean 0.0025 Mean in Log Scale -5.166
SD 0.02 SD in Log Scale 1.183
   95% MLE (t) UCL 0.00769 Mean in Original Scale 0.0107
   95% MLE (Tiku) UCL 0.0126 SD in Original Scale 0.0118

   95% Percentile Bootstrap UCL 0.0139
   95% BCA Bootstrap UCL 0.0142

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only
k star (bias corrected) 1.308 Data appear Gamma Distributed at 5% Significance Level
Theta Star 0.0109
nu star 78.49

A-D Test Statistic 0.36 Nonparametric Statistics
5% A-D Critical Value 0.765 Kaplan-Meier (KM) Method
K-S Test Statistic 0.765 Mean 0.0108
5% K-S Critical Value 0.163 SD 0.0117
Data appear Gamma Distributed at 5% Significance Level SE of Mean 0.00184

   95% KM (t) UCL 0.0139
Assuming Gamma Distribution    95% KM (z) UCL 0.0138
Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL 0.0138
Minimum 1.00E-09    95% KM (bootstrap t) UCL 0.0146
Maximum 0.0449    95% KM (BCA) UCL 0.0138
Mean 0.0115    95% KM (Percentile Bootstrap) UCL 0.0139
Median 0.0073 95% KM (Chebyshev) UCL 0.0188
SD 0.0115 97.5% KM (Chebyshev) UCL 0.0222
k star 0.527 99% KM (Chebyshev) UCL 0.029
Theta star 0.0218
Nu star 44.3 Potential UCLs to Use
AppChi2 30.03    95% KM (Percentile Bootstrap) UCL 0.0139
   95% Gamma Approximate UCL 0.017
   95% Adjusted Gamma UCL 0.0172
Note: DL/2 is not a recommended method.
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Appendix H - ProUCL Output - Soil Arsenic Concentrations
Fortuna Health Risk Assessment

General UCL Statistics for Data Sets with Non-Detects

User Selected Options

From File   J:\JobMEL\Def\D11100s\D11122 Fortuna Health Risk Assessment\4_Planning\4.4_Tech_Suppt_&_Backgnd_Info\Ju

Full Precision   OFF

Confidence Coefficient   95%

Number of Bootstrap Operations   2000

Army_<1

General Statistics

Number of Valid Observations 58 Number of Distinct Observations 58

Raw Statistics Log-transformed Statistics

Minimum 19 Minimum of Log Data 2.944

Maximum 1770 Maximum of Log Data 7.479

Mean 613.4 Mean of log Data 6.032

Median 448 SD of log Data 1.043

SD 456.6

Coefficient of Variation 0.744

Skewness 0.809

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Lilliefors Test Statistic 0.154 Lilliefors Test Statistic 0.14

Lilliefors Critical Value 0.116 Lilliefors Critical Value 0.116

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL 713.6    95% H-UCL 1001

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL 1213

   95% Adjusted-CLT UCL 718.8  97.5% Chebyshev (MVUE) UCL 1431

   95% Modified-t UCL 714.7    99% Chebyshev (MVUE) UCL 1861

Gamma Distribution Test Data Distribution

k star (bias corrected) 1.373 Data appear Gamma Distributed at 5% Significance Level

Theta Star 446.7

MLE of Mean 613.4

MLE of Standard Deviation 523.4

nu star 159.3

Approximate Chi Square Value (.05) 131.1 Nonparametric Statistics

Adjusted Level of Significance 0.0459    95% CLT UCL 712

Adjusted Chi Square Value 130.5    95% Jackknife UCL 713.6

   95% Standard Bootstrap UCL 710.1

Anderson-Darling Test Statistic 0.403    95% Bootstrap-t UCL 718.3

Anderson-Darling 5% Critical Value 0.77    95% Hall's Bootstrap UCL 715.1

Kolmogorov-Smirnov Test Statistic 0.0809    95% Percentile Bootstrap UCL 711.4

Kolmogorov-Smirnov 5% Critical Value 0.119    95% BCA Bootstrap UCL 724.8

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL 874.7

97.5% Chebyshev(Mean, Sd) UCL 987.8

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL 1210

   95% Approximate Gamma UCL 745.2

   95% Adjusted Gamma UCL 748.9

Potential UCL to Use Use 95% Approximate Gamma UCL 745.2
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Appendix H - ProUCL Output - Soil Arsenic Concentrations
Fortuna Health Risk Assessment

Army_>1

General Statistics

Number of Valid Observations 38 Number of Distinct Observations 36

Raw Statistics Log-transformed Statistics

Minimum 11 Minimum of Log Data 2.398

Maximum 5760 Maximum of Log Data 8.659

Mean 1255 Mean of log Data 6.624

Median 1120 SD of log Data 1.304

SD 1134

Coefficient of Variation 0.903

Skewness 2.15

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic 0.808 Shapiro Wilk Test Statistic 0.86

Shapiro Wilk Critical Value 0.938 Shapiro Wilk Critical Value 0.938

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL 1565    95% H-UCL 3191

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL 3640

   95% Adjusted-CLT UCL 1626  97.5% Chebyshev (MVUE) UCL 4482

   95% Modified-t UCL 1576    99% Chebyshev (MVUE) UCL 6136

Gamma Distribution Test Data Distribution

k star (bias corrected) 1.045 Data do not follow a Discernable Distribution (0.05)

Theta Star 1201

MLE of Mean 1255

MLE of Standard Deviation 1228

nu star 79.41

Approximate Chi Square Value (.05) 59.88 Nonparametric Statistics

Adjusted Level of Significance 0.0434    95% CLT UCL 1557

Adjusted Chi Square Value 59.18    95% Jackknife UCL 1565

   95% Standard Bootstrap UCL 1545

Anderson-Darling Test Statistic 0.791    95% Bootstrap-t UCL 1679

Anderson-Darling 5% Critical Value 0.775    95% Hall's Bootstrap UCL 1803

Kolmogorov-Smirnov Test Statistic 0.147    95% Percentile Bootstrap UCL 1564

Kolmogorov-Smirnov 5% Critical Value 0.147    95% BCA Bootstrap UCL 1633

Data not Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL 2057

97.5% Chebyshev(Mean, Sd) UCL 2403

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL 3085

   95% Approximate Gamma UCL 1664

   95% Adjusted Gamma UCL 1684

Potential UCL to Use Use 99% Chebyshev (Mean, Sd) UCL 3085
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Appendix H - ProUCL Output - Soil Arsenic Concentrations
Fortuna Health Risk Assessment

Army_All

General Statistics

Number of Valid Observations 96 Number of Distinct Observations 90

Raw Statistics Log-transformed Statistics

Minimum 11 Minimum of Log Data 2.398

Maximum 5760 Maximum of Log Data 8.659

Mean 867.3 Mean of log Data 6.266

Median 706.5 SD of log Data 1.183

SD 851.5

Coefficient of Variation 0.982

Skewness 2.813

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Lilliefors Test Statistic 0.157 Lilliefors Test Statistic 0.112

Lilliefors Critical Value 0.0904 Lilliefors Critical Value 0.0904

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL 1012    95% H-UCL 1425

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL 1744

   95% Adjusted-CLT UCL 1037  97.5% Chebyshev (MVUE) UCL 2046

   95% Modified-t UCL 1016    99% Chebyshev (MVUE) UCL 2638

Gamma Distribution Test Data Distribution

k star (bias corrected) 1.111 Data appear Gamma Distributed at 5% Significance Level

Theta Star 780.9

MLE of Mean 867.3

MLE of Standard Deviation 823

nu star 213.3

Approximate Chi Square Value (.05) 180.5 Nonparametric Statistics

Adjusted Level of Significance 0.0475    95% CLT UCL 1010

Adjusted Chi Square Value 180    95% Jackknife UCL 1012

   95% Standard Bootstrap UCL 1008

Anderson-Darling Test Statistic 0.513    95% Bootstrap-t UCL 1051

Anderson-Darling 5% Critical Value 0.779    95% Hall's Bootstrap UCL 1076

Kolmogorov-Smirnov Test Statistic 0.0621    95% Percentile Bootstrap UCL 1019

Kolmogorov-Smirnov 5% Critical Value 0.0938    95% BCA Bootstrap UCL 1025

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL 1246

97.5% Chebyshev(Mean, Sd) UCL 1410

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL 1732

   95% Approximate Gamma UCL 1025

   95% Adjusted Gamma UCL 1028

Potential UCL to Use Use 95% Approximate Gamma UCL 1025
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Appendix H - ProUCL Output - Soil Arsenic Concentrations
Fortuna Health Risk Assessment

Bush_Block_<1

General Statistics

Number of Valid Observations 18 Number of Distinct Observations 17

Raw Statistics Log-transformed Statistics

Minimum 158 Minimum of Log Data 5.063

Maximum 1080 Maximum of Log Data 6.985

Mean 588.1 Mean of log Data 6.286

Median 577 SD of log Data 0.475

SD 232.8

Coefficient of Variation 0.396

Skewness 0.253

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic 0.964 Shapiro Wilk Test Statistic 0.9

Shapiro Wilk Critical Value 0.897 Shapiro Wilk Critical Value 0.897

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL 683.6    95% H-UCL 756.2

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL 896.9

   95% Adjusted-CLT UCL 681.9  97.5% Chebyshev (MVUE) UCL 1027

   95% Modified-t UCL 684.1    99% Chebyshev (MVUE) UCL 1282

Gamma Distribution Test Data Distribution

k star (bias corrected) 4.751 Data appear Normal at 5% Significance Level

Theta Star 123.8

MLE of Mean 588.1

MLE of Standard Deviation 269.8

nu star 171

Approximate Chi Square Value (.05) 141.8 Nonparametric Statistics

Adjusted Level of Significance 0.0357    95% CLT UCL 678.4

Adjusted Chi Square Value 139.2    95% Jackknife UCL 683.6

   95% Standard Bootstrap UCL 674.7

Anderson-Darling Test Statistic 0.512    95% Bootstrap-t UCL 681.5

Anderson-Darling 5% Critical Value 0.742    95% Hall's Bootstrap UCL 694.2

Kolmogorov-Smirnov Test Statistic 0.199    95% Percentile Bootstrap UCL 671.7

Kolmogorov-Smirnov 5% Critical Value 0.204    95% BCA Bootstrap UCL 680.5

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL 827.3

97.5% Chebyshev(Mean, Sd) UCL 930.8

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL 1134

   95% Approximate Gamma UCL 709.4

   95% Adjusted Gamma UCL 722.4

Potential UCL to Use Use 95% Student's-t UCL 683.6
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Appendix H - ProUCL Output - Soil Arsenic Concentrations
Fortuna Health Risk Assessment

Bush_Block_>1

General Statistics

Number of Valid Observations 20 Number of Distinct Observations 20

Raw Statistics Log-transformed Statistics

Minimum 25 Minimum of Log Data 3.219

Maximum 1200 Maximum of Log Data 7.09

Mean 409.6 Mean of log Data 5.572

Median 326 SD of log Data 1.1

SD 349.2

Coefficient of Variation 0.853

Skewness 1.149

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic 0.867 Shapiro Wilk Test Statistic 0.93

Shapiro Wilk Critical Value 0.905 Shapiro Wilk Critical Value 0.905

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL 544.6    95% H-UCL 971

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL 1020

   95% Adjusted-CLT UCL 559.4  97.5% Chebyshev (MVUE) UCL 1263

   95% Modified-t UCL 547.9    99% Chebyshev (MVUE) UCL 1739

Gamma Distribution Test Data Distribution

k star (bias corrected) 1.112 Data appear Gamma Distributed at 5% Significance Level

Theta Star 368.4

MLE of Mean 409.6

MLE of Standard Deviation 388.4

nu star 44.47

Approximate Chi Square Value (.05) 30.18 Nonparametric Statistics

Adjusted Level of Significance 0.038    95% CLT UCL 538

Adjusted Chi Square Value 29.25    95% Jackknife UCL 544.6

   95% Standard Bootstrap UCL 530.8

Anderson-Darling Test Statistic 0.298    95% Bootstrap-t UCL 583

Anderson-Darling 5% Critical Value 0.762    95% Hall's Bootstrap UCL 565.6

Kolmogorov-Smirnov Test Statistic 0.108    95% Percentile Bootstrap UCL 540.5

Kolmogorov-Smirnov 5% Critical Value 0.198    95% BCA Bootstrap UCL 560.1

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL 749.9

97.5% Chebyshev(Mean, Sd) UCL 897.1

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL 1186

   95% Approximate Gamma UCL 603.6

   95% Adjusted Gamma UCL 622.8

Potential UCL to Use Use 95% Approximate Gamma UCL 603.6
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Appendix H - ProUCL Output - Soil Arsenic Concentrations
Fortuna Health Risk Assessment

Bush_Block_All

General Statistics

Number of Valid Observations 38 Number of Distinct Observations 37

Raw Statistics Log-transformed Statistics

Minimum 25 Minimum of Log Data 3.219

Maximum 1200 Maximum of Log Data 7.09

Mean 494.1 Mean of log Data 5.91

Median 492 SD of log Data 0.925

SD 309.3

Coefficient of Variation 0.626

Skewness 0.54

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic 0.95 Shapiro Wilk Test Statistic 0.875

Shapiro Wilk Critical Value 0.938 Shapiro Wilk Critical Value 0.938

Data appear Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL 578.8    95% H-UCL 803.4

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL 972.8

   95% Adjusted-CLT UCL 581.4  97.5% Chebyshev (MVUE) UCL 1153

   95% Modified-t UCL 579.5    99% Chebyshev (MVUE) UCL 1506

Gamma Distribution Test Data Distribution

k star (bias corrected) 1.728 Data appear Normal at 5% Significance Level

Theta Star 285.9

MLE of Mean 494.1

MLE of Standard Deviation 375.9

nu star 131.4

Approximate Chi Square Value (.05) 105.9 Nonparametric Statistics

Adjusted Level of Significance 0.0434    95% CLT UCL 576.7

Adjusted Chi Square Value 104.9    95% Jackknife UCL 578.8

   95% Standard Bootstrap UCL 575.5

Anderson-Darling Test Statistic 0.655    95% Bootstrap-t UCL 588

Anderson-Darling 5% Critical Value 0.761    95% Hall's Bootstrap UCL 585.8

Kolmogorov-Smirnov Test Statistic 0.133    95% Percentile Bootstrap UCL 578.5

Kolmogorov-Smirnov 5% Critical Value 0.145    95% BCA Bootstrap UCL 581.3

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL 712.8

97.5% Chebyshev(Mean, Sd) UCL 807.5

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL 993.4

   95% Approximate Gamma UCL 613

   95% Adjusted Gamma UCL 618.6

Potential UCL to Use Use 95% Student's-t UCL 578.8
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Appendix H - ProUCL Output - Soil Arsenic Concentrations
Fortuna Health Risk Assessment

Main_Lake_<1

General Statistics

Number of Valid Observations 25 Number of Distinct Observations 23

Raw Statistics Log-transformed Statistics

Minimum 32 Minimum of Log Data 3.466

Maximum 3880 Maximum of Log Data 8.264

Mean 1297 Mean of log Data 6.685

Median 906 SD of log Data 1.15

SD 1164

Coefficient of Variation 0.897

Skewness 1.113

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic 0.855 Shapiro Wilk Test Statistic 0.947

Shapiro Wilk Critical Value 0.918 Shapiro Wilk Critical Value 0.918

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL 1695    95% H-UCL 2915

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL 3229

   95% Adjusted-CLT UCL 1735  97.5% Chebyshev (MVUE) UCL 3982

   95% Modified-t UCL 1704    99% Chebyshev (MVUE) UCL 5462

Gamma Distribution Test Data Distribution

k star (bias corrected) 1.06 Data appear Gamma Distributed at 5% Significance Level

Theta Star 1224

MLE of Mean 1297

MLE of Standard Deviation 1260

nu star 53.01

Approximate Chi Square Value (.05) 37.28 Nonparametric Statistics

Adjusted Level of Significance 0.0395    95% CLT UCL 1680

Adjusted Chi Square Value 36.38    95% Jackknife UCL 1695

   95% Standard Bootstrap UCL 1660

Anderson-Darling Test Statistic 0.185    95% Bootstrap-t UCL 1771

Anderson-Darling 5% Critical Value 0.769    95% Hall's Bootstrap UCL 1703

Kolmogorov-Smirnov Test Statistic 0.0719    95% Percentile Bootstrap UCL 1699

Kolmogorov-Smirnov 5% Critical Value 0.179    95% BCA Bootstrap UCL 1724

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL 2312

97.5% Chebyshev(Mean, Sd) UCL 2751

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL 3613

   95% Approximate Gamma UCL 1844

   95% Adjusted Gamma UCL 1890

Potential UCL to Use Use 95% Approximate Gamma UCL 1844
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Appendix H - ProUCL Output - Soil Arsenic Concentrations
Fortuna Health Risk Assessment

Main_Lake_>1

General Statistics

Number of Valid Observations 10 Number of Distinct Observations 10

Raw Statistics Log-transformed Statistics

Minimum 12 Minimum of Log Data 2.485

Maximum 793 Maximum of Log Data 6.676

Mean 277.5 Mean of log Data 5.063

Median 250 SD of log Data 1.39

SD 237

Coefficient of Variation 0.854

Skewness 1.05

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic 0.917 Shapiro Wilk Test Statistic 0.864

Shapiro Wilk Critical Value 0.842 Shapiro Wilk Critical Value 0.842

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL 414.9    95% H-UCL 2595

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL 1076

   95% Adjusted-CLT UCL 427.4  97.5% Chebyshev (MVUE) UCL 1388

   95% Modified-t UCL 419    99% Chebyshev (MVUE) UCL 2001

Gamma Distribution Test Data Distribution

k star (bias corrected) 0.783 Data appear Normal at 5% Significance Level

Theta Star 354.4

MLE of Mean 277.5

MLE of Standard Deviation 313.6

nu star 15.66

Approximate Chi Square Value (.05) 7.722 Nonparametric Statistics

Adjusted Level of Significance 0.0267    95% CLT UCL 400.8

Adjusted Chi Square Value 6.776    95% Jackknife UCL 414.9

   95% Standard Bootstrap UCL 395.3

Anderson-Darling Test Statistic 0.347    95% Bootstrap-t UCL 448.5

Anderson-Darling 5% Critical Value 0.748    95% Hall's Bootstrap UCL 488.5

Kolmogorov-Smirnov Test Statistic 0.153    95% Percentile Bootstrap UCL 401.7

Kolmogorov-Smirnov 5% Critical Value 0.274    95% BCA Bootstrap UCL 428.4

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL 604.2

97.5% Chebyshev(Mean, Sd) UCL 745.6

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL 1023

   95% Approximate Gamma UCL 562.7

   95% Adjusted Gamma UCL 641.3

Potential UCL to Use Use 95% Student's-t UCL 414.9
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Appendix H - ProUCL Output - Soil Arsenic Concentrations
Fortuna Health Risk Assessment

Main_Lake_All

General Statistics

Number of Valid Observations 35 Number of Distinct Observations 33

Raw Statistics Log-transformed Statistics

Minimum 12 Minimum of Log Data 2.485

Maximum 3880 Maximum of Log Data 8.264

Mean 1006 Mean of log Data 6.222

Median 577 SD of log Data 1.413

SD 1091

Coefficient of Variation 1.084

Skewness 1.512

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic 0.79 Shapiro Wilk Test Statistic 0.934

Shapiro Wilk Critical Value 0.934 Shapiro Wilk Critical Value 0.934

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL 1318    95% H-UCL 2834

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL 3002

   95% Adjusted-CLT UCL 1359  97.5% Chebyshev (MVUE) UCL 3740

   95% Modified-t UCL 1325    99% Chebyshev (MVUE) UCL 5189

Gamma Distribution Test Data Distribution

k star (bias corrected) 0.797 Data appear Gamma Distributed at 5% Significance Level

Theta Star 1262

MLE of Mean 1006

MLE of Standard Deviation 1127

nu star 55.8

Approximate Chi Square Value (.05) 39.63 Nonparametric Statistics

Adjusted Level of Significance 0.0425    95% CLT UCL 1309

Adjusted Chi Square Value 38.99    95% Jackknife UCL 1318

   95% Standard Bootstrap UCL 1300

Anderson-Darling Test Statistic 0.241    95% Bootstrap-t UCL 1386

Anderson-Darling 5% Critical Value 0.783    95% Hall's Bootstrap UCL 1372

Kolmogorov-Smirnov Test Statistic 0.0783    95% Percentile Bootstrap UCL 1329

Kolmogorov-Smirnov 5% Critical Value 0.154    95% BCA Bootstrap UCL 1336

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL 1809

97.5% Chebyshev(Mean, Sd) UCL 2157

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL 2840

   95% Approximate Gamma UCL 1416

   95% Adjusted Gamma UCL 1440

Potential UCL to Use Use 95% Approximate Gamma UCL 1416
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Appendix H - ProUCL Output - Soil Arsenic Concentrations
Fortuna Health Risk Assessment

Recreation_<1

General Statistics

Number of Valid Data 67 Number of Detected Data 65

Number of Distinct Detected Data 62 Number of Non-Detect Data 2

Percent Non-Detects 2.99%

Raw Statistics Log-transformed Statistics

Minimum Detected 12 Minimum Detected 2.485

Maximum Detected 1920 Maximum Detected 7.56

Mean of Detected 444.2 Mean of Detected 5.562

SD of Detected 408.1 SD of Detected 1.198

Minimum Non-Detect 5 Minimum Non-Detect 1.609

Maximum Non-Detect 5 Maximum Non-Detect 1.609

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Lilliefors Test Statistic 0.145 Lilliefors Test Statistic 0.115

5% Lilliefors Critical Value 0.11 5% Lilliefors Critical Value 0.11

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean 431.1 Mean 5.423

SD 409 SD 1.423

   95% DL/2 (t) UCL 514.4    95%  H-Stat (DL/2) UCL 818.6

Maximum Likelihood Estimate(MLE) Method Log ROS Method

Mean 424.6 Mean in Log Scale 5.474

SD 415.5 SD in Log Scale 1.282

   95% MLE (t) UCL 509.3 Mean in Original Scale 431.4

   95% MLE (Tiku) UCL 505.2 SD in Original Scale 408.6

   95% Percentile Bootstrap UCL 511.9

   95% BCA Bootstrap UCL 518.8

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 1.032 Data appear Gamma Distributed at 5% Significance Level

Theta Star 430.6

nu star 134.1

A-D Test Statistic 0.358 Nonparametric Statistics

5% A-D Critical Value 0.778 Kaplan-Meier (KM) Method

K-S Test Statistic 0.778 Mean 431.3

5% K-S Critical Value 0.114 SD 405.6

Data appear Gamma Distributed at 5% Significance Level SE of Mean 49.94

   95% KM (t) UCL 514.7

Assuming Gamma Distribution    95% KM (z) UCL 513.5

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL 514.6

Minimum 1E-09    95% KM (bootstrap t) UCL 529.5

Maximum 1920    95% KM (BCA) UCL 514.8

Mean 431    95% KM (Percentile Bootstrap) UCL 514.8

Median 308 95% KM (Chebyshev) UCL 649

SD 409 97.5% KM (Chebyshev) UCL 743.2

k star 0.482 99% KM (Chebyshev) UCL 928.2

Theta star 895

Nu star 64.53 Potential UCLs to Use

AppChi2 47.05    95% KM (Chebyshev) UCL 649

   95% Gamma Approximate UCL 591.1

   95% Adjusted Gamma UCL 595.3

Note: DL/2 is not a recommended method.

Page 10 of 19 D11122_AppH_ProUCL_04Jun09.xls



Appendix H - ProUCL Output - Soil Arsenic Concentrations
Fortuna Health Risk Assessment

Recreation_>1

General Statistics

Number of Valid Observations 28 Number of Distinct Observations 26

Raw Statistics Log-transformed Statistics

Minimum 6 Minimum of Log Data 1.792

Maximum 1730 Maximum of Log Data 7.456

Mean 307 Mean of log Data 4.765

Median 185.5 SD of log Data 1.579

SD 450.7

Coefficient of Variation 1.468

Skewness 2.41

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic 0.643 Shapiro Wilk Test Statistic 0.953

Shapiro Wilk Critical Value 0.924 Shapiro Wilk Critical Value 0.924

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL 452    95% H-UCL 1094

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL 987.7

   95% Adjusted-CLT UCL 488.5  97.5% Chebyshev (MVUE) UCL 1254

   95% Modified-t UCL 458.5    99% Chebyshev (MVUE) UCL 1776

Gamma Distribution Test Data Distribution

k star (bias corrected) 0.592 Data appear Gamma Distributed at 5% Significance Level

Theta Star 518.1

MLE of Mean 307

MLE of Standard Deviation 398.8

nu star 33.18

Approximate Chi Square Value (.05) 21.01 Nonparametric Statistics

Adjusted Level of Significance 0.0404    95% CLT UCL 447.1

Adjusted Chi Square Value 20.41    95% Jackknife UCL 452

   95% Standard Bootstrap UCL 444.8

Anderson-Darling Test Statistic 0.486    95% Bootstrap-t UCL 555

Anderson-Darling 5% Critical Value 0.796    95% Hall's Bootstrap UCL 553.4

Kolmogorov-Smirnov Test Statistic 0.132    95% Percentile Bootstrap UCL 459.8

Kolmogorov-Smirnov 5% Critical Value 0.173    95% BCA Bootstrap UCL 499.4

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL 678.2

97.5% Chebyshev(Mean, Sd) UCL 838.8

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL 1154

   95% Approximate Gamma UCL 484.8

   95% Adjusted Gamma UCL 499

Potential UCL to Use Use 95% Approximate Gamma UCL 484.8
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Appendix H - ProUCL Output - Soil Arsenic Concentrations
Fortuna Health Risk Assessment

Recreation_All

General Statistics

Number of Valid Data 95 Number of Detected Data 93

Number of Distinct Detected Data 88 Number of Non-Detect Data 2

Percent Non-Detects 2.11%

Raw Statistics Log-transformed Statistics

Minimum Detected 6 Minimum Detected 1.792

Maximum Detected 1920 Maximum Detected 7.56

Mean of Detected 402.9 Mean of Detected 5.322

SD of Detected 423.7 SD of Detected 1.366

Minimum Non-Detect 5 Minimum Non-Detect 1.609

Maximum Non-Detect 5 Maximum Non-Detect 1.609

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Lilliefors Test Statistic 0.174 Lilliefors Test Statistic 0.0825

5% Lilliefors Critical Value 0.0919 5% Lilliefors Critical Value 0.0919

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean 394.5 Mean 5.229

SD 423.1 SD 1.493

   95% DL/2 (t) UCL 466.6    95%  H-Stat (DL/2) UCL 796.7

Maximum Likelihood Estimate(MLE) Method Log ROS Method

Mean 389.6 Mean in Log Scale 5.249

SD 427.6 SD in Log Scale 1.439

   95% MLE (t) UCL 462.5 Mean in Original Scale 394.6

   95% MLE (Tiku) UCL 457.9 SD in Original Scale 423

   95% Percentile Bootstrap UCL 465.2

   95% BCA Bootstrap UCL 474

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 0.847 Data appear Gamma Distributed at 5% Significance Level

Theta Star 475.8

nu star 157.5

A-D Test Statistic 0.221 Nonparametric Statistics

5% A-D Critical Value 0.789 Kaplan-Meier (KM) Method

K-S Test Statistic 0.789 Mean 394.6

5% K-S Critical Value 0.096 SD 420.8

Data appear Gamma Distributed at 5% Significance Level SE of Mean 43.41

   95% KM (t) UCL 466.7

Assuming Gamma Distribution    95% KM (z) UCL 466

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL 466.6

Minimum 1E-09    95% KM (bootstrap t) UCL 475.3

Maximum 1920    95% KM (BCA) UCL 470.4

Mean 394.4    95% KM (Percentile Bootstrap) UCL 466.3

Median 250 95% KM (Chebyshev) UCL 583.8

SD 423.1 97.5% KM (Chebyshev) UCL 665.6

k star 0.514 99% KM (Chebyshev) UCL 826.4

Theta star 767

Nu star 97.71 Potential UCLs to Use

AppChi2 75.91    95% KM (Chebyshev) UCL 583.8

   95% Gamma Approximate UCL 507.7

   95% Adjusted Gamma UCL 509.7

Note: DL/2 is not a recommended method.
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Appendix H - ProUCL Output - Soil Arsenic Concentrations
Fortuna Health Risk Assessment

Southern_<1

General Statistics

Number of Valid Data 29 Number of Detected Data 28

Number of Distinct Detected Data 27 Number of Non-Detect Data 1

Percent Non-Detects 3.45%

Raw Statistics Log-transformed Statistics

Minimum Detected 12 Minimum Detected 2.485

Maximum Detected 3110 Maximum Detected 8.042

Mean of Detected 499.4 Mean of Detected 5.526

SD of Detected 613.6 SD of Detected 1.392

Minimum Non-Detect 5 Minimum Non-Detect 1.609

Maximum Non-Detect 5 Maximum Non-Detect 1.609

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic 0.686 Shapiro Wilk Test Statistic 0.927

5% Shapiro Wilk Critical Value 0.924 5% Shapiro Wilk Critical Value 0.924

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean 482.3 Mean 5.367

SD 609.6 SD 1.613

   95% DL/2 (t) UCL 674.8    95%  H-Stat (DL/2) UCL 2084

Maximum Likelihood Estimate(MLE) Method Log ROS Method

Mean 470.1 Mean in Log Scale 5.41

SD 614.5 SD in Log Scale 1.504

   95% MLE (t) UCL 664.2 Mean in Original Scale 482.5

   95% MLE (Tiku) UCL 650.7 SD in Original Scale 609.4

   95% Percentile Bootstrap UCL 682.5

   95% BCA Bootstrap UCL 738.8

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 0.788 Data appear Gamma Distributed at 5% Significance Level

Theta Star 633.6

nu star 44.14

A-D Test Statistic 0.294 Nonparametric Statistics

5% A-D Critical Value 0.78 Kaplan-Meier (KM) Method

K-S Test Statistic 0.78 Mean 482.6

5% K-S Critical Value 0.171 SD 598.7

Data appear Gamma Distributed at 5% Significance Level SE of Mean 113.2

   95% KM (t) UCL 675.2

Assuming Gamma Distribution    95% KM (z) UCL 668.8

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL 675

Minimum 1E-09    95% KM (bootstrap t) UCL 817

Maximum 3110    95% KM (BCA) UCL 708.6

Mean 482.2    95% KM (Percentile Bootstrap) UCL 684.6

Median 320 95% KM (Chebyshev) UCL 976.1

SD 609.7 97.5% KM (Chebyshev) UCL 1190

k star 0.399 99% KM (Chebyshev) UCL 1609

Theta star 1209

Nu star 23.14 Potential UCLs to Use

AppChi2 13.2    95% KM (Chebyshev) UCL 976.1

   95% Gamma Approximate UCL 845.5

   95% Adjusted Gamma UCL 875.3

Note: DL/2 is not a recommended method.
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Appendix H - ProUCL Output - Soil Arsenic Concentrations
Fortuna Health Risk Assessment

Southern_>1

General Statistics

Number of Valid Observations 34 Number of Distinct Observations 32

Raw Statistics Log-transformed Statistics

Minimum 24 Minimum of Log Data 3.178

Maximum 4680 Maximum of Log Data 8.451

Mean 995.2 Mean of log Data 6.169

Median 502 SD of log Data 1.355

SD 1183

Coefficient of Variation 1.189

Skewness 1.625

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic 0.753 Shapiro Wilk Test Statistic 0.962

Shapiro Wilk Critical Value 0.933 Shapiro Wilk Critical Value 0.933

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL 1339    95% H-UCL 2378

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL 2578

   95% Adjusted-CLT UCL 1389  97.5% Chebyshev (MVUE) UCL 3200

   95% Modified-t UCL 1348    99% Chebyshev (MVUE) UCL 4422

Gamma Distribution Test Data Distribution

k star (bias corrected) 0.756 Data appear Gamma Distributed at 5% Significance Level

Theta Star 1316

MLE of Mean 995.2

MLE of Standard Deviation 1144

nu star 51.43

Approximate Chi Square Value (.05) 35.96 Nonparametric Statistics

Adjusted Level of Significance 0.0422    95% CLT UCL 1329

Adjusted Chi Square Value 35.32    95% Jackknife UCL 1339

   95% Standard Bootstrap UCL 1325

Anderson-Darling Test Statistic 0.612    95% Bootstrap-t UCL 1443

Anderson-Darling 5% Critical Value 0.785    95% Hall's Bootstrap UCL 1389

Kolmogorov-Smirnov Test Statistic 0.135    95% Percentile Bootstrap UCL 1335

Kolmogorov-Smirnov 5% Critical Value 0.157    95% BCA Bootstrap UCL 1397

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL 1880

97.5% Chebyshev(Mean, Sd) UCL 2262

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL 3014

   95% Approximate Gamma UCL 1423

   95% Adjusted Gamma UCL 1449

Potential UCL to Use Use 95% Approximate Gamma UCL 1423
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Appendix H - ProUCL Output - Soil Arsenic Concentrations
Fortuna Health Risk Assessment

Southern_All

General Statistics

Number of Valid Data 63 Number of Detected Data 62

Number of Distinct Detected Data 59 Number of Non-Detect Data 1

Percent Non-Detects 1.59%

Raw Statistics Log-transformed Statistics

Minimum Detected 12 Minimum Detected 2.485

Maximum Detected 4680 Maximum Detected 8.451

Mean of Detected 771.3 Mean of Detected 5.879

SD of Detected 992.9 SD of Detected 1.398

Minimum Non-Detect 5 Minimum Non-Detect 1.609

Maximum Non-Detect 5 Maximum Non-Detect 1.609

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Lilliefors Test Statistic 0.254 Lilliefors Test Statistic 0.0814

5% Lilliefors Critical Value 0.113 5% Lilliefors Critical Value 0.113

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean 759.1 Mean 5.8

SD 989.6 SD 1.521

   95% DL/2 (t) UCL 967.3    95%  H-Stat (DL/2) UCL 1593

Maximum Likelihood Estimate(MLE) Method Log ROS Method

Mean 750 Mean in Log Scale 5.821

SD 993.1 SD in Log Scale 1.461

   95% MLE (t) UCL 958.9 Mean in Original Scale 759.2

   95% MLE (Tiku) UCL 942.4 SD in Original Scale 989.5

   95% Percentile Bootstrap UCL 982.1

   95% BCA Bootstrap UCL 998.4

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 0.748 Data Follow Appr. Gamma Distribution at 5% Significance Level

Theta Star 1031

nu star 92.77

A-D Test Statistic 0.827 Nonparametric Statistics

5% A-D Critical Value 0.791 Kaplan-Meier (KM) Method

K-S Test Statistic 0.791 Mean 759.3

5% K-S Critical Value 0.117 SD 981.6

Data follow Appr. Gamma Distribution at 5% Significance Level SE of Mean 124.7

   95% KM (t) UCL 967.4

Assuming Gamma Distribution    95% KM (z) UCL 964.3

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL 967.4

Minimum 1E-09    95% KM (bootstrap t) UCL 1011

Maximum 4680    95% KM (BCA) UCL 961.5

Mean 759.1    95% KM (Percentile Bootstrap) UCL 978.5

Median 392 95% KM (Chebyshev) UCL 1303

SD 989.6 97.5% KM (Chebyshev) UCL 1538

k star 0.52 99% KM (Chebyshev) UCL 2000

Theta star 1460

Nu star 65.51 Potential UCLs to Use

AppChi2 47.89    95% KM (Chebyshev) UCL 1303

   95% Gamma Approximate UCL 1038

   95% Adjusted Gamma UCL 1046

Note: DL/2 is not a recommended method.
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Appendix H - ProUCL Output - Soil Arsenic Concentrations
Fortuna Health Risk Assessment

Villa_<1

General Statistics

Number of Valid Observations 59 Number of Distinct Observations 57

Raw Statistics Log-transformed Statistics

Minimum 22 Minimum of Log Data 3.091

Maximum 1960 Maximum of Log Data 7.581

Mean 558 Mean of log Data 5.866

Median 488 SD of log Data 1.126

SD 451.4

Coefficient of Variation 0.809

Skewness 1.018

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Lilliefors Test Statistic 0.117 Lilliefors Test Statistic 0.158

Lilliefors Critical Value 0.115 Lilliefors Critical Value 0.115

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL 656.3    95% H-UCL 971.9

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL 1166

   95% Adjusted-CLT UCL 663  97.5% Chebyshev (MVUE) UCL 1387

   95% Modified-t UCL 657.6    99% Chebyshev (MVUE) UCL 1822

Gamma Distribution Test Data Distribution

k star (bias corrected) 1.18 Data appear Gamma Distributed at 5% Significance Level

Theta Star 472.9

MLE of Mean 558

MLE of Standard Deviation 513.7

nu star 139.2

Approximate Chi Square Value (.05) 113 Nonparametric Statistics

Adjusted Level of Significance 0.0459    95% CLT UCL 654.7

Adjusted Chi Square Value 112.4    95% Jackknife UCL 656.3

   95% Standard Bootstrap UCL 653.8

Anderson-Darling Test Statistic 0.692    95% Bootstrap-t UCL 664.8

Anderson-Darling 5% Critical Value 0.774    95% Hall's Bootstrap UCL 659.6

Kolmogorov-Smirnov Test Statistic 0.106    95% Percentile Bootstrap UCL 653.8

Kolmogorov-Smirnov 5% Critical Value 0.119    95% BCA Bootstrap UCL 662.3

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL 814.2

97.5% Chebyshev(Mean, Sd) UCL 925

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL 1143

   95% Approximate Gamma UCL 687.8

   95% Adjusted Gamma UCL 691.4

Potential UCL to Use Use 95% Approximate Gamma UCL 687.8
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Appendix H - ProUCL Output - Soil Arsenic Concentrations
Fortuna Health Risk Assessment

Villa_>1

General Statistics

Number of Valid Observations 21 Number of Distinct Observations 21

Raw Statistics Log-transformed Statistics

Minimum 21 Minimum of Log Data 3.045

Maximum 2850 Maximum of Log Data 7.955

Mean 602.3 Mean of log Data 5.743

Median 380 SD of log Data 1.288

SD 692.4

Coefficient of Variation 1.15

Skewness 1.976

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic 0.774 Shapiro Wilk Test Statistic 0.973

Shapiro Wilk Critical Value 0.908 Shapiro Wilk Critical Value 0.908

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL 862.9    95% H-UCL 1689

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL 1633

   95% Adjusted-CLT UCL 920.5  97.5% Chebyshev (MVUE) UCL 2050

   95% Modified-t UCL 873.8    99% Chebyshev (MVUE) UCL 2869

Gamma Distribution Test Data Distribution

k star (bias corrected) 0.795 Data appear Gamma Distributed at 5% Significance Level

Theta Star 757.9

MLE of Mean 602.3

MLE of Standard Deviation 675.6

nu star 33.38

Approximate Chi Square Value (.05) 21.17 Nonparametric Statistics

Adjusted Level of Significance 0.0383    95% CLT UCL 850.9

Adjusted Chi Square Value 20.42    95% Jackknife UCL 862.9

   95% Standard Bootstrap UCL 840.4

Anderson-Darling Test Statistic 0.285    95% Bootstrap-t UCL 978.8

Anderson-Darling 5% Critical Value 0.775    95% Hall's Bootstrap UCL 1050

Kolmogorov-Smirnov Test Statistic 0.148    95% Percentile Bootstrap UCL 861.7

Kolmogorov-Smirnov 5% Critical Value 0.196    95% BCA Bootstrap UCL 915

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL 1261

97.5% Chebyshev(Mean, Sd) UCL 1546

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL 2106

   95% Approximate Gamma UCL 949.8

   95% Adjusted Gamma UCL 984.5

Potential UCL to Use Use 95% Approximate Gamma UCL 949.8
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Appendix H - ProUCL Output - Soil Arsenic Concentrations
Fortuna Health Risk Assessment

Villa_All

General Statistics

Number of Valid Observations 80 Number of Distinct Observations 78

Raw Statistics Log-transformed Statistics

Minimum 21 Minimum of Log Data 3.045

Maximum 2850 Maximum of Log Data 7.955

Mean 569.7 Mean of log Data 5.834

Median 473.5 SD of log Data 1.164

SD 520.9

Coefficient of Variation 0.914

Skewness 1.62

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Lilliefors Test Statistic 0.146 Lilliefors Test Statistic 0.134

Lilliefors Critical Value 0.0991 Lilliefors Critical Value 0.0991

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL 666.6    95% H-UCL 925.5

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL 1134

   95% Adjusted-CLT UCL 676.7  97.5% Chebyshev (MVUE) UCL 1337

   95% Modified-t UCL 668.4    99% Chebyshev (MVUE) UCL 1737

Gamma Distribution Test Data Distribution

k star (bias corrected) 1.082 Data appear Gamma Distributed at 5% Significance Level

Theta Star 526.5

MLE of Mean 569.7

MLE of Standard Deviation 547.7

nu star 173.1

Approximate Chi Square Value (.05) 143.7 Nonparametric Statistics

Adjusted Level of Significance 0.047    95% CLT UCL 665.5

Adjusted Chi Square Value 143.2    95% Jackknife UCL 666.6

   95% Standard Bootstrap UCL 666.8

Anderson-Darling Test Statistic 0.496    95% Bootstrap-t UCL 678.5

Anderson-Darling 5% Critical Value 0.779    95% Hall's Bootstrap UCL 682.8

Kolmogorov-Smirnov Test Statistic 0.0863    95% Percentile Bootstrap UCL 674.6

Kolmogorov-Smirnov 5% Critical Value 0.102    95% BCA Bootstrap UCL 675

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL 823.5

97.5% Chebyshev(Mean, Sd) UCL 933.4

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL 1149

   95% Approximate Gamma UCL 686.3

   95% Adjusted Gamma UCL 688.7

Potential UCL to Use Use 95% Approximate Gamma UCL 686.3
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Appendix H - ProUCL Output - Soil Arsenic Concentrations
Fortuna Health Risk Assessment

12 12

13 2.565

780 6.659

147 4.472

93 1.018

205.6

1.398

3.105

0.561 0.955

0.859 0.859

253.6 362.7

328.2

301.4 410.4

262.4 571.7

0.881

166.8

21.15

11.7

0.029 244.6

10.64 253.6

244.7

0.674 496.3

0.754 652.9

0.202 261.8

0.252 292.8

405.6

517.6

737.4

265.7

292.1

265.7

Background

General Statistics

Number of Valid Observations Number of Distinct Observations

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

Maximum Maximum of Log Data

Mean Mean of log Data

Median SD of log Data

SD

Coefficient of Variation

Skewness

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL    95% H-UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

Gamma Distribution Test Data Distribution

k star (bias corrected) Data appear Gamma Distributed at 5% Significance Level

Theta Star

nu star

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance    95% CLT UCL

Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

   95% Approximate Gamma UCL

Potential UCL to Use Use 95% Approximate Gamma UCL

   95% Adjusted Gamma UCL
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Appendix I 

Risk and RBSC Calculations - Residential with Produce 

Ingestion 

 

 



Receptor Parameter Units Value Reference
Body Weight kg 70 see report text
Exposure Frequency days/year 365 see report text
Exposure Duration years 64 see report text
Averaging Time (non-threshold effects years 70 see report text
Averaging Time (threshold effects years 64 see report text
Soil Ingestion Rate mg/day 25 see report text
Exposed Skin Surface Area cm2 5700 see report text
Soil to Skin Adherence Factor mg/cm2/day 0.5 see report text
Exposure Time (outdoors hours/day 4 see report text
Exposure Time (indoors) hours/day 20 see report text
Vegetable uptake factor - below ground unitless 0.0008 see report text
Vegetable uptake factor - leafy unitless 0.004 see report text
Vegetable uptake factor - vine and othe unitless 0.0002 see report text
Vegetable uptake factor - frui unitless 0.0002 see report text
Vegetable ingestion rate - below ground g/day 95 see report text
Vegetable ingestion rate - leafy g/day 40 see report text
Vegetable ingestion rate - vine and othe g/day 80 see report text
Vegetable ingestion rate - frui g/day 144 see report text
Fraction of Homegrown Produce from Contaminated So unitless 0.1 see report text
Body Weight kg 13 see report text
Exposure Frequency days/year 365 see report text
Exposure Duration years 6 see report text
Averaging Time (non-threshold effects years 70 see report text
Averaging Time (threshold effects years 6 see report text
Soil Ingestion Rate mg/day 100 see report text
Exposed Skin Surface Area cm2 2100 see report text
Soil to Skin Adherence Factor mg/cm2/day 0.5 see report text
Exposure Time (outdoors hours/day 4 see report text
Exposure Time (indoors) hours/day 20 see report text
Vegetable uptake factor - below ground unitless 0.0008 see report text
Vegetable uptake factor - leafy unitless 0.004 see report text
Vegetable uptake factor - vine and othe unitless 0.0002 see report text
Vegetable uptake factor - frui unitless 0.0002 see report text
Vegetable ingestion rate - below ground g/day 53 see report text
Vegetable ingestion rate - leafy g/day 23 see report text
Vegetable ingestion rate - vine and othe g/day 45 see report text
Vegetable ingestion rate - frui g/day 81 see report text
Fraction of Homegrown Produce from Contaminated So unitless 0.1 see report text

Adult Resident

Child Resident

Exposure Parameters
Fortuna Defence Site, Bendigo, Victoria

Residential with Garden Soil Access

Table I1
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Receptor Pathway Units
Name 
(thres)

Intake Factor (threshold 
effects) Equation Notes

Soil Ingestion kg-soil/kg-bw/day ifsingtar 3.57E-07 =(IngS*EF*ED*1E-06kg/mg)/(BW*AT*365d/yr)
NOTE: chemical-specific bioaccessibility factor included in risk 
calculation sheet.

Dermal Soil Contact kg-soil/kg-bw/day ifdermstar 4.07E-05 =(Sadh*SSA*EF*ED*1E-06kg/mg)/(BW*AT*365d/yr)
NOTE: chemical-specific dermal absorption factor included in risk 
calculation sheet.

Particulate Inhalation (Indoor) unitless ifinhpitar 8.33E-01 =(ETI*EF*ED)/(AT*365d/yr*24hr/day)

NOTE: intake factor is that for calculation of exposure adjusted air 
concentration according to RAGS Part F (USEPA, 2008).  PEF and other 
factors for estimation of particulate air concentrations are included in risk 
calculation sheet.

Particulate Inhalation (Outdoor) unitless ifinhpotar 1.67E-01 =(ETO*EF*ED)/(AT*365d/yr*24hr/day)

NOTE: intake factor is that for calculation of exposure adjusted air 
concentration according to RAGS Part F (USEPA, 2008).  PEF and other 
factors for estimation of particulate air concentrations are included in risk 
calculation sheet.

Vegetable Ingestion - overall kg-soil/kg-bw/day ifingvtar 4.01E-07 =((IngVb*VUFbg+IngVl*VUFl+IngVv*VUFv+IngVf*VUFf)*ENOTE: this accounts for vegetable uptake factors for each vegetable type

Soil Ingestion kg-soil/kg-bw/day ifsingtcr 7.69E-06 =(IngS*EF*ED*1E-06kg/mg)/(BW*AT*365d/yr)
NOTE: chemical-specific bioaccessibility factor included in risk 
calculation sheet.

Dermal Soil Contact kg-soil/kg-bw/day ifdermstcr 8.08E-05 =(Sadh*SSA*EF*ED*1E-06kg/mg)/(BW*AT*365d/yr)
NOTE: chemical-specific dermal absorption factor included in risk 
calculation sheet.

Particulate Inhalation (Indoor) unitless ifinhpitcr 8.33E-01 =(ETI*EF*ED)/(AT*365d/yr*24hr/day)

NOTE: intake factor is that for calculation of exposure adjusted air 
concentration according to RAGS Part F (USEPA, 2008).  PEF and other 
factors for estimation of particulate air concentrations are included in risk 
calculation sheet.

Particulate Inhalation (Outdoor) unitless ifinhpotcr 1.67E-01 =(ETO*EF*ED)/(AT*365d/yr*24hr/day)

NOTE: intake factor is that for calculation of exposure adjusted air 
concentration according to RAGS Part F (USEPA, 2008).  PEF and other 
factors for estimation of particulate air concentrations are included in risk 
calculation sheet.

Vegetable Ingestion - overall kg-soil/kg-bw/day ifingvtcr 1.23E-06 =((IngVb*VUFbg+IngVl*VUFl+IngVv*VUFv+IngVf*VUFf)*ENOTE: this accounts for vegetable uptake factors for each vegetable type

Adult Resident

Child Resident

Table I2
Intake Factors

Fortuna Defence Site, Bendigo, Victoria
Residential with Garden Soil Access
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Table I3
Site: Fortuna Defence Site, Bendigo, Victoria
Pathway: Incidental Ingestion of Soil
Scenario: Residential with Garden Soil Access

Average RME Intake HQ Intake HQ Intake HQ Intake HQ

Arsenic - Army 613 745 0.25 1.00E-03 5.47E-05 5.47E-02 6.65E-05 6.65E-02 1.18E-03 1.18E+00 1.43E-03 1.43E+00

Arsenic - Bush Block 588 684 0.25 1.00E-03 5.25E-05 5.25E-02 6.11E-05 6.11E-02 1.13E-03 1.13E+00 1.32E-03 1.32E+00

Arsenic - Main Lake 1300 1840 0.25 1.00E-03 1.16E-04 1.16E-01 1.64E-04 1.64E-01 2.50E-03 2.50E+00 3.54E-03 3.54E+00

Arsenic - Recreation 444 649 0.25 1.00E-03 3.96E-05 3.96E-02 5.79E-05 5.79E-02 8.54E-04 8.54E-01 1.25E-03 1.25E+00

Arsenic - Southern 499 976 0.25 1.00E-03 4.46E-05 4.46E-02 8.71E-05 8.71E-02 9.60E-04 9.60E-01 1.88E-03 1.88E+00

Arsenic - Villa 558 688 0.25 1.00E-03 4.98E-05 4.98E-02 6.14E-05 6.14E-02 1.07E-03 1.07E+00 1.32E-03 1.32E+00

Arsenic - Background 147 206 0.25 1.00E-03 1.31E-05 1.31E-02 1.84E-05 1.84E-02 2.83E-04 2.83E-01 3.96E-04 3.96E-01

Chemical 

Surface Soil 
Concentration (mg/kg) Oral 

Bioaccessibility 
Factor (unitless)

Threshold Risk Calculations

Oral TDI 
(mg/kg/day)

Adult Resident - 
Average

Adult Resident - 
RME

Child Resident - 
Average

Child Resident - 
RME
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Table I4
Site: Fortuna Defence Site, Bendigo, Victoria
Pathway: Dermal Contact with Soil
Scenario: Residential with Garden Soil Access

Average RME Intake HQ Intake HQ Intake HQ Intake HQ

Arsenic - Army 613 745 0.014 1.00E-03 3.49E-04 3.49E-01 4.25E-04 4.25E-01 6.93E-04 6.93E-01 8.42E-04 8.42E-01

Arsenic - Bush Block 588 684 0.014 1.00E-03 3.35E-04 3.35E-01 3.90E-04 3.90E-01 6.65E-04 6.65E-01 7.73E-04 7.73E-01

Arsenic - Main Lake 1300 1840 0.014 1.00E-03 7.41E-04 7.41E-01 1.05E-03 1.05E+00 1.47E-03 1.47E+00 2.08E-03 2.08E+00

Arsenic - Recreation 444 649 0.014 1.00E-03 2.53E-04 2.53E-01 3.70E-04 3.70E-01 5.02E-04 5.02E-01 7.34E-04 7.34E-01

Arsenic - Southern 499 976 0.014 1.00E-03 2.84E-04 2.84E-01 5.56E-04 5.56E-01 5.64E-04 5.64E-01 1.10E-03 1.10E+00

Arsenic - Villa 558 688 0.014 1.00E-03 3.18E-04 3.18E-01 3.92E-04 3.92E-01 6.31E-04 6.31E-01 7.78E-04 7.78E-01

Arsenic - Background 147 206 0.014 1.00E-03 8.38E-05 8.38E-02 1.17E-04 1.17E-01 1.66E-04 1.66E-01 2.33E-04 2.33E-01

Chemical 

Child Resident - 
RME

Threshold Risk Calculations

Dermal TDI 
(mg/kg/day)

Adult Resident - 
Average

Adult Resident - 
RME

Child Resident - 
Average

Surface Soil 
Concentration (mg/kg)

Dermal 
Absorption 
Factor (Soil) 

(unitless)
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Table I5
Site: Fortuna Defence Site, Bendigo, Victoria
Pathway: Inhalation of Particulates - Indoors
Scenario: Residential with Garden Soil Access

Average RME
Residential 
/Recreation Intake HQ Intake HQ Intake HQ Intake HQ

Arsenic - Army 613 745 1.36E+09 0.75 5.00E-04 2.82E-07 5.63E-04 3.42E-07 6.85E-04 2.82E-07 5.63E-04 3.42E-07 6.85E-04

Arsenic - Bush Block 588 684 1.36E+09 0.75 5.00E-04 2.70E-07 5.40E-04 3.14E-07 6.29E-04 2.70E-07 5.40E-04 3.14E-07 6.29E-04

Arsenic - Main Lake 1300 1840 1.36E+09 0.75 5.00E-04 5.97E-07 1.19E-03 8.46E-07 1.69E-03 5.97E-07 1.19E-03 8.46E-07 1.69E-03

Arsenic - Recreation 444 649 1.36E+09 0.75 5.00E-04 2.04E-07 4.08E-04 2.98E-07 5.97E-04 2.04E-07 4.08E-04 2.98E-07 5.97E-04

Arsenic - Southern 499 976 1.36E+09 0.75 5.00E-04 2.29E-07 4.59E-04 4.49E-07 8.97E-04 2.29E-07 4.59E-04 4.49E-07 8.97E-04

Arsenic - Villa 558 688 1.36E+09 0.75 5.00E-04 2.56E-07 5.13E-04 3.16E-07 6.32E-04 2.56E-07 5.13E-04 3.16E-07 6.32E-04

Arsenic - Background 147 206 1.36E+09 0.75 5.00E-04 6.76E-08 1.35E-04 9.47E-08 1.89E-04 6.76E-08 1.35E-04 9.47E-08 1.89E-04

Chemical 

Surface Soil 
Concentration (mg/kg)

Particulate 
Emission 

Factor 
(m3/kg)

Indoor to 
Outdoor 

Particulate 
Ratio

Threshold Risk Calculations

TC in Air 
(mg/m3)

Adult Resident - 
Average Adult Resident - RME Child Resident - 

Average Child Resident - RME
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Table I6
Site: Fortuna Defence Site, Bendigo, Victoria
Pathway: Inhalation of Particulates - Outdoors
Scenario: Residential with Garden Soil Access

Average RME
Residential 
/Recreation Intake HQ Intake HQ Intake HQ Intake HQ

Arsenic - Army 613 745 1.36E+09 5.00E-04 7.51E-08 1.50E-04 9.13E-08 1.83E-04 7.51E-08 1.50E-04 9.13E-08 1.83E-04

Arsenic - Bush Block 588 684 1.36E+09 5.00E-04 7.21E-08 1.44E-04 8.38E-08 1.68E-04 7.21E-08 1.44E-04 8.38E-08 1.68E-04

Arsenic - Main Lake 1300 1840 1.36E+09 5.00E-04 1.59E-07 3.19E-04 2.25E-07 4.51E-04 1.59E-07 3.19E-04 2.25E-07 4.51E-04

Arsenic - Recreation 444 649 1.36E+09 5.00E-04 5.44E-08 1.09E-04 7.95E-08 1.59E-04 5.44E-08 1.09E-04 7.95E-08 1.59E-04

Arsenic - Southern 499 976 1.36E+09 5.00E-04 6.12E-08 1.22E-04 1.20E-07 2.39E-04 6.12E-08 1.22E-04 1.20E-07 2.39E-04

Arsenic - Villa 558 688 1.36E+09 5.00E-04 6.84E-08 1.37E-04 8.43E-08 1.69E-04 6.84E-08 1.37E-04 8.43E-08 1.69E-04

Arsenic - Background 147 206 1.36E+09 5.00E-04 1.80E-08 3.60E-05 2.52E-08 5.05E-05 1.80E-08 3.60E-05 2.52E-08 5.05E-05

Chemical 

Child Resident - RME

Threshold Risk Calculations

TC in Air 
(mg/m3)

Adult Resident - 
Average

Adult Resident - 
RME

Child Resident - 
Average

Surface Soil 
Concentration (mg/kg)

Particulate 
Emission 

Factor 
(unitless)
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Table I7
Site: Fortuna Defence Site, Bendigo, Victoria
Pathway: Vegetable Ingestion
Scenario: Residential with Garden Soil Access

Average RME Intake HQ Intake HQ Intake HQ Intake HQ

Arsenic - Army 613 745 1.00E-03 2.46E-04 2.46E-01 2.99E-04 2.99E-01 7.53E-04 7.53E-01 9.15E-04 9.15E-01

Arsenic - Bush Block 588 684 1.00E-03 2.36E-04 2.36E-01 2.74E-04 2.74E-01 7.22E-04 7.22E-01 8.40E-04 8.40E-01

Arsenic - Main Lake 1300 1840 1.00E-03 5.21E-04 5.21E-01 7.38E-04 7.38E-01 1.60E-03 1.60E+00 2.26E-03 2.26E+00

Arsenic - Recreation 444 649 1.00E-03 1.78E-04 1.78E-01 2.60E-04 2.60E-01 5.45E-04 5.45E-01 7.97E-04 7.97E-01

Arsenic - Southern 499 976 1.00E-03 2.00E-04 2.00E-01 3.92E-04 3.92E-01 6.13E-04 6.13E-01 1.20E-03 1.20E+00

Arsenic - Villa 558 688 1.00E-03 2.24E-04 2.24E-01 2.76E-04 2.76E-01 6.85E-04 6.85E-01 8.45E-04 8.45E-01

Arsenic - Background 147 206 1.00E-03 5.90E-05 5.90E-02 8.26E-05 8.26E-02 1.80E-04 1.80E-01 2.53E-04 2.53E-01

Adult Resident - 
Average

Adult Resident - 
RME

Child Resident - 
Average

Child Resident - 
RME

Oral TDI 
(mg/kg/day)Chemical 

Threshold Risk Calculations
Surface Soil 

Concentration (mg/kg)

Page 1 of 1 D1112201_AppI_RiskCalcs_resveg_03Jun09.xls



Table I8
Risk Summary and Target Criteria Calculation - Adult Resident
Site: Fortuna Defence Site, Bendigo, Victoria
Scenario: Residential with Garden Soil Access

HQ
TARGET

Average RME Average RME Average RME Average RME Average RME Average RME Average RME Average RME

Arsenic - Army 613 745 5.47E-02 6.65E-02 3.49E-01 4.25E-01 5.63E-04 6.85E-04 1.50E-04 1.83E-04 2.46E-01 2.99E-01 6.51E-01 7.91E-01 1.00E+00 9.42E+02 9.42E+02

Arsenic - Bush Block 588 684 5.25E-02 6.11E-02 3.35E-01 3.90E-01 5.40E-04 6.29E-04 1.44E-04 1.68E-04 2.36E-01 2.74E-01 6.24E-01 7.26E-01 1.00E+00 9.42E+02 9.42E+02

Arsenic - Main Lake 1300 1840 1.16E-01 1.64E-01 7.41E-01 1.05E+00 1.19E-03 1.69E-03 3.19E-04 4.51E-04 5.21E-01 7.38E-01 1.38E+00 1.95E+00 1.00E+00 9.42E+02 9.42E+02

Arsenic - Recreation 444 649 3.96E-02 5.79E-02 2.53E-01 3.70E-01 4.08E-04 5.97E-04 1.09E-04 1.59E-04 1.78E-01 2.60E-01 4.71E-01 6.89E-01 1.00E+00 9.42E+02 9.42E+02

Arsenic - Southern 499 976 4.46E-02 8.71E-02 2.84E-01 5.56E-01 4.59E-04 8.97E-04 1.22E-04 2.39E-04 2.00E-01 3.92E-01 5.30E-01 1.04E+00 1.00E+00 9.42E+02 9.42E+02

Arsenic - Villa 558 688 4.98E-02 6.14E-02 3.18E-01 3.92E-01 5.13E-04 6.32E-04 1.37E-04 1.69E-04 2.24E-01 2.76E-01 5.92E-01 7.30E-01 1.00E+00 9.42E+02 9.42E+02

Arsenic - Background 147 206 1.31E-02 1.84E-02 8.38E-02 1.17E-01 1.35E-04 1.89E-04 3.60E-05 5.05E-05 5.90E-02 8.26E-02 1.56E-01 2.19E-01 1.00E+00 9.42E+02 9.42E+02

Soil Ingestion Dermal Contact Inhalation (Indoors) Inhalation (Outdoors)
HQ HQ Threshold Based 

Remediation TargetVegetable Ingestion TOTAL
HQ HQ HQ HQ

Chemical
Soil Concentration
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Table I9
Risk Summary and Target Criteria Calculation - Child Resident
Site: Fortuna Defence Site, Bendigo, Victoria
Scenario: Residential with Garden Soil Access

HQ
TARGET

Average RME Average RME Average RME Average RME Average RME Average RME Average RME Average RME

Arsenic - Army 613 745 1.18E+00 1.43E+00 6.93E-01 8.42E-01 5.63E-04 6.85E-04 1.50E-04 1.83E-04 7.53E-01 9.15E-01 2.63E+00 3.19E+00 1.00E+00 2.33E+02 2.33E+02

Arsenic - Bush Block 588 684 1.13E+00 1.32E+00 6.65E-01 7.73E-01 5.40E-04 6.29E-04 1.44E-04 1.68E-04 7.22E-01 8.40E-01 2.52E+00 2.93E+00 1.00E+00 2.33E+02 2.33E+02

Arsenic - Main Lake 1300 1840 2.50E+00 3.54E+00 1.47E+00 2.08E+00 1.19E-03 1.69E-03 3.19E-04 4.51E-04 1.60E+00 2.26E+00 5.57E+00 7.88E+00 1.00E+00 2.33E+02 2.33E+02

Arsenic - Recreation 444 649 8.54E-01 1.25E+00 5.02E-01 7.34E-01 4.08E-04 5.97E-04 1.09E-04 1.59E-04 5.45E-01 7.97E-01 1.90E+00 2.78E+00 1.00E+00 2.33E+02 2.33E+02

Arsenic - Southern 499 976 9.60E-01 1.88E+00 5.64E-01 1.10E+00 4.59E-04 8.97E-04 1.22E-04 2.39E-04 6.13E-01 1.20E+00 2.14E+00 4.18E+00 1.00E+00 2.33E+02 2.33E+02

Arsenic - Villa 558 688 1.07E+00 1.32E+00 6.31E-01 7.78E-01 5.13E-04 6.32E-04 1.37E-04 1.69E-04 6.85E-01 8.45E-01 2.39E+00 2.95E+00 1.00E+00 2.33E+02 2.33E+02

Arsenic - Background 147 206 2.83E-01 3.96E-01 1.66E-01 2.33E-01 1.35E-04 1.89E-04 3.60E-05 5.05E-05 1.80E-01 2.53E-01 6.30E-01 8.82E-01 1.00E+00 2.33E+02 2.33E+02

Chemical
Soil Concentration

HQ HQ HQ HQ HQ HQ Threshold Based 
Remediation TargetVegetable Ingestion TOTALSoil Ingestion Dermal Contact Inhalation (Indoors) Inhalation (Outdoors)
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Appendix J 

Risk and RBSC Calculations - Residential with Minimal 

Soil Access 

 

 



Receptor Parameter Units Rangename Value Reference
Body Weight kg Bwar 70 see report text
Exposure Frequency days/year Efar 365 see report text
Exposure Duration years Edar 64 see report text
Averaging Time (non-threshold effects) years Atntar 70 see report text
Averaging Time (threshold effects) years Attar 64 see report text
Soil Ingestion Rate mg/day IngSar 6.25 see report text
Exposed Skin Surface Area cm2 SSAar 1425 see report text
Soil to Skin Adherence Factor mg/cm2/day Sadhar 0.5 see report text
Exposure Time (outdoors) hours/day ETOar 4 see report text
Exposure Time (indoors) hours/day ETIar 20 see report text
Vegetable uptake factor - below ground unitless VUFbg 0.0008 see report text
Vegetable uptake factor - leafy unitless VUFl 0.004 see report text
Vegetable uptake factor - vine and other unitless VUFv 0.0002 see report text
Vegetable uptake factor - fruit unitless VUFf 0.0002 see report text
Vegetable ingestion rate - below ground g/day IngVbgar 0 see report text
Vegetable ingestion rate - leafy g/day IngVlar 0 see report text
Vegetable ingestion rate - vine and other g/day IngVvar 0 see report text
Vegetable ingestion rate - fruit g/day IngVfar 0 see report text
Fraction of Homegrown Produce from Contaminated Soil unitless FracVar 0.1 see report text
Body Weight kg Bwcr 13 see report text
Exposure Frequency days/year Efcr 365 see report text
Exposure Duration years Edcr 6 see report text
Averaging Time (non-threshold effects) years Atntcr 70 see report text
Averaging Time (threshold effects) years Attcr 6 see report text
Soil Ingestion Rate mg/day IngScr 25 see report text
Exposed Skin Surface Area cm2 SSAcr 525 see report text
Soil to Skin Adherence Factor mg/cm2/day Sadhcr 0.5 see report text
Exposure Time (outdoors) hours/day ETOcr 4 see report text
Exposure Time (indoors) hours/day ETIcr 20 see report text
Vegetable uptake factor - below ground unitless VUFbg 0.0008 see report text
Vegetable uptake factor - leafy unitless VUFl 0.004 see report text
Vegetable uptake factor - vine and other unitless VUFv 0.0002 see report text
Vegetable uptake factor - fruit unitless VUFf 0.0002 see report text
Vegetable ingestion rate - below ground g/day IngVbgcr 0 see report text
Vegetable ingestion rate - leafy g/day IngVlcr 0 see report text
Vegetable ingestion rate - vine and other g/day IngVvcr 0 see report text
Vegetable ingestion rate - fruit g/day IngVfcr 0 see report text
Fraction of Homegrown Produce from Contaminated Soil unitless FracVcr 0.1 see report text

Exposure Parameters
Fortuna Defence Site, Bendigo, Victoria
Residential Without Garden Soil Access

Table J1

Adult Resident

Child Resident
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Receptor Pathway Units Name (n-thres)
Intake Factor (non
threshold effects) Name (thres) Intake Factor (threshold effects)Equation Notes

Soil Ingestion kg-soil/kg-bw/day ifsingntar 8.16E-08 ifsingtar 8.93E-08 =(IngS*EF*ED*1E-06kg/mg)/(BW*AT*365d/yr)
NOTE: chemical-specific bioaccessibility factor included in risk calculation 
sheet.

Dermal Soil Contact kg-soil/kg-bw/day ifdermsntar 9.31E-06 ifdermstar 1.02E-05 =(Sadh*SSA*EF*ED*1E-06kg/mg)/(BW*AT*365d/yr)
NOTE: chemical-specific dermal absorption factor included in risk 
calculation sheet.

Particulate Inhalation (Indoor) unitless ifinhpintar 7.62E-01 ifinhpitar 8.33E-01 =(ETI*EF*ED)/(AT*365d/yr*24hr/day)

NOTE: intake factor is that for calculation of exposure adjusted air 
concentration according to RAGS Part F (USEPA, 2008).  PEF and other 
factors for estimation of particulate air concentrations are included in risk 
calculation sheet.

Particulate Inhalation (Outdoor) unitless ifinhpontar 1.52E-01 ifinhpotar 1.67E-01 =(ETO*EF*ED)/(AT*365d/yr*24hr/day)

NOTE: intake factor is that for calculation of exposure adjusted air 
concentration according to RAGS Part F (USEPA, 2008).  PEF and other 
factors for estimation of particulate air concentrations are included in risk 
calculation sheet.

Soil Ingestion kg-soil/kg-bw/day ifsingntcr 1.65E-07 ifsingtcr 1.92E-06 =(IngS*EF*ED*1E-06kg/mg)/(BW*AT*365d/yr)
NOTE: chemical-specific bioaccessibility factor included in risk calculation 
sheet.

Dermal Soil Contact kg-soil/kg-bw/day ifdermsntcr 1.73E-06 ifdermstcr 2.02E-05 =(Sadh*SSA*EF*ED*1E-06kg/mg)/(BW*AT*365d/yr)
NOTE: chemical-specific dermal absorption factor included in risk 
calculation sheet.

Particulate Inhalation (Indoor) unitless ifinhpintcr 7.14E-02 ifinhpitcr 8.33E-01 =(ETI*EF*ED)/(AT*365d/yr*24hr/day)

NOTE: intake factor is that for calculation of exposure adjusted air 
concentration according to RAGS Part F (USEPA, 2008).  PEF and other 
factors for estimation of particulate air concentrations are included in risk 
calculation sheet.

Particulate Inhalation (Outdoor) unitless ifinhpontcr 1.43E-02 ifinhpotcr 1.67E-01 =(ETO*EF*ED)/(AT*365d/yr*24hr/day)

NOTE: intake factor is that for calculation of exposure adjusted air 
concentration according to RAGS Part F (USEPA, 2008).  PEF and other 
factors for estimation of particulate air concentrations are included in risk 
calculation sheet.

Table J2
Intake Factors

Fortuna Defence Site, Bendigo, Victoria
Residential Without Garden Soil Access

Adult Resident

Child Resident
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Table J3
Site: Fortuna Defence Site, Bendigo, Victoria
Pathway: Incidental Ingestion of Soil
Scenario: Residential Without Garden Soil Access

Average RME Intake HQ Intake HQ Intake HQ Intake HQ

Arsenic - Army 613 745 0.25 1.00E-03 1.37E-05 1.37E-02 1.66E-05 1.66E-02 2.95E-04 2.95E-01 3.58E-04 3.58E-01

Arsenic - Bush Block 588 684 0.25 1.00E-03 1.31E-05 1.31E-02 1.53E-05 1.53E-02 2.83E-04 2.83E-01 3.29E-04 3.29E-01

Arsenic - Main Lake 1300 1840 0.25 1.00E-03 2.90E-05 2.90E-02 4.11E-05 4.11E-02 6.25E-04 6.25E-01 8.85E-04 8.85E-01

Arsenic - Recreation 444 649 0.25 1.00E-03 9.91E-06 9.91E-03 1.45E-05 1.45E-02 2.13E-04 2.13E-01 3.12E-04 3.12E-01

Arsenic - Southern 499 976 0.25 1.00E-03 1.11E-05 1.11E-02 2.18E-05 2.18E-02 2.40E-04 2.40E-01 4.69E-04 4.69E-01

Arsenic - Villa 558 688 0.25 1.00E-03 1.25E-05 1.25E-02 1.54E-05 1.54E-02 2.68E-04 2.68E-01 3.31E-04 3.31E-01

Arsenic - Background 147 206 0.25 1.00E-03 3.28E-06 3.28E-03 4.60E-06 4.60E-03 7.07E-05 7.07E-02 9.90E-05 9.90E-02

Child Resident - 
RME

Threshold Risk Calculations

Oral TDI 
(mg/kg/day)

Adult Resident - 
Average

Adult Resident - 
RME

Child Resident - 
Average

Surface Soil 
Concentration (mg/kg)

Oral 
Bioaccessibilit

y Factor 
(unitless)Chemical 
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Table J4
Site: Fortuna Defence Site, Bendigo, Victoria
Pathway: Dermal Contact with Soil
Scenario: Residential Without Garden Soil Access

Average RME Intake HQ Intake HQ Intake HQ Intake HQ

Arsenic - Army 613 745 0.014 1.00E-03 8.74E-05 8.74E-02 1.06E-04 1.06E-01 1.73E-04 1.73E-01 2.11E-04 2.11E-01

Arsenic - Bush Block 588 684 0.014 1.00E-03 8.38E-05 8.38E-02 9.75E-05 9.75E-02 1.66E-04 1.66E-01 1.93E-04 1.93E-01

Arsenic - Main Lake 1300 1840 0.014 1.00E-03 1.85E-04 1.85E-01 2.62E-04 2.62E-01 3.68E-04 3.68E-01 5.20E-04 5.20E-01

Arsenic - Recreation 444 649 0.014 1.00E-03 6.33E-05 6.33E-02 9.25E-05 9.25E-02 1.26E-04 1.26E-01 1.83E-04 1.83E-01

Arsenic - Southern 499 976 0.014 1.00E-03 7.11E-05 7.11E-02 1.39E-04 1.39E-01 1.41E-04 1.41E-01 2.76E-04 2.76E-01

Arsenic - Villa 558 688 0.014 1.00E-03 7.95E-05 7.95E-02 9.80E-05 9.80E-02 1.58E-04 1.58E-01 1.94E-04 1.94E-01

Arsenic - Background 147 206 0.014 1.00E-03 2.09E-05 2.09E-02 2.94E-05 2.94E-02 4.16E-05 4.16E-02 5.82E-05 5.82E-02

Surface Soil 
Concentration (mg/kg)

Dermal 
Absorption 
Factor (Soil) 

(unitless)

Adult Resident - 
Average

Adult Resident - 
RME

Child Resident - 
Average

Chemical 

Child Resident - 
RME

Threshold Risk Calculations

Dermal TDI 
(mg/kg/day)
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Table J5
Site: Fortuna Defence Site, Bendigo, Victoria
Pathway: Inhalation of Particulates - Indoors
Scenario: Residential Without Garden Soil Access

Average RME
Residential 
/Recreation Commercial

Maintenance / 
Trench Intake HQ Intake HQ Intake HQ

Arsenic - Army 613 745 1.36E+09 1.36E+09 1.00E+05 0.75 5.00E-04 2.82E-07 5.63E-04 3.42E-07 6.85E-04 2.82E-07 5.63E-04

Arsenic - Bush Block 588 684 1.36E+09 1.36E+09 1.00E+05 0.75 5.00E-04 2.70E-07 5.40E-04 3.14E-07 6.29E-04 2.70E-07 5.40E-04

Arsenic - Main Lake 1300 1840 1.36E+09 1.36E+09 1.00E+05 0.75 5.00E-04 5.97E-07 1.19E-03 8.46E-07 1.69E-03 5.97E-07 1.19E-03

Arsenic - Recreation 444 649 1.36E+09 1.36E+09 1.00E+05 0.75 5.00E-04 2.04E-07 4.08E-04 2.98E-07 5.97E-04 2.04E-07 4.08E-04

Arsenic - Southern 499 976 1.36E+09 1.36E+09 1.00E+05 0.75 5.00E-04 2.29E-07 4.59E-04 4.49E-07 8.97E-04 2.29E-07 4.59E-04

Arsenic - Villa 558 688 1.36E+09 1.36E+09 1.00E+05 0.75 5.00E-04 2.56E-07 5.13E-04 3.16E-07 6.32E-04 2.56E-07 5.13E-04

Arsenic - Background 147 206 1.36E+09 1.36E+09 1.00E+05 0.75 5.00E-04 6.76E-08 1.35E-04 9.47E-08 1.89E-04 6.76E-08 1.35E-04

Threshold Risk Calculations

Tolerable 
Concentration 
in Air (mg/m3)

Adult Resident - 
Average Adult Resident - RME Child Resident - 

Average

Surface Soil 
Concentration (mg/kg) Particulate Emission Factor (m3/kg)

Indoor to 
Outdoor 

Particulate 
RatioChemical 
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Table J5
Site: Fortuna Defence Site, Bendigo, Victoria
Pathway: Inhalation of Particulates - Indoors
Scenario: Residential Without Garden Soil Access

Average RME
Residential 
/Recreation Commercial

Maintenance / 
Trench

Arsenic - Army 613 745 1.36E+09 1.36E+09 1.00E+05 0.75

Arsenic - Bush Block 588 684 1.36E+09 1.36E+09 1.00E+05 0.75

Arsenic - Main Lake 1300 1840 1.36E+09 1.36E+09 1.00E+05 0.75

Arsenic - Recreation 444 649 1.36E+09 1.36E+09 1.00E+05 0.75

Arsenic - Southern 499 976 1.36E+09 1.36E+09 1.00E+05 0.75

Arsenic - Villa 558 688 1.36E+09 1.36E+09 1.00E+05 0.75

Arsenic - Background 147 206 1.36E+09 1.36E+09 1.00E+05 0.75

Surface Soil 
Concentration (mg/kg) Particulate Emission Factor (m3/kg)

Indoor to 
Outdoor 

Particulate 
RatioChemical Intake HQ

3.42E-07 6.85E-04

3.14E-07 6.29E-04

8.46E-07 1.69E-03

2.98E-07 5.97E-04

4.49E-07 8.97E-04

3.16E-07 6.32E-04

9.47E-08 1.89E-04

Child Resident - RME
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Table J6
Site: Fortuna Defence Site, Bendigo, Victoria
Pathway: Inhalation of Particulates - Outdoors
Scenario: Residential Without Garden Soil Access

Average RME
Residential 
/Recreation Commercial

Maintenance/ 
Trench Intake HQ Intake HQ Intake HQ Intake HQ

Arsenic - Army 613 745 1.36E+09 1.36E+09 1.00E+05 5.00E-04 7.51E-08 1.50E-04 9.13E-08 1.83E-04 7.51E-08 1.50E-04 9.13E-08 1.83E-04

Arsenic - Bush Block 588 684 1.36E+09 1.36E+09 1.00E+05 5.00E-04 7.21E-08 1.44E-04 8.38E-08 1.68E-04 7.21E-08 1.44E-04 8.38E-08 1.68E-04

Arsenic - Main Lake 1300 1840 1.36E+09 1.36E+09 1.00E+05 5.00E-04 1.59E-07 3.19E-04 2.25E-07 4.51E-04 1.59E-07 3.19E-04 2.25E-07 4.51E-04

Arsenic - Recreation 444 649 1.36E+09 1.36E+09 1.00E+05 5.00E-04 5.44E-08 1.09E-04 7.95E-08 1.59E-04 5.44E-08 1.09E-04 7.95E-08 1.59E-04

Arsenic - Southern 499 976 1.36E+09 1.36E+09 1.00E+05 5.00E-04 6.12E-08 1.22E-04 1.20E-07 2.39E-04 6.12E-08 1.22E-04 1.20E-07 2.39E-04

Arsenic - Villa 558 688 1.36E+09 1.36E+09 1.00E+05 5.00E-04 6.84E-08 1.37E-04 8.43E-08 1.69E-04 6.84E-08 1.37E-04 8.43E-08 1.69E-04

Arsenic - Background 147 206 1.36E+09 1.36E+09 1.00E+05 5.00E-04 1.80E-08 3.60E-05 2.52E-08 5.05E-05 1.80E-08 3.60E-05 2.52E-08 5.05E-05

Surface Soil 
Concentration (mg/kg) Particulate Emission Factor (unitless) Adult Resident - 

Average Adult Resident - RME Child Resident - 
Average

Chemical 

Child Resident - RME

Threshold Risk Calculations

Tolerable 
Concentration 
in Air (mg/m3)

Page 1 of 1 D1112201_AppJ_RiskCalcs_resnoveg_03Jun09.xls



Table J7
Risk Summary and Target Criteria Calculation - Adult Resident
Site: Fortuna Defence Site, Bendigo, Victoria
Scenario: Residential Without Garden Soil Access

HQ
TARGET

Average RME Average RME Average RME Average RME Average RME Average RME Average RME Average RME

Arsenic - Army 613 745 1.37E-02 1.66E-02 8.74E-02 1.06E-01 5.63E-04 6.85E-04 1.50E-04 1.83E-04 0.00E+00 0.00E+00 1.02E-01 1.24E-01 1.00E+00 6.02E+03 6.02E+03

Arsenic - Bush Block 588 684 1.31E-02 1.53E-02 8.38E-02 9.75E-02 5.40E-04 6.29E-04 1.44E-04 1.68E-04 0.00E+00 0.00E+00 9.76E-02 1.14E-01 1.00E+00 6.02E+03 6.02E+03

Arsenic - Main Lake 1300 1840 2.90E-02 4.11E-02 1.85E-01 2.62E-01 1.19E-03 1.69E-03 3.19E-04 4.51E-04 0.00E+00 0.00E+00 2.16E-01 3.05E-01 1.00E+00 6.02E+03 6.02E+03

Arsenic - Recreation 444 649 9.91E-03 1.45E-02 6.33E-02 9.25E-02 4.08E-04 5.97E-04 1.09E-04 1.59E-04 0.00E+00 0.00E+00 7.37E-02 1.08E-01 1.00E+00 6.02E+03 6.02E+03

Arsenic - Southern 499 976 1.11E-02 2.18E-02 7.11E-02 1.39E-01 4.59E-04 8.97E-04 1.22E-04 2.39E-04 0.00E+00 0.00E+00 8.28E-02 1.62E-01 1.00E+00 6.02E+03 6.02E+03

Arsenic - Villa 558 688 1.25E-02 1.54E-02 7.95E-02 9.80E-02 5.13E-04 6.32E-04 1.37E-04 1.69E-04 0.00E+00 0.00E+00 9.26E-02 1.14E-01 1.00E+00 6.02E+03 6.02E+03

Arsenic - Background 147 206 3.28E-03 4.60E-03 2.09E-02 2.94E-02 1.35E-04 1.89E-04 3.60E-05 5.05E-05 0.00E+00 0.00E+00 2.44E-02 3.42E-02 1.00E+00 6.02E+03 6.02E+03

Soil Ingestion Dermal Contact Inhalation (Indoors) Inhalation (Outdoors)
HQ HQ Threshold Based 

Remediation TargetVegetable Ingestion TOTAL
HQ HQ HQ HQ

Chemical
Soil Concentration

Page 1 of 1 D1112201_AppJ_RiskCalcs_resnoveg_03Jun09.xls



Table J8
Risk Summary and Target Criteria Calculation - Child Resident
Site: Fortuna Defence Site, Bendigo, Victoria
Scenario: Residential Without Garden Soil Access

HQ
TARGET

Average RME Average RME Average RME Average RME Average RME Average RME Average RME Average RME

Arsenic - Army 613 745 2.95E-01 3.58E-01 1.73E-01 2.11E-01 5.63E-04 6.85E-04 1.50E-04 1.83E-04 0.00E+00 0.00E+00 4.69E-01 5.70E-01 1.00E+00 1.31E+03 1.31E+03

Arsenic - Bush Block 588 684 2.83E-01 3.29E-01 1.66E-01 1.93E-01 5.40E-04 6.29E-04 1.44E-04 1.68E-04 0.00E+00 0.00E+00 4.50E-01 5.23E-01 1.00E+00 1.31E+03 1.31E+03

Arsenic - Main Lake 1300 1840 6.25E-01 8.85E-01 3.68E-01 5.20E-01 1.19E-03 1.69E-03 3.19E-04 4.51E-04 0.00E+00 0.00E+00 9.94E-01 1.41E+00 1.00E+00 1.31E+03 1.31E+03

Arsenic - Recreation 444 649 2.13E-01 3.12E-01 1.26E-01 1.83E-01 4.08E-04 5.97E-04 1.09E-04 1.59E-04 0.00E+00 0.00E+00 3.39E-01 4.96E-01 1.00E+00 1.31E+03 1.31E+03

Arsenic - Southern 499 976 2.40E-01 4.69E-01 1.41E-01 2.76E-01 4.59E-04 8.97E-04 1.22E-04 2.39E-04 0.00E+00 0.00E+00 3.82E-01 7.46E-01 1.00E+00 1.31E+03 1.31E+03

Arsenic - Villa 558 688 2.68E-01 3.31E-01 1.58E-01 1.94E-01 5.13E-04 6.32E-04 1.37E-04 1.69E-04 0.00E+00 0.00E+00 4.27E-01 5.26E-01 1.00E+00 1.31E+03 1.31E+03

Arsenic - Background 147 206 7.07E-02 9.90E-02 4.16E-02 5.82E-02 1.35E-04 1.89E-04 3.60E-05 5.05E-05 0.00E+00 0.00E+00 1.12E-01 1.58E-01 1.00E+00 1.31E+03 1.31E+03

Chemical
Soil Concentration

HQ HQ HQ HQ HQ HQ Threshold Based 
Remediation TargetVegetable Ingestion TOTALSoil Ingestion Dermal Contact Inhalation (Indoors) Inhalation (Outdoors)
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Receptor Parameter Units Rangename Value Reference
Body Weight kg Bwap 70 see report text
Exposure Frequency days/year Efap 365 see report text
Exposure Duration years Edap 64 see report text
Averaging Time (non-threshold effects) years Atntap 70 see report text
Averaging Time (threshold effects) years Attap 64 see report text
Soil Ingestion Rate mg/day IngSap 6.25 see report text
Exposed Skin Surface Area cm2 SSAap 1425 see report text
Soil to Skin Adherence Factor mg/cm2/day Sadhap 0.5 see report text
Exposure Time (outdoors) hours/day ETOap 2 see report text
Exposure Time (indoors) hours/day ETIap 0 see report text
Body Weight kg Bwcp 13 see report text
Exposure Frequency days/year Efcp 365 see report text
Exposure Duration years Edcp 6 see report text
Averaging Time (non-threshold effects) years Atntcp 70 see report text
Averaging Time (threshold effects) years Attcp 6 see report text
Soil Ingestion Rate mg/day IngScp 25 see report text
Exposed Skin Surface Area cm2 SSAcp 525 see report text
Soil to Skin Adherence Factor mg/cm2/day Sadhcp 0.5 see report text
Exposure Time (outdoors) hours/day ETOcp 2 see report text
Exposure Time (indoors) hours/day ETIcp 0 see report text

Exposure Parameters
Fortuna Defence Site, Bendigo, Victoria

Recreational

Table K1

Child Recreational
User

Adult Recreational
User
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Receptor Pathway Units Name (n-thres)
Intake Factor (non
threshold effects) Name (thres) Intake Factor (threshold effects)Equation Notes

Soil Ingestion kg-soil/kg-bw/day ifsingntap 8.16E-08 ifsingtap 8.93E-08 =(IngS*EF*ED*1E-06kg/mg)/(BW*AT*365d/yr) NOTE: chemical-specific bioaccessibility factor included in risk calculation 

Dermal Soil Contact kg-soil/kg-bw/day ifdermsntap 9.31E-06 ifdermstap 1.02E-05 =(Sadh*SSA*EF*ED*1E-06kg/mg)/(BW*AT*365d/yr)
NOTE: chemical-specific dermal absorption factor included in risk 
calculation sheet.

Particulate Inhalation (Outdoor) unitless ifinhpontap 7.62E-02 ifinhpotap 8.33E-02 =(ETO*EF*ED)/(AT*365d/yr*24hr/day)

NOTE: intake factor is that for calculation of exposure adjusted air 
concentration according to RAGS Part F (USEPA, 2008).  PEF and other 
factors for estimation of particulate air concentrations are included in risk 
calculation sheet.

Soil Ingestion kg-soil/kg-bw/day ifsingntcp 1.65E-07 ifsingtcp 1.92E-06 =(IngS*EF*ED*1E-06kg/mg)/(BW*AT*365d/yr)
NOTE: chemical-specific bioaccessibility factor included in risk calculation 
sheet.

Dermal Soil Contact kg-soil/kg-bw/day ifdermsntcp 1.73E-06 ifdermstcp 2.02E-05 =(Sadh*SSA*EF*ED*1E-06kg/mg)/(BW*AT*365d/yr)
NOTE: chemical-specific dermal absorption factor included in risk 
calculation sheet.

Particulate Inhalation (Outdoor) unitless ifinhpontcp 7.14E-03 ifinhpotcp 8.33E-02 =(ETO*EF*ED)/(AT*365d/yr*24hr/day)

NOTE: intake factor is that for calculation of exposure adjusted air 
concentration according to RAGS Part F (USEPA, 2008).  PEF and other 
factors for estimation of particulate air concentrations are included in risk 
calculation sheet.

Table K2
Intake Factors

Fortuna Defence Site, Bendigo, Victoria

Child Recreational User

Recreational

Adult Recreational User

Page 1 of 1 D1112201_AppK_RiskCalcs_recreat_03Jun09.xls



Table K3
Site: Fortuna Defence Site, Bendigo, Victoria
Pathway: Incidental Ingestion of Soil
Scenario: Recreational

Average RME Intake HQ Intake HQ Intake HQ Intake HQ

Arsenic - Army 613 745 0.25 1.00E-03 1.37E-05 1.37E-02 1.66E-05 1.66E-02 2.95E-04 2.95E-01 3.58E-04 3.58E-01

Arsenic - Bush Block 588 684 0.25 1.00E-03 1.31E-05 1.31E-02 1.53E-05 1.53E-02 2.83E-04 2.83E-01 3.29E-04 3.29E-01

Arsenic - Main Lake 1300 1840 0.25 1.00E-03 2.90E-05 2.90E-02 4.11E-05 4.11E-02 6.25E-04 6.25E-01 8.85E-04 8.85E-01

Arsenic - Recreation 444 649 0.25 1.00E-03 9.91E-06 9.91E-03 1.45E-05 1.45E-02 2.13E-04 2.13E-01 3.12E-04 3.12E-01

Arsenic - Southern 499 976 0.25 1.00E-03 1.11E-05 1.11E-02 2.18E-05 2.18E-02 2.40E-04 2.40E-01 4.69E-04 4.69E-01

Arsenic - Villa 558 688 0.25 1.00E-03 1.25E-05 1.25E-02 1.54E-05 1.54E-02 2.68E-04 2.68E-01 3.31E-04 3.31E-01

Arsenic - Background 147 206 0.25 1.00E-03 3.28E-06 3.28E-03 4.60E-06 4.60E-03 7.07E-05 7.07E-02 9.90E-05 9.90E-02

Adult Recreational - 
Average

Threshold Risk Calculations

Oral TDI 
(mg/kg/day)

Adult Recreational - 
RME

Child Recreational - 
Average

Child Recreational - 
RME

Surface Soil 
Concentration (mg/kg)

Oral 
Bioaccessibilit

y Factor 
(unitless)Chemical 
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Table K4
Site: Fortuna Defence Site, Bendigo, Victoria
Pathway: Dermal Contact with Soil
Scenario: Recreational

Average RME Intake HQ Intake HQ Intake HQ Intake HQ

Arsenic - Army 613 745 0.014 1.00E-03 8.74E-05 8.74E-02 1.06E-04 1.06E-01 1.73E-04 1.73E-01 2.11E-04 2.11E-01

Arsenic - Bush Block 588 684 0.014 1.00E-03 8.38E-05 8.38E-02 9.75E-05 9.75E-02 1.66E-04 1.66E-01 1.93E-04 1.93E-01

Arsenic - Main Lake 1300 1840 0.014 1.00E-03 1.85E-04 1.85E-01 2.62E-04 2.62E-01 3.68E-04 3.68E-01 5.20E-04 5.20E-01

Arsenic - Recreation 444 649 0.014 1.00E-03 6.33E-05 6.33E-02 9.25E-05 9.25E-02 1.26E-04 1.26E-01 1.83E-04 1.83E-01

Arsenic - Southern 499 976 0.014 1.00E-03 7.11E-05 7.11E-02 1.39E-04 1.39E-01 1.41E-04 1.41E-01 2.76E-04 2.76E-01

Arsenic - Villa 558 688 0.014 1.00E-03 7.95E-05 7.95E-02 9.80E-05 9.80E-02 1.58E-04 1.58E-01 1.94E-04 1.94E-01

Arsenic - Background 147 206 0.014 1.00E-03 2.09E-05 2.09E-02 2.94E-05 2.94E-02 4.16E-05 4.16E-02 5.82E-05 5.82E-02

Surface Soil 
Concentration (mg/kg)

Dermal 
Absorption 
Factor (Soil) 

(unitless)

Adult Recreational - 
RME

Child Recreational - 
Average

Child Recreational - 
RME

Chemical 

Adult Recreational - 
Average

Threshold Risk Calculations

Dermal TDI 
(mg/kg/day)
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Table K5
Site: Fortuna Defence Site, Bendigo, Victoria
Pathway: Inhalation of Particulates - Outdoors
Scenario: Recreational

Average RME
Residential 
/Recreation Commercial

Maintenance/ 
Trench Intake HQ Intake HQ Intake HQ Intake HQ

Arsenic - Army 613 745 1.36E+09 1.36E+09 1.00E+05 5.00E-04 3.76E-08 7.51E-05 4.56E-08 9.13E-05 3.76E-08 7.51E-05 4.56E-08 9.13E-05

Arsenic - Bush Block 588 684 1.36E+09 1.36E+09 1.00E+05 5.00E-04 3.60E-08 7.21E-05 4.19E-08 8.38E-05 3.60E-08 7.21E-05 4.19E-08 8.38E-05

Arsenic - Main Lake 1300 1840 1.36E+09 1.36E+09 1.00E+05 5.00E-04 7.97E-08 1.59E-04 1.13E-07 2.25E-04 7.97E-08 1.59E-04 1.13E-07 2.25E-04

Arsenic - Recreation 444 649 1.36E+09 1.36E+09 1.00E+05 5.00E-04 2.72E-08 5.44E-05 3.98E-08 7.95E-05 2.72E-08 5.44E-05 3.98E-08 7.95E-05

Arsenic - Southern 499 976 1.36E+09 1.36E+09 1.00E+05 5.00E-04 3.06E-08 6.12E-05 5.98E-08 1.20E-04 3.06E-08 6.12E-05 5.98E-08 1.20E-04

Arsenic - Villa 558 688 1.36E+09 1.36E+09 1.00E+05 5.00E-04 3.42E-08 6.84E-05 4.22E-08 8.43E-05 3.42E-08 6.84E-05 4.22E-08 8.43E-05

Arsenic - Background 147 206 1.36E+09 1.36E+09 1.00E+05 5.00E-04 9.01E-09 1.80E-05 1.26E-08 2.52E-05 9.01E-09 1.80E-05 1.26E-08 2.52E-05

Surface Soil 
Concentration (mg/kg) Particulate Emission Factor (unitless) Adult Recreational - 

RME
Child Recreational - 

Average
Child Recreational - 

RME

Chemical 

Adult Recreational - 
Average

Threshold Risk Calculations

Tolerable 
Concentration in 

Air (mg/m3)
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Table K6
Risk Summary and Target Criteria Calculation - Adult Recreational User
Site: Fortuna Defence Site, Bendigo, Victoria
Scenario: Recreational

HQ
TARGET

Average RME Average RME Average RME Average RME Average RME Average RME

Arsenic - Army 613 745 1.37E-02 1.66E-02 8.74E-02 1.06E-01 7.51E-05 9.13E-05 1.01E-01 1.23E-01 1.00E+00 6.06E+03 6.06E+03

Arsenic - Bush Block 588 684 1.31E-02 1.53E-02 8.38E-02 9.75E-02 7.21E-05 8.38E-05 9.70E-02 1.13E-01 1.00E+00 6.06E+03 6.06E+03

Arsenic - Main Lake 1300 1840 2.90E-02 4.11E-02 1.85E-01 2.62E-01 1.59E-04 2.25E-04 2.14E-01 3.03E-01 1.00E+00 6.06E+03 6.06E+03

Arsenic - Recreation 444 649 9.91E-03 1.45E-02 6.33E-02 9.25E-02 5.44E-05 7.95E-05 7.32E-02 1.07E-01 1.00E+00 6.06E+03 6.06E+03

Arsenic - Southern 499 976 1.11E-02 2.18E-02 7.11E-02 1.39E-01 6.12E-05 1.20E-04 8.23E-02 1.61E-01 1.00E+00 6.06E+03 6.06E+03

Arsenic - Villa 558 688 1.25E-02 1.54E-02 7.95E-02 9.80E-02 6.84E-05 8.43E-05 9.20E-02 1.13E-01 1.00E+00 6.06E+03 6.06E+03

Arsenic - Background 147 206 3.28E-03 4.60E-03 2.09E-02 2.94E-02 1.80E-05 2.52E-05 2.42E-02 3.40E-02 1.00E+00 6.06E+03 6.06E+03

Soil Ingestion Dermal Contact Inhalation (Outdoors)
HQ Threshold Based 

Remediation TargetTOTAL
HQ HQ HQ

Chemical
Soil Concentration
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Table K7
Risk Summary and Target Criteria Calculation - Child Recreational User
Site: Fortuna Defence Site, Bendigo, Victoria
Scenario: Recreational

HQ
TARGET

Average RME Average RME Average RME Average RME Average RME Average RME

Arsenic - Army 613 745 2.95E-01 3.58E-01 1.73E-01 2.11E-01 7.51E-05 9.13E-05 4.68E-01 5.69E-01 1.00E+00 1.31E+03 1.31E+03

Arsenic - Bush Block 588 684 2.83E-01 3.29E-01 1.66E-01 1.93E-01 7.21E-05 8.38E-05 4.49E-01 5.22E-01 1.00E+00 1.31E+03 1.31E+03

Arsenic - Main Lake 1300 1840 6.25E-01 8.85E-01 3.68E-01 5.20E-01 1.59E-04 2.25E-04 9.93E-01 1.40E+00 1.00E+00 1.31E+03 1.31E+03

Arsenic - Recreation 444 649 2.13E-01 3.12E-01 1.26E-01 1.83E-01 5.44E-05 7.95E-05 3.39E-01 4.96E-01 1.00E+00 1.31E+03 1.31E+03

Arsenic - Southern 499 976 2.40E-01 4.69E-01 1.41E-01 2.76E-01 6.12E-05 1.20E-04 3.81E-01 7.45E-01 1.00E+00 1.31E+03 1.31E+03

Arsenic - Villa 558 688 2.68E-01 3.31E-01 1.58E-01 1.94E-01 6.84E-05 8.43E-05 4.26E-01 5.25E-01 1.00E+00 1.31E+03 1.31E+03

Arsenic - Background 147 206 7.07E-02 9.90E-02 4.16E-02 5.82E-02 1.80E-05 2.52E-05 1.12E-01 1.57E-01 1.00E+00 1.31E+03 1.31E+03

Chemical
Soil Concentration

HQ HQ HQ HQ Threshold Based 
Remediation TargetTOTALSoil Ingestion Dermal Contact Inhalation (Outdoors)

Page 1 of 1 D1112201_AppK_RiskCalcs_recreat_03Jun09.xls



 

Use or disclosure of data contained on this sheet is subject to the restriction on the distribution page of this document. 

 Commercial in Confidence Fortuna Defence Site - Health Risk 
Assessment 

  D11122_RPT_FIN_29Jun09.doc 

    

Appendix L 

Risk and RBSC Calculations - Commercial/Industrial 

 

 



Receptor Parameter Units Rangename Value Reference

Body Weight kg Bwci 70 see report text

Exposure Frequency days/year Efci 240 see report text

Exposure Duration years Edci 30 see report text

Averaging Time (non-threshold effects) years Atntci 70 see report text

Averaging Time (threshold effects) years Attci 30 see report text

Soil Ingestion Rate mg/day IngSci 25 see report text

Exposed Skin Surface Area cm2 SSAci 900 see report text

Soil to Skin Adherence Factor mg/cm2/day Sadhci 0.5 see report text

Exposure Time (outdoors) hours/day ETOci 8 see report text

Exposure Time (indoors) hours/day ETIci 0 see report text

Exposure Parameters
Fortuna Defence Site, Bendigo, Victoria

Commercial/Industrial Workers

Table L1

Adult Commercial 
Worker
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Receptor Pathway Units Name (n-thres)

Intake Factor 
(non-threshold 

effects) Name (thres) Intake Factor (threshold effects) Equation Notes

Soil Ingestion kg-soil/kg-bw/day ifsingntci 1.01E-07 ifsingtci 2.35E-07 =(IngS*EF*ED*1E-06kg/mg)/(BW*AT*365d/yr)
NOTE: chemical-specific bioaccessibility factor included in risk calculation
sheet.

Dermal Soil Contact kg-soil/kg-bw/day ifdermsntci 1.81E-06 ifdermstci 4.23E-06 =(Sadh*SSA*EF*ED*1E-06kg/mg)/(BW*AT*365d/yr)
NOTE: chemical-specific dermal absorption factor included in risk
calculation sheet.

Particulate Inhalation (Indoor) unitless ifinhpintci 0.00E+00 ifinhpitci 0.00E+00 =(ETI*EF*ED)/(AT*365d/yr*24hr/day)

NOTE: intake factor is that for calculation of exposure adjusted air 
concentration according to RAGS Part F (USEPA, 2008).  PEF and other 
factors for estimation of particulate air concentrations are included in risk 
calculation sheet.

Particulate Inhalation (Outdoor) unitless ifinhpontci 9.39E-02 ifinhpotci 2.19E-01 =(ETO*EF*ED)/(AT*365d/yr*24hr/day)

NOTE: intake factor is that for calculation of exposure adjusted air 
concentration according to RAGS Part F (USEPA, 2008).  PEF and other 
factors for estimation of particulate air concentrations are included in risk 
calculation sheet.

Table L2
Intake Factors

Fortuna Defence Site, Bendigo, Victoria
Commercial/Industrial Workers

Commercial/Industrial 
Worker
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Table L3
Site: Fortuna Defence Site, Bendigo, Victoria
Pathway: Incidental Ingestion of Soil
Scenario: Commercial/Industrial Workers

Average RME Intake HQ Intake HQ

Arsenic - Army 613 745 0.25 1.00E-03 3.60E-05 3.60E-02 4.37E-05 4.37E-02

Arsenic - Bush Block 588 684 0.25 1.00E-03 3.45E-05 3.45E-02 4.02E-05 4.02E-02

Arsenic - Main Lake 1300 1840 0.25 1.00E-03 7.63E-05 7.63E-02 1.08E-04 1.08E-01

Arsenic - Recreation 444 649 0.25 1.00E-03 2.61E-05 2.61E-02 3.81E-05 3.81E-02

Arsenic - Southern 499 976 0.25 1.00E-03 2.93E-05 2.93E-02 5.73E-05 5.73E-02

Arsenic - Villa 558 688 0.25 1.00E-03 3.28E-05 3.28E-02 4.04E-05 4.04E-02

Arsenic - Background 147 206 0.25 1.00E-03 8.63E-06 8.63E-03 1.21E-05 1.21E-02

Threshold Risk Calculations

Oral TDI 
(mg/kg/day)

Adult Commercial 
Worker - Average

Adult Commercial 
Worker - RME

Surface Soil 
Concentration (mg/kg)

Oral 
Bioaccessibilit

y Factor 
(unitless)Chemical 
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Table L4
Site: Fortuna Defence Site, Bendigo, Victoria
Pathway: Dermal Contact with Soil
Scenario: Commercial/Industrial Workers

Average RME Intake HQ Intake HQ

Arsenic - Army 613 745 0.014 1.00E-03 3.63E-05 3.63E-02 4.41E-05 4.41E-02

Arsenic - Bush Block 588 684 0.014 1.00E-03 3.48E-05 3.48E-02 4.05E-05 4.05E-02

Arsenic - Main Lake 1300 1840 0.014 1.00E-03 7.69E-05 7.69E-02 1.09E-04 1.09E-01

Arsenic - Recreation 444 649 0.014 1.00E-03 2.63E-05 2.63E-02 3.84E-05 3.84E-02

Arsenic - Southern 499 976 0.014 1.00E-03 2.95E-05 2.95E-02 5.78E-05 5.78E-02

Arsenic - Villa 558 688 0.014 1.00E-03 3.30E-05 3.30E-02 4.07E-05 4.07E-02

Arsenic - Background 147 206 0.014 1.00E-03 8.70E-06 8.70E-03 1.22E-05 1.22E-02

Surface Soil 
Concentration (mg/kg)

Dermal 
Absorption 
Factor (Soil) 

(unitless)

Adult Commercial 
Worker - RME

Adult Commercial 
Worker - Average

Chemical 

Threshold Risk Calculations

Dermal TDI 
(mg/kg/day)
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Table L5
Site: Fortuna Defence Site, Bendigo, Victoria
Pathway: Inhalation of Particulates - Outdoors
Scenario: Commercial/Industrial Workers

Average RME
Residential 
/Recreation Commercial

Maintenance/ 
Trench Intake HQ Intake HQ

Arsenic - Army 613 745 1.36E+09 1.36E+09 1.00E+05 5.00E-04 9.88E-08 1.98E-04 1.20E-07 2.40E-04

Arsenic - Bush Block 588 684 1.36E+09 1.36E+09 1.00E+05 5.00E-04 9.48E-08 1.90E-04 1.10E-07 2.20E-04

Arsenic - Main Lake 1300 1840 1.36E+09 1.36E+09 1.00E+05 5.00E-04 2.10E-07 4.19E-04 2.97E-07 5.93E-04

Arsenic - Recreation 444 649 1.36E+09 1.36E+09 1.00E+05 5.00E-04 7.16E-08 1.43E-04 1.05E-07 2.09E-04

Arsenic - Southern 499 976 1.36E+09 1.36E+09 1.00E+05 5.00E-04 8.04E-08 1.61E-04 1.57E-07 3.15E-04

Arsenic - Villa 558 688 1.36E+09 1.36E+09 1.00E+05 5.00E-04 8.99E-08 1.80E-04 1.11E-07 2.22E-04

Arsenic - Background 147 206 1.36E+09 1.36E+09 1.00E+05 5.00E-04 2.37E-08 4.74E-05 3.32E-08 6.64E-05

Surface Soil 
Concentration (mg/kg) Particulate Emission Factor (unitless) Adult Commercial 

Worker - RME
Adult Commercial 
Worker - Average

Chemical 

Threshold Risk Calculations

Tolerable 
Concentration 
in Air (mg/m3)
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Table L6
Risk Summary and Target Criteria Calculation - Adult Commercial/Industrial Worker
Site: Fortuna Defence Site, Bendigo, Victoria
Scenario: Commercial/Industrial Workers

HQ
TARGET

Average RME Average RME Average RME Average RME Average RME Average RME Average RME

Arsenic - Army 613 745 3.60E-02 4.37E-02 3.63E-02 4.41E-02 0.00E+00 0.00E+00 1.98E-04 2.40E-04 7.25E-02 8.81E-02 1.00E+00 8.46E+03 8.46E+03

Arsenic - Bush Block 588 684 3.45E-02 4.02E-02 3.48E-02 4.05E-02 0.00E+00 0.00E+00 1.90E-04 2.20E-04 6.95E-02 8.09E-02 1.00E+00 8.46E+03 8.46E+03

Arsenic - Main Lake 1300 1840 7.63E-02 1.08E-01 7.69E-02 1.09E-01 0.00E+00 0.00E+00 4.19E-04 5.93E-04 1.54E-01 2.18E-01 1.00E+00 8.46E+03 8.46E+03

Arsenic - Recreation 444 649 2.61E-02 3.81E-02 2.63E-02 3.84E-02 0.00E+00 0.00E+00 1.43E-04 2.09E-04 5.25E-02 7.67E-02 1.00E+00 8.46E+03 8.46E+03

Arsenic - Southern 499 976 2.93E-02 5.73E-02 2.95E-02 5.78E-02 0.00E+00 0.00E+00 1.61E-04 3.15E-04 5.90E-02 1.15E-01 1.00E+00 8.46E+03 8.46E+03

Arsenic - Villa 558 688 3.28E-02 4.04E-02 3.30E-02 4.07E-02 0.00E+00 0.00E+00 1.80E-04 2.22E-04 6.60E-02 8.13E-02 1.00E+00 8.46E+03 8.46E+03

Arsenic - Background 147 206 8.63E-03 1.21E-02 8.70E-03 1.22E-02 0.00E+00 0.00E+00 4.74E-05 6.64E-05 1.74E-02 2.44E-02 1.00E+00 8.46E+03 8.46E+03

Soil Ingestion Dermal Contact Inhalation (Indoors) Inhalation (Outdoors)
HQ Threshold Based 

Remediation TargetTOTAL
HQ HQ HQ HQ

Chemical
Soil Concentration
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Appendix M 

Risk and RBSC Calculations - Maintenance Worker 

 

 



Receptor Parameter Units Rangename Value Reference

Body Weight kg Bwmw 70 see report text

Exposure Frequency days/year Efmw 12 see report text

Exposure Duration years Edmw 5 see report text

Averaging Time (non-threshold effects) years Atntmw 70 see report text

Averaging Time (threshold effects) years Attmw 5 see report text

Soil Ingestion Rate mg/day IngSmw 330 see report text

Exposed Skin Surface Area cm2 SSAmw 3300 see report text

Soil to Skin Adherence Factor mg/cm2/day Sadhmw 0.5 see report text

Exposure Time (outdoors) hours/day ETOmw 6 see report text

Exposure Time (indoors) hours/day ETImw 0 see report text

Inhalation Rate (outdoors) m3/hour InhROmw 1.8 see report text

Inhalation Rate (indoors) m3/hour InhRImw 1.8 see report text

Adult Intrusive/ 
Maintenance 

Worker

Exposure Parameters
Fortuna Defence Site, Bendigo, Victoria

Maintenance Workers

Table M1
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Receptor Pathway Units Name (n-thres)
Intake Factor (non
threshold effects) Name (thres) Intake Factor (threshold effects)Equation Notes

Soil Ingestion kg-soil/kg-bw/day ifsingntmw 1.11E-08 ifsingtmw 1.55E-07 =(IngS*EF*ED*1E-06kg/mg)/(BW*AT*365d/yr)
NOTE: chemical-specific bioaccessibility factor included in risk calculation 
sheet.

Dermal Soil Contact kg-soil/kg-bw/day ifdermsntmw 5.54E-08 ifdermstmw 7.75E-07 =(Sadh*SSA*EF*ED*1E-06kg/mg)/(BW*AT*365d/yr)
NOTE: chemical-specific dermal absorption factor included in risk 
calculation sheet.

Particulate Inhalation (Outdoor) unitless ifinhpontmw 5.87E-04 ifinhpotmw 8.22E-03 =(ETO*EF*ED)/(AT*365d/yr*24hr/day)

NOTE: intake factor is that for calculation of exposure adjusted air
concentration according to RAGS Part F (USEPA, 2008).  PEF and other 
factors for estimation of particulate air concentrations are included in risk 
calculation sheet.

Adult 
Intrusive/Maintenance 

Worker

Table M2
Intake Factors

Fortuna Defence Site, Bendigo, Victoria
Maintenance Workers
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Table M3
Site: Fortuna Defence Site, Bendigo, Victoria
Pathway: Incidental Ingestion of Soil
Scenario: Maintenance Workers

Average RME Intake HQ Intake HQ

Arsenic - Army 867 1020 0.25 1.00E-03 3.36E-05 3.36E-02 3.95E-05 3.95E-02

Arsenic - Bush Block 494 579 0.25 1.00E-03 1.91E-05 1.91E-02 2.24E-05 2.24E-02

Arsenic - Main Lake 1010 1420 0.25 1.00E-03 3.91E-05 3.91E-02 5.50E-05 5.50E-02

Arsenic - Recreation 403 584 0.25 1.00E-03 1.56E-05 1.56E-02 2.26E-05 2.26E-02

Arsenic - Southern 771 1300 0.25 1.00E-03 2.99E-05 2.99E-02 5.04E-05 5.04E-02

Arsenic - Villa 570 686 0.25 1.00E-03 2.21E-05 2.21E-02 2.66E-05 2.66E-02

Arsenic - Background 147 206 0.25 1.00E-03 5.70E-06 5.70E-03 7.98E-06 7.98E-03

Chemical 

Soil Concentration 
(mg/kg)

Oral 
Bioaccessibilit

y Factor 
(unitless)

Threshold Risk Calculations

Oral TDI 
(mg/kg/day)

Adult Maintenance 
Worker - Average

Adult Maintenance 
Worker - RME
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Table M4
Site: Fortuna Defence Site, Bendigo, Victoria
Pathway: Dermal Contact with Soil
Scenario: Maintenance Workers

Average RME Intake HQ Intake HQ

Arsenic - Army 867 1020 0.014 1.00E-03 9.41E-06 9.41E-03 1.11E-05 1.11E-02

Arsenic - Bush Block 494 579 0.014 1.00E-03 5.36E-06 5.36E-03 6.28E-06 6.28E-03

Arsenic - Main Lake 1010 1420 0.014 1.00E-03 1.10E-05 1.10E-02 1.54E-05 1.54E-02

Arsenic - Recreation 403 584 0.014 1.00E-03 4.37E-06 4.37E-03 6.34E-06 6.34E-03

Arsenic - Southern 771 1300 0.014 1.00E-03 8.36E-06 8.36E-03 1.41E-05 1.41E-02

Arsenic - Villa 570 686 0.014 1.00E-03 6.18E-06 6.18E-03 7.44E-06 7.44E-03

Arsenic - Background 147 206 0.014 1.00E-03 1.59E-06 1.59E-03 2.23E-06 2.23E-03

Chemical 

Adult Maintenance 
Worker - Average

Adult Maintenance 
Worker - RME

Threshold Risk Calculations

Dermal TDI 
(mg/kg/day)

Soil Concentration 
(mg/kg)

Dermal 
Absorption 
Factor (Soil) 

(unitless)
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Table M5
Site: Fortuna Defence Site, Bendigo, Victoria
Pathway: Inhalation of Particulates - Outdoors
Scenario: Maintenance Workers

Average RME
Residential 
/Recreation Commercial

Maintenance/ 
Trench Intake HQ Intake HQ

Arsenic - Army 867 1020 1.36E+09 1.36E+09 1.00E+05 5.00E-04 7.13E-05 1.43E-01 8.38E-05 1.68E-01

Arsenic - Bush Block 494 579 1.36E+09 1.36E+09 1.00E+05 5.00E-04 4.06E-05 8.12E-02 4.76E-05 9.52E-02

Arsenic - Main Lake 1010 1420 1.36E+09 1.36E+09 1.00E+05 5.00E-04 8.30E-05 1.66E-01 1.17E-04 2.33E-01

Arsenic - Recreation 403 584 1.36E+09 1.36E+09 1.00E+05 5.00E-04 3.31E-05 6.62E-02 4.80E-05 9.60E-02

Arsenic - Southern 771 1300 1.36E+09 1.36E+09 1.00E+05 5.00E-04 6.34E-05 1.27E-01 1.07E-04 2.14E-01

Arsenic - Villa 570 686 1.36E+09 1.36E+09 1.00E+05 5.00E-04 4.68E-05 9.37E-02 5.64E-05 1.13E-01

Arsenic - Background 147 206 1.36E+09 1.36E+09 1.00E+05 5.00E-04 1.21E-05 2.42E-02 1.69E-05 3.39E-02

Chemical 

Adult Maintenance 
Worker - Average

Adult Maintenance 
Worker - RME

Threshold Risk Calculations

Tolerable 
Concentration in 

Air (mg/m3)

Soil Concentration 
(mg/kg) Particulate Emission Factor (unitless)
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Table M6
Risk Summary and Target Criteria Calculation - Adult Maintenance Worker
Site: Fortuna Defence Site, Bendigo, Victoria
Scenario: Maintenance Workers

HQ
TARGET

Average RME Average RME Average RME Average RME Average RME Average RME

Arsenic - Army 867 1020 3.36E-02 3.95E-02 9.41E-03 1.11E-02 1.43E-01 1.68E-01 1.86E-01 2.18E-01 1.00E+00 4.67E+03 4.67E+03

Arsenic - Bush Block 494 579 1.91E-02 2.24E-02 5.36E-03 6.28E-03 8.12E-02 9.52E-02 1.06E-01 1.24E-01 1.00E+00 4.67E+03 4.67E+03

Arsenic - Main Lake 1010 1420 3.91E-02 5.50E-02 1.10E-02 1.54E-02 1.66E-01 2.33E-01 2.16E-01 3.04E-01 1.00E+00 4.67E+03 4.67E+03

Arsenic - Recreation 403 584 1.56E-02 2.26E-02 4.37E-03 6.34E-03 6.62E-02 9.60E-02 8.62E-02 1.25E-01 1.00E+00 4.67E+03 4.67E+03

Arsenic - Southern 771 1300 2.99E-02 5.04E-02 8.36E-03 1.41E-02 1.27E-01 2.14E-01 1.65E-01 2.78E-01 1.00E+00 4.67E+03 4.67E+03

Arsenic - Villa 570 686 2.21E-02 2.66E-02 6.18E-03 7.44E-03 9.37E-02 1.13E-01 1.22E-01 1.47E-01 1.00E+00 4.67E+03 4.67E+03

Arsenic - Background 147 206 5.70E-03 7.98E-03 1.59E-03 2.23E-03 2.42E-02 3.39E-02 3.15E-02 4.41E-02 1.00E+00 4.67E+03 4.67E+03

Soil Ingestion Dermal Contact Inhalation (Outdoors)
HQ Threshold Based 

Remediation TargetTOTAL
HQ HQ HQ

Chemical
Soil Concentration
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Worldwide Locations 

 

Australia +61-2-8484-8999 
 
Azerbaijan +994 12 4975881 
 
Belgium +32-3-540-95-86 
 
Bolivia +591-3-354-8564 
 
Brazil +55-21-3526-8160 
 
China +86-20-8130-3737 
 
England +44 1928-726006 
 
France +33(0)1 48 42 59 53 
 
Germany +49-631-341-13-62 
 
Ireland +353 1631 9356 
 
Italy +39-02-3180 77 1 
 
Japan +813-3541 5926 
 
Malaysia +603-7725-0380 
 
Netherlands +31 10 2120 744 
 
Philippines +632 910 6226 
 
Scotland +44 (0) 1224-624624 
 
Singapore +65 6295 5752 
 
Thailand +662 642 6161 
 
Turkey +90-312-428-3667 
 
United 
States +1 978-589-3200 
 
Venezuela +58-212-762-63 39 
 

Australian Locations 
 
Adelaide 
Brisbane 
Canberra 
Darwin 
Melbourne 
Newcastle 
Perth 
Sydney 
Singleton 
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