






 

 

Attachment A 

Arsenic IVBA Validation Assessment 

















































 

 

Attachment B 

EPA Method 1340 

Standard Operating Procedure for an 

In Vitro Assay for Lead and Arsenic in Soil



































































































 

 

Attachment C 

Risk Reduction Standard Calculations 



Parameter Definition (units) Default Value Source

Ccar = Concentration in soil (mg/kg) Calculated Not Applicable

TRA/B IRIS Carcinogen Class A/B target excess lifetime cancer risk 1.E-05 HSRA Rules

TRC IRIS Carcinogen Class C target excess lifetime cancer risk 1.E-04 HSRA Rules

Inhalation cancer slope factor (mg/kg-dy)
-1

= IUR x 1,000 x BW 70 kg / IRair 20 m
3
/dy

IUR Inhalation unit risk (ug/m
3
)
-1 Chemical-Specific Not Applicable

SFo Oral cancer slope factor (mg/kg-dy)
-1 Chemical-Specific Not Applicable

ATcar Averaging Time (yr) 70 HSRA Rules

Parameter Definition (units) Default Value Source

Cnoncar = Concentration in soil (mg/kg) Calculated Not Applicable

THI Target hazard index (none) 1 HSRA Rules

RfDo Oral chronic reference dose (mg/kg-dy) Chemical-Specific Not Applicable

Inhalation chronic reference dose (mg/kg-dy)

= RfCi x IRair 20 m
3
/dy / BW 70 kg

RfCi Inhalation reference concentration (mg/m
3
) Chemical-Specific Not Applicable

ATnoncar Averaging time (yr) 25 HSRA Rules

Chemical-Specific Not Applicable

RAGS Equation 7

Non-Residential Soil - Noncarcinogenic Effects

Cnoncar mg/kg = 
THI x BW x ATnoncar x 365 days/year

ED x EF x [{(1/RfDo) x 10
-6

 kg/mg x IRsoil} + {(1/RfDi) x IRair x (1/VF + 1/PEF)}]

Type 4 Risk Reduction Standards (RRSs) pose no significant risk on the basis of SITE-

SPECIFIC EXPOSURE ASSUMPTIONS for

NON-RESIDENTIAL PROPERTIES.

RfDi Chemical-Specific Not Applicable

RAGS Equation 6

Non-Residential Soil - Carcinogenic Effects

Ccar mg/kg = 
TR x BW x ATcar x 365 days/year

EF x ED x [(SFo x 10
-6

 kg/mg x IRsoil) + (SFi x IRair x {1/VF + 1/PEF})]

SFi
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Table C-1: Type 4 Soil RRS

Equations/Assumptions

July 2017



BW Body weight (kg) 70 HSRA Rules

EF Exposure frequency (dy/yr) 250 HSRA Rules

ED Exposure duration (yr) 25 HSRA Rules

IRair Inhalation rate (m
3
/dy) 20 HSRA Rules

IRsoil Soil ingestion rate (mg/dy) 50 HSRA Rules

PEF Particulate emission factor (m
3
/kg) 4.63E+09 HSRA Rules

Parameter Definition (units) Default Value Source

LS Length of side of contaminated area (m) 45 HSRA Rules

V Wind speed in mixing zone (m/s) 2.25 HSRA Rules

A Area of contamination (cm
2
) 2.03E+07 HSRA Rules

DH Diffusion height (m) 2 HSRA Rules

α (Dei x E)/[E + (ρs x (1-E)/Kas)] (cm
2
/s) Chemical-specific HSRA Rules

T Exposure Interval (s) 7.90E+08 HSRA Rules

ρs Density of soil solids (g/cm
3
) 2.65 HSRA Rules

Dei Effective diffusivity (cm
2
/s) Di x E

0.33 HSRA Rules

Di Molecular Diffusivity (cm
2
/s) Chemical-specific Not Applicable

E Total soil porosity 0.35 HSRA Rules

Kas Soil-air partition coefficient (g soil/cm
3
 air) (H/Kd) x 41 HSRA Rules

H Henry's Law Constant (atm-m
3
/mole) Chemical-specific Not Applicable

Kd Soil-water partition coefficient (cm
3
/g) KOC x OC HSRA Rules

KOC Organic carbon partition coefficient (cm
3
/g) Chemical-specific Not Applicable

OC Soil Organic Carbon Content (none) 2.0E-02 HSRA Rules

Standard Assumptions

HSRA Rules: Georgia Hazardous Response Act Rules, 391-3-19, Appendix III, Media Target Concentrations and Standard 

Exposure Assumptions.

Soil-to-Air Volatilization Factor (VF)

VF (m
3
/kg) =

(LS x V x DH) x (π x α x T)
1/2

https://cfpub.epa.gov/ncea/iris2/atoz.cfm

IRIS: U.S. Environmental Protection Agency Integrated Risk Information System

A x 2 x Dei x E x Kas x 10
-3

 kg/g

RAGS: Risk Assessment Guidance for Superfund, Volume I - Human Health Evaluation Manual (Part B, Chapter 3, Development 

of Risk-Based Preliminary Remediation Goals), U.S. Environmental Protection Agency, December 1991.

http://www.epa.gov/oswer/riskassessment/ragsb/pdf/chapt3.pdf

http://rules.sos.state.ga.us/docs/391/3/19/Appendix%20I-IV.pdf
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Table C-1: Type 4 Soil RRS

Equations/Assumptions

July 2017



Arsenic, Default 7440382 NA A 1.E-05 1.51E+01 4.30E-03 1.50E+00 3.82E+01 1 3.00E-04 1.50E-05 4.29E-06 6.13E+02 3.82E+01

Arsenic, RBA Adjusted 7440382 NA A 1.E-05 1.51E+01 4.30E-03 2.03E-01 2.83E+02 1 2.22E-03 1.50E-05 4.29E-06 4.54E+03 2.83E+02

Data Input

Database look up values

Spreadsheet calculation

Arsenic Default

Arsenic, RBA Adjusted

Sfo, RBA Adjusted = Sfo Default x RBA

RfDo, RBA Adjusted = RfDo Default / RBA

RBA = 13.5%

Sfo

(mg/kg-dy)
-1

RfDo

mg/kg-dy

1.50E+00 3.00E-04

2.03E-01 2.22E-03

VF

m
3
/mg

NA - Not Applicable, applies to inhalation for nonvolatile substances and substances not Classified as Class A, B, or C carcinogens.

RfDo

mg/kg-dy

RfCi

mg/kg-dy

RfDi

mg/kg-dy

Ccar

mg/kg

Type 4 RRS

mg/kgSubstance CAS No.

Cnoncar

mg/kg

Noncarcinogenic Effects

Car.

Class TR

Sfi

(mg/kg-dy)
-1

IUR

(ug/m
3
)
-1

Sfo

(mg/kg-dy)
-1

Carcinogenic Effects

THI

Table C-2: Type 4 Soil RRSs

July 2017



Parameter Definition (units) Default Value Source

Ccar = Concentration in soil (mg/kg) Calculated Not Applicable

TRA/B IRIS Carcinogen Class A/B target excess lifetime cancer risk 1.E-05 HSRA Rules

TRC IRIS Carcinogen Class C target excess lifetime cancer risk 1.E-04 HSRA Rules

Inhalation cancer slope factor (mg/kg-dy)
-1

= IUR x 1,000 x BW 70 kg / IRair 20 m
3
/dy

IUR Inhalation unit risk (ug/m
3
)
-1 Chemical-Specific Not Applicable

SFo Oral cancer slope factor (mg/kg-dy)
-1 Chemical-Specific Not Applicable

ATcar Averaging Time (yr) 70 HSRA Rules

Parameter Definition (units) Default Value Source

Cnoncar = Concentration in soil (mg/kg) Calculated Not Applicable

THI Target hazard index (none) 1 HSRA Rules

RfDo Oral chronic reference dose (mg/kg-dy) Chemical-Specific Not Applicable

Inhalation chronic reference dose (mg/kg-dy)

= RfCi x IRair 20 m
3
/dy / BW 70 kg

RfCi Inhalation reference concentration (mg/m
3
) Chemical-Specific Not Applicable

ATnoncar Averaging time (yr) 1 HSRA Rules

Type 5 Risk Reduction Standard 

CONSTRUCTION WORKER EXPOSURE ASSUMPTIONS

RfDi Chemical-Specific Not Applicable

RAGS Equation 6

Non-Residential Soil - Carcinogenic Effects

Ccar mg/kg = 
TR x BW x ATcar x 365 days/year

EF x ED x [(SFo x 10
-6

 kg/mg x IRsoil) + (SFi x IRair x {1/VF + 1/PEF})]

SFi Chemical-Specific Not Applicable

RAGS Equation 7

Non-Residential Soil - Noncarcinogenic Effects

Cnoncar mg/kg = 
THI x BW x ATnoncar x 365 days/year

ED x EF x [{(1/RfDo) x 10
-6

 kg/mg x IRsoil} + {(1/RfDi) x IRair x (1/VF + 1/PEF)}]
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Table C-3: Type 5 Soil RRS

Equations/Assumptions

July 2017



BW Body weight (kg) 70 HSRA Rules

EF Exposure frequency (dy/yr) 174 Site-Specific

ED Exposure duration (yr) 1 Site-Specific

IRair Inhalation rate (m
3
/dy) 20 HSRA Rules

IRsoil Soil ingestion rate (mg/dy) 330 Site-Specific

PEF Particulate emission factor (m
3
/kg) 4.63E+09 HSRA Rules

Parameter Definition (units) Default Value Source

LS Length of side of contaminated area (m) 45 HSRA Rules

V Wind speed in mixing zone (m/s) 2.25 HSRA Rules

A Area of contamination (cm
2
) 2.03E+07 HSRA Rules

DH Diffusion height (m) 2 HSRA Rules

α (Dei x E)/[E + (ρs x (1-E)/Kas)] (cm
2
/s) Chemical-specific HSRA Rules

T Exposure Interval (s) 7.90E+08 HSRA Rules

ρs Density of soil solids (g/cm
3
) 2.65 HSRA Rules

Dei Effective diffusivity (cm
2
/s) Di x E

0.33 HSRA Rules

Di Molecular Diffusivity (cm
2
/s) Chemical-specific Not Applicable

E Total soil porosity 0.35 HSRA Rules

Kas Soil-air partition coefficient (g soil/cm
3
 air) (H/Kd) x 41 HSRA Rules

H Henry's Law Constant (atm-m
3
/mole) Chemical-specific Not Applicable

Kd Soil-water partition coefficient (cm
3
/g) KOC x OC HSRA Rules

KOC Organic carbon partition coefficient (cm
3
/g) Chemical-specific Not Applicable

OC Soil Organic Carbon Content (none) 2.0E-02 HSRA Rules

https://cfpub.epa.gov/ncea/iris2/atoz.cfm

IRIS: U.S. Environmental Protection Agency Integrated Risk Information System

A x 2 x Dei x E x Kas x 10
-3

 kg/g

RAGS: Risk Assessment Guidance for Superfund, Volume I - Human Health Evaluation Manual (Part B, Chapter 3, Development 

of Risk-Based Preliminary Remediation Goals), U.S. Environmental Protection Agency, December 1991.

http://www.epa.gov/oswer/riskassessment/ragsb/pdf/chapt3.pdf

http://rules.sos.state.ga.us/docs/391/3/19/Appendix%20I-IV.pdf

Standard Assumptions

HSRA Rules: Georgia Hazardous Response Act Rules, 391-3-19, Appendix III, Media Target Concentrations and Standard 

Exposure Assumptions.

Soil-to-Air Volatilization Factor (VF)

VF (m
3
/kg) =

(LS x V x DH) x (π x α x T)
1/2
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Table C-3: Type 5 Soil RRS

Equations/Assumptions

July 2017



Arsenic, Default 7440382 NA A 1.E-05 1.51E+01 4.30E-03 1.50E+00 2.08E+02 1 3.00E-04 1.50E-05 4.29E-06 1.33E+02 1.33E+02

Arsenic, RBA Adjusted 7440382 NA A 1.E-05 1.51E+01 4.30E-03 2.03E-01 1.54E+03 1 2.22E-03 1.50E-05 4.29E-06 9.89E+02 9.89E+02

Data Input

Database look up values

Spreadsheet calculation

Arsenic Default

Arsenic, RBA Adjusted

RfDo, RBA Adjusted = RfDo Default / RBA

RBA = 13.5%

1.50E+00 3.00E-04

2.03E-01 2.22E-03

Sfo, RBA Adjusted = Sfo Default x RBA

Substance CAS No.

Cnoncar

mg/kg

Noncarcinogenic Effects

Car.

Class TR

Sfi

(mg/kg-dy)
-1

IUR

(ug/m
3
)
-1

Sfo

(mg/kg-dy)
-1

Carcinogenic Effects

THI

VF

m
3
/mg

NA - Not Applicable, applies to inhalation for nonvolatile substances and substances not Classified as Class A, B, or C carcinogens.

RfDo

mg/kg-dy

RfCi

mg/kg-dy

RfDi

mg/kg-dy

Ccar

mg/kg

Type 4 RRS

mg/kg

Sfo

(mg/kg-dy)
-1

RfDo

mg/kg-dy

Table C-4: Type 5 Soil RRSs

July 2017



 

 

Attachment D 

Soil Arsenic Data 
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Table 2-1: Surface and Subsurface Soil Arsenic Results

Corrective Action Plan

Fire Station 19

(HSI #10844)

Duluth, Gwinnett County, Georgia

Sample ID
Sample Depth

(ft bgs)

Arsenic Result 

(mg/kg)

PQL

(mg/kg)

41

20

SB-1 0.5 - 2 97.2 6.13

4 73.2 5.46

DUP-7 4 70.4 5.47

SB-2 0.5 - 2 74.8 5.6

SB-3 0.5 - 2 112 5.63

4 35.2 5.97

SB-4 0.5 - 2 61.9 5.33

SB-5 0.5 - 2 59.9 5.42

SB-6 0.5 - 2 47.1 5.47

SB-7 0.5 - 2 14.5 5.61

4 491 28

SB-8 0.5 - 2 107 5.29

SB-9 0.5 - 2 129 6.13

4 105 5.92

SB-10 0.5 - 2 40.4 5.59

SB-11 0.5 - 2 54.2 6.14

4 32.6 5.81

SB-12 0.5 - 2 57 5.82

SB-13 0.5 - 2 37.4 5.56

4 274 11.5

SB-14 0.5 - 2 153 5.73

SB-15 0.5 - 2 98.1 5.61

4 5.55 5.4

SB-16 0.5 - 2 61.5 5.24

SB-17 0.5 - 2 31.2 5.99

4 17.7 5.72

DUP-6 4 29.1 5.98

SB-18 0.5 - 2 89.7 5.71

SB-19 0.5 - 2 99.3 5.55

4 52.5 5.48

DUP-5 4 337 10.9

SB-20 0.5 - 2 96.7 5.7

SB-21 0.5 - 2 96.2 5.48

4 10.3 5.36

SB-22 0.5 - 2 80.3 5.73

SB-23 0.5 - 2 80.7 5.95

4 32.1 5.4

SB-24 0.5 - 2 83.3 5.55

EPD Notification 

Concentration

EPD Type 1 RRS
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Table 2-1: Surface and Subsurface Soil Arsenic Results

Corrective Action Plan

Fire Station 19

(HSI #10844)

Duluth, Gwinnett County, Georgia

Sample ID
Sample Depth

(ft bgs)

Arsenic Result 

(mg/kg)

PQL

(mg/kg)

41

20

EPD Notification 

Concentration

EPD Type 1 RRS

SB-25 0.5 - 2 93.6 5.69

4 85 5.68

DUP-4 4 107 5.61

SB-26 0.5 - 2 93.6 5.71

SB-27 0.5 - 2 90.4 5.9

4 31.1 6.11

SB-28 0.5 - 2 31.3 5.54

SB-29 0.5 - 2 71.9 5.56

SB-30 0.5 - 2 90.1 5.54

4 106 5.8

SB-31 0.5 - 2 20.7 5.45

SB-32 0.5 - 2 78.7 5.38

4 60.5 5.18

SB-33 0.5 - 2 76.1 5.65

SB-34 0.5 - 2 95.6 5.7

4 33.4 6.06

SB-35 0.5 - 2 102 6.19

DUP-1 0.5 - 2 42.5 6.08

SB-36 0.5 - 2 69.9 6.21

4 103 6.11

SB-37 0.5 - 2 83.6 6.13

SB-38 0.5 - 2 98.3 6.23

4 371 31.8

SB-39 0.5 - 2 97.7 6.08

SB-40 0.5 - 2 60.4 5.98

4 54.5 6.32

SB-41 0.5 - 2 76.6 5.62

4 70.2 5.25

SB-42 0.5 - 2 67.2 5.86

DUP-2 0.5 - 2 75.9 5.86

SB-43 0.5 - 2 79.9 5.59

SB-44 0.5 - 2 63.1 5.81

SB-45 0.5 - 2 64.6 5.88

4 45.3 5.67

SB-46 0.5 - 2 71.6 5.89

SB-47 0.5 - 2 64.7 6.21

4 21.8 5.83

SB-48 0.5 - 2 63 5.72
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Table 2-1: Surface and Subsurface Soil Arsenic Results

Corrective Action Plan

Fire Station 19

(HSI #10844)

Duluth, Gwinnett County, Georgia

Sample ID
Sample Depth

(ft bgs)

Arsenic Result 

(mg/kg)

PQL

(mg/kg)

41

20

EPD Notification 

Concentration

EPD Type 1 RRS

SB-49 0.5 - 2 73.4 5.42

4 77.5 5.48

SB-50 0.5 - 2 76.6 5.88

SB-51 0.5 - 2 60.2 6.05

4 218 12.6

SB-52 0.5 - 2 68.8 5.64

DUP-3 0.5 - 2 88.1 5.62

4 138 5.61

SB-53 0.5 - 2 50.9 6.01

Notes:

DUP-X - duplicate sample where X corresponds to duplicate sample ID

ft bgs - feet below ground surface

PQL - Practical Quantitation Limit

All samples collected on July 29, 2014

Sample results are on a dry weight basis
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Table 2-2: Soil Arsenic Statistical Summary

Corrective Action Plan

Fire Station 19

(HSI #10844)

Duluth, Gwinnett County, Georgia

Mean 71 Mean 98 Mean 81

Median 75 Median 62 Median 72

Standard Deviation 29 Standard Deviation 112 Standard Deviation 72

Minimum 0.5 Minimum 5.55 Minimum 0.5

Maximum 153 Maximum 491 Maximum 491

Count 61 Count 34 Count 95

95% UCL of the Mean 79 95% UCL of the Mean 138 95% UCL of the Mean 96

Mean 48 Mean 62 Mean 54

Median 25 Median 31 Median 28

Standard Deviation 56 Standard Deviation 98 Standard Deviation 75

Minimum 0.003 Minimum 0.003 Minimum 0.003

Maximum 272 Maximum 750 Maximum 750

Count 161 Count 94 Count 255

95% UCL of the Mean 57 95% UCL of the Mean 82 95% UCL of the Mean 63

Mean 55 Mean 72 Mean 61

Median 43 Median 38 Median 42

Standard Deviation 51 Standard Deviation 103 Standard Deviation 75

Minimum 0.003 Minimum 0.003 Minimum 0.003

Maximum 272 Maximum 750 Maximum 750

Count 222 Count 128 Count 350

95% UCL of the Mean 61 95% UCL of the Mean 90 95% UCL of the Mean 69

0.5 - 2 Foot Depth, All Sites Combined Depths, All Sites4 - 8 Foot Depth, All Sites

0.5 - 2 Foot Depth, FS 19 4 Foot Depth, FS 19 Combined Depths, FS 19

0.5 - 2 Foot Depth, Offsite Properties 4  - 8 Foot Depth, Offsite Properties Combined Depths, Offsite Properties
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Attachment E 

Professional Certification 



 

 

Professional Certification 

I certify under penalty of law that this report and all attachments were prepared by me or under my 

direct supervision in accordance with the Voluntary Remediation Program Act (O.C.G.A. Section 12-

8-101, et seq.). I am a professional engineer / professional geologist who is registered with the 

Georgia State Board of Registration for Professional Engineers and Land Surveyors / Georgia State 

Board of Registration for Professional Geologists and I have the necessary experience and am in 

charge of the investigation and remediation of this release of regulated substances.  

Furthermore, to document my direct oversight of the Voluntary Remediation Plan development, 

implementation of corrective action, and long term monitoring, I have attached a monthly summary 

of hours invoiced and description of services provided by me to the Voluntary Remediation 

Program participant since the previous submittal to the Georgia Environmental Protection Division.  

The information submitted is, to the best of my knowledge and belief, true, accurate, and complete. 

I am aware that there are significant penalties for submitting false information, including the 

possibility of fine and imprisonment for knowing violations. 

 

 

________________________________ 

J. Tom Duffey, GA P.G. 000899 

Vice President 

CDM Smith 

 

July 7, 2017 

Date 



Engineer / 

Geologist

License Type 

and No.

Week Ending 

Date

Number of 

Hours
Description of Hours

5/27/17 3

6/3/17 4.5

6/30/17 5

John Reichling Engineer

PE017367

6/30/17 1 CDM Smith Officer in Charge and person overall 

responsible for project execution and quality.

Summary of Oversight Provided by Georgia Licensed Engineers and Geologists

Tom Duffey Geologist

PG000899

Senior hydrogeologist and Project Manager. 

Assessment of approved EPA method and 

derivation of revised RRSs.
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