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No part of this product may be reproduced without the prior written permission of the authors. The
software and the software manual are distributed ‘as is’. No party makes any representation or
warranty regarding the accuracy, correctness, or completeness of the information contained in the
software and in the manual, and no such party shall be liable for any direct, indirect, consequential,
incidental or other damages resulting from the use of this product.

RECOInet Risk-net v.3.1.1 - User Guide 3



Risk-net

INDEX
RISKANEL . ...ttt h e e e Rt s et R e R Rt R e e e r e n 2
LIS o) T U= PR 6
LISt Of TADIES ..t 7
DeSCription Of the SOMIWAIE .....c.eeiiiiii e e e e e 9
= T IS Yol £ o [ O T T PP PR PP OUPRPPP 10
SIMUIBLION SCIEEN..... ettt ettt e e st e e e st bt e e e st bt e e e aaba e e e e anbreeeeanbneeeeanes 13
SIMUIBLION SEEUP....ee ettt et e e s bt e e st e e e e st b e e e e anbb e e e e anbbeeeeanbbeeeeanes 16
] LS I 1= ox 01T PPNt 16
(070 To=T o1 (N F= 1 IS 1 (=N 1Y, 0T L= PRSPt 17
R LCTo T o] (0] £ TSP 20
1] o LU | TSRO PRT 22
CoNtaminaNtS Of CONCEIM ........iiiiiiiii ettt e e e ebb e e e e 22
S0Urce Z0oNE CONCENTIALION ......cittiiieiiiiie ettt ettt s st e e et e e s e bt e e e ssbee e e e nnenas 26
EXPOSUIE FACIOIS... ..o 28
ST G T =T 141 (=T £ PO POUPPP 29
MOEl OPLIONS ... 33
VOIALHTIZATION. ....eeeieieee ettt e e et e e et e e et e e e e e 34
LEACNING .o 34
GrouNAWALET DISPEISION ......veiiieiieeie ettt ettt e st e e s s bt e e e ettt e e s e bt e e e anbbe e e e anbnas 35
LT PP PP PRPPPP PP PPPP 35
EXPOSUIE..... 36
[T 01 PP PP PP PP 37
Advanced Site CharacCterization .............cc.eeiiiriiii it e s srree e 37
L0 1011 o 15 | S PRSPPI 39
RISK ettt e et e e e e e oo b e bt et e e e e e e e b e b e e et e e e e e e e nbebaeeaaaaeean 39
Site-Specific Target LEVEIS (SSTL) ...uuuiiiiiiiiiiiiieiee ettt 40
CUMUIBLIVE SSTL ..ttt e e st e e s st e e e s st e e e annb e e e enbb e e e e ennbeeeeenbeas 42
SSTLS HYArOCAIDONS. ....ceiiiiiiiee ittt ettt e et e e s st e e e e snbaeeeeabbeeeeane 43
DELAIEA FESUILS ...eeeiitiie ettt et e et e e ettt e e e eab e e e e s nbe e e e s anbe e e e e nteas 45
Fate & TranSpOrt FACIOIS........coooi i 45

RECOInet Risk-net v.3.1.1 - User Guide 4



Risk-net

Concentrations at PoiNt Of EXPOSUIE ........coiuuiiiiiiiiie et 46
EXPOSUIE RALES ...ttt e et e e e e e e e e et e e e e et e e e bbb a e e e e e e eeabaa s 46
Detailed RISK @VAIUBLION ........cciiriiiiiiiiee e 47
Detailed SSTL @VAIUALION ......ccoveiiiiiiiiee et 48
(@1 Y1 (S =T 1S o 0] o R 49
CoNCENLratioNS DELAIIS .......uuiiiieiiiiiiiii et e e e e e s e e e e e e e s e s b e ee e e e e e e e e anneraeeeas 51
S (=] (=] L= PP PRRPT 52
Appendices — Equations and Modeling ProCEAUIES...........uieiiiiieiiiiiie et 54
App. la. Risk Calculation (Soil and groUuNdWALET) ...........cuueieiiiiireiiiie e 55
INAIVIAUAL RISK. ...ttt e s ne e snre e nee s 55
Multiple exposure Pathways ... 56
CUMUIBEIVE RISK....eeeeiieiee e e e e nrre e e e e 57

Risk for the groundWALET FESOUICE .........ooueiiiiiiiie et 58
App. 1b. Risk Calculation (Int. Characterization).............cceeeiruiiie i 64
App. 1c. Risk Calculation (Agri-FOod CONSUMPLION) .....coiuuiiiiiiiiiieiiiii e 68
App. 2a. Clean-Up Levels CalCulation (SSTL) .....coouuiieiiiiieiiiiee sttt 69
Individual Clean-up LeVels (SSTL). ..o, 69
Multiple exposure pathways. ... 70
Cumulative SSTL (Clean-UpP IEVEIS) ....eoveiiiiiieeiieieieieieeeieeeeeeeeeeeeseeeeeeeeeeaeesessaessasasessssssssssennnnes 72
App. 2b. Reference CONCENTIALIONS ........ccooiiiiieieci e 81
App. 3a. F&T Factors (Soil and GroUNAWALET) ...........eieiiiiieiiiiee e 84
App. 3b. F&T Factors (Int. CharaCterization)..........c..cooiiiiiiiiiiiiee e 101
APP. 4. INTAKE RAIES ...ttt e et e e e 107
App. 5. Using Advanced Characterization data..............ccceeiiiiiieiiiiie e 110
OULdOOT I MEASUIEIMEINES .....eiiiiiiiie et e sttt e sttt e et e s e e e st e e s s e e e s s e e e ssn e e e s annneee s 110
INAOOT &I MEASUIEIMENTS.....eeiiitiieeiirieee et e ettt e st e e e e e e s e e e s sr e et e s sra e e e s areeeeesnneeeeaans 111
SOIl-gaS MEASUIEIMENES .....eeiiiiiiiieieiieee ettt et e e eee et eeeeeeeeeeeeeeeeeaeeseeseasesssssssssssssssssssssasssasnsesennnes 112

Flux Chambers MeasSUrEMENES ...........eeiiiiiieeiiiiiee ittt e e e snree e 113
(0= Vo] 11 (o =T T PP POPPRPPPPPPN 114
ApPP. 6. Detailed CONCENIIALIONS.........ciiiiiiiie ittt et e 116
App. 7. Age Dependent Adjustment Factor (ADAF) .......uuiiiiiiiie et 121
App. 8. Koc and Kd fuNCion Of PH ... 122

REC

GO net Risk-net v.3.1.1 - User Guide 5



Risk-net

LIST OF FIGURES

Figure 1. Main screen of the software RISK-NEL.........ccuuiiiiie i 10
T T I Y = UL ST 11T £ PRSP 12
Figure 3. Simulation screen with activated lateral Menu. ............cccoiviiiiiii e, 13
Figure 4. Simulation screen without lateral MenU. ..o 14
Figure 5. MUIIPIE fIlES OPEN.......eiiie e 15
FIQUIe 6. Site AESCIIPLION. ...eeieiiiiiee ettt ettt e kbt e e et e e e aab e e e e anbr e e e e snnns 16
Figure 7. Conceptual Site MOUEL. ........oooiiiiiii e 17
Figure 8. Integrative CharacCterization. .............eeveiiiiiiiiiiiiice e e e s rr e e e e e s nnnes 19
Figure 9. Agri-foods CharaCterization.............uueiieiii i e e e e e e s e e e e e e e e s e nnnes 20
T 1T O R = To7=T o (o] = USRS 21
Figure 11. Select CONtAMINANTS. .....uiiiiii it e e e s e e e e e s s st e e e e e e s s st e e e e e e s s ssnraereeeeeesannne 22
Figure 12. Contaminants Properties. .....cccoeeiiiii i 23
FIGUIE 13, DAADASE. ...ceiiiiiiieiiiiee ettt ettt e ettt e e et e e et e e et e e e aneas 25
Figure 14. Example of new contaminants in the Database. ..........cccocceiviiiiinicn e, 26
Figure 15. SOUICe CONCENTIALION. ... ...iiiiiiiiee ittt ettt e et e e e e e 27
FIgure 16. EXPOSUIE FACIOIS. . ..uuiiiiiiiiee ittt ettt et e et e et e e e e e e e annnes 28
FIQUIE 17. SItE ParamMELEIS. ....ouuiiie ittt ettt ettt e e et e e e s nnbr e e e e annns 30
Figure 18. Site Parameters. ... 33
Figure 19. Advanced Site Characterization. .............ccccce i 37
Figure 20. Baseling RISKS. ... 39
Figure 21. Site-Specific Target Levels (SSTL). oo, 41
Figure 22. Cumulative Site-Specific Target Levels (SSTL). ..., 42
Figure 23. SSTL fOr TPH MIXIUIES. ....eiiiiiiiiie ittt 44
Figure 24. Fate & TranSPOrt FACLOIS. .......cuuiii ittt 45
Figure 25. Concentration at the point Of EXPOSUIE. .......coiuiiiiiiiiieeii e 46
FIQUIEe 26. EXPOSUIE RALES. ...coiieiie ittt ettt ettt ettt e et e e et e e e e nnbn e e e e annnas 47
Figure 27. Detailed RiSK EVAIUALION. ........c.oiiiiiiiiieiiee e 48
Figure 28. Detailed SSTL Evaluation. ... 49
Figure 29. Off-site transport (Qroundwater). ..o 50
Figure 30. Off-site transport (atMOSPNEre). ..o 50
Figure 31. Concentrations DetailS. ... 51
Figure 32. Risk — Surface soil. Multiple @XpoSUres. ..., 56
Figure 33. Risk — Subsurface soil. Multiple eXPOSUIeS. ........cccoviiiiiiiiiee 57
Figure 34. Risk — Groundwater. MUltiple @XPOSUIES. .......cuuiiiiiiiieeiiie et 57
Figure 35. SSTL — Surface soil. MUItiple @XPOSUIES. ......cvviiiiiiiiieiiet e 71
Figure 36. SSTL — Subsurface soil. MUltiple eXPOSUIES. ......coocuiiiiiiiiieiiiee e 71
Figure 37. SSTL — Groundwater. MUltiple @XPOSUIES. ........ccooiuiiiiiiiiie et 72

RECOnet Risk-net v.3.1.1 - User Guide 6



Risk-net

LIST OF TABLES

Table 1. Description of the symbols present in the main screen.........cccccceveeeiiiccieeeee e, 11
Table 2. Default values implemented in the software (ISPRA, 2008). .......ccccovvvivviireeeeeieiiivnnen. 29
Table 3. Default soil parameters values implemented in the software (ISPRA, 2008). ................ 31
Table 4. Nomenclature in the ‘RiSK’ SCrEEN. ...........uuiiiiiiiiii e 40
Table 5. Nomenclature in the ‘SSTL’ SCrEEN. .........uuiiiiiiiii e 41
Table 6. Nomenclature in the ‘Cumulative SSTL’ SCreen. .........ccuiiiiiiiiiiiiiiee e 43
Table 7. Surface Soil: Risk and Hazard INAEX..........coeuiiiiiiiiiiieiie e 59
Table 8. Subsurface Soil: Risk and Hazard INAeX...........coooiiiiiiiiiiieiiice e 61
Table 9. Groundwater: Risk and Hazard INAEX ..........cocueiiiiiiiiiiiiiiie e 62
Table 10. Risk for the groundwater FESOUICE .........uuuiiveeiiiiiiiiiiee e ee e e e s e e e e e e s nneenae s 63
Table 11. Soil-gas: Risk and Hazard INAEX ...........uuueiireeiiiiiiiiieiee et e e e e e e 64
Table 12. Flux-Chambers: Risk and Hazard INdeX ...........cccuuiiiiiiiiiiiiiiiiee e 65
Table 13. Ambient Air measurements: Risk and Hazard INdeX .........cccccveveeiiiiiiiiiniie e, 66
Table 14. Eluate (Surface Soil): Risk and Hazard INAeX..........cccoiuiiiiiiiiieiiiiiieiiece e 67
Table 15. Eluate (Subsurface Soil): Risk and Hazard INdeX .........c..coeouiiiiiiiiiiiiniiiie e 67
Table 16. Risk calculation for agri-food CONSUMPLION.........cocuiiiiiiiiiieii e 68
Table 17. SUMACE SOOIl SSTL vt e e e e e e e e et r e e e e e s e e nneeneeeas 73
Table 18. SUBSUIACE SOil: SSTL ...t e e s 76
Table 19. GroUNOWALET: SSTL...cuiii ittt e e e e e e e s e s bbb e e e e e e e e s e snnreeneeas 77
Table 20. SSTL Groundwater RESOUITE ........coiiuuiiiiiiiee ittt ettt e e e ree s 78
Table 21. SSTL: TPH MiIXIUIES ......vviiiiiiiiiee ittt e sttt e sttt e sttt e sttt e e sbbae e e s nsbeeeesnsbaeeesensaeeesanseeeens 79
Table 22. Screening for free phase migration (NAPL) ..........uuu e 80
Table 23. Reference Concentration (CR): @i .......c.uviiiiiiiiiaiiiiii ettt 81
Table 24. Reference Concentration (CR): Flux-chamber...........cccuvviiiiie e, 82
Table 25. Reference Concentration (CR): SOI-0AS .....ocuuviiiiiiiiiiiiiiii e 82
Table 26. Reference Concentration (CR): eluate surface SOil..........cccoovveiiiiiiiiiiie e, 82
Table 27. Reference Concentration (CR): eluate subsurface Soil...........ccccoviiiiiiinien, 83
Table 28. Surface Soil: Outdoor vapor volatiliZation ... 85
Table 29. Surface Soil: Indoor vapor volatilization ..............cccccooiii 86
Table 30. Surface Soil: Leaching FaCIOr ............uuuuiiiii s 87
Table 31. Surface Soil: Particulate MmiSSION ...........ueiiiiiiiiiiiiii e 88
Table 32. Air DIiSPEIrSION FACION .......uuuuuiiiiiiiiiii s 88
Table 33. Atmospheric Dispersion COEffiCIENT ............uuuuiiii e 89
Table 34. Wind speed at the mixing ReIgNt .........ocueiiiiiii e 89
Table 35. Subsurface Soil: Outdoor vapor volatilization ... 90
Table 36. Subsurface Soil: Indoor vapor volatilization .............cccuviiiiiiiiiii e 91
Table 37. Subsurface Soil: Leaching FaCIOr ............oiiiiiiiiiiiici e 92
Table 38. Groundwater AttenuUAatioN FACLOK ...........uuviiiiee i s e 93
Table 39. Groundwater: Indoor Vapors Volatilization...............cccoiiiiiiiiiieee e, 94
Table 40. Groundwater: Outdoor Vapors Volatilization .............ccccoiiiiiiiiiiiiniie e, 95
Table 41. DIffusion COETICIENT........oii i e 96
Table 42. Saturation CONCENIAtION (Csat) ... vvreeeirrrreeiiieiie ittt it et e e e snneee s 97
Table 43. Biodegradation factor (BDF) per the volatilization pathway ...........ccccciiiiiiiiiniiiiinnen. 98
Table 44. Biodegradation factor (BDF) per the leaching pathway ...........cccooiiiiiiniiiien, 99
Table 45. INfIratioN RALE ........uiiiie i e e e e e e e e e e s st aeeeeee e s e e nnreenees 100

RECO(net Risk-net v.3.1.1 - User Guide 7



Table 46.
Table 47.
Table 48.
Table 49.
Table 50.
Table 51.
Table 52.
Table 53.
Table 54.
Table 55.
Table 56.
Table 57.
Table 58.
Table 59.
Table 60.
Table 61.
Table 62.

Risk-net

Soil-gas: Outdoor VOIatiliZation ............c.oiuiiiiiiiiiee e 102
Flux Chamber: Outdoor Volatilization.............ccccooiiiiiiiiiiee e 102
Soil-gas: INdoor VOIatiliZation ..............eooiiiiiiiiiiiie e 103
Flux Chamber: Indoor Volatilization .............cccceiiiiiiiiiie e 104
Eluate Surface Soil: Leaching to groundWater ............coccveeeiiiiiieiiiiiee e 105
Eluate Subsurface Soil: Leaching to groundwater ............cccocccvvvvieereeeiiiiiineeeeee e esnenns 106
] = LT = 1= PRI 108
Concentrations eXPECLEA IN @Il ........uuviieeeiiiiiiieii e e e e e e e s e e e e e s s e ereaeaean 116
Concentrations expected in soil gas (OULAOON) .........coccvviiieieeei e 117
Concentrations expected in soil gas (INAOOK) .......ccovviiciiiiieiee e 118
Concentrations expected in the flux chamber ... 119
Concentration expected in the eluate ... 119
Concentration expected iN GrOUNAWALET ..........ccuuiiiiiiiiee e 120
Koc values as a function of pH for some organic compounds (1/2)........cccccoecvveennnen. 122
Koc values as a function of pH for some organic compounds (2/2)........cccccvcvveennnnen. 123
Kd values as a function of pH for some inorganic contaminants (1/2)..........ccccceeeunn. 124
Kd values as a function of pH for some inorganic contaminants (2/2). .........ccccceeeeunn. 125

RECO(net Risk-net v.3.1.1 - User Guide 8



Description of the software

DESCRIPTION OF THE SOFTWARE

The Risk-net software has been developed within the Reconnet network with the aim of
providing a tool based on the Italian ISPRA guidelines for risk analysis application,
developed following the ASTM RBCA (Risk-Based Corrective Action) standard approach.
The software allows to apply the risk assessment procedure both in forward and backward
mode, thus evaluating the risk or the clean-up objective for a contaminated site,
respectively.
Namely for each exposure pathway activated by the user, Risk-net calculates, through the
Fate and Transport (F&T) models described in the ISPRA guidelines (2008), the maximum
steady state concentrations expected at the point of exposure. Next, based on the
exposure parameters defined by the user, the daily dose assumed by each receptor
considered is calculated. These doses combined with the corresponding toxicological
parameters are used for the calculation of risk and remediation targets (SSTL, Site-
Specific Target Levels) for each contaminant and active route. Finally, the effects related
to the presence of multiple routes of exposure and multi-component contamination is
calculated.
The key features of Risk-net include:
= Risk-Based Cleanup Level Calculations: Risk-net completes all calculations required
for Tier 1 and Tier 2 RBCA evaluations, including: risk-based exposure limits and
attenuation factor derived from simple fate and transport models.
= Fate and Transport Models: Validated analytical models for air, groundwater and soil
exposure pathways, including all models used in the ISPRA (2008) standard.
= Chemical and Toxicological Database: Integrated toxicological and chemical
parameter library preloaded (ISS-INAIL Database). The database is customizable by
the user, including import features for management of external database.
= User-Friendly Interface: Point-and-click graphical user interface with on-line help, unit
conversion and Load/Save capability.
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Main Screen

MAIN SCREEN

The main screen is automatically opened at startup (Figure 1). On this screen it is possible
to create a new simulation file and manage the simulation files previously created. To
create a new file (site), push the button (+) at the top left of the screen. The created file
will be added to the list of recent files reported on the bottom of the screen. To quickly
open a file, double-click a name in the list. Alternatively, by selecting a file with a single
click, the user can open the file with the symbol of the pencil. The buttons reported on the
right of the file name, allow to duplicate the file, save the file, print a PDF report, or remove
the file from the list. To open a file previously saved, use the button of the folder reported
on the right of the button to create a new file. Table 1 reports a brief description of the
symbols present in the main screen.

() Risk-net 3.1.1 Pro — O X

Risk-net

Risk-net 3.1.1 Pro

000

Recent Files

Select file to open/modify

New Site (Modified: )

To create a new file (site), push the button (+) at the top left of the screen. The created file will be added to the list of recent files reported on the bottom of the screeen. To
quickly open a file, double-click a name in the list. Alternatively, by selecting a file with a single click, you can open the file with the symbol of the pencil. The buttons reported on
the right of the file name, allow to duplicate the file, save the file, print a PDF report, or remove the file from the list. To open a file previously saved, use the button of the folder
reported on the nght of the button to create a new file

Legend

&= Create anew site

[= Open afile previously saved

& Open asite from the list of recent files
f&] Duplicate the file

Save the file

&= Print the simulation in PDF

T Remove the file from the list

Figure 1. Main screen of the software Risk-net.

Please note that the software automatically saves up to 5 files internally to the software.
This option prevents data loss in the event of accidental closure of the program. This
automatic saving is applied to the 5 most recent files and therefore it is suggested to save
locally the files with the dedicated button at the end of each simulation.
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Main Screen

Table 1. Description of the symbols present in the main screen.

Button Function

Create a new site

Open a file previously saved

¢

Open a site from the list of recent files

@ Duplicate the file
a .

Save the file
[

Remove the file from the list

g Print the simulation in PDF

Settings

To change the language or the zoom of the windows, from the main screen by clicking on
the “Settings” button, the user can access the screen shown in Figure 2. To return to the
main screen, simply click on the "File" button at the top left.

RECOnet Risk-net v.3.1.1 - User Guide 11



Main Screen

() Risk-net 3.1.1 Pro - . >

Risk-net

Risk-net 3.1.1 Pro

Select Language
AUTO I | | EN EE
Zoom
80% 90% 100% 110% 120%

Figure 2. Main Settings.
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Simulation Screen

SIMULATION SCREEN

When opening a new file, the user accesses the screen shown in Figure 3. On this screen,
using the lateral menu, the user can quickly access the various input and output screens.
If the software is used on computers with small screens, the side menu can be deactivated

using the button “in the upper right part of the menu. In this case, the menu for

accessing the various input and output screens is positioned horizontally as shown in
Figure 4.

(%) Risk-net 3.1.1 Pro — O X
Risk-net
Risk-net 3.1.1 Pro = File | © Bxample (4
Setup # Site description
Site name: Sub-area name:
Conceptual Site Mode!
Example A
Receptors
Compiled by: Date:
Input lason Verginelli
Select contaminants Type of analysis:

oncentrations ! Baseline Risks (Forward Mode)

#) Clean up levels (Backward Mode)

Notes

Output

Risk

SSTL

Cumulative SSTL 4
Detailed Results

Fate & Transport factors

Concentrations at POE

Detailed Cumulative SSTL
Off-site transport

Concentrations Details

Figure 3. Simulation screen with activated lateral menu.

To reset the lateral menu just press the button <) .
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Simulation Screen

() Risk-net 3.1.1 Pro - - .

Risk-net

Risk-net 3.1.1 Pro | = File |

”
‘ Setup ~ nput « Output + Detailed Results v Advanced Options +

Site description

Site name: Sub-area name:
Example A
Compiled by. Date:
lason Verginelli
Type of analysis
¥l Baseline Risks (Forward Mode)

#) Clean up levels (Backward Mode)

Notes:

Figure 4. Simulation screen without lateral menu.

The software allows the user to open multiple simulation files as shown in Figure 5. In this
case it is possible to move from one simulation file to the other by clicking on the name of

the tab at the top of the screen. To close a simulation file, simply press the button |§| that
appears to the right of the file name. Note that the simulation file is automatically saved in
the recent files list and therefore closing the simulation file does not result in data loss. To
save the file locally on computer the user must go back to the main screen through the
"File" button on the top left of the software screen and follow the instructions described in
the previous section.
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Simulation Screen

2 Risk-net 3.1.1 Pro - O X
Risk-net
Setup # Site description
Site name: Sub-arsa name:
Conceptual Site Model
Example ﬁ
Receptors
Compiled by: Date:
Input mpiled b Date
Select contaminants Type of analysis:
Contaminants concentrations ) Baseline Risks (Forward Mode)
Exposure Factors ¥ Clean up levels (Backward Mode)
Site Parameters
Notes:
Qutput Here you can add your n e curren n (e.g. model r
Risk
SSTL
Cumulative SSTL “

Detailed Results

Fate & Transport factors
Concentrations at POE
Exposure Rates

Detailed Risk evaluation
Detailed SSTL evaluation
Detailed Cumulative SSTL
Off-site transport

Concentrations Details

Figure 5. Multiple files open.
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Simulation Setup

SIMULATION SETUP

SITE DESCRIPTION

This screen (Figure 6) is accessed by clicking "Site description" on the "Setup" menu.

() Risk-net 3,11 Pro — O x
Risk-net
Risknet311Pro | [= Fic | % JECuedC)
Setup ~ Site description
Site name: Sub-area name:
Conceptual Site Mode!
Example A
Compiled by: Date:
Input lason Verginell
Select contaminants Type of analysis:
Centaminants concentrations ¥l Baseline Risks (Forward Mode)
Exposure Factors I Clean up levels (Backward Mode)
Site Parameters
Notes
Output
Risk
8STL
Cumulative SSTL )

Detailed Results

Fate & Transport factors
Concentrations at POE
Exposure Rates

Detailed Risk evaluation

Detailed SSTL e
Detailed Cumulative SSTL
Off-site transport

Concentrations Details

Figure 6. Site description.

On this screen it is possible to define the general information of the project (Name of the
site, name of the eventual sub-area, Date, and Compiled By). It should be noted that in
the list of temporary files the name of the simulation will be automatically set based on the
"Name of the site" and the name of the sub-area (in brackets) assigned on this screen.
The "Notes" box allows the user to add some notes on the compilation of the project. On
this screen it is also possible to select the type of analysis to be performed. In particular,
the user can decide whether to perform only a forward analysis for the calculation of the
risks, only the backward mode for the calculation of the clean-up levels or both. In the
event that one of the two types of analysis is deactivated (backward or forward mode) the
Risks and/or SSTL screens are not shown.
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Simulation Setup

CONCEPTUAL SITE MODEL

This screen (Figure 7) is accessed by clicking "Conceptual Site Model" on the "Setup"
menu.

(D) Risk-net 3.1.1 Pro - m} X
Risk-net
Risk-net311Pro | [ Fie | xRS ouae
Setup ~ Conceptual Site Model
Site description Integrative characterization Agri-foods characterization
Conceptual Site Model
Receptors Conceptual Site Model - ® Deselect all 3 Defaut | -
Input
Select contaminants ¥ Soil Ingestion and Dermal Contact H “ On-Site H No Off-site |
Contaminants concentrations # Outdoor Vapor Inhalation H + on-site H off-site |
Exposure Factors
Surface soil ¥ Indoor Vapor Inhalation H < On-Site H No Off-site |
Site Parameters
¥ OQutdoor Particulates Inhalation H < On-Site H Off-Site |
Output
¥ Indoor Particulates Inhalation H < On-Site H No Off-site |
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Figure 7. Conceptual Site Model.

On this screen the user must define the exposure scenario by selecting the contaminated
media(s), fate and transport pathways (if any), and associated exposure routes. Namely,
the user needs to identify those pathways that are likely to be complete, based on
knowledge of the locations of impacted soil or groundwater relative to the location and
habits of people that might be exposed to the chemicals of concern.

The risks and the SSTLs can be calculated for the following secondary sources: surface
soil (0-1 m from ground level), subsurface soil (>1m) and groundwater. For each matrix the
user must activate the exposure/migration pathway and then activate the type of receptor
(on-site, off-site or both).

In Risk-net the following exposure pathways can be activated:

Surface Soill
e Dermal contact
e Soil ingestion
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e Qutdoor vapor inhalation

e Indoor vapor inhalation

e Qutdoor particulate inhalation
¢ Indoor particulate inhalation
e Leaching to groundwater
Subsurface Saoll

e Qutdoor vapor inhalation

e Indoor vapor inhalation

e Leaching to groundwater
Groundwater

e Outdoor vapor inhalation

e Indoor vapor inhalation

e Groundwater resource protection

In this context, the term “on-site” refers to a receptor located above the source zone,
whereas “off-site” refers to a receptor at any point away from the source zone.

The different check boxes of the exposure pathways and the associated receptors are
highlighted in blue if activated. If no target is activated for an activated exposure pathway,
this is highlighted in red indicating an incomplete reconstruction of the conceptual site
model.

As to the leaching and protection of the groundwater resource, the terms POC reported on
the screen refer to the point of compliance. Thus, if the box "POC = 0 m" is activated, the
risk for the groundwater resource (if activated in the Receptors screen) in the case of
leaching from surface and subsurface soil is calculated by comparing the expected
concentrations in groundwater below the source zone (i.e. no attenuation due to
groundwater transport and dispersion) and the limit values defined by the groundwater
legislation (e.g. MCL, maximum contaminant level). It is worth noting that although the
software allows to activate both options (i.e. POC = 0 m and POC> 0 m) it is evident that
if both are activated, the final SSTLs calculated for the protection of the groundwater
resource will be those estimated considering POC = 0 m. Therefore, the user must pay
particular attention to which of the two options keep activated.

By clicking on the "Integrative characterization" tab the user accesses the screen shown
in Figure 8. On this screen, it is possible to select other monitoring data available in terms
of ambient air, soil-gas, flux chambers or leaching tests carried out on samples collected
ion the surface or subsurface soil. Here the user must also define if the results of this
integrative characterization should be used for on-site or off-site exposure.
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Advanced Options . ot ‘ ¥ POC=0m
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del Options FIEIIEL < 0
Model Options S FIET] POC>0m

Advanced characterization
Figure 8. Integrative characterization.

By clicking on the "Agri-foods characterization" tab the user accesses the screen shown in
Figure 9. On this screen, the user can activate the risk assessment procedure for food
products consumption. Once the checkbox is activated, the user can enter up to 10 food
products. To insert the product, the user should enter the name.
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! Risk-net 3.1.1 Pro - m] X
Risk-net
© Eampe ()
Setup # Conceptual Site Model
Site description Standard characterization Integrative characterization _
Conceptual Site Model
Receptors Agrifood products m
e T
Input ype
¥ Agri-food consumpti
Select contaminants Agri-food consumption _
. . Add Food ltem Name m
Contaminants concentrations
Exposure Factors Tomatoes
Site Parameters Salads|
Add Food ltem
Output = Add Food ltem
Risk Agri-food products U Add Food ltem
SSTL Add Food ltem
Cumulative SSTL Add Food ltem
Detailed Results Add Food Item
Add Food ltem
Fate & Transport factors
Add Food ltem

Concentrations at POE
Exposure Rates

Detailed Risk evaluation
Detailed SSTL evaluation
Detailed Cumulative SSTL
Off-site fransport
Concentrations Details

Advanced Options

Model Options

Advanced characterization

Figure 9. Agri-foods characterization.

RECEPTORS

This screen (Figure 9) is accessed by clicking "Receptors" on the "Setup" menu.
On this screen the user can select the receptors potentially exposed. Namely, the user
can select the following receptors:
(a) Adults and Children (Residential or Recreational use);
(b) Adults, Children, Teenagers and Seniors (Residential or Recreational use);
(c) Adult (Residential or Recreational use): Adult with a full grown body weight and
skin surface area.
(d) Child (Residential or Recreational use): Children (default age 6 and under), with a
low body weight and small skin surface area.
(e) Adult (Commercial or Industrial use): Models an adult working at a full-time job.
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In the case of option (a) and (b) for carcinogenic substances, an average calculation of
the different receptors is carried out, while for toxic substances the user can decide
whether to consider a Child (default option) or to select the most critical receptor according
to the selected exposure parameters.

") Risk-net 3.1.1 Pro - u] X

Risk-net

= File | © Example (8)

Setup - Receptors

ite description n off-site

Conceptual Site Mode!

Input
> Residential / Recreational //\

AN e e e e
Select contaminants EE ® Adults and Children (Adjusted) **
Contaminants concentrations For toxic contaminants use the most critical receptor
Exposure Factors
Xpostre Faciors Adults, Children, Teenagers and Seniors iﬂ**
Site Parameters

Adults ﬂ
Qutput
Risk Children *
S8TL 8
Industrial / Commergial

Curmulafive
Cumulative SSTL e Werkers *

==

Detailed Results s
roundwater protestion & ® Screening Levels @ the POC

Fate & Transport factors . .
Risk calculation of Water Ingestion
Concentrations at POE

Exposure Rates

sk evaluation
Detailed 8STL evaluation
Detailed Cumulative SSTL
Off-site fransport
Concentrations Details
Advaneed Options

Mode! Options

Advanced characterization

Figure 10. Receptors.

If the leaching or groundwater transport was activated in the conceptual site model, on
this screen the user must select whether to calculate the risk for the groundwater resource
(i.e. comparison with MCLSs) or the health risk associated to the ingestion of water.

The aforementioned operations must be carried out separately for on-site and off-site
receptors. Note that in the case in which exposure pathways for on-site or off-site targets
are not active, the relative tabs are obscured.
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CONTAMINANTS OF CONCERN

This screen (Figure 11) is accessed by clicking "Select Contaminants” on the "Input"
menu.

Select Contaminants. On this screen, the user can select the chemicals that are of
concern for the analysis. The software includes a Chemical Toxicity database pre-loaded
with the Italian database issued by ISS-INAIL.

() Risk-net3.1.1 Pro — O pd
Risk-net

Setup » Contaminants of concern

Site description Select contaminants Contaminants properties Database
Conceptual Site Model

Receptors

Input

= crs e
+

Contaminants concentrations .
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Move the selected Contaminant (Up/Down) ﬁ

Added contaminants Delete
Exposure Factors - 74
Antimony 0-36-0 i
Site Parameters + Arsenic n
== Silver T440-22-4 Benzene n
Qutput Arsenic 7440382 Ethylbenzene n
Risk +  Berliium 7440417 Toluene n
SSTL == | Boron 7440-42-8 Xylenes a
Cumulative SSTL & Cadmium T440-43-9
Detailed Results == | Free Cyanides 57-12-5
&=  Cobalt T440-48-4
Fate & Transport factors
=k Chromium (total) 16085-83-1
Concentrations at POE
Ch (VI 18540-29-9
Exposure Rates + -
Detailed Risk evaluation | | Iron 435696
Detailed SSTL evaluation ok Fluorine 7782-41-4
Detailed Cumulative SSTL =  Manganese T435-:96-5
Off-site fransport == | Mercuric chloride T487-94-7
Concentrations Details 4 | Metallic Mercury 7439976
- lethylmercury G67-92-6
Advanced Options & | Methylmercury Zmereze
s | Nickel T440-02-0 7
Mode! Options
Advanced characterization
Figure 11. Select Contaminants.
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To add the chemical of concern the user has to click on the * button placed on the left of
the contaminant name (the selected contaminants are highlighted with the symbol &4). To
speed up the selection of contaminants it is possible to use the "Search for a contaminant”
filter at the top left of the screen (a search can be made not only on the basis of the name
of the contaminant but also of the CAS number, contaminant class, volatility). The button

allows the user to cancel the filter used to search for a contaminant. The selected
contaminants are added in the window located to the right of the screen. Here the user
can change the order of index contaminants (selecting the contaminant of interest and
using the up and down arrows ﬂ@) or remove one of the selected contaminants with the
button E3. The "Clear All" button allows you to quickly remove all previously entered
contaminants.

Contaminants properties. On this screen, the user can check and modify the chemico-
physical properties of the contaminants of concern.

7 Risk-net 3.1.1 Pro — u] X

Risk-nat

= File | 0 Example (4)

Setup " Contaminants of concern
Site description Select contaminants Contaminants properfies Database
Conceptual Site Mode!
Receptors
(Rl o T o ey el Toxicological Parameters Limits Biodegradation  Bioaccesibility
Input
Select contaminants
Contaminants concentrations mg/L . Likg Likg Likg Llkg emils emils kgL
Exposure Factors Arsenic BM 30| - R
Site Parameters Benzene 0,877
Output Ethylbenzens 0.363
Toluene 234842 T 852
Risk
Xylenss 83e+2 847e-2 | | 9.90e
SSTL

Cumulative SSTL

Detailed Results

Fate & Transport factors
Congentrations at POE
Exposure Rates

Detailed Risk evaluation
Detailed SSTL evaluation
Detailed Cumulative SSTL
Off-site transport

Concentrations Details

Advanced Options

Model Options

ed characterization

Figure 12. Contaminants properties.
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The parameters that are modified compared to the default database are highlighted in
yellow and the name of the contaminant is modified in italic and underlined. Note that the
values modified in this screen will be considered only for the current simulation. By starting
a new simulation, the values defined in the original database will be used.

If in the calculation options biodegradation is activated, on this screen the user must also
define for the different migration pathways (volatilization, leaching and groundwater
transport), the first-order biodegradation constants. Similarly, if in the calculation options
it is decided to consider bioaccessibility for calculating the soil ingestion risks on this
screen it is necessary to define the bioaccessible fraction of each contaminant. The
bioaccessible fraction can vary from a null value (not bioaccessible contaminant) to a
value 1 (corresponding to a 100% bioaccessible contaminant).

Database. Here the user can check the contaminants present in the database. By Default,
the software implements the Italian 1ISS-INAIL database (2018). On this screen the user
can possibly add new contaminants using the command button ‘Add contaminant’ (in this
case the name of the database will be indicated as ‘modified' and the name of the modified
contaminants will be indicated as '(User)'). On this screen the user can also load external
database (button “Load external DB’) previously created using the CSV file present in the
installation folder. Note that the external database loaded in the software is not
automatically updated in the case of changes to the external CSV file and therefore in the
case where for a simulation it is decided to modify some parameters of the external
database it is necessary to repeat the database upload procedure (using the ‘Load
external DB' button). By clicking on the command button ‘Load default DB’ the software
reset the original database present in the software. Note that loading an external database
the function of automatic calculation of the partition coefficients Koc and Kd as a function
pH value defined on the site is disabled.

On this screen, it is also possible to select the toxicological parameters to be used for the
vapor inhalation pathway. Specifically, the user can select to calculate the risks and
objectives of reclamation for the route of inhalation using either the reference doses (RfD
for non-carcinogens and SF for carcinogens) or the reference concentrations (RfC for non-
carcinogens and IUR for carcinogens). The main difference between the two approaches
is that the method based on the use of the reference dose (RfD) is based on a re-
modulation of the risks as a function of the body weight and the inhalation rate while the
method based on the use of reference concentrations (RfC) does not provide for
modulations based on body weight and inhalation rate. It is worth noting that the default
database present in the software is based on the use of reference concentrations (RfC for
non-carcinogens and IUR for carcinogens) and therefore to use the reference dose
method with the default database the user must enter the RfD and SF values to be used
for the risks and SSTLs calculations.

By default, according to the Italian ISS-INAIL database (2018), the software calculates the
indoor and outdoor risks only for some selected contaminants considered sufficiently
volatile. These contaminants are indicated in the database with an asterisk (VVOC *,
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VOC*, SVOC*, VC* and SCV*). Therefore, by default in the software the volatilization
pathways in the simulations (Risk calculation and SSTLs) is considered only for these
contaminants. This option can be deactivated using the checkbox present on this screen.
It should be emphasized that if an external database is loaded, to use this option correctly
it is necessary to indicate in the "Vol" column the contaminants considered sufficiently
volatile (using the asterisks in the acronyms VVOC*, VOC *, SVOC *, VC * and SCV *).

It is worth noting that to modify the chemico-physical properties of the contaminants of
concern the user must enter in the screen ‘Contaminants properties’.

) Risk-net 3.1.1 Pro — O X
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Advanced Options 7 Cadmium Inorganics I PM - - fipH) - -
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Figure 13. Database.

Note that by changing the database for a simulation in progress, the previously selected
contaminants are replaced with those having the same ID number in the new database. If
in the new database a previously selected contaminant is not present (i.e. in the new
database there is no contaminant with the same ID), the software for that specific
contaminant, maintains the chemical-physical and toxicological parameters present in the
database used in the old simulation.
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Figure 14. Example of new contaminants in the Database.

SOURCE ZONE CONCENTRATION

This screen (Figure 15) is accessed by clicking "Contaminants concentrations" on the
"Input" menu. Here, the user can enter the concentrations measured for each matrix that
has been activated in the conceptual site model (CSM). If advanced characterization data
are available (e.g. eluate, soil-gas, flux-chamber or air) and they have been activated in
the ‘Integrative characterization’ of the ‘Conceptual Site Model’ screen, the user can also
enter these concentrations. In the event that a contaminant has been detected only in one
medium, to deselect it from the other source media where the contaminant is not of
concern, it is sufficient to set a null concentration (zero) and the contaminant will be
automatically deselected (the green check to the left of the contaminant’s name becomes
a gray 'x' as shown in the figure for Ethylbenzene in the subsurface soil). If the user does
not enter any value, the contaminant will be considered active but it will not possible to
calculate the risks. To paste data from excel the user can activate the 'Enable Copy /
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Paste From Excel' box present on this screen. In this case, the user can copy the entire
column from excel and copy into the table by selecting the first row of the matrix on which
to paste the data. This operation must be repeated for each source activated by the user.
The contaminants for which the chemico-physical and/or toxicological properties have
been modified, are underlined and in italic.

) Risk-net 2.1.1 Pro - ] X
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Figure 15. Source Concentration.

For the concentrations in groundwater and in the eluate the user can choose whether to
enter the data expressed as pg/L or mg/L (the software will automatically convert the
concentrations to the unit of measurement required in the calculations). In a similar way
the user can enter the concentration data related to soil-gas, flow chambers and in the air
as pg /m3 or mg/m3.
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EXPOSURE FACTORS

This screen (Figure 15) is accessed by clicking "Exposure Factors" on the "Input" menu.
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Figure 16. Exposure Factors.

On this screen, the user must enter appropriate exposure factors for each complete
pathway. By default, this section contains the values corresponding to Italian guidelines
(ISPRA, 2008). There are different exposure factor columns representing the different
types of receptors that can be modeled with the software. These receptor types allow the
user to calculate baseline risks and cleanup levels based on different physical (e.g., skin
area, body weight, etc.) and exposure-related (e.g., soil ingestion rate, inhalation rate,
etc.) parameters.

To speed up the compilation process, the software requires only the parameters actually
used in the caluclations for the specific case based on the active exposure pathway and
selected targets. In particular, the grey cells are the data not required, while the data to be
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entered are the white cells. The modified values are highlighted in yellow. With the 'Default'
button it is possible to reset the default values suggested by the Italian guidelines (Table

2).

Table 2. Default values implemented in the software (ISPRA, 2008).

Scenario Residential Industrial
Exposure Parameters | Symbol | UM Children | Teenagers | Adults | Seniors | Worker
General Factors
Body Weight BW kg 15 | 15 [ 70 | 70 70
Averagilng time for AT y 20
carcinogens
Exposure duration ED y 6 10 24 5 25
Exposure Frequency EF dly 350 350 350 350 250
Accidental Soil Ingestion
Ingested Soil Fraction FI - 1 1 1 1 1
Soil Ingestion Rate IR mg/d 200 200 100 100 50
Dermal Contact
Skin Surface Area SA cm? 2800 2800 5700 5700 3300
Soil Dermal adherence factor AF mg/cmz/d 0.2 0.2 0.07 0.07 0.2
Outdoor Vapors and Dust inhalation
Outdoor Daily Frequency EFgo h/d 24 0.5 24 1.9 8
Outdoor Varlgfer Inhalation Bo m¥/h 07 07 0.9 09 25
Particulate Outdoor fraction Fsd - 1 1 1 1 1
Indoor Vapors and Dust inhalation
Indoor Daily Frequency EFqgi h/d 24 19.6 24 22.4 8
Indoor Vapor Inhalation rate Bi m3/h 0.7 0.7 0.9 0.9 0.9
Particulate indoor fraction Fi - 1 1 1 1 1
Water Ingestion
Water Rate Ingestion IRw | L/d | 1 | 1 | 2 | 2 1

SITE PARAMETERS

This screen (Figure 15) is accessed by clicking "Site Parameters" on the "Input" menu.
In this section, the user provides the site-specific parameters required for the application
of the fate and transport models selected. Specifically, the user must enter the following
parameters:
(a) Source Geometry: source geometry in soil and groundwater.
(b) Vadose zone: soil properties, rainfall infiltration rate, fraction of organic carbon,
pH, etc.
(c) Saturated zone: physical characteristics, fraction of organic carbon and other
transport properties.
(d) Outdoor: wind speed, dispersion in air, particulate emissions, etc.
(e) Indoor: building geometry and properties, air exchange rate, indoor/outdoor
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differential pressure, etc.
(f) Soil-gas and Flux Chambers: probe depth, chamber surface, etc.

By default, the software contains the default values suggested by the Italian ISPRA
guidelines (2008). To speed up the compilation process, the software requires only the
parameters actually used in the calculations for the specific case based on the active
exposure pathway and selected targets. In particular, the grey cells are the data not
required, while the data to be entered are the white cells. The modified values are
highlighted in yellow.
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Figure 17. Site Parameters.

The options that can be activated in these screens are briefly described below.

Same dimension for all sources. By default, in the software the same geometry of the
source is assumed for the different source media selected in the conceptual site model
(e.g. surface soil, subsurfcae soil and groundwater). If the dimension of the sources is
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different, it is possible to uncheck the checkbox "Same dimension for all sources". In this
case it is possible to enter the specific geometric parameters for each environmental
compartment.

Lens present. By activating this option, the user can take into account in the calculation
of risks and SSTLs for outdoor and indoor volatilization from subsurface soil and
groundwater for the presence of a geological vapor barrier (e.g. clay lens) placed between
the source of contamination and the ground surface. In particular, by activating the user
must define the thickness, porosity and water content of the lens. These parameters are
required to estimate molecular diffusion through this layer (for more details see the
equations in the appendix).

Soil texture. For the soil parameter the user can choose the predominant soil texture
from the drop-down menu and use the literature values indicated by Italian ISPRA
guidelines ISPRA (2008) or enter site-specific data (or other literature values) by selecting
the "Site-specific" item from the drop-down menu. Table 3 shows the default data
implemented in the software as a function of the soil texture.

Table 3. Default soil parameters values implemented in the software (ISPRA, 2008).

WES S Taie Ksat Or 0e 0a Ow Qacap Owcap hcap
cm/s - - - - - - cm
SAND 8.25E-03 | 0.045 | 0.385 | 0.317 | 0.068 | 0.055 0.33 10
LOAMY SAND 4.05E-03 | 0.057 | 0.353 0.25 0.103 | 0.035 | 0.318 18.8
SANDY LOAM 1.23E-03 | 0.065 | 0.345 | 0.151 | 0.194 | 0.057 | 0.288 25
SANDY CLAY LOAM 3.64E-04 0.1 0.29 0.112 0.178 0.042 0.248 25.9
LOAM 2.89E-04 0.078 0.352 0.139 0.213 0.035 0.317 375
SILT LOAM 1.25E-04 0.067 0.383 0.128 0.255 0.086 0.297 68.2
CLAY LOAM 7.22E-05 0.095 0.315 0.115 0.2 0.027 0.288 46.9
SILTY CLAY LOAM 1.94E-05 0.089 0.341 0.095 0.246 0.024 0.317 133.9
SILTY CLAY 5.56E-06 0.07 0.29 0.016 0.274 0.008 0.282 192
SILT 6.94E-05 0.034 0.426 0.148 0.278 0.043 0.383 163
SANDY CLAY 3.33E-05 0.1 0.28 0.052 0.228 0.028 0.252 30
CLAY 5.56E-05 0.068 0.312 0.008 0.304 0.004 0.308 815

Soil Infiltration Rate. The user can choose whether to calculate this parameter according
to the rainfall and the type of soil selected (using the empirical equations proposed by the
ISPRA document (2008) and reported in the appendix of the manual) or enter it manually.

HDPE or low-permeability layer present. By activating this option, the user can define
the characteristics of an HDPE sheet present above the source of contamination or of a
low-permeability layer between the source and the aquifer. These data are used in the
software to calculate the effective solil infiltration rate for the leaching pathway. The
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equations used for these estimates are reported in the appendix and refer to the models
described in the guidelines on risk analysis for landfills prepared by ISPRA (2005). Note
that the HDPE sheet and the low permeability layer inserted in this screen are used
exclusively for the leaching pathway (i.e. data not considered for the volatilization
pathway).

Dispersivity in groundwater. The user can choose whether to enter them manually or
calculate them based on the distance from the point of compliance (for more details, see
the equations in the appendix).

Calculate wind speed. The wind speed to be entered into the software must refer to the
height of the mixing zone in the air (which by default is set equal to 2 m height from the
ground surface). If the data available for wind speed refer to a different height (e.g. 10 m)
it is possible to calculate the expected value at the height of interest using the empirical
equations reported in the ISPRA document (see appendix of the manual).

Air dispersion coefficient. The user can choose whether to enter them manually or
calculate them according to the stability class and the distance of the off-site receptors
using the empirical equations reported by Briggs (1973).

Pressure difference between outdoor and indoor. If the convective transport of vapors
within the indoor environment is relevant at the site of concern, the user must enter a
value of "Ap" greater than zero and enter the additional parameters required.

Site-specific indoor convective flow. If available, the user can enter a site-specific
value of the convective airflow entering the building.

Empirical soil-gas attenuation factor of soil-gas. For soil-gas data, instead of the
analytical models implemented in the software, by activating this option the user can enter
empirical attenuation factors to be used for the calculation of the risks for the indoor and
outdoor vapor inhalation pathway.
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MODEL OPTIONS

By default, Risk-net implements the equations and calculation criteria outlined in the
Italian ISPRA guidelines (2008). However, to make the tool more versatile it is possible
to activate and define some supplementary calculation options. To view or modify the
active options, the user must access the "Model options" from the "Advanced Options"
menu (Figure 19). These options are divided into the following tabs: "Volatilization",
"Leaching", "Groundwater dispersion", "Csat", "Exposure" and "Limits".

) Risk-net 3.1.1Pro - [m] *

Risk-net

SHE O ccroe (4

Setup ~ Leaching Groundwater dispersion Csat Exposure Limits

Site description
Conceptual Site Model Activation of the volatilization pathway

Receptors | Activate the volatilization pathway only for the volatile compounds (class VC*, VOG* e 8VOCY)

Source depletion

Contaminants concentrations | Account for surface source depletion due to volatilization

Input

Select contaminants

Exposure Factors

Site Parameters

Output

Risk

8STL
Cumulative SSTL

Detailed Results

Fate & Transport factors
Concentrations at POE
Exposure Rates

Detailed Risk evaluation
Detailed SSTL evaluation
Detailed Cumulative SSTL
Off-site fransport

Concentrations Details

Advanced Options

ed characterization

RECOnet

| Account for subsurface source depletion due to volatilization

QOutdoor Volatilization from Surface Soil

Account for vapor attenuation when surface source below ground level

Outdoor Volatilization from Subsurface Soil

#| Lower value between volatilization factor from surface and subsurface soll

Off-Site Outdoor Velatilization from groundwater
® Atmospheric transport (ADF)

Groundwater transport (DAF)

Biodegradation during volatilization

Consider biodegradation during volatilization

Set default opfions

Figure 18. Site Parameters.

The different options are briefly described below.
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VOLATILIZATION

Source depletion. By activating this option, the software accounts, through a mass
balance, for the source depletion. In particular, the outdoor and indoor volatilization is
calculated by selecting, for each contaminant, the smaller value obtained from the fate
and transport factor and the mass balance equation. For more details, readers are directed
to the appendix with the description of the equations implemented in the software.

Outdoor Volatilization from Surface Soil. By activating this option, if the source in the
surface soil is at some depth below the ground surface, the volatilization factor is calculated
by employing the model for the subsurface soil.

Outdoor Volatilization from Subsurface Soil. By activating this option, for contaminated
subsurface soil, the software checks if the volatilization estimated by the model is higher
than the one expected from the surface soil (and in this case select the latter as
representative of the volatilization from soil).

Off-Site Outdoor Volatilization from groundwater. For contaminated groundwater, the
off-site transport of vapors can be modelled considering volatilization from the source and
dispersion in atmosphere (ADF) or groundwater transport (DAF) and volatilization.

Biodegradation during volatilization. By activating this option, it is possible to account
for aerobic biodegradation of vapors in the subsurface. In this case, the user must define
the biodegradation kinetic constant in the screen with the chemical properties of selected
contaminants and the thickness of the aerobic zone in the screen with the definition of site-
specific parameters.

LEACHING

Source depletion. By activating this option, the software accounts, through a mass
balance, for the source depletion. In particular, the leaching factor is calculated by
selecting, for each contaminant, the smaller value obtained from the fate and transport
factor and the mass balance equation.

Soil Attenuation Model (SAM). The SAM (Connor, 1997) corrects the equilibrium soil
leachate concentration for the effect of sorptive mass loss as the leachate percolates
downward toward the underlying water-bearing unit. For the SAM, the affected soil zone
is characterized as a finite source mass equivalent to the affected soil mass times the
representative constituent concentration. Prior to reaching groundwater, percolating
rainwater serves to redistribute this finite source mass throughout the full thickness of the
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surface soil column.

Biodegradation during leaching to groundwater. By activating this option, it is possible
to account for biodegradation during the leaching in the unsaturated zone. In this case the
user must define the biodegradation kinetic constant in the screen with the chemical
properties of selected contaminants.

GROUNDWATER DISPERSION

Groundwater Dispersion. For the transport of contaminants in groundwater the user can
select the type of equation to be used as a function of the expected dispersion. In
particular, it is possible to simulate the dispersion of contaminants as:

e DAF1 = dispersion in all directions (x, y, z);

e DAF2 = in this case it is assumed that there is transversal and longitudinal
dispersion in all directions while the vertical dispersion is assumed to take place
only downwards;

e DAF3 =in this case it is assumed that there is only longitudinal and transversal
dispersion (i.e. no vertical dispersion).

The implemented equations are reported in the appendix.

Check on the groundwater mixing zone height. By activating this option, the software
automatically uses the DAF3 in the case that the calculated thickness of the mixing zone
coincides with the thickness of the aquifer.

Biodegradation during groundwater transport. By activating this option, it is possible to
account for biodegradation during the transport of contaminants in groundwater. In this
case the user must define the biodegradation kinetic constant in the screen with the
chemical properties of selected contaminants.

CsAT

Saturation Concentration (Csat). If this option is activated by the user, the software
calculates the saturation concentration in the soil (Csat) at which the contaminant reaches
the solubility value in the dissolved phase and the vapor pressure in the soil-gas. In this
case, for the indirect exposure pathways (volatilization and leaching) for saturation
conditions (i.e. CRS> Csat) the risks are calculated assuming as the solubility value in the
dissolved phase and the vapor pressure in the soil-gas. For the direct exposure pathways
(i.e. soil ingestion and dermal contact) these concentrations, although higher the
saturation concentration does not affect the estimation of the risks as the receptor might
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be exposed also to the separate phase. With regard to the calculation of the clean-up
levels, if the calculated SSTL are higher than the Csat value in the output screen these
values are not shown but it is indicated that the SSTL are higher than Csat (indicated as
> Csat’). Indeed, the achievement of SSTL > Csat indicates for the indirect exposure
pathways (volatilization and leaching) even at the maximum concentration at which the
contaminant can leach (solubility) or volatilize (vapor pressure) the risks are below the
acceptable levels (e.g. R = 10 or HI = 1). In the event that the Csat option is deselected,
a sub-option can be activated in which the Csat is verified only in the calculation of the
SSTL but not in the direct calculation of the Risk (i.e. the CRS is not limited to the Csat).
This sub-option, although can lead to inconsistent results in the two calculation modes
(Risk Calculation and Calculation of SSTL), has been planned to replicate the results of
other available software (e.g. RBCA ToolKit) that only perform the verification of the Csat
in the calculation of the SSTL but not in the calculation of the Risk.

Source depletion. By activating this option, in the mass balance used for the estimation
of the source depletion the software accounts for the presence (if any) of separate phase
in the subsurface.

EXPOSURE

Adjustement factor for carcinogenic parameters of children (ADAF). By activating
this option, the software applies an adjustment factor (ADAF) to the toxicological
parameters (carcinogenic effects) used for the estimation of risks and clean-up levels in
the case of children as receptors. The values of ADAF used by the software can be
modified in the screen with the definition of the toxicological parameters for the selected
contaminants.

RfD vs RfC. For the inhalation pathway, the user can select the method to be used for the
estimation of the risks and of the clean-up levels. The software employs two methods. The
first is based on the use of a reference dose (RfD and SF) and the risks are calculated as
a function of the body weight and of the inhalation rate. The second method is based on
the use of a reference concentration without any adjustment for the body weight or the
inhalation rate.

Bioaccessibility. For the soil ingestion pathway, by activating this option, the software
accounts in the estimation of risks and SSTLs for the bioaccessibile fraction. The
bioaccessible fraction can be defined in the screen that reports the chemico-physical
properties of the contaminants of concern
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LimITS

Limits. Here the user can set the acceptable individual (single contaminant) and
cumulative (multiple contaminants) acceptable risk (carcinogenic effects) and hazard
index (non-carcinogenic effects).

ADVANCED SITE CHARACTERIZATION

This screen (Figure 15) is accessed by clicking "Advanced Characterization" on the
"Advanced Options" menu.

Risk-net 3.1.1 Pro - m} x
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Site description
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Fate & Transport factors
Concentrations at POE
Exposure Rates

led Risk evaluation
Detailed SSTL evaluation
Detailed Cumulative SSTL
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Use data from advacend characterization for SSTL

Indoor volatilization from surface soil
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Use eluate data for SSTL
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9He|p

Advanced charactenizafion

Figure 19. Advanced Site Characterization.

By default, the results from the advanced characterization of the site are only used to
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estimate the risks for human health and environment for the selected receptor. In this
screen the user can decide if these data must be used also for the estimation of the clean-
up levels in the surface soil, subsurface soil and in groundwater. In this case, these data
are used to calculate a semi-empirical fate and transport factor that is used for the update
of the clean-up levels calculated based only on mathematical modelling. For more details,
readers are directed to the appendix with the description of the equations implemented
in the software.
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OUTPUT

Risk

This screen (Figure 20) is accessed by clicking "Risk" on the "Ouptut" menu.

Risk-net 3.1.1 Pro - [m] X
Risk-net
© Bampe (4)
Setup P Risk
Site description Subsurface Soil Groundwater Leachate ~ Soil-gas ~ Flux Chamber ~ Ar = Agri-foods

Conceptual Site Model

Receplors Risk from Surface Soil (FcmEe) enp

Il | Contaminant | cRS | f [ CRSF [ Cst | Om [ R(HH) | H{HH [ Rgwicw) |
mg/kg i mg/kg mg/kg mg/kg - - -
Select contaminants Arsenic 1.20e+2 1.20e+2 - - 1.08e-4 554040 3.08et1
Contaminants conenfrafions Benzene 55041 5 50e+1 27823 101+t 1.13e-3 11341 27343
Exposure Factors
FposureFaciars Ethylbenzene 1.40e+2 1.40e+2 77242 794243 9.23¢-4 8621 472e+1
Site Parameters
Toluene 210e+2 210e+2 128243 §ddes3 - 2581 4.42e42
Output Xylenes 180e+2 1.808+2 416s+2 416842 - 101841
_ Cumulative Outdoor Risk (On-site) 3.24e-4 5.91e+0
Cumulative Indoor Risk (On-site) 2.05e-3 2.35et1

SSTL
Cumulative SSTL

Detailed Results

Fate & Transport factors
Concentrations at POE
Exposure Rates

Detailed Risk evaluation
Detailed SSTL evaluation
Detailed Cumulative SSTL
Off-site transport

Congentrations Details

Advanced Options

Model Options

Advanced characterization

Figure 20. Baseline Risks.

This screen shows the risks for human health (R and HI) individual (for the single
contaminant) and cumulative (total, calculated as the sum of the risks of each selected
contaminant) and the risks for the groundwater resources (Rgw) calculated for each
source selected in the conceptual site model. In red are highlighted the risks higher than
the acceptable limits. In purple are highlighted the source concentrations that are higher
than the saturation concentration (or the solubility for the contamination in groundwater).
On this screen the user can calculate, iteratively, the concentration in the source that
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ensures acceptable risks by entering a correction factor for each contaminant in the
column 'f'. The "Copy table" command allows the user to copy and paste in Word or Excel
the output table (maintaining the table formatting). The contaminants for which the
chemico-physical and/or toxicological properties have been modified, are underlined and
in italic.

Table 4 describes the different keywords and symbols related to the calculation of the
Risk.

Table 4. Nomenclature in the ‘Risk’ screen.

SymMBOL DEFINITION

CRS Source Concentration

f Reduction factor for CRS

R (HH) Carcinogenic Risk (human health)

HI Hazard Index, non-carcinogenic (human health)
Rgw Risk for the groundwater resource

Csat Saturation concentration

Cres Residual Concentration (screening NAPL)

Sol Solubility

SITE-SPECIFIC TARGET LEVELS (SSTL)

This screen (Figure 21) is accessed by clicking "SSTL" on the "Ouptut" menu.

This screen shows the maximum acceptable concentration in the affected source medium
(i.e. the Site-Specific Target Levels, SSTL) for each contaminant of concern that ensures
acceptable individual risks for human health (R and HI) and for the groundwater resources
(Rgw). In red are highlighted the contaminant for which the source concentration is higher
than the calculated SSTL. In yellow are highlighted the SSTL that are lower than the PRG
(Preliminary Remediation Goals) values defined in the database. In purple are highlighted
the source concentrations that are higher than the saturation concentration (or the
solubility for the contamination in groundwater). The "Copy table" command allows the
user to copy and paste in Word or Excel the output table (maintaining the table
formatting). The contaminants for which the chemico-physical and/or toxicological
properties have been modified, are underlined and in italic.
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Risk-net 3.1.1 Pro - [m} X
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Figure 21. Site-Specific Target Levels (SSTL).

Table 5 describes the different keywords and symbols related to the calculation of the
SSTLs.

Table 5. Nomenclature in the ‘SSTL’ screen.

SYMBOL DEFINITION

CRS Source Concentration

SSTL (HH) Site-Specific Target Levels for human health

SSTL (GW) Site-Specific Target Levels for the groundwater resource
Csat Saturation concentration

Cres Residual Concentration (screening NAPL)

Sol Solubility

PRG Preliminary Remediation Goals
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CUMULATIVE SSTL

This screen (Figure 22) is accessed by clicking "Cumulative SSTL" on the "Ouptut" menu.
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Figure 22. Cumulative Site-Specific Target Levels (SSTL).

From this screen the user can check whether the individual SSTL (SSTLind) calculated
for each contaminant ensures acceptable cumulative risks (related to the simultaneous
presence of several substances). If the cumulative risks are not acceptable (cells in red)
the user should reduce SSTLind until to find a SSTL that ensures the respect of both the
individual and cumulative risks. This can be done by iteratively operating on the
adjustment factor in the column 'f' column until to get acceptable cumulative risks. The
button 'auto’ in the column 'f* automatically insert a correction factor equal to the number
of contaminants selected (very conservative option). The reduced SSTL (SSTL /f), that
ensures the respect of both the individual and cumulative risks, represents the cumulative
SSTL (SSTL cum). The contaminants for which the chemico-physical and/or toxicological
properties have been modified, are underlined and in italic.
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Table 6 describes the different keywords and symbols related to the calculation of the
Cumulative SSTLs.

Table 6. Nomenclature in the ‘Cumulative SSTL’ screen.

SymBOL DEFINITION

CRS Source Concentration

f Reduction factor for SSTL

R (HH) Carcinogenic Risk (human health)

HI Hazard Index, non-carcinogenic (human health)
Rgw Risk for the groundwater resource

Csat Saturation concentration

Cres Residual Concentration (screening NAPL)

Sol Solubility

SSTLind Individual Site-Specific Target Levels

SSTLcum Cumulative Site-Specific Target Levels (SSTLind/f)
PRG Preliminary Remediation Goals

SSTLs Hydrocarbons. If in the contaminants of concern the user select hydrocarbons
compounds classified as MADEP or TPH WG, in the Cumulative SSTL screen the user
can find a a further table with the SSTLs calculated for "Hydrocarbons C>12" and
"Hydrocarbons C<12" and "Total hydrocarbons". This screen shows the SSTL for Light
(C <12), Heavy (C> 12) and Total Hydrocarbons (TOT) calculated with the ‘critical
fraction’ method based on the different hydrocarbons classes selected by the user.
Specifically, the calculation is performed for both MADEP and TPHCWG speciation. The
most critical class is identified as a function of the SSTL calculated for each class and the
fraction of the class presents in the mixture (estimated on the basis of the concentration
set by the user). For more details, readers are directed to the appendix with the
description of the equations implemented in the software.
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Figure 23. SSTL for TPH mixtures.
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DETAILED RESULTS

In addition to the main outputs described in the previous paragraphs, the user can verify
in detail the results obtained in the different calculation steps as briefly described below.

FATE & TRANSPORT FACTORS

This screen shows the fate & transport factors (FT) calculated for the migration pathways
activated in the conceptual site model. In yellow are highlighted the FT equal to the mass
balance in the source (if this option has been activated in the ‘model options’ screen). In
purple are highlighted the semi-empirical FT that were calculated based on the available
advanced characterization data (if this option has been activated in the ‘advanced
characterization’ screen). The contaminants for which the chemico-physical and/or
toxicological properties have been modified, are underlined and in italic.

Risk-net 3.1.1 Pro - O x

Risk-net

# Fate & Transport factors

Subsurface Soil Groundwater Leachate Soilgas Flux Chamber Air
Fate and Transport Factors - Surface Soil _ -

cnels chFls (mg/Ly(mgkg)  (mgnFy(mgkg)  (mg/mY(mgkg)  (mginFyimgkg)
256 - 6.90e-12

(mg/Ly(mglL)  (mgh¥)(mg/n¥)
16260 -

1.80e5 6.42e3
1.80e-5 6.42e3
1.80e-5 5.42e3
1.80e-5 5.42e3
18085 6.42e3
180eb 1.32e3

Xylenes
Aliphatics

Output Aliphatics
Aliphatics C13-C18 - - 1.13e-5
Risk

SETL

Cumulative B8TL

Detailed Results

Fate & Transport factors

Concen at POE

Concentrations Details

Advanced Options

Figure 24. Fate & Transport Factors.
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CONCENTRATIONS AT POINT OF EXPOSURE

This screen shows the concentration at the point of exposure calculated with the fate &
transport factors based on the source concentration set by the user for the different
migration pathways activated in the conceptual site model. The contaminants for which
the chemico-physical and/or toxicological properties have been modified, are underlined
and in italic.

Risk-net 3.1.1 Pro - [m] x
Risk-net
© EBomde ()
Setup g Concentrations at Point of Exposure
Stte description From Surface Soil From Groundwater From Leachate ~ From Soikgas ~ From Flux Chamber
Conceptual Site Model
Receptors Concenirafions at the point of exposure (POE) - Subsurface Soil -
R omse T omse |
input _ﬂﬂm
Select contaminants mgkg mgkg mg/n¥ g/ mg/L mg/m mg/L
Contaminants concentrations Arsenic 1.05e+2 - - - 8.07e-1 - 4.98e-1
c ot Benzene 4.70e+1 2.78e+3 1693 6.03e-1 4.31e+
Xposure ors
Hposure Faciors Xylnes 15802 4162 557e3 125840 5 53
Site Paremeters Aliphatics C5-C3 3382 -
Aliphatics C3-C12 6.81e+1
Output Aliphatics C13-C18 8.81e+1
Risk
SETL

Cumulative SSTL

Detailed Results

Fate & Transport factors
Exposure Rates

Detailed Risk evaluation
Detailed SSTL evaluation
Detailed Cumulative 88TL
Off-site transport

Concentrations Details
Advanced Options

Madel Options

Advanced characterization

Figure 25. Concentration at the point of exposure.

EXPOSURE RATES

This screen reports the intake rates calculated for the different exposure pathways for
each receptor activated by the user. The contaminants for which the chemico-physical
and/or toxicological properties have been modified, are underlined and in italic..
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() Risk-net 3.1.1 Pro - [m] X

Risk-net

* Exposure Rates

ﬂ s

o o i =

mgkgd)  mgikgd)  mgikgd) - - - - Uikgd)  Ufkgd)
12881 14821 | 107e+d  411ed | 9581 A11e1 9591 - -
1.28e+1 3580

1.28e+1
1.28e+1
1.28e+1
1.28e+1
1.28e+1
1.28e+1

Output

Aliphatics
Aliphatics

Risk
SETL

Cumulative SSTL

Detailed Results

Concentrations Details

Advanced Options

Advanced characterization

Figure 26. Exposure Rates.

DETAILED RISK EVALUATION

This screen shows the risks for human health (R and HI) individual (for the single
contaminant) and cumulative (total, calculated as the sum of the risks of each selected
contaminant) and the risks for the groundwater resources (RGW) calculated for each
source selected in the conceptual site model. In red are highlighted the risks higher than
the acceptable limits. In purple are highlighted the source concentrations that are higher
than the saturation concentration (or the solubility for the contamination in groundwater).
On this screen the user can calculate, iteratively, the concentration in the source that
ensures acceptable risks by entering a correction factor for each contaminant in the
column 'f'. The contaminants for which the chemico-physical and/or toxicological
properties have been modified, are underlined and in italic.
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Risk-net 2.1.1 Pro - a x
Risk-net
Setup I Detailed Risk evaluation

Site description Surface Soil Groundwater Leachate Sollgas Flux Chamber Air Agri-foods

Conceptual Site Model

Receptors Detailed Risk evaluation - Subswiace soil - Otep
Soict contammants - | R [ B | R __[ __H__| Rw_|
- mgkg m mgkg mgkg - = - - -
Contaminants concentrations

Arsenic 1.06e+2 1.056e+2 - 8.07et1
Exposure Factors

Benzene 4.70e+1 470e+1 2.78e+3 541e6 54082 193e3 1.93e+1 6.99e#3
Site Parameters

Xylenes 1.55e+2 1.65e+2 4.16e+2 - 53422 - 1.20e#1
Output Aliphatics C5-C8 1.20e+1 1.20e+1 3.38e+2 - 207e3 - 7.38e1 2 5881
Risk Aliphatics C8-C12 1.80e+1 1.80e+1 6.81e+1 - 3.10e-3 - 1.08e-1 1.75¢3
ssTL Aliphatics C13-C18 3 20et2 3.20et+2 6.81e+1 - - - - 6.60e3
Cumulative SSTL Cumulative Risk 541e6 1.43e1 193e3 32et

Detailed Results

Fate & Transport factors
Concentrations at POE

Exposure Rates

Detailed SSTL evaluation
Detailed Cumulative SSTL
Off-site transport
Concentrations Details
Advanced Opfions
Model Options

Advanced characterization

Figure 27. Detailed Risk Evaluation.

DETAILED SSTL EVALUATION

This screen shows the maximum acceptable concentration in the affected source medium
(i.e. the Site-Specific Target Levels, SSTL) for each contaminant of concern that ensures
acceptable individual risks for human health (R and HI) and for the groundwater resources
(Rgw). In red are highlighted the contaminant for which the source concentration is higher
than the calculated SSTL. In yellow are highlighted the SSTL that are lower than the PRG
(Preliminary Remediation Goals) values defined in the database. In purple are highlighted
the source concentrations that are higher than the saturation concentration (or the
solubility for the contamination in groundwater). The contaminants for which the chemico-
physical and/or toxicological properties have been modified, are underlined and in italic.
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Risk-net

Detailed results

- [m] hed

Setup
Site description
Conceptual Site Model

Receptors

Input

Select contaminants
Contaminants concentrations
Exposure Factors

Site Parameters

Output

Risk
SSTL
Cumuiative 88TL

Detailed Results

Fate & Transport factors
Concentrations at POE
Exposure Rates

Detailed Risk evaluation

Detaied SSTL evaluation

Detailed Cumulative SSTL
Offsite transport
Concentrations Details
Advanced Options

Maodel Cptions

Advanced characterization

Detailed SSTL evaluation

Surface Soil Groundwater Leachate Soikgas Flux Chamber Air

SSTL for Subsurace Soil - Otep
_“
___m | ___m_ | __&r |

mg/kg mgkg mg/kg mg/kg mg/kg
Arsenic 1.05e+2 - NV NV
Benzene 4.70e+1 2.78e+3 8.68et0
Xylenes 1.55e+2 4.16e+2 > Csat 1.29e#1 no CSCqw
Aliphatics C5-C8 120e+1 3.38e+2 > Csat 1.63e+1 4 66e+1
Aliphatics C3-C12 1.80e+1 6.81e+1 > Ceat > Csat > Ceat
Aliphatics C13-C18 3.20et2 6.81e+1 NV NV > Csat

Figure 28. Detailed SSTL Evaluation.

OFF-SITE TRANSPORT

This screen can be used to evaluate the off-site transport of contaminants in the
groundwater or in the atmosphere. In particular, the user must select from the pulldown
menu the contaminant and the matrix of concern. In the case of the transport in
groundwater, the graphs show the concentration of the selected contaminant as a function
of time and space. In the case of the dispersion of the contaminants in the atmosphere
the graphs show only the concentration as a function of the distance from the site. The
user can change the distances and the times at which to calculate the concentrations by
operating on the boxes reported in the table of interest.

RECCO (I net
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) Risk-net3.1.1 Pro _ o «
Risk-net
Setup - Off-site transport

Site description Dispersion in atmosphere

Conceptual Site Mo

Receptors
Select contaminant [ Arsenic v

Input Groundwater contamination dug to leaching from surface soil

Groundwater contamination due to leaching from subsurface soil
Select contaminants

- . Groundwater contamination
Contaminants concentrations

Exposure Factors

Site Parameters

Output @ Cgw(t)
.l ® Cgwit) @ POC
Risk o Steady-state
® Cgw®
SSTL Cgw @ POC
----- csc

Cumulative SSTL Arsenic

(R=145e-2)
Detailed Results Time (years)

Fate & Transport factors Maximum source distance (m)

Concentrations at POE 500

Exposure Rates

Detailed Risk evaluation
Detailed SSTL evaluation
Detailed Cumulative SSTL

Concentrations Details

500

Advanced Options
Mode! :‘;[ICHB

Advanced characterization

Figure 29. Off-site transport (groundwater).

Risk-net 3.1.1 Pro. - a X
Risk-net

Setup ™ Off-site transport
Ste deorpon f—
Conceptual Site Mode!

Receptors )
Select contaminant | Benzene hd

Input Surface soil

Subsurface soil
Select contaminants

- Groundwater
Contaminants concentrations

Soilgas
Exposure Factors o

- Flux-chamber
Site Parameters

Cutdoor Air

Output

Risk

@ Coutdoor
SSTL b

@ Coutdoor @ POC (ADF)
Cumulative SSTL

10
Detailed Results

Fate & Transport factors

Concentrations at POE

Coutdoor (mg

Exposure Rates e

- . L . Benzene
Detaied Risk evaluation o Madmum source detance ()
Detailed SSTL evaluation Rl 500

Detailed Cumulai

el Options

Advanced characterization

Figure 30. Off-site transport (atmosphere).
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CONCENTRATIONS DETAILS

Here the user must select from the 2 drop-down menu the matrix (surface soil, subsurface
soil or groundwater) and the contaminant of interest (among those selected by the user
as chemical of concern). Based on the matrix and contaminant selected, this screen
reports the concentrations expected in different matrices (i.e. soil gas, eluate, outdoor air,
indoor air ...) and the corresponding measured value (if available). In practice, this screen
can be of help in evaluating the reliability of the screening model to predict the partition
and transport of contaminates in the subsurface.

() Risk-net 3,1.1 Pro
Risk-net

-

Concentrations Details

Setup >
Site description
Conceptual Sits Model
Receptors

Input

Select contaminants
Contaminants concentrations
Exposure Factors

Site Parameters

Output

Risk

SSTL

Cumulative SSTL
Detailed Results

Fate & Transport factors

Concentrations at POE

Exposurs Rates

Detailed SSTL ew
Detailed Cumulative SSTL
OCif-site transport

Advanced Options

Model Options

Advanced characterization

RECCO (I net

Select contaminant | Benzene v
@® Surface soil
Subsurface soil

Groundwater

Outdoor n Grounduater Direct Contact

Indoor (n@'nﬂ)‘

3.12e4

— ‘" — Soil-gas {mg/n¥)| @ probe depth

Source Emg*kg)‘

For the estimation of the concentration in the soil gas acoounts only for the equilibrium partioning model (no attenuation and source depletion)

Figure 31. Concentrations Details.
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APPENDICES — EQUATIONS AND MODELING PROCEDURES
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App. la. Risk Calculation (Soil and groundwater)

APP. 1A. RISK CALCULATION (SOIL AND GROUNDWATER)

Individual Risk. The estimation of risks for human health, correlated to exposure to a
contaminant, is calculated in the software by applying the following equations:

R=E-SF Risk for carcinogenic contaminants
HI =E/RfD Hazard Index for non-carcinogenic contaminants

Where E is the daily chronic contaminant exposure rate, SF the slope factor (i.e. the
probability of incremental cancer case occurrence per unit dose) and RfD the reference
dose (i.e. the daily exposure rate that does not induce adverse effects on humans during
the entire life).

The chronic daily contaminant assumption, E, is given by multiplying the concentration of
the contaminant at the point of exposure, Cpe, With the effective exposure rate EM (e.g.
the daily ingested soil amount or inhaled air volume per unit body weight)

E=C..-EM

poe

The concentration at the point of exposure, Cpe, may be calculated by applying the
following equation:

C,. = FT-CRS

where CRS is the representative source concentration and FT the fate and transport factor
used for the selected migration pathway.
Combining these equations, the risk and the hazard index can be calculated as follows:

R=FT-CRS-EM -SF Risk for carcinogenic contaminants

_FT-CRS-EM
RfD

HI Hazard Index for non-carcinogenic contaminants

This calculation is performed for the different exposure and migration pathways active in
the site using the appropriate exposure and fate & transport factors (for details, see the
tables below). The equations for the calculation of the different fate and transport factors
(FT) are reported in Appendix 3. The equations for the calculation of the different intake
rates are reported in Appendix 4.
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App. la. Risk Calculation (Soil and groundwater)

Note that the above equations are those reported in the ISPRA guidelines (2008) that are
based on the use of the Reference Dose (RfD) and the Slope Factor (SF). However, for
the inhalation pathway the software allows the user to use the approach based on the
Reference Concentration (RfC) and the Inhalation Unit Risk (IUR) using the following
equations:

R=FT-CRS-EC-IUR Risk for carcinogenic contaminants

_ FT-CRS-EC
RfC

HI Hazard Index for non-carcinogenic contaminants

In the following tables, the equations implemented in the software are distinguished as
“reference dose method” and “reference concentration method”

Multiple exposure pathways. The following report the criteria used in the software for
the calculation of the individual risk for each media of concern accounting for multiple
exposure pathways.

SURFACE SoIL

Soil Ingestion ——
59 Dermal Contact ]
85 Outdoor Risk
36 Outdoor Vapor (onsite)
Inhalation
Outdoor Dust
Inhalation
Indoor Vapor
- Q@ i
52 Inhalation Indoor Risk
e 4 -Si
£5 Indoor Dust (onsite)
Inhalation ivi .
»  Higher Risk value Insdllj\rlflgcu:l;;ﬁk
Outdoor Vapor
] Inhalation i
o L, Outdoor Risk
5 5 Outdoor Dust (off-stte)
Inhalation
Leaching to Leaching
0 Groundwater > (On-site)
o On-site
3
>
2 .
2 Leaching to Leaching
3 Groundwater > i
Off-site (On-site)

Figure 32. Risk — Surface soil. Multiple exposures.
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SUBSURFACE SOIL

Outdoor Vapor Outdoor Risk
Inhalation on-site
Indoor Vapor Indoor Risk
Inhalation on-site
Outdoor Vapor Outdoor Risk

f ; Individual Risk
Inhalation (off-site) off-site »  Higher Risk value

Subsurface Soil

Leaching to groundwater Leaching
On-site on-site

Leaching to groundwater Leaching
Off-site off-site

Figure 33. Risk — Subsurface soil. Multiple exposures.

GROUNDWATER
Outdoor Vapor Outdoor Risk
Inhalation on-site
Indoor Vapor N Indoor Risk
Inhalation on-site
Outdoor Vapor Qutdoor Risk »  Higher Risk value Individual Risk
Inhalation (off-site) off-site g 9 Groundwater
Affected groundwater Affected
; groundwater
On-site .
on-site
Affected groundwater Groundwater
; > transport
Off-site .
off-site

Figure 34. Risk — Groundwater. Multiple exposures.

Cumulative Risk. The cumulative risk is calculated as the sum of the incremental risk
(Ri and HI;) values associated to each contaminant of concern (i) as follows:

Re = Z R; Cumulative risk for carcinogenic contaminants
i=1
RECOnet
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Hl, = HI, Cumulative hazard index for non carcinogenic contaminants

Risk for the groundwater resource. The risk for the groundwater resource (Rew) is
calculated by comparing the value of concentration of the contaminant in the water table,
at the point of compliance (POC) with the reference values defined for the groundwater
protection (MCL):

_ C, _FT-CRS
MCLy,  MCLy,

Row
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Table 7. Surface Soil: Risk and Hazard Index

Soil Ingestion (no off-site)

RSS.IngS =CRS- SI:Ing ‘EM IngS .1076 kg/mg
EM, .-10°kg/m
HISS.IngS — CRS . IngS g/ g
RfD,,

R = Carcinogenic Risk

HI = Hazard Index

CRS = Source Concentration

SFl,g = Slope factor - ingestion

RfD g = Reference dose - ingestion
EMlIngs = Soil Ingestion rate

Dermal Contact (no off-site)
RSS.ConD = CRS - SFing - EMconp '1076 kg/mg

ENlConD '1076 kg/mg
RfD

HISS.ConD =CRS-

Ing

R = Carcinogenic Risk

HI = Hazard Index

CRS = Source Concentration

SFl.g = Slope factor for ingestion
RfD Iy = Reference dose - ingestion
EMconp = Dermal contact rate

Outdoor Vapor Inhalation
(reference dose method)

Rss a0 =CRS-SF,,-EM, .o -VF, - ADF

Ina

EM,, -VF, - ADF
RfD

HISS.InaO =CRS-

Ina

R = Carcinogenic Risk

HI = Hazard Index

CRS = Source Concentration

SFln, = Slope factor - inhalation

RfD I,a = Reference dose - inhalation
EMnao = Outdoor inhalation rate
VFss = Outdoor volatilization factor
ADF = Atmospheric dispersion factor

Outdoor Vapor Inhalation
(reference concentration method)

I:QSS.InaO = CRS ' IURIna ’ EClnaO 'VFss ’ ADF
EC,.o -VF. - ADF
RfC

HISS.InaO =CRS-

Ina

R = Carcinogenic Risk

HI = Hazard Index

CRS = Source Concentration
IUR s = Inhalation Unit Risk

RfCin.= Reference concentration
ECinao = Outdoor inhalation rate

VFss = Outdoor volatilization factor
ADF = Atmospheric dispersion factor

Outdoor Dust Inhalation
(reference dose method)

Rss.naor = CRS -SF . -EM, o - PEF - ADF

Ina

EM,, - PEF - ADF
RfD

HISS.InaOP =CRS-

Ina

R = Carcinogenic Risk

HI = Hazard Index

CRS = Source Concentration

SFl,. = Slope factor - inhalation

RfD I,» = Reference dose - inhalation
EMnao = Outdoor inhalation rate
PEF = Partculate emission factor
ADF = Atmospheric dispersion factor

Outdoor Dust Inhalation
(reference concentration method)

Res 1naor = CRS - IUR-EC, . - PEF - ADF
' EC, ..o - PEF - ADF
RfC

HISS.InaOP =CRS

R = Carcinogenic Risk

HI = Hazard Index

CRS = Source Concentration
IURna = Inhalation Unit Risk

RfCin.= Reference concentration
ECinao = Outdoor inhalation rate

PEF = Partculate emission factor
ADF = Atmospheric dispersion factor

Outdoor cumulative risk

RSS .outdoor

HI

= RSS.IngS + RSS.ConD + RSS.InaO + RSS.InaOP

=Hl, ¢ +Hlg cop + Hlg oo + HI

SS.outdoor SS.IngS SS.ConD SS.Ina0 SS.InaOP

RECOnet

Risk-net v.3.1.1 - User Guide

59



App. la. Risk Calculation (Soil and groundwater)

Table 7. Surface Soil: Risk and Hazard Index

Indoor Vapor Inhalation (no off-site)
(reference dose method)

Rs inar = CRS 'SFlna ‘EM 'VFssesp
EM Inal 'VFssesp
HISS Inal — CRS ’
' RfD

Ina

R = Carcinogenic Risk

HI = Hazard Index

CRS = Source Concentration

SFln, = Slope factor - inhalation

RfD I,a = Reference dose - inhalation
EMna = Indoor inhalation rate

VFsesp = Indoor volatilization factor

Indoor Vapor Inhalation (no off-site)
(reference concentration method)

Rss inar = CRS- IUR,, - ECInaI 'VFssesp
ECInal 'VFssesp
HISS Inal — CRS ’
' RfC

Ina

R = Carcinogenic Risk

HI = Hazard Index

CRS = Source Concentration
IURna = Inhalation Unit Risk
RfCina= Reference concentration
ECina = Indoor inhalation rate
VFsesp = Indoor volatilization factor

Indoor Dust Inhalation (no off-site)
(reference dose method)

Res inap =CRS-SF,,-EM ., - PEF,
EM,.. - PEF,
HISS.InaIP =CRS W

Ina

R = Carcinogenic Risk

HI = Hazard Index

CRS = Source Concentration

SFln, = Slope factor - inhalation

RfD I,a = Reference dose - inhalation
EMna = Indoor inhalation rate

PEF;, = Particulate indoor emission factor

Indoor Dust Inhalation (no off-site)
(reference concentration method)

R = Carcinogenic Risk
HI = Hazard Index

RSS.InaIP =CRS-IUR- EC|na| ' PEFin CRS = Source Concentration
IUR s = Inhalation Unit Risk
HI —CRS EC|na| ) PEFin RfCna= Reference concentration
SS.InalP — ) RfC ECna = Indoor inhalation rate
PEF;, = Particulate indoor emission factor
Indoor cumulative risk
Rss indoor = Rss.iar T Rss inaip
HIss indoor = Hlss inar + Hlss inap
Ingestion of water R = Carcinogenic Risk
SF._-EM -LF HI = Hazard Index
R = CRS.—'9 IngW s CRS = Source Concentration
SS.LF DAF SFlng = Slope factor - ingestion
RfD I,y = Reference dose - ingestion
EM Ingw * LFSS EMIngw = Water Ingestion rate
Hlss,u: =CRS ——— LFss = Leaching factor
RfDmg - DAF DAF = Groundwater dilution factor

Risk and Hazard Index for surface soil
RSS = maX[RSS.outdoor ’ RSS.Indoor ’ RSS.LF ]

Hlss = maX[HISS.outdoor; HISS.Indoor; HISS.LF]

For On-site Receptors ADF = 1; DAF =1
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Table 8. Subsurface Soil: Risk and Hazard Index

Outdoor Vapor Inhalation
(reference dose method)

R = Carcinogenic Risk
HI = Hazard Index
CRS = Source Concentration

Rsp,mao =CRS- SFma 'VFsamb -EM Inao ADF SFln, = Slope factor - inhalation
RfD I, = Reference dose - inhalation
HI = CRS VFsamb -EM Inao ADF EMinao = Outdoor inhalation rate
SP.Ina0 — : RfD VFsamp = Outdoor volatilization factor
Ina ADF = Atmospheric dispersion factor
Outdoor Vapor Inhalation R = Carcinogenic Risk
(reference concentration method) (';g'*_aégﬁ:c'g%egncentraﬂon
RSP_InaO =CRS- IURma 'VFsamb ' Ecmao -ADF IUR s = Inhalation Unit Risk
RfCina= Reference concentration
VF, ECmao -ADF ECinao = Outdoor inhalation rate

Hlgp jpao = CRS - —222 RfC

Ina

VFsamp = Outdoor volatilization factor
ADF = Atmospheric dispersion factor

Indoor Vapor Inhalation (no off-site)
(reference dose method)

RSF’.InaI = CRS ' SI:Ina\ .VFsesp ’ EM Inal
VFsesp ’ EM Inal
Hlsp jpar =CRS -
' RfD

Ina

R = Carcinogenic Risk

HI = Hazard Index

CRS = Source Concentration

SFln, = Slope factor - inhalation

RfD I.. = Reference dose - inhalation
EMna = Indoor inhalation rate

VFsesp = Indoor volatilization factor

Indoor Vapor Inhalation (no off-site)
(reference concentration method)

Ry =CRS-IUR, . -VF,_ -EC

Ina sesp Inal

R = Carcinogenic Risk

HI = Hazard Index

CRS = Source Concentration
IURha = Inhalation Unit Risk

VF  .EC RfC,n= Reference concentration
sesp Inal _ R .
Hi =CRS.—=:__™ ECina = Indoor inhalation rate
SP.Inal RfcI VFsesp = Indoor volatilization factor
na
Ingestion of water R = Carcinogenic Risk
SF -EM -LF HI = Hazard Index
Rs - =CRS- Ing Ingw SP CRS = Source Concentration
: DAF SFl. = Slope factor - ingestion
RfD Iy = Reference dose - ingestion
EM Ingw LFsp EMIngw = Water Ingestion rate
Hlg r =CRS- — LFs, = Leaching factor
RfDmg -DAF DAF = Groundwater dilution factor

Risk and Hazard Index for subsurface soil
RSP = maX[RSP.InaO; RSP.InaI ; RSP.LF]

HISP = maX[HISP.InaO; HISP.InaI ; HISP.LF]

For On-site Receptors ADF = 1; DAF =1
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App. la. Risk Calculation (Soil and groundwater)

Table 9. Groundwater: Risk and Hazard Index

Outdoor Vapor Inhalation
(reference dose method)

SFna 'VFwam : EM nat
RGW.InaO =CRS - — DAIb: —
VFwam -EM na
HIGW.InaO =CRS- Rbe -DAIFO

Ina

R = Carcinogenic Risk

HI = Hazard Index

CRS = Source Concentration

SFln, = Slope factor - inhalation

RfD I, = Reference dose - inhalation
EMnao = Outdoor inhalation rate
VFuwamp = Outdoor volatilization factor
DAF = Groundwater dilution factor

Outdoor Vapor Inhalation
(reference concentration method)

R = Carcinogenic Risk
HI = Hazard Index

Ina

R —CRS IURIna 'VFwamb . ECInaO CRS = Source _Conce‘ntra_\tion
GW.Ina0 — . IURna = Inhalation Unit Risk
DAF RfCpa= Reference concentration
VF -EC ECinao = Outdoor inhalation rate
HI =CRS . —wamb Ina0 VFuamb = Outdoor volatilization factor
GW.InaO RfC, .DAE DAF = Groundwater dilution factor
na
Indoor Vapor Inhalation _ o
(reference dose method) R = Carcinogenic Risk
HI = Hazard Index
SFma 'VFwesp -EM Inal CRS = Source Concentration
RGW_ma. =CRS- SFln, = Slope factor - inhalation
DAF RfD |, = Reference dose - inhalation
EMina = Indoor inhalation rate
Hi — CRS .VFwesp EM, VFyesp = Indoor volatilization factor
GW.lnal — RfD. - DAF DAF = Groundwater dilution factor

Indoor Vapor Inhalation
(reference concentration method)

R = Carcinogenic Risk
HI = Hazard Index

R _CR |UR|na 'VFweSp : ECInaI CRS = Source Concentration
GW.Inal — CRS- IURna = Inhalation Unit Risk
DAF RfCia= Reference concentration
ECina = Indoor inhalation rate
HI —CRS - VFwesp ) EC|na| VFuesp = Indoor volatilization factor
GW.lnal — RfC._-DAF DAF = Groundwater dilution factor
Ina
Ingestion of water R= Carci ic Risk
= Carcinogenic Ris
R —CRS SFlng -EM IngW HI = Hazard Index
GW.D — ) CRS = Source Concentration
DAF SFlng = Slope factor - ingestion
g
EM RfD Iy = Reference dose - ingestion
HI =CRS - IngW EMIngw = Water Ingestion rate
GW.D RfD. -DAF DAF = Groundwater dilution factor
Ing

Risk and Hazard Index for groundwater
Rew = maX[RGW.InaO; Rew tnai RGW.D]

HIGW = maX[HIGW.InaO; HIGW.InaI , HIGW.D]

For On-site Receptors DAF =1
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App. la. Risk Calculation (Soil and groundwater)

Table 10. Risk for the groundwater resource

_ CRS-LF,
SS.LF DAF MCLGW

Surface Soil — Leaching to Groundwater

CRS = Source Concentration

MCLgw = Maximum Contaminant Level
LFs = Leaching factor

DAF = Groundwater dilution factor

_ CRS-LF,
S DAF -MCLy,

Subsurface Soil — Leaching to Groundwater

CRS = Source Concentration

MCLgw = Maximum Contaminant Level
LFs, = Leaching factor

DAF = Groundwater dilution factor

Affected groundwater
CRS

Rawp = —— ———
V> DAF-MCLy,

CRS = Source Concentration
MCLgw = Maximum Contaminant Level
DAF = Groundwater dilution factor

For On-site Receptors DAF =1
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App. 1b. Risk Calculation (Int. Characterization)

APP. 1B. RISk CALCULATION (INT. CHARACTERIZATION)

Table 11. Soil-gas: Risk and Hazard Index

Outdoor Vapor Inhalation
(reference dose method)

RSG.InaLO = CRS ' SI:Ina ' asamb ’ EM Inao ADF
Ay EM 0 - ADF
Hlss a0 =CRS- ° RfDI ©

Ina

R = Carcinogenic Risk

HI = Hazard Index

CRS = Representative Concentration
SFln, = Slope factor - inhalation

RfD |, = Reference dose - inhalation
EMinao = Outdoor inhalation rate
Osamb = Outdoor volatilization factor
ADF = Atmospheric dispersion factor

Outdoor Vapor Inhalation

(reference concentration method)

R = Carcinogenic Risk
HI = Hazard Index
CRS = Representative Concentration

RSG,InaO =CRS-IUR- Xamp ECmao -ADF IL;Rma: Inr;alation Unit Risk
RfCna= Reference concentration
HI —CRS o ECInaO -ADF ECinao = Outdoor inhalation rate
SG.Ina0 — ’ f Qsamb = Outdoor volatilization factor
RfC ADF = Atmospheric dispersion factor
Indoor Vapor Inhalation R = Carcinogenic Risk
(reference dose method) HI = Hazard Index
R =CRS-SF .-« -EM CRS = Representative Concentration
SG.Inal Ina ~ sesp Inal SFl,. = Slope factor - inhalation
a. . -EM RfD I, = Reference dose - inhalation
HI = CRS . =P Inal EMina = Indoor inhalation rate
SG.Inal RfD Osamb = Indoor volatilization factor

Ina

Indoor Vapor Inhalation

(reference concentration method)

RSG.InaI =CRS-IUR “gesp
HI, . —CRs. %= EC
SG.lnal — RfC

EC

Inal

Inal

R = Carcinogenic Risk

HI = Hazard Index

CRS = Representative Concentration
IURna = Inhalation Unit Risk

RfCin.= Reference concentration
ECina = Indoor inhalation rate

Osamb = Indoor volatilization factor

For On-site Receptors ADF =1
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App. 1b. Risk Calculation (Int. Characterization)

Table 12. Flux-Chambers: Risk and Hazard Index

Outdoor Vapor Inhalation - Concentration
(reference dose method)

RFC.InaO = CRS : SI:Ina

. -EM, o - ADF
RfD

HIFC.InaO = CRS ’

Ina

’ aFC : EM Inao ADF

R = Carcinogenic Risk

HI = Hazard Index

CRS = Representative Concentration
SFln, = Slope factor - inhalation

RfD |2 = Reference dose - inhalation
EMinao = Outdoor inhalation rate

arc = Outdoor volatilization factor
ADF = Atmospheric dispersion factor

Outdoor Vapor Inhalation - Flux
(reference concentration method)

Rec a0 =CRS - IUR - -EC, ., - ADF
Arc ECInaO -ADF
RfC

HI FC.Ina0 — CRS :

R = Carcinogenic Risk

HI = Hazard Index

CRS = Representative Concentration
IUR s = Inhalation Unit Risk

RfCin.= Reference concentration
ECinao = Outdoor inhalation rate

arc = Outdoor volatilization factor
ADF = Atmospheric dispersion factor

Outdoor Vapor Inhalation - Concentration
(reference dose method)

Rec.inao = F - SFia “Oec(flu) EM .0 - ADF

F . CZFC(qux) : EM Inao * ADF

HIFC.InaO = RfD

Ina

R = Carcinogenic Risk

HI = Hazard Index

F = Measured Flux

SFln, = Slope factor - inhalation

RfD |, = Reference dose - inhalation
EMinao = Outdoor inhalation rate
Orcgu = Outdoor volatilization factor
ADF = Atmospheric dispersion factor

Outdoor Vapor Inhalation - Flux
(reference concentration method)

Recinao = F - IUR'O‘FC(ﬂux) -EC,0 - ADF
F . aFC(qux) : ECInaO ’ ADF

HI FC.Ina0 — RfC

R = Carcinogenic Risk

HI = Hazard Index

F = Measured Flux

IUR 2 = Inhalation Unit Risk

RfCia= Reference concentration
ECinao = Outdoor inhalation rate
Orcgiu = Outdoor volatilization factor
ADF = Atmospheric dispersion factor

For On-site Receptors ADF =1
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App. 1b. Risk Calculation (Int. Characterization)

Table 13. Ambient Air measurements: Risk and Hazard Index

Outdoor Vapor Inhalation
(reference dose method)

RAR.InaO =CRS 'SFlna ‘EM Inao
EM, .o - ADF
HIAR.InaO =CRS- Il?f(E)

Ina

ADF

R = Carcinogenic Risk

HI = Hazard Index

CRS = Representative Concentration
SFln, = Slope factor - inhalation

RfD . = Reference dose - inhalation
EMinao = Outdoor inhalation rate

ADF = Atmospheric dispersion factor

Outdoor Vapor Inhalation
(reference concentration method)

R,xm0 =CRS - IUR-EC, . - ADF

_ cRg. ECuso - ADF

H I AR.InaO RfC

R = Carcinogenic Risk

HI = Hazard Index

CRS = Representative Concentration
IURna = Inhalation Unit Risk

RfCna= Reference concentration
ECinao = Outdoor inhalation rate

ADF = Atmospheric dispersion factor

Indoor Vapor Inhalation
(reference dose method)

RAR.InaI =CRS- SFIna -EM Inal
EM
HI =CRS . ——1nal
AR.Inal RfD

Ina

R = Carcinogenic Risk

HI = Hazard Index

CRS = Representative Concentration
SFln, = Slope factor - inhalation

RfD |, = Reference dose - inhalation
EMna = Indoor inhalation rate

Indoor Vapor Inhalation
(reference concentration method)

Rueima =CRS - IUR-EC

EC
=CRS . Inal
AR.Inal RfC

Inal

HI

R = Carcinogenic Risk

HI = Hazard Index

CRS = Representative Concentration
IUR 2 = Inhalation Unit Risk

RfCin.= Reference concentration
ECina = Indoor inhalation rate

For On-site Receptors ADF =1
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App. 1b. Risk Calculation (Int. Characterization)

Table 14. Eluate (Surface Soil): Risk and Hazard Index

Water Ingestion

R = Carcinogenic Risk

HI = Hazard Index

CRS = Representative Concentration
SFing = Slope factor - ingestion

RfD ing = Reference dose - ingestion
EMingw = Water Ingestion rate

a,rss = Leaching Factor

DAF = Dilution Attenuation Factor

a.. -SF,. -EM
RELss.D =CRS-—* DIXF
-EM
Hlg .o :CRs.aLFSS—'“QW
- RfD,,, - DAF
Groundwater Protection
RG _ CRS 'aLFss
"E DAF -MClLy,

CRS = Representative Concentration
MCLgw = Maximum contaminant level
arss = Leaching Factor

DAF = Dilution Attenuation Factor

For On-site Receptors DAF=1

Table 15. Eluate (Subsurface Soil): Risk and Hazard Index

Water Ingestion

R CRS

. X rsp 'SFlng -EM

ELsp.D — DAE
. O - EM Ingw
RiD, - DAF

Ing

HIELsp.D =CR

R = Carcinogenic Risk

HI = Hazard Index

CRS = Representative Concentration
SFing = Slope factor - ingestion

RfD 1ng = Reference dose - ingestion
EMngw = Water Ingestion rate

Oirsp = Leaching Factor

DAF = Dilution Attenuation Factor

Groundwater Protection

W _ CRS-a,
CWE T DAF -MCly,,

CRS = Representative Concentration
MCLgw = Maximum contaminant level
Orsp = Leaching Factor

DAF = Dilution Attenuation Factor

For On-site Receptors DAF=1
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App. 1c. Risk Calculation (Agri-Food consumption)

APP. 1C. RISK CALCULATION (AGRI-FOOD CONSUMPTION|

Table 16. Risk calculation for agri-food consumption

Average e Lifetime Average Daily Dose (ADD e LADD)
ADD = [} (C x IR) ix EF x ED]/(BW x ATapp X 365)
LADD = [} (C x IR) ix EF x ED]/(BW x ATrapp X 365)

This calculation is performed for each receptor (child,
teenager, adult and senior)

C = Concentration in the agri-food product
IR = Food consumption rate

EF = exposure frequency

ED = exposure duration

BW = body weight

ATapp = average time for non-carcinogenic
contaminants

ATop = average time for carcinogenic
contaminants

Risk and Hazard Index

HI = ADD/RfD
R = LADD x SF

This calculation is performed for each receptor (child, teenager,
adult and senior)

R = Carcinogenic Risk

HI = Hazard Index

ADD = Average Daily Dose

LADD = Lifetime Average Daily Dose
RfD = Reference Dose Ingestion

SF = Slope Factor Ingestion
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App. 2a. Clean-Up Levels Calculation (SSTL)

APP. 2A. CLEAN-UP LEVELS CALCULATION (SSTL)

The calculation of the remediation targets (Individual Site-Specific Target Levels, SSTL)
is performed by the application of the risk analysis procedure in backward mode. The
clean-up levels calculated represent the maximum acceptable concentration in the
affected source medium (soil or groundwater) that is protective of a human or groundwater
receptor located at a relevant point of exposure.

Individual Clean-up Levels (SSTL). The calculation of the clean-up levels (SSTL) is
performed using the same equations applied to calculate the risk, properly reversed and
expressed in terms of the source concentration:

SSTL = Cooe = E = R carcinogenic contaminants
FT EM-FT SF-EM-FT

SSTL = Cpoe = E = THI-RMD non-carcinogenic contaminants
FT EM-FT EM-FT

Where:

TR: Target Risk for the single constituent (e.g. TR = 10°)
THI: Target Hazard Index for the single constituent (THI = 1)
E: daily chronic contaminant exposure rate

SF: Slope Factor

RfD: Reference Dose

Cpoe: Concentration at the point of exposure

EM: Intake rate

FT: Fate & Transport factor

This calculation is repeated for the different exposure and migration pathways active in
the site using the appropriate exposure factors and transport (for details, see the tables
below). The equations for the different F&T factors and intake rates are reported in the
next paragraphs.

Note that the above equations are those reported in the ISPRA guidelines (2008) that are
based on the use of the Reference Dose (RfD) and the Slope Factor (SF). However, for
the inhalation pathway the software allows the user to use the approach based on the
Reference Concentration (RfC) and the Inhalation Unit Risk (IUR) using the following
equations:
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App. 2a. Clean-Up Levels Calculation (SSTL)

SSTL = TR carcinogenic contaminants
IUR-EC-FT
SSTL = M non-carcinogenic contaminants
EC-FT

In the following tables, the equations implemented in the software are distinguished as
“reference dose method” and “reference concentration method”

Multiple exposure pathways. The equations described above provide an assessment
of the SSTL for the single exposure pathway. The Individual SSTL (associated to the
single contaminant) is derived by cumulating the effects of the different exposure
scenarios (e.g. Outdoor exposure) and then choosing the most conservative value (i.e.
the lower value) between the SSTL calculated for the different scenarios. Namely, the
combined effect of multiple exposure is estimated as the reciprocal of the sum of the
reciprocals of the SSTL calculated for each route of exposure. Let assume, for example,
the case of SSTL for the calculation of exposure in outdoor environments:

SSTL, 1

outdoor :]/SSTLing +]7/SSTLderm.cont +]7/SSTLdusts +]7/SSTLvapor5 (12)

For other scenarios, see the tables below.

The following figures report the criteria used in the software for the calculation of the
individual clean-up levels for each media of concern accounting for multiple exposure
pathways.
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App. 2a. Clean-Up Levels Calculation (SSTL)

SURFACE SOIL

Soil Ingestion
‘8- g Dermal Contact Outdoor SSTL
b ‘2 On-site
30 Outdoor Vapor (Cumulative)
Inhalation
Outdoor Dust
Inhalation
Indoor Vapor
52 Inhalation Indoor SSTL
@ On-site
£5 Indoor Dust (Cumulative)
Inhalation Lower SSTL Individual SSTL
B Outdoor Vapor value for Surface Soil
@ ;
_§ = Inhalation Outdoor SSTL
g 5 Outdoor Dust offsite
Inhalation
Leaching to .
Groundwater Lea((:)hr:rjgitESTL
2 On-site
£
o
o )
- Leaching to Leaching SSTL
Groundwater Off-site
Off-site
Figure 35. SSTL — Surface soil. Multiple exposures.
SUBSURFACE SOIL
Outdoor Vapor Outdoor SSTL
Inhalation On-site
Indoor Vapor Indoor SSTL
Inhalation On-site
Outdoor Vapor Outdoor SSTL Individual SSTL
Inhalation (off-site) Off-site > Lower SSTL Value Subsurface soil
Leaching to groundwater Leaching SSTL
On-site On-site
Leaching to groundwater Leaching SSTL
Off-site Off-site

Figure 36. SSTL — Subsurface soil. Multiple exposures.
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App. 2a. Clean-Up Levels Calculation (SSTL)

GROUNDWATER
Outdoor Vapor Outdoor SSTL
Inhalation On-site
Indoor Vapor Indoor SSTL
Inhalation On-site
Outdoor Vapor Outdoor SSTL R Individual SSTL
Inhalation (off-site) Off-site » Lower SSTL value Groundwater

Groundwater
Protection SSTL
On-site

Groundwater Protection
On-site

Groundwater
Protection SSTL
Off-site

Groundwater Protection
Off-site

Figure 37. SSTL — Groundwater. Multiple exposures.

Cumulative SSTL (Clean-up levels). The SSTL calculated above does not constitute
yet the remediation targets since these concentrations only meet the condition of tolerable
risk for exposure to a single contaminant. In fact, the individual SSTL does not necessarily
meet the requirement of cumulative target risk. Thus, to account for the effects of the
cumulative risk, it is necessary to further reduce the individual SSTL to ensure the
achievement of values of concentration such that the condition of acceptable cumulative
risk is met:

D SSTL™-FT,-EM, -SF, <TR for carcinogenic contaminants

z SSTL R’f:;Ti EM, <THI for non carcinogenic contaminants

The SSTL that meet both the individual and cumulative target limits represent the site-
specific clean-up levels for the contaminated matrix.
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App. 2a. Clean-Up Levels Calculation (SSTL)

Table 17. Surface Soil: SSTL

Soil Ingestion (no off-site)

SSTL,. = R =
SFg 'EM, s -10 kg/mg
SSTL. =min
$5.Ing THQ-RfD,,
SSTL = 9

non.canc

EM s -10° kg/mg

SSTLcanc = SSTL carcinogenic cont.
SSTLnon-canc = SSTL non-carcinogenic
TR = Target Risk

THQ = Target Hazard Index

SFl,g = Slope factor - ingestion

RfD g = Reference dose - ingestion
EMlngs = Soil Ingestion rate

Dermal Contact (no off-site)

SSTL,, = L

. SFing- EMconp -10™ kg/mg
SSTLgg oo = MIN THQ-RMD,
SSTL = 9

non.canc

EMConD '1076 kg/mg

SSTLcanc = SSTL carcinogenic cont.
SSTLnon-canc = SSTL non-carcinogenic
TR = Target Risk

THQ = Target Hazard Index

SFl,g = Slope factor - ingestion

RfD I,y = Reference dose - ingestion
EMconp = Dermal contact rate

Outdoor Vapors Inhalation
(reference dose method)

SSTLcanc = SSTL carcinogenic cont.
SSTLnon-canc = SSTL non-carcinogenic
TR = Target Risk

SSTL — TR THQ = Target Hazard Index
@t SE .EM .VF_. ADF SFlna = Slope factor - inhalation
SSTL = min na Iha® =7 ss RfD I, = Reference dose — inhalation
$5.Ina0 THQ-RfD, EMnao = Outdoor inhalation rate
SSTLHOH_Canc =——= M VFss = Outdoor Volatilization factor
EM, o -VF, - ADF ADF = Atmospheric dispersion factor
Outdoor Vapors Inhal ?tion SSTLeanc = SSTL carcinogenic cont.
(reference concentration method) SSTLnon-canc = SSTL non-carcinogenic
TR TR = Target Risk
SSTL,, = THQ = Target Hazard Index
¢ JUR _-EC.__.-VE_ .-ADF IURa = Inhalation Unit Risk
SSTL =min Ina Ina® s RfCina= Reference concentration
$5.1na0 THQ- RfC, ECinao = Outdoor inhalation rate
SSTL, o canc = na VFs, = Outdoor Volatilization factor
EC, .o -VF, - ADF ADF = Atmospheric dispersion factor
Outdoor Dusts Inhalation _ _
referen meth SSTLcanc = SSTL carcinogenic cont.
(reference dose method) SSTLnon-canc = SSTL non-carcinogenic
TR = Target Risk
TR THQ = Target Hazard Index
SSTL%mC = SFln, = Slope factor - inhalation
. SF,.-EM, .o -PEF-ADF  RfD I, = Reference dose - inhalation
SSTLSS.InaOP =min EMina0 = Outdoor inhalation rate
SSTL _ THQ : RfDma PEF = Particulate emission factor
non.canc = g o PEF - ADF ADF = Atmospheric dispersion factor
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App. 2a. Clean-Up Levels Calculation (SSTL)

Table 17. Surface Soil: SSTL

Outdoor Dusts Inhalation
(reference concentration method)

SSTLcanc = SSTL carcinogenic cont.
SSTLnon-canc = SSTL non-carcinogenic
TR = Target Risk

SSTL. = TR THQ = Target Hazard Index
" JUR__-EC .PEF - ADF  SFlna= Slope factor - inhalation
SSTL. =min na a0 RfD l.a = Reference dose - inhalation
SS.InaOP THQ .RfC EMinao = Outdoor inhalation rate
SSTL, o canc = Ing PEF = Particulate emission factor
' ECInaO -PEF - ADF ADF = Atmospheric dispersion factor
Outdoor
i T L : (for SSTL 0 < Cay)
+ + +
SSTLSS.IngS SSTLSS.ConD SSTLSS.InaO SSTLSS.InaOP
SSTLSS.outdoor = TR-R
TR TRmaX,lnaO TR (fOI’ SSTLInaO > Csat)
+ +
SSTLSS.IngS SSTLSS.ConD SSTLSS.Ina\OP

Rmax,lnaO Z(Csat/SSTLmao ) ‘TR

(for SSTL, -, >C,,)

Indoor Vapors Inhalation (no off-site)
(reference dose method)

SSTL,,. = TR
SF,.-EM,., ‘VF

Ina Inal ssesp

SSTLnOn canc = THQ . RfDIna
@ " EM,, VF

Inal Ssesp

SSTL ey =Min

SSTLcanc = SSTL carcinogenic cont.
SSTLnon-canc = SSTL non-carcinogenic
TR = Target Risk

THQ = Target Hazard Index

SFln. = Slope factor - inhalation

RfD I, = Reference dose - inhalation
EMina = Indoor inhalation rate

VFsesp = Indoor Volatilization factor

Indoor Vapors Inhalation (no off-site)
(reference concentration method)

SSTL,,. = TR
IUR, . -EC, ., -VF

Ina Inal ssesp

_ THQ-RfC

Ina

non.canc EC \VE

Inal ssesp

SSTLgg oy =MIN
SSTL

SSTLcanc = SSTL carcinogenic cont.
SSTLnon-canc = SSTL non-carcinogenic
TR = Target Risk

THQ = Target Hazard Index

IURha = Inhalation Unit Risk

RfCina= Reference concentration
ECina = Indoor inhalation rate

VFsesp = Indoor Volatilization factor

Indoor Dusts Inhalation (no off-site)
(reference dose method)
TR

SSTLcanc =
. SFIna -EM Inal * PEFin
SSTLSS Inaip — MIN
: THQ-RfD

SST = e
Lnon.canc EM . PEF

Inal n

SSTLcanc = SSTL carcinogenic cont.
SSTLnon-canc = SSTL non-carcinogenic
TR = Target Risk

THQ = Target Hazard Index

SFln. = Slope factor - inhalation

RfD I, = Reference dose - inhalation
EMna = Indoor inhalation rate

PEFi, = Particulate indoor emission
factor
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App. 2a. Clean-Up Levels Calculation (SSTL)

Table 17. Surface Soil: SSTL

Indoor Dusts Inhalation (no off-site)

(reference concentration method) SSTLeanc = SSTL carcinogenic cont..
TR SSTLnon-canc = SSTL non-carcinogenic
TR = Target Risk

SSTLcanc = IUR_.EC PEE THQ = Target Hazard Index

SSTL o Ina” Inal in IURna = Inhalation Unit Risk
SS.InalP — min TH RfC RfCna= Reference concentration
SSTL _ M ECna = Indoor inhalation rate
non.canc EC PEF PEFi, = Particulate indoor emission
Inal * in factor
Indoor
1
(for SSTL,,, <C,)
1 N 1
SSTLSS.InaI SSTLSS.InaIP

SSTLSS.Indoor = TR R

" max, Inal

_ (for SSTL,,, >C,,)
TR
SSTLSS.InaIP
Rmax,lnal Z(Csat/SSTLInaI )TR (for SSTI-InaI > Csat)
Leaching to groundwater SSTLcane = SSTL carcinogenic cont.
. SSTLnon-canc = SSTL non-carcinogenic
SSTL — TR-DAF TR = Target Risk
canc SF. .EM .LF THQ = Target Hazard Index
SSTL — min Ing IngW ss SFl.g = Slope factor - ingestion
SS.LF THQ .RfD.  -DAE RfD I,g = Reference dose - ingestion
SSTL _ Ing EMIngw = Water ingestion rate
non.canc EM LE LFss = Leaching Factor
IngWw ss DAF = Groundwater dilution factor

SSTL - Surface Soil
SSTLSS = min [SSTLSS.outdoor , SSTLSS.Indoor ; SSTLSS.LF ]

For On-site Receptors ADF = 1; DAF =1
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App. 2a. Clean-Up Levels Calculation (SSTL)

Table 18. Subsurface Soil: SSTL

Outdoor Vapors Inhalation
(reference dose method)

SSTLcanc = SSTL carcinogenic cont.

SSTLnon-canc = SSTL non-carcinogenic cont.

TR = Target Risk

SSTL = TR THQ = Target Hazard Index
@ TS \VE. .EM .ADF  SFlna= Slope factor - inhalat_ion _
SSTLg, .0 = MiN tna = samb Inad RfD In. = Reference dose — inhalation
' THQ-RfD,,, EMinao = Outdoor inhalation rate
SSTL on.canc = VE__ -EM . ADF VFsamp = Outdoor Volatilization factor
samb Ina0 ADF = Atmospheric dispersion factor
Outdoor Vapors Inhalation oo = ST carcinogenic cort.
(reference concentration method) TR = Tarst Risk non-carcinogenic cont.
SSTL = TR THQ = Target Hazard Index
canc =
SSTL. =mi 'UR i -VFeamy * ECyrao - ADF :?L;EIHZ Il?ner;glrztrl\(():g l;(r;;ltcilr?tl:ation
sp.inao — MIN na - -
THQ-RfC,, ECinao = Outdoor inhalation rate
SSTL o canc = VE_ -EC.__.ADF VFsamb» = Outdoor Volatilization factor
samb Ina0 ADF = Atmospheric dispersion factor
Indoor Vapors Inhalation (no off-site) SSTLeae = SSTL carcinogenic cont.
(reference dose method) SSTLnon-canc = SSTL non-carcinogenic cont.
TR TR = Target Risk
SSTLcanc = THQ = Target Hazard Index
. SI:Ina 'VFsesp ‘EM Inal SFln, = Slope factor - inhalation
SSTLgp g = MiN THO.RfD RfD I = Reference dose — inhalation
SSTLnon cane = M EMna = Indoor inhala_t_ion _rate
VFsesp EM it VFsesp = Indoor Volatilization factor
Indoor Vapors Inhalat_lon (no off-site) SSTLewe = SSTL carcinogenic cont.
(reference concentration method) SSTLnon-canc = SSTL non-carcinogenic cont.
TR TR = Target Risk
SSTLC.ﬂmc = THQ = Target Hazard Index
. IUR, -VFq - ECraa IURy,a = Inhalation Unit Risk
SSTLSP.InaI =min THQ-RfC RfCia= Reference concentration
SSTL, 01 canc = < " Tina ECina = Indoor inhalation rate
: VFSesp -EC,a VFsesp = Indoor Volatilization factor
Leaching to groundwater SSTLeane= SSTL carcinogeni_c cont.
SSTLnon-canc = SSTL non-carcinogenic cont.
SSTLC _ TR-DAF TR = Target Risk
T oE L EM .LE THQ = Target Hazard Index
SSTL — min Ing IngW sp SFl,g = Slope factor - ingestion
SP.LF THQ-RfD, . - DAF RfD Ig = Reference dose - ingestion
SSTL — Ing EMlngw = Wa_ter ingestion rate
non.canc EM — |_|:Sp LFs, = Leaching factor

DAF = Groundwater dilution factor

SSTL - Subsurface Soil

SSTL,, =min [SSTLSP.,naO; SSTLgp s SSTLgp ¢ ]

For On-site Receptors ADF = 1; DAF =1
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App. 2a. Clean-Up Levels Calculation (SSTL)

Table 19. Groundwater: SSTL

Outdoor Vapors Inhalation
(reference dose method)
TR-DAF

SSTL . =
. SF,s -VF, o - EM
SSTLgy 1nao = MiN

ssTL _THQ-RM

InaO

na - DAF

non.canc
VFE

wamb

EM

InaO

SSTLcanc = SSTL carcinogenic cont.
SSTLnon-canc = SSTL non-carcinogenic cont.
TR = Target Risk

THQ = Target Hazard Index

SFln, = Slope factor - inhalation

RfD |, = Reference dose — inhalation
EMna0 = Outdoor inhalation rate

VFuamb = Outdoor Volatilization factor

DAF = Groundwater dilution factor

Outdoor Vapors Inhalation
(reference concentration method)

SSTL, = TR - DAF

. IUR . -VFE
SSTLGW.InaO =min

Ina wamb ECIna\O
SSTL

na - DAF
EC

_ THQ-RfC
non.canc VF

wamb

InaO

SSTLcanc = SSTL carcinogenic cont.
SSTLnon-canc = SSTL non-carcinogenic cont.
TR = Target Risk

THQ = Target Hazard Index

IUR s = Inhalation Unit Risk

RfCin.= Reference concentration

ECinao = Outdoor inhalation rate

VFuamp = Outdoor Volatilization factor

DAF = Groundwater dilution factor

Indoor Vapors Inhalation
(reference dose method)

SSTL. — TR - DAF

. e SI:Ina 'VFwesp : EM
SSTLgy na =MIN
SSTL

Inal

_ THQ-RfD,, - DAF
non.canc VE ‘EM

wesp Inal

SSTLcanc = SSTL carcinogenic cont.
SSTLnon-canc = SSTL non-carcinogenic cont.
TR = Target Risk

THQ = Target Hazard Index

SFln, = Slope factor - inhalation

RfD I,a = Reference dose — inhalation
EMna = Indoor inhalation rate

VFuesp = Indoor Volatilization factor

DAF = Groundwater dilution factor

Indoor Vapors Inhalation
(reference concentration method)

SSTL = TR - DAF

. @ JUR, . -VF
SSTLGW.InaI =min

EC:Inal

_ THQ-RfC,, - DAF

Ina wesp :
SSTLnon canc
' VFE

wesp

EC

Inal

SSTLcanc = SSTL carcinogenic cont.
SSTLnon-canc = SSTL non-carcinogenic cont.
TR = Target Risk

THQ = Target Hazard Index

IURna = Inhalation Unit Risk

RfCna= Reference concentration

ECina = Indoor inhalation rate

VFuesp = Indoor Volatilization factor

DAF = Groundwater dilution factor

Water Ingestion
SSTL = TR-DAF

e SI:Ing ’ EM IngW
SST =min
Low o THQ-RfD,,
SSTLnon.canc = :
EM IngW

-DAF

SSTLcanc = SSTL carcinogenic cont.
SSTLnon-canc = SSTL non-carcinogenic cont.
TR = Target Risk

THQ = Target Hazard Index

SFl,g = Slope factor - ingestion

RfD |,y = Reference dose - ingestion
EMIngw = Water ingestion rate

DAF = Groundwater dilution factor

SSTL - Groundwater
SSTLGW = min [SSTLGW.InaO ' SSTI‘GW.InaI ’ SSTLGWD]

For On-site Receptors DAF =1
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App. 2a. Clean-Up Levels Calculation (SSTL)

Table 20. SSTL Groundwater Resource

Surface Soil — Leaching to Groundwater

MCLgw = Maximum contaminant level
SSTL _ MCLGW - DAF LFss = Leaching factor
SS.LF LE DAF = Groundwater dilution factor

SS

Subsurface Soil — Leaching to Groundwater

MCLgw = Maximum contaminant level
SSTL _ MCng -DAF LFs, = Leaching factor
SP.LF — LF DAF = Groundwater dilution factor

sp

Affected Groundwater MCLgw = Maximum contaminant level
SSTLg,, , = DAF - MCL,,, DAF = Groundwater dilution factor

For On-site Receptors DAF =1

RECOnet Risk-net v.3.1.1 - User Guide

78




App. 2a. Clean-Up Levels Calculation (SSTL)

Table 21. SSTL: TPH Mixtures

MADEP CLASSIFICATION

Hydrocarbons C< 12
SSTL ¢ip = MiN(SSTL yapepr / FiE%5SSTL yapepy / £, SSTL ypaoen / F7)

Hydrocarbons C> 12
SSTL ¢y, = MiN (SSTL yanepy / £, SSTL yapgp / T35 vvveer SSTL yyapeen / F577)

Total Hydrocarbons
SSTL e = MiN(SSTL yapers / 1,7 SSTL yapepy / 155 SSTL ypaoien / 1)

Nomenclature

SSTL yyapepi = calculated SSTL for the i-th MADEP class

f C<12 C>12 _
i

and fl’aZi = mass fraction of the i-th MADEP class for C>12 and C<12
fi HC — mass fraction of the i-th MADEP class for total hydrocarbons

TPHWG CLASSIFICATION

Hydrocarbons C< 12
SSTL._, = min(SSTLTPHll f1°<12; SSTL 15, / f2C<12; ....... s SSTL oy / fn°<12)

Hydrocarbons C> 12
SSTLC>12 =min (SSTLTPHII f1C>12; SSTLTPH2 / f2C>12; ....... , SSTLTPHn / fnc>12)

Total Hydrocarbons
SSTL e = Min(SSTL oy, / 1,7 SSTL gy / £, SSTL oy, / £,°€)

Nomenclature

SSTL 1py; = calculated SSTL for the i-th TPH class

f°? and fraz""'?= mass fraction of the i-th TPH class for C>12 and C<12
fi HC = mass fraction of the i-th TPHclass for total hydrocarbons
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App. 2a. Clean-Up Levels Calculation (SSTL)

Table 22. Screening for free phase migration (NAPL)

Vadose zone (ASTM E2081-00)

RBSLNAPL =

6,+H(6,-6)+p K, 6,9, 1069

£ £ kg

Saturated Zone (ASTM E2081-00)

RBSLyap = (

sat

0 )+p.-K .
K o 8y M

Ps Ps kg

Residual phase volume fraction, 6 (-)

6, =0

e,sat

Nomenclature

HOZGE.ST

r = Residual phase void fraction, vadose zone (-)
Srsat = Residual phase void fraction, saturated zone (-)
6w = Volumetric water content (-)
6a = Volumetric air content (-)

Be = Effective porosity, unsaturated zone (-)
Be sat = Effective porosity, saturated zone (-)
Ks = Soil / water partition coefficient (kg/L)
H = Henry constant (-)

ps = Dry soil bulk density (g/cm3)

Po = Contaminant density (g/cm?)
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App. 2b. Reference Concentrations

APP. 2B. REFERENCE CONCENTRATIONS

Table 23. Reference Concentration (CR): air

Outdoor Vapors Inhalation

(reference dose method) EE“”CZ CRgsrcinogeni? cont.. t
non-canc = non-carcinogenic con
CR TR TR = Target Risk
canc THQ = Target Hazard Index
. SFIna -EM Ina0 * ADF SFln, = Slope factor - inhalation
CRAR.InaO =min RfD I = Reference dose — inhalation
CR _ THQ ) RfDma EMinao = Outdoor inhalation rate
non.canc EM . ADE ADF = Atmospheric dispersion factor
InaO
Outdoor Vapors In halgnon CRue = CR carcinogenic cont.
(reference concentration method) CRuon-cane = CR non-carcinogenic cont
TR TR = Target Risk
R = THQ = Target Hazard Index
] @ JUR- EC,.. - ADF IUR= Inhalation Unit Risk
= ina= Reference concentration
CR min RfCina= Ref trat
AR.Ina0 CR THQ-RfC ECinao = Outdoor inhalation rate
= ADF = Atmospheric dispersion factor
non.canc
EC, ..o - ADF
Indoor Vapors Inhalation
(reference dose method) CRcane = CR carcinogenic cont.
TR CRuon-canc = CR non-carcinogenic cont
CR,. =— — TR = Target Risk
@t SFE .EM THQ = Target Hazard Index
=mi na Inal SFl., = Slope factor - inhalation
min
AR Inal THQ-RfD RfD I.. = Reference dose — inhalation
CR hcanc = Ina EMa = Indoor inhalation rate
' EM

Inal

Indoor Vapors Inhalation

(reference concentration method) CRo = CR carci ic cont
canc = carcinogenic cont.

TR CRuon-canc = CR non-carcinogenic cont
T S ——— TR = Target Risk
. IUR- EC,na, THQ = Target Hazard Index
CRAR.InaI =min IUR= Inhalation Unit Risk
CR _ THQ -RfC ECina = Indoor inhalation rate
non.canc
EC

Inal

CR air
CRAR =min [CRAR.InaO;CRAR.InaI ]

For On-site Receptors ADF =1
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App. 2b. Reference Concentrations

Table 24. Reference Concentration (CR): Flux-chamber

Outdoor Vapors Inhalation

CRg 1na
CRecimo =2

o - ADF

arc = Outdoor volatilization factor
ADF = Atmospheric dispersion factor

For On-site Receptors ADF =1

Table 25. Reference Concentration (CR): soil-gas

Outdoor Vapors Inhalation

CRSG = min [CRSG.InaO;CRSG.InaI ]

CR Qsamp = Outdoor volatilization factor
CR =—— ARINGO ADF = Atmospheric dispersion factor
SG.Ina0 ADF
samb
Indoor Vapors Inhalation
CR — CRAR.InaI Osesp = Indoor volatilization factor
SG.lnal —
sesp
CR soil-gas

For On-site Receptors ADF =1

Table 26. Reference Concentration (CR): eluate surface soil

Groundwater Protection

cr. _MCLg, -DAF

ELss —
aLFSS

MCL = Maximum contaminant level
a.rss = Leaching factor
DAF = Dilution attenuation factor

Water Ingestion

TR - DAF
CRC&HC = S
. Flng -EM ingw " ZLFss
CR;  =min
THQ-RfD,,, - DAF
CRnon canc =
EM IngW ’ aLFss

CRcanc = CR carcinogenic cont.
CRuon-canc = CR non-carcinogenic cont
TR = Target Risk

THQ = Target Hazard Index

SFl,g = Slope factor - ingestion

RfD Iy = Reference dose — ingestion
EMngw = Outdoor ingestion rate

a.rss = Leaching factor

DAF = Dilution attenuation factor

For On-site Receptors DAF=1
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App. 2b. Reference Concentrations

Table 27. Reference Concentration (CR): eluate subsurface soil

Groundwater Protection

cr. _MCL,, -DAF

ELsp —
aLFsp

MCL = Maximum contaminant level
Oesp = Leaching factor
DAF = Dilution attenuation factor

Water Ingestion

cr ___ TR-DAF
. e SI:Ing ) EM IngW ' aLFsp
CReg., =Min
cR _ THQ-RfD,, - DAF
non.canc EM — aLFSp

CRcanc = CR carcinogenic cont.
CRuon-canc = CR non-carcinogenic cont
TR = Target Risk

THQ = Target Hazard Index

SFl,g = Slope factor - ingestion

RfD g = Reference dose — ingestion
EMingw = Outdoor ingestion rate

OLrsp = Leaching factor

DAF = Dilution attenuation factor

For On-site Receptors DAF=1
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App. 3a. F&T Factors (Soil and Groundwater)

APP. 3A. F&T FACTORS (SOIL AND GROUNDWATER)

The fate and transport factors (FT) are involved in the indirect exposure assessment or
where contaminants can reach targets only through migration and diffusion from the
environmental compartment.

For the calculation of transport factors is essential to determine the physical characteristics
of the environmental media affected (Vadose zone, groundwater, indoor and outdoor air)
and the physico-chemical characteristics of contaminants in order to assess the
distribution and dispersion of contaminants.

The transport factors considered in the software are:

From Surface Soil
» VFss: Outdoor volatilization factor
*  VFsesp: Indoor volatilization factor
= PEF: Outdoor particulate emission
= PEF.: Indoor particulate emission
» LFs: Leaching factor

From Subsurface Soil
= VFsamp Outdoor volatilization factor
*  VFsesp: Indoor volatilization factor
» LFsp: Leaching factor

From Groundwater
=  VFuwamb: Outdoor volatilization factor
*  VFuwesp: Indoor volatilization factor
=  DAF: Groundwater attenuation factor

Air Dispersion
= ADF: Air Dispersion Factor

The main assumptions on which are based the equations are:

- The concentration of pollutants in soil is uniformly distributed and constant throughout
the entire exposure period;

- Soil is homogeneous and isotropic and incoherent;

- No biodegradation (with the exception of DAF) or other mechanisms of degradation /
transformation of pollutants.
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App. 3a. F&T Factors (Soil and Groundwater)

Table 28. Surface Soil: Outdoor vapor volatilization

D H

O BDFVO.J
3 alr air outdoor
Fss |: mg;lr(n ar. :| =min
mg gsoil 1
(2 —M-lo3 optional
U, 9,
air outdoor

Optional check

1 eff
M BDF,,, \/ D" -H 108
U outdoor

-6, +K,-p,+H-6,)

VF, (1) = .
=) H /. BDF,,, -10°

air alr I-s(SS) v
0, +K, -p.+H-,)| 148 Car s
(W S pS a)[ D:ﬁ'W'

Nomenclature

d = Thickness of surface soil source (cm)

Ls (ss) = Depth to surface soil source (cm)

D¢ = Effective diffusivity in the vadose zone (cm?/s)
W' = Width of source area parallel to wind direction (cm)
Gair = Ambient air mixing zone height (cm)

Uair = Wind speed(cm/s)

Toutdoor = Averaging time for vapor flux (s)

6w = Volumetric water content in the vadose zone (-)
6a = Volumetric air content in the vadose zone (-)

Be = Effective porosity in the vadose zone (-)

H = Henry’s law constant (-)

os = Soil bulk density (g/cm3)

BDFvol = Biodegradation factor (-)

(6,+K,-p,+H-0,)

for Ly, =0

for Ly, >0

10°
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App. 3a. F&T Factors (Soil and Groundwater)

Table 29. Surface Soil: Indoor vapor volatilization

VE__ (1)

mg / - ssesp
—= & | —min .
ssesp [mg /kg... } VF_ (2) = Llﬁ (optional)
soil ssesp Lb . ER T

indoor

No differential outdoor/indoor pressure (Ap=0)

H- Ps . Dseff
O, +K;-p,+H-0,) (L) —Zoaw ) Ly -ER
Fresp (1) = - (b 2) a .BDF,, -10°
P Dse De Lcrack
1+
( Ls(SS) crack ) Lb ER Dcrack n- ( Ls(SS) - Zcrack )
Differential outdoor/indoor pressure (Ap#0)
H ',05 . Def‘f é:
(gw + Ks Pst H- ea) Ls crac ER
ssesp (1) = ff ( € ff - ) Lb BDI:Vol 103
D¢ DS . A

(LS(SS) crack) Lb ER Q ( s(SS)_Zcrack

Convective Air Flow Through Foundation Cracks, Qs (cm?3/s)

Q.= 27m-Ap- kv : Xcrack é: _ gf crack
S i - In ( 2-Z oy Koraoe ] Dcrack Ab Z
air A) . 77

Nomenclature

Lerack = Thickness foundations (cm)

Lo = Enclosed space volume/infiltration area ratio (cm)
Zcack = Depth to base of enclosed space foundation (cm)
d = Thickness of surface soil source (cm)

Ls (ss) = Depth to surface soil source (cm)

Ds*ff = Effective diffusivity in the vadose zone (cm?/s)
Dcrack® = Effective diffusivity in the foundations (cm?s)
Tindoor = Averaging time for vapor flux (s)

ER = Enclosed-space air exchange rate (1/s)

n = Areal fraction of cracks in foundations/walls (-)

6w = Volumetric water content in the vadose zone (-)
62 = Volumetric air content in the vadose zone (-)

Be = Effective porosity in the vadose zone (-)

H = Henry’s law constant (-)

0s = Soil bulk density (g/cm3)

Xerack = Enclosed space foundation perimeter (cm)

Ap = Differential indoor/outdoor air pressure (g/cm?/s)
kv = Soil vapor permeability (cm?)

Ap = Area of building foundation (cm?)

Mair = Vapor Viscosity (g/cm/s)

BDFvol = Biodegradation factor (-)

RECOInet Risk-net v.3.1.1 - User Guide

86




App. 3a. F&T Factors (Soil and Groundwater)

Table 30. Surface Soil: Leaching Factor

/ LF (1) :%- BDF,,
F|:mg Lwat:|:min q.
mg / kg, LF(2)=—%  (optional)
eff "TLF
Soil Attenuation model, SAM (-)
SAM :L (optional)
ow Ls(SS)
Dilution Factor, LDF (-)
v W : 5 W
LDF =1+-2 %%
eff
Partition Coefficient (kg/L)
K - o K — K, inorganics
"0, +K,-p,+H-0, P Kyt e organics
Groundwater mixing zone thickness, dgw (Cm)
W1
gy =(2:0.0056-W?)*° +d, -| 1—exp| ——— fors,, >d, — 5, =d
W a d gw a gw a

gw' a
Infiltration Rate (Optional)

2
Ieff = 18 ) P ) noutdoor
Sandy Soils (Sand, Loamy Sand and SandyLoam) B =0.0018; Sllty Soils (Sandy Clay Loam, Loam,

Silt Loam and Silt) B =0.0009; Clay Soils (Clay Loam, Silty Clay Loam, Silty Clay, Sandy Clay and
Clay) B =0.00018.

Nomenclature

d = Thickness of surface soil source (cm)

Lgw = Depth to groundwater. (cm)

Ls (ss) = Depth to surface soil source (cm)

vgw= Groundwater Darcy velocity (cm/s)

Ksat= Hydraulic Conductivity (cm/s)

lett = Infiltration Rate (cm/s)

TLr = Averaging time for leachate flux (s)

6w = Volumetric water content in the vadose zone (-)
6a = Volumetric air content in the vadose zone (-)

Be = Effective porosity in the vadose zone (-)

H = Henry’s law constant (-)

os = Soil bulk density (g/cm3)

foc = Organic Carbon Fraction (-)

da = Groundwater Thickness (cm)

W = Width of source area parallel to groundwater flow direction (cm)
az = Vertical Dispersivity (cm)

BDF.r = Biodegradation factor (-)
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App. 3a. F&T Factors (Soil and Groundwater)

Table 31. Surface Soil: Particulate emission

Outdoor air
3 1

PEE mg/m air | _ Pe W 103

mg / kgsoil Uair '§air
Indoor air

3
| ma/my | per.E
mg / kgsoil

Nomenclature

W' = Width of source area parallel to wind direction (cm)
Oair = Ambient air mixing zone height (cm)

Uair = Wind speed(cm/s)

Pe = Particulate emission rate (g/cm?/s)

Fi = Particulate Indoor fraction (-)

Table 32. Air Dispersion Factor

mg/m, . i
ADF g air,offsite | Q '|:2.exp[_£ 5a|r j:|
20

3 - 2
mg / m air,onsite 27[ 'Uair ’ O-y ’ O-z z

Where Q [cm?¥/s]:
Q =Uair '5air ’ Sw

Note that if the calculated ADF value is higher than 1, the ADF is assumed to be equal to the unit value
(ADF = 1).

Nomenclature

Sw = Width of source area orthogonal to wind direction (cm)
Gair = Ambient air mixing zone height (cm)

Uair = Wind Speed (cm/s)

oy = Transverse air dispersion coefficient (cm)

0z = Vertical air dispersion coefficient (cm)
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App. 3a. F&T Factors (Soil and Groundwater)

Table 33. Atmospheric Dispersion coefficient

Empirical equations implemented in the software for the determination of dispersion coefficients in the

atmosphere (Briggs, 1973).

Stability Class oy (m) | oz (m)
Rural Areas
A 0.22d (1 + 0.0001d)12 0.20d
B 0.16d (1 + 0.0001d)12 0.12d
C 0.11d (1 + 0.0001d)12 0.07d (1 + 0.0002d)12
D 0.08d (1 + 0.0001d)12 0.06d (1 + 0.0015d)12
E 0.06d (1 + 0.0001d)12 0.03d (1 + 0.0003d)*
F 0.04d (1 + 0.0001d)12 0.016d (1 + 0.0003d)*
Urban Areas
A-B 0.32d (1 + 0.0004d)12 0.24 (1 + 0.001d)12
C 0.22d (1 + 0.0004d)-12 0.20d
D 0.16d (1 + 0.0004d)-12 0.14d (1 + 0.0003d)-12
E-F 0.11d (1 + 0.0004d)12 0.08d (1 + 0.00015d)1/2

These equations are valid for 100 m < d < 10000 m

Nomenclature

oy = Transverse dispersion coefficient (m)

0z = Vertical dispersion coefficient (m)

d = Off-site receptor distance (m)

Table 34. Wind speed at the mixing height

Equation implemented in the software for estimating wind speed at the mixing height (air)

Uair(zl) _ i p
Uair(zz)_ ZZ

Empirical coefficient “p”

Stability Class A B C D E F
Urban Areas 0.15 0.15 0.20 0.25 0.40 0.60
Rural Areas 0.07 0.07 0.10 0.15 0.35 0.55
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App. 3a. F&T Factors (Soil and Groundwater)

Table 35. Subsurface Soil: Outdoor vapor volatilization

VFsamb (1) = H Bs : BDI:Vol 103

U, 0, L
0, +K. -p +H-0,) | 142 _ar =EP)
Grtp. a)[ DI W

VF —mg/m3air =min
™| mg / kg,

W'p,-d 3 .
VF,_ (2)=———= .10 optional
samb( ) U 5 ( p )

air " Qair " Toutdoor

Nomenclature

ds= Thickness of subsurface soil source (cm)

Ls (sp) = Depth to subsurface soil source (cm)

D¢ = Effective diffusivity in the vadose zone (cm?/s)
W' = Width of source area parallel to wind direction (cm)
Gair = Ambient air mixing zone height (cm)

Uair = Wind speed(cm/s)

Toutdoor = Averaging time for vapor flux (s)

6w = Volumetric water content in the vadose zone (-)
6a = Volumetric air content in the vadose zone (-)

6. = Effective porosity in the vadose zone (-)

H = Henry’s law constant (-)

ps = Soil bulk density (g/cm?)

BDFvol = Biodegradation factor (-)
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App. 3a. F&T Factors (Soil and Groundwater)

Table 36. Subsurface Soil: Indoor vapor volatilization

1)

(
3 sesp
VFsesp |: mg / m_air :| = min ds

mg / I(gsoil sesp (2) = Lb ER 103 (Optional)

mdoor

No differential outdoor/indoor pressure (Ap=0)

H-p, . D;"
@, +K;-p+H-6,) (Lo —Zous ) L -ER
ses (1) ff ( &) ;) Lb ' BDI:Vol 103
i De De Lcrack
1+
( Ls(SP) crack ) Lb ER Dcrack 77 ( LS(SP) - Zcrack )
Differential outdoor/indoor pressure (Ap#0)
H-p, D:" o
6, +K,-p,+H-0,) (L, Z e ER
Feep (1) = . ( (5P) - k) Lo -BDF,, -10°
De De . A] 0
e + ] (7 -1)

(LS(SP) crack) Lb ER Q ( s(SP)_Zcrack

Convective Air Flow Through Foundation Cracks, Qs (cm?3/s)

Q _ 27 - Ap : I(v i Xcrack 5 _ Q Lcrack
My -|n(2.zcrack 'Xcrack] Df::ick A
air Ab 7

Nomenclature

Lerack = Thickness foundations (cm)

Lo = Enclosed space volume/infiltration area ratio (cm)
Zcrack = Depth to base of enclosed space foundation (cm)
ds = Thickness of subsurface soil source (cm)

Ls (sp) = Depth to subsurface soil source (cm)

Ds*ff = Effective diffusivity in the vadose zone (cm?/s)
Derack®™ = Effective diffusivity in the foundations (cm?'s)
Tindoor = Averaging time for vapor flux (s)

ER = Enclosed-space air exchange rate (1/s)

n = Areal fraction of cracks in foundations/walls (-)

6w = Volumetric water content in the vadose zone (-)
62 = Volumetric air content in the vadose zone (-)

Be = Effective porosity in the vadose zone (-)

H = Henry’s law constant (-)

0s = Soil bulk density (g/cm3)

Xerack = Enclosed space foundation perimeter (cm)

Ap = Differential indoor/outdoor air pressure (g/cm?/s)
kv = Soil vapor permeability (cm?)

Ap = Area of building foundation (cm?)

Mair = Vapor Viscosity (g/cm/s)

BDFvol = Biodegradation factor (-)
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App. 3a. F&T Factors (Soil and Groundwater)

Table 37. Subsurface Soil: Leaching Factor

K, - SAM
LF, (1) =—= " .BDF,

LFS{ mg /L. }: i LDF

mg / kg, LF,(2) = P (optional)

efft “TLF
Soil Attenuation model, SAM (-)

SAM :d—SL (optional)

ow ~ —s(SP)

Dilution Factor, LDF (-)

V. -0
LDE =1+ 9% "ov

eff

Partition Coefficient (kg/L)

P K, inorganics
K = S K =
"9, +K,p,+H-6, K, o, organics
Groundwater mixing zone thickness, gw (cm)
2105 W- Ieﬁ
Ogy =(2-0.0056-W*)™" +d, -| 1—exp| — for 6,,>d, — &,,=d,
Vg, -d,

Infiltration Rate

Ieff = ﬂ ) P2 * T7outdoor
Sandy Soils (Sand, Loamy Sand and Sandyloam) 8 =0.0018; Slity Soils (Sandy Clay Loam, Loam,
Silt Loam and Silt) 8 =0.0009; Clay Soils (Clay Loam, Silty Clay Loam, Silty Clay, Sandy Clay and
Clay) 8 =0.00018.

Nomenclature

ds = Thickness of subsurface soil source (cm)

Lgw = Depth to groundwater (cm)

Ls spy= Depth to subsurface soil source (cm)

Vgw= Groundwater Darcy velocity (cm/s)

Ksa= Hydraulic Conductivity (cm/s)

lerr = Infiltration Rate (cm/s)

TL.e = Averaging time for leachate flux (s)

6., = Volumetric water content in the vadose zone (-)
., = Volumetric air content in the vadose zone (-)

6. = Effective porosity in the vadose zone (-)

H = Henry’s law constant (-)

0s = Soil bulk density (g/cmq)

foc = Organic Carbon Fraction (-)

d. = Groundwater Thickness (cm)

W = Width of source area parallel to groundwater flow direction (cm)

a, = Vertical Dispersivity (cm)

BDF, ¢ = Biodegradation factor (-)
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Table 38. Groundwater Attenuation Factor

DAF1 (-)

DAF1

L _ ool X [1_ [ 4720, R

2-a, A
DAF2 (-)
———=exp X 1- 1+4%'0{"'R
DAF2 2-a, V,
DAF3(-)
L:exp L 1-— 1+M
DAF3 2-a, v,

Effective groundwater velocity, ve (cm/s)

Vv _Ksat'i
0

e,sat

Longitudinal Dispersivity, ax (cm)
a, = POC/10

Transversal Dispersivity, ay (cm)
a,=a,/3

Vertical Dispersivity, az (cm)
a,=a,/20

Nomenclature
A = First-order degradation rate (1/s)

] |

-| erf

erf

_Sw -—erf —5‘” |

4 a, - X | 4«/az-x |
S I S, )|

— | |-|erf | —/2=

4 a, - X i ZQ/aZ-X |

_Sw

4 a, - X |

Constituent retardation factor, R (-)

Ps

e,sat

R=1+K,

Sw = Width of source area orthogonal to groundwater flow (cm)

Ogw = Groundwater mixing zone thickness (cm)
x = distance(cm)

Ks = Soil-water sorption coefficient (mg/kg/mg/L)
Be sat = Effective porosity, saturated zone (-)

os = Soil bulk density (g/cm3)

i = Hydraulic gradient (-)

Ksat = Hydraulic conductivity(cm/s)

POC = Distance to groundwater receptor (cm)
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App. 3a. F&T Factors (Soil and Groundwater)

Table 39. Groundwater: Indoor Vapors Volatilization

No differential outdoor/indoor pressure (Ap=0)

eff
H- D.
mg/m°,, (Low = Zereo ) L -ER 3
VE esp = o — -BDF,, -10
mg / Lwater 1+ D DW ’ I‘crack
(ng crack ) Lb ER Dcerﬁack (ng - Zcrack )77
Differential outdoor/indoor pressure (Ap=0)
eff
3 i (Lpu— > )L, -ER ©
VFweSp |: mg /m air :| _ _ gw crack — . BDFVO| 103
mg / Lwater ¢ D D Ab (b _
e° + (ec -1
( L aw crack ) Lb ER Q ( crack )

Convective Air Flow Through Foundation Cracks, Qs (cm?3/s)

27-Ap-K, - X

Q Lcrack

Qs = (2
:uair : In

crack § —

: Zcrack ) Xcrack j D;f;ck A\) n

A -n

Nomenclature

Lerack = Thickness foundations (cm)

Lo = Enclosed space volume/infiltration area ratio (cm)
Zack = Depth to base of enclosed space foundation (cm)
Lgw = Depth to groundwater (cm)

D« = Effective diffusivity from groundwater (cm?/s)
Dcrack® = Effective diffusivity in the foundations (cm?s)
Tindoor = Averaging time for vapor flux (s)

ER = Enclosed-space air exchange rate (1/s)

n = Areal fraction of cracks in foundations/walls (-)

6w = Volumetric water content in the vadose zone (-)
62 = Volumetric air content in the vadose zone (-)

Be = Effective porosity in the vadose zone (-)

H = Henry’s law constant (-)

os = Soil bulk density (g/cm3)

Xerack = Enclosed space foundation perimeter (cm)

Ap = Differential indoor/outdoor air pressure (g/cm?/s)
kv = Soil vapor permeability (cm?)

Ab = Area of building foundation (cm?)

Mair = Vapor Viscosity (g/cm/s)

BDFvo = Biodegradation factor (-)
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App. 3a. F&T Factors (Soil and Groundwater)

Table 40. Groundwater: Outdoor Vapors Volatilization

3
VFwamb |:mg T ) :| ) : ' BDI:Vol 103
mg / LWat 1+ Uair .5air ' ng
D\zﬁ W '

Nomenclature

Lgw= Depth to Groundwater cm)

Dw¢ff= Effective diffusivity from groundwater (cm?/s)

W' = Width of source area parallel to wind direction (cm)
Gair = Ambient air mixing zone height (cm)

Uair = Wind speed(cm/s)

H = Henry’s law constant (-)

BDFvo = Biodegradation factor (-)
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App. 3a. F&T Factors (Soil and Groundwater)

Table 41. Diffusion Coefficient

Diffusion Coefficient in the vadose zone
o cm? _ D, .0a3,33 . DW-6’W3’33
1 s 0, H-6?

Diffusion Coefficient in the capillary fringe

om? D .0 3 D, .9 3
acas + wcap
S o H-6

e,cap e cap

D eff

cap

Diffusion Coefficient in the clay lens

D {cmz} D, -0, . D8

lente

alens wlens

O, ons’ H-0, ..

e lens e lens

Diffusion Coefficient in the foundations
[cmz} D, -6, 333+D .0

acrack wcrack
0....° H-0

e,crack e, crack

Deff

crack

Diffusion Coefficient from groundwater

Deff |:Cm2 :| — hcap + hv
"1 s hcap N h,
Deff Deff

cap

Diffusion Coefficient in the presence of a clay lens

eff sz Ls
Ds+lente|: S :|_ L d d

S lens + lens

Def‘f

suolo lente

Nomenclature

hcap = Capillary fringe thickness (cm)

hy = Vadose zone thickness (cm)

diens = Thickness of the lens (cm)

Da = Diffusion coefficient in air (cm?/s)

Dw = Diffusion coefficient in water (cm?/s)

6w = Volumetric water content in the vadose zone (-)
62 = Volumetric air content in the vadose zone (-)

Bwcap = Volumetric water content in the capillary fringe (-)
Bacap = Volumetric air content in the capillary fringe (-)
Bwiens = Volumetric water content in the lens (-)

Balens = Volumetric air content in the lens (-)

Buwerack = Volumetric water content in the foundations (-)
Bacrack = Volumetric air content in the foundations (-)

Be = Effective Porosity in the vadose zone (-)

Be.cap = Effective Porosity in the capillary fringe (-)
Be.crack = Effective Porosity in the foundations (-)

H = Henry’s law constant (-)

ps = Soil bulk density (g/cm?)
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App. 3a. F&T Factors (Soil and Groundwater)

Table 42. Saturation Concentration (Csat)

Saturation Concentration

Csat[mg/kg]=GW+H-,6§+,05~KS

-S

Nomenclature

6w = Volumetric water content in the vadose zone (-)
6a = Volumetric air content in the vadose zone (-)

S = Solubility (mg/L)

H = Henry’s law constant (-)

0s = Soil bulk density (g/cm3)
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App. 3a. F&T Factors (Soil and Groundwater)

Table 43. Biodegradation factor (BDF) per the volatilization pathway

Biodegradation factor (optional) is valid only for Ls >0 (Source: Verginelli and Baciocchi, 2014)
Outdoor volatilization

BDF,, = Z'M con k= |20
l+k(L5—La) H - D"

Nomenclature

Ls = Depth of the source (cm) *

La = Depth of the aerobic zone (cm)

Ds¢ff = Effective diffusivity in the vadose zone (cm?/s)
6w = Volumetric water content in the vadose zone (-)
H = Henry’s law constant (-)

A = First-order biodegradation constant (1/s)

Biodegradation factor (optional) is valid only for Ls —Zcrack >0 (Source: Verginelli and Baciocchi, 2014)

Outdoor volatilization

BDF,, = 2. — P ) with k= 2%
v 1+k ( Ls - Zcrack - La,indoor) A\ H- Dse".f

Nomenclature

Ls = Depth of the source (cm) *

Ds*ff = Effective diffusivity in the vadose zone (cm?/s)

6w = Volumetric water content in the vadose zone (-)

H = Henry’s law constant (-)

Zcrack = Depth to the base of enclosed space foundation (cm)
La,indoor = Depth of the aerobic zone from building foundations (cm)
A = First-order biodegradation constant (1/s)

* For soil-gas data Ls is the depth of the probe
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App. 3a. F&T Factors (Soil and Groundwater)

Table 44. Biodegradation factor (BDF) per the leaching pathway

Biodegradation factor (BDF) per the leaching pathway (Source: Green Ampt)

BDF - =exp|— AR L

gw

Time to reach the water table, tgw (cm/s)

th: 0, . L—(Hw—hcr)‘m Hw"’—L_hcr
Ksat H,-h,

Water infiltration velocity, vgw (cm/s)

L

v, =—
gw
tow

Infiltration velocity of the contaminant vc (cm/s)

Retardation factor, R (-)

R=1+K 2
9

e

Nomenclature

A = First-order biodegradation constant (1/s)

Hw = Ponding depth (cm)

L = Depth of the water table from the bottom of the source (cm)
hcr = Wetting front suction (matric potential) (cm)

Be, = Effective porosity in the unsaturated zone (-)

Ks = Partition Coefficient (mg/kg/mg/L)

ps = Soil bulk density (g/cm?3)

Ksat = Hydraulic conductivity in the vadose zone (cm/s)
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App. 3a. F&T Factors (Soil and Groundwater)

Table 45. Infiltration Rate

Infiltration Rate

2
Ieff = ﬂ -Pe- 77 outdoor
Sandy Soils (Sand, Loamy Sand and SandyLoam) 8 =0.0018; Slity Soils (Sandy Clay Loam, Loam, Silt
Loam and Silt) B =0.0009; Clay Soils (Clay Loam, Silty Clay Loam, Silty Clay, Sandy Clay and Clay) 8
=0.00018.

Effective infiltration in the presence of a low permeability layer between the source and the water
table (ISPRA, 2005)

Ieff - Kunsat ik

Vertical hydraulic gradient

h. +d

perc unsat
S

unsat

Effective infiltration in the presence of a HDPE sheet (ISPRA, 2005)

Ieff :pm'tfm+pf 'Eﬁ +ps'tfs

where:
Lin = Cqiay-Noere - -a, K" cracks
Ly = Cy-iy-hop”-a," - K™ holes
: 0.9 0.1 0.74
L= Cyrigy-hpe a0 Ky patches

Vertical hydraulic gradient
0,95

i, =1+ 01| =<

unsat
Nomenclature
am, ar, as: Cracks, holes and patches area in the HDPE sheet (cm?)
Cq: Empirical constant for the quality of the contact of the HDPE sheet (-)
dunsat: Thickness of the low-permeability layer (below the HDPE sheet if present) (cm)
hperc: Hydraulic head above the HDPE sheet or the low-permeability layer (cm)
iav: Vertical hydraulic gradient (-)
Kunsat : Hydraulic conductivity of the low-permeability layer (below HDPE if present) (cm/y)
om, P, ps: Cracks, holes and patches density in the HDPE sheet (#/cm?)
P = rainfall (cmly)
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APP. 3B. F&T FACTORS (INT. CHARACTERIZATION)

The fate and transport factors considered in Risk-net for the integrative characterization
(i.e. soil-gas, flux chambers and leaching tests) are:

Soil-gas
® Osamb: Outdoor volatilization factor
® Osesp: iNdoor volatilization factor

Flux chamber
e arc: outdoor volatilization factor (open flux chamber)
®  Orcgiuy: outdoor volatilization factor (open and closed flux chamber)

Eluate
e Oirss: leaching factor from surface soil
® Oirsp: leaching factor from subsurface soll

The main assumptions on which are based the equations are:

- The concentration of pollutants in soil is uniformly distributed and constant throughout
the entire exposure period;

- Soil is homogeneous and isotropic and incoherent;

- No biodegradation (with the exception of DAF) or other mechanisms of degradation /
transformation of pollutants.
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Table 46. Soil-gas: Outdoor Volatilization

a mg / msaria BDI:Vol
e mg / msson,gas 1+ Uair ) 5air ’ Lsg
Dseff ‘W 1

Nomenclature

Lsg = Soil Gas Probe Depth (cm)

Ds¢ff = Effective diffusivity in the vadose zone (cm?/s)

W' = Width of source area parallel to wind direction (cm)
Gair = Ambient air mixing zone height (cm)

Uair = Wind speed (cm/s)

BDFvo = Biodegradation factor (-)

Note that in the software it is possible to use empirical attenuation factors instead of the factors
calculated with the fate and transport models.

Table 47. Flux Chamber: Outdoor Volatilization

Open flux chamber (Input: Concentration)

. mg/m’,. |_ 1
I mg/miy g | Yair G A
W R Qin

Nomenclature

W' = Width of source area parallel to wind direction (cm)
Gair = Ambient air mixing zone height (cm)

Uair = Wind speed (cm/s)

Qin = Flowrate of the carrier gas in the chamber (cm3/s)
Afc = Chamber surface exposed to soil (cm?)

Open and closed flux chamber (Input: Flux)

S 1

a — =

FC( flux) ‘: m:| Uair ,5air
W 1

Nomenclature

W' = Width of source area parallel to wind direction (cm)

Gair = Ambient air mixing zone height (cm)

Uair = Wind speed (cm/s)
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Table 48. Soil-gas: Indoor Volatilization

No differential outdoor/indoor pressure (Ap=0)

Deff
mg / m3aria (Lsg crack ) Lb ER
sesp 3 = off off BDF,,
mg/m’y_, D, D" - L.
SOl as l+ S cracl
( Lsg crack ) Lb ER Dcrack ( Lsg - Zcrack )77
Differential outdoor/indoor pressure (Ap#0)
Def‘f g
mg / m3aria (Lsg crack ) Lb ER
sesp I'me = Deff Deff BDF,,
mg/m soil-gas e§ + A’

(ef -1
(Lsg crack ) Lb ER Q ( crack ) (e )

Convective Air Flow Through Foundation Cracks, Qs (cm?/s)

27 - Ap ! kv ) Xcrack é: _ Q crack
2 Z g Koraok DI A

A-n

Q =
Hair In

Nomenclature

Lerack = Thickness foundations (cm)

Lo = Enclosed space volume/infiltration area ratio (cm)
Zcrack = Depth to base of enclosed space foundation (cm)
ds = Thickness of subsurface soil source (cm)

Lsg = Soil Gas Probe Depth (cm)

Ds*ff = Effective diffusivity in the vadose zone (cm?/s)
Dcrack®™ = Effective diffusivity in the foundations (cm?'s)
Tindoor = Averaging time for vapor flux (s)

ER = Enclosed-space air exchange rate (1/s)

n = Areal fraction of cracks in foundations/walls (-)

6w = Volumetric water content in the vadose zone (-)
6a = Volumetric air content in the vadose zone (-)

Be = Effective porosity in the vadose zone (-)

H = Henry’s law constant (-)

ps = Soil bulk density (g/cm?3)

Xerack = Enclosed space foundation perimeter (cm)

Ap = Differential indoor/outdoor air pressure (g/cm?/s)
kv = Soil vapor permeability (cm?)

Ab = Area of building foundation (cm?)

Mair = Vapor Viscosity (g/cm/s)

BDFvol = Biodegradation factor (-)

Note that in the software it is possible to use empirical attenuation factors instead of the factors

calculated with the fate and transport models.
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Table 49. Flux Chamber: Indoor Volatilization

Open flux chamber (Input: Concentration)

. mg/m’.. | 1
FC indoor mg / m350"_gas Lb -ER- Afc
Qin

Nomenclature

L = Enclosed space volume/infiltration area ratio (cm)
ER = Enclosed-space air exchange rate (1/s)

Qin = Flowrate of the carrier gas in the chamber (cm?/s)
Afc = Chamber surface exposed to soil (cm?)

Open and closed flux chamber (Input: Flux)

" H_L
FC ( flux),indoor m I—b . ER

Nomenclature
Lb = Enclosed space volume/infiltration area ratio (cm)
ER = Enclosed-space air exchange rate (1/s)
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App. 3b. F&T Factors (Int. Characterization)

Table 50. Eluate Surface Soil: Leaching to groundwater

mg/L
LFss 9 acan = SAM BDFLF
mg / Leluato LDF
Soil Attenuation model, SAM (-)
d .
SAM =————  (optional)
ng - Ls(SS)

Leachate Dilution Factor, LDF (-)

V. -0
LDF =14+ % %

eff

Groundwater mixing zone thickness, &gw (cm)
W -1,
v, -d

gw “a

Sy =(2:0.0056-W?)** +d, -| 1—exp| — If 5, >d, > &,,=d,

Nomenclature

Lgw = Depth to groundwater (cm)

d = Surface Soil Source Thickness (cm)

Ls (ss) = Depth to surface soil source (cm)

vgw= Groundwater Darcy velocity (cm/s)

lett = Infiltration Rate (cm/s)

da = Groundwater Thickness (cm)

W = Width of source area parallel to groundwater flow direction (cm)
az = Vertical Dispersivity (cm)

BDF.r = Biodegradation factor (-)
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Table 51. Eluate Subsurface Soil: Leaching to groundwater

m / Lac ua SAM
LFsp 2 . = BDF ¢
mg / Leluato LDF
Soil Attenuation model, SAM (-)
d .
SAM =————  (optional)
gw Ls(SP)

Leachate Dilution Factor, LDF (-)

V. -0
LDF =14+ % %

eff

Groundwater mixing zone thickness, &gw (cm)
W -1,
v

Sy =(2:0.0056-W?)** +d, -| 1—exp| — If 6, >d, > &,,=4d,

gw " Ya

Nomenclature

Lgw = Depth to groundwater (cm)

d = Subsurface Soil Source Thickness (cm)

Ls (sp) = Depth to subsurface soil source (cm)

vgw= Groundwater Darcy velocity (cm/s)

lett = Infiltration Rate (cm/s)

da = Groundwater Thickness (cm)

W = Width of source area parallel to groundwater flow direction (cm)
az = Vertical Dispersivity (cm)

BDFLr = Biodegradation factor (-)
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APP. 4. INTAKE RATES

The exposure factors are used to describe the expected behavior for the different
receptors within or near the site. Namely these models allow to calculate the average
ingested or inhaled dose over the lifetime of the receptor.
The exposure pathways considered in the software are:

= Dermal contact with soll

= |ngestion of soil

» Inhalation of vapors in outdoor environments

= Inhalation of vapors in indoor environments

= |nhalation of particulate matter in outdoor environments

= Inhalation of particulate matter in indoor environments

= |nhalation of particulate matter in outdoor environments

= Inhalation of particulate matter in indoor environments

= Ingestion of water

The types of receptors considered are:
Residential or Recreational Scenario
a) Exposure Mediated (Child and Adult)
b) Exposure Mediated (Child, Teenager, adult and Senior)
c) Child
d) Adult
Commercial or Industrial Scenario
e) Adult Worker

For the residential or recreation exposure scenarios, the software can calculate an
average exposure value (options a and b) in order to adjust for varying body weights,
exposure durations, skin areas:

EM,, (canc) = {EM witg + EM e (opt?on A)
EM gita + EM enager + EM e + EM iy (option B)
EM, (non-canc.) = {EM child (d'efau I_t)
MaxX(EM g4 3 EM ieenager s EM it s EM genior ) (if activated)

Similarly, exposure factors calculated using the "reference concentration method" (EC) in
the case of average exposure are equal to:

ECehiia + ECaaur (option A)
EC,.s + EC +EC +EC (option B)

teenager adult

EC,(canc.) = {

senior

RECO(net Risk-net v.3.1.1 - User Guide 107



App. 4. Intake Rates

(default)
(if activated)

Cchild

max(EC,,,; EC EC

EC,, (non-canc.) :{ EC

teenager ? adult senior )

The following table reports the equations implemented in the software for the different
exposure pathway to calculate the intake rates using the "reference dose" method (EM)
and the "reference concentrations" method (EC).

Table 52. Intake rates

Dermal Contact BW = Body weight (kg)
EF = Exposure frequency (d/year)
|: mg :| SA-AF-ABS-EF-ED ED = Exposure Duration (years)
EM =

AT = Averaging time (years) (*)

kg x da days SA = Skin Surface Area (cm?)
g y BW-AT-365 —— AF = Soil Dermal adherence factor (mg/(cm? d)
year ABS = Dermal adsorption factor (-)

Soil ingestion BW = Body weight (kg)

EF = Exposure frequency (d/year)
|: mg } IR-FI-EF-ED ED = Exposure Duration (years)
- AT = Averaging time (years) (*)
kg x day BW-AT-365 days IR = Soil Ingestion rate (mg/ d)
year FI = Soil ingestion fraction (-)

Outdoor Vapors and Dust Inhalation

referen meth BW = Body weight (kg)
(reference dose method) EF = Exposure frequency (d/year)
m? B, -EF,-EF-ED ED = Exposure Duration (years)
EM = g . AT = Averaging time (years) (¥)
kg x day ays EFg, = Daily Outdoor Exposure frequency (h/d)
BW - AT -365 year B, = Outdoor Inhalation rate (m*h)
Outdoor Vapors and Dust Inhalation
(reference concentration method) BW = Body weight (kg)
EF = Exposure frequency (d/year)
EC _ EFgo -EF-ED ED = Exposure Duration (years)
[_] - davs AT = Averaging time (years) (*)
AT -365 7y . 24L EF4, = Daily Outdoor Exposure frequency (h/d)
day
year

Indoor Vapors and Dust Inhalation

(reference dose method) BW = Body weight (kg)

EF = Exposure frequency (d/year)

m? Bi -EF . EF-ED ED = Exposure Duration (years)
EM = g AT = Averaging time (years) (*)
kg x day BW - AT -365 days EF, = Daily Indoor Exposure frequency (h/d)

B = Indoor Inhalation rate (m%h)
year
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Table 52. Intake rates

Indoor Vapors and Dust Inhalation
(reference dose method)

cc[]-_ EFaEF-ED
AT -365 .04 0
year  day

EF = Exposure frequency (d/year)

ED = Exposure Duration (years)

AT = Averaging time (years) (*)

EFg = Daily Indoor Exposure frequency (h/d)

Water Ingestion (optional)

EM{ L }: IR,-EF-ED
days

kgxday | gy.AT.365 °
year

BW = Body weight (kg)

EF = Exposure frequency (d/year)
ED = Exposure Duration (years)
AT = Averaging time (years) (*)
IRy = Water Ingestion rate (L/d)

(*) For non-carcinogenic contaminants AT = ED
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App. 5. Using Advanced Characterization data

APP. 5. USING ADVANCED CHARACTERIZATION DATA

By default, in the software the data obtained in the advanced characterization of the site
(soil-gas, flux-chamber, air measurements and leaching tests) are exclusively used to
calculate the risks for the receptors. However, the user from the model options screen
("Advanced Characterization" screen) can decide whether to use these data also for the
modulation of SSTLs in the different environmental media (surface soil, subsurface soil
and groundwater). In this case, the data obtained from these monitoring campaigns are
used to calculate semi-empirical transport factors for the selected sources that are used
to calculate the new SSTLs.

The calculation of the empirical and semi-empirical transport factors are described in the
following sections.

Outdoor air measurements

Outdoor air measurements can be used to estimate the site-specific attenuation of vapors
observed in the field. In particular, by measuring the concentration in the air and the
concentration in the source (soil or groundwater) it is possible to estimate the attenuation
of the contaminants during transport from the source at the point of exposure.

This factor, defined with the symbol B, can be estimated in the case of soil or groundwater
using the following equations:

Volatilization from soil

mg / m3 _ Cair,outdoor
mg / kg C

ﬂsoil (AR,Outdoor) |:

soil

Volatilization from groundwater

mg/m3 _ Cair,outdoor
ﬁgw(AR,Outdoor) mg / L - C

groundwater

where:

Cair,outdoor = Ambient Air Concentration (mg/m3)
Csoil = Concentration in the soil (mg/kg)
Cgrounawater = Concentration in groundwater (mg/L)

The B values can be calculated automatically by the software based on the concentrations
defined in the source and in the outdoor air.

Once the site-specific 3 factors have been estimated from the experimental data obtained
from the monitoring campaigns, it is therefore possible to estimate the site-specific
transport factors as described below.
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Qutdoor Volatilization

mg / m®
VFsamb,empirical {W} = ﬁsoil(AR,OutdOOl’)

mg/m?
mg/L

VF,

wamb,empirical

:| = ﬂgw(AR,Outdoor)

The above site-specific fate and transport factors are then used in the standard equations
described in the previous section for the calculation of the new SSTLs.

Indoor air measurements

Indoor air measurements can be used to estimate the site-specific attenuation of vapors
observed in the field. In particular, by measuring the concentration in the building and the
concentration in the source (soil or groundwater) it is possible to estimate the attenuation
of the contaminants during transport from the source at the point of exposure.

This factor, defined with the symbol B, can be estimated in the case of soil or groundwater
using the following equations:

Volatilization from soil

3
mg / m _ Cair,indoor
ﬂsoil(AR,lndoor) -

mg / kg C

soil

Volatilization from groundwater

mg / m3 Cair,indoor
C

ﬂgw(AR,lndoor)|: mg / L =

groundwater

where:

Cair,indoor = Indoor Air Concentration (mg/m3)

Csoil = Concentration in the soil (mg/kg)
Cyroundwater = Concentration in groundwater (mg/L)

The B values can be calculated automatically by the software based on the concentrations
defined in the source and in the indoor air.

Once the site-specific B factors have been estimated from the experimental data obtained
from the monitoring campaigns, it is therefore possible to estimate the site-specific
transport factors as described below.

Indoor Volatilization

mg / m*
VFsesp,empirical [m} = ﬂsoil(AR,lndOOf)
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mg /m’
VFwesp,empirical |:Mi| = ﬁgw(AR,lndoor)

The above site-specific fate and transport factors are then used in the standard equations
described in the previous section for the calculation of the new SSTLs.

Soil-gas measurements

Soil-gas measurements can be used to assess the site-specific attenuation of vapors
observed in the field. In particular, by measuring the concentration in the soil-gas and the
concentration in the source (soil or groundwater) it is possible to estimate the attenuation
of the contaminants during transport from the source at the soil-gas probe depth.

This factor, defined with the symbol 3, can be estimated in the case of soil or groundwater
using the following equations:

Volatilization from soil

mg / m3:| Csoil—gas

ﬂsoil(SG)|:mg/kg = C

soil

Volatilization from groundwater

mg / m3 Csoil—gas
C

ﬂfgw(SG)|: mg /L =

groundwater

where:

Csoil-gas = Soil-gas Concentration (mg/ms3)

Csoil = Concentration in the soil (mg/kg)
Cgroundwater = Concentration in groundwater (mg/L)

The B values can be calculated automatically by the software based on the concentrations
defined in the source and in the soil gas.

Once the site-specific B factors have been estimated from the experimental data obtained
from the monitoring campaigns, it is therefore possible to estimate the site-specific
transport factors as described below.

Qutdoor Volatilization

mg /m®

VFsamb,semi—empirical {m} = ﬁsoiI(SG) oo
mg / m*

VFwamb,semi—empirical |:m:| = ﬁgw(SG) “Csamp
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Indoor Volatilization

mg / m*

VFsesp,semi—empiricaI {m} = ﬁsoil(sG) . OlseSP
mg / m®

VFwesp,semi—empirical {M} = ﬂgw(SG) : asesp

The above site-specific fate and transport factors are then used in the standard equations
described in the previous section for the calculation of the new SSTLs.

Flux Chambers measurements

Flux-chambers data can be used to assess the site-specific attenuation of vapors
observed in the field. In particular, by measuring the concentration in the flux chamber and
the concentration in the source (soil or groundwater), it is possible to estimate the
attenuation of the contaminants during transport from the source to the ground surface.
This factor, defined with the symbol 3, can be estimated in the case of soil or groundwater
using the following equations:

Volatilization from soil (open chambers)

mg/mﬂ_CFc

ﬂSO“(FC)|:mg/kg -

C

soil

Volatilization from groundwater (open chambers)

mg / ma} Cec

ﬂgW(FC){ mg /L “C

groundwater

where:

Cec = Concentration in the flux chamber (mg/m?)
Csoil = Concentration in the soil (mg/kg)
Cyroundwater = Concentration in groundwater (mg/L)

Volatilization from soil (open and closed chambers)

mg/mz/s}= F

ﬁsoiI(FCflux)|: mg / kg C

soil

Volatilization from groundwater (open and closed chambers)

mg/m?/s|  F
C

ﬁgw(FC—flux) |: mg / L

groundwater

where:
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F = Measured flux (mg/m?/s)
Csoil = Concentration in the soil (mg/kg)
Cgroundwater = CoOncentration in groundwater (mg/L)

The B values can be calculated automatically by the software based on the concentrations
defined in the source and in the flux chambers.

Once the site-specific B factors have been estimated from the experimental data obtained
from the monitoring campaigns, it is therefore possible to estimate the site-specific
transport factors as described below.

Outdoor Volatilization (open chambers)

3
mg/m
VFsamb,semi—empirical |: :| = ﬂsoiI(FC) : 6\(FC

mg / kg
mg / m®
VFwamb,semi—empirical {ﬁ} = ﬂfgw(FC) “Okc

Outdoor Volatilization (open and closed chambers)

3
mg/m
VF, emoirical | ———— | = Buitre—tiu - &
samb, semi—empirical mg/kg soil (FC— flux) FC (flux)
3
mg/m
VE o = B e g - &
wamb, semi—empirical mg / L gw(FC— flux) FC (flux)

The above site-specific fate and transport factors are then used in the standard equations
described in the previous section for the calculation of the new SSTLs.

Leaching Tests

| risultati del test di cessione possono essere utilizzati per valutare la ripartizione sito-
specifica dei vapori osservata sul campo. In particolare, misurando la concentrazione
nell’eluato e la concentrazione in sorgente (localizzata nel terreno o nelle acque
sotterranee) & possibile la ripartizione tra il contaminante in sorgente e in fase disciolta
nellacqua interstiziale.

The results of the leaching tests can be used to evaluate the site-specific partition of the
contaminants observed in the field. In particular, by measuring the concentration in the
eluate and the concentration in the source (soil or groundwater) it is possible to estimate
the partition between the contaminant in the source and in the dissolved phase in the
interstitial water.

This factor, defined with the symbol 3, can be estimated in the case of soil or groundwater
using the following equations:
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Eluate — Surface Soil

mg / L :| _ Celuate,ss

ﬁss(LF){mg/kg - C

SS

Eluate — Subsurface Soill

mg / I— _ Celuato,sp
mg / kg C

ﬂsp(LF) |:
sp

where:

Ceuato,ss = Concentration in the eluate of the leaching test carried out on the surface soil (mg/L)

Css = Concentration in surface soil (mg/kg)

Celuato,sp = Concentration in the eluate of the leaching test carried out on the subsurface soil (mg/L)

Csp = Concentration in subsurface soil (mg/kg)

The B values can be calculated automatically by the software based on the concentrations
defined in the source and in the eluates.

Once the site-specific B factors have been estimated from the experimental data obtained
from the monitoring campaigns, it is therefore possible to estimate the site-specific
transport factors as described below.

Leaching from surface soil

mg /L
mg / kg

LF,

ss,semi—empirical

:| = ﬂss(LF) ' aLFss

Leaching from subsurface soil

mg /L
LFsp,semi—empiricaI |:m:| = ﬁsp(LF) ' aLFsp

The above site-specific fate and transport factors are then used in the standard equations
described in the previous section for the calculation of the new SSTLs.
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APP. 6. DETAILED CONCENTRATIONS

On the "Concentration Detail" screen the user can check the expected concentrations in
the soil-gas, eluate, outdoor air, indoor air based on the total concentrations defined by
the user in the source (Surface Soil, Subsurface Soil or Groundwater). This appendix
shows the equations used by the software for these estimates.

Table 53. Concentrations expected in air

Outdoor Volatilization

From Surface Soll
CAir.Outdoor(ss) = Css 'VFss

From Subsurface Soil
CAir.Outdoor(sp) = Csp VI,

samb

From Groundwater

C

Air.Outdoor (gw) ng 'VFwamb

Indoor Volatilization

From Surface Soil
C =C,-VF

Air.Indoor (ss) ssesp

From Subsurface Soil

C =C,,-VF

Air.Indoor (sp) sesp
From Groundwater
c:Air.lndoor(gw) = ng 'VFwesp

Nomenclature

Cair.outdoor: CONcentration expected in outdoor air (mg/m3)
Cair.ndoor: CONcentration expected in indoor air (mg/m3)

Css: concentration measured in the surface soil (mg/kg)
Csp: concentration measured in the subsurface soil (mg/kg)
Cgw: concentration measured in groundwater (mg/L)

For the meaning of the other symbols, readers are directed to the previous appendices.
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Table 54. Concentrations expected in soil gas (outdoor)

Outdoor Volatilization

From Surface Soil

VF
ng.Outdoor(ss) = Css : =
asamb
ng(ss) =C,-K, -H-1000 (if selected by the user)

From Subsurface Soil

C =C . VFsamb
sg.Outdoor (sp) sp
asamb
Coysp) =Cs K - H -1000  (if selected by the user)

From Groundwater

C =C _VFwamb
sg.Outdoor(gw) — “gw
asamb
ng(gw) = ng ‘K, -H -1000 (if selected by the user)

Nomenclature

Csg.outdoor: CONcentration expected in the soil gas for the outdoor volatilization pathway (mg/m?3)
Css: concentration measured in the surface soil (mg/kg)

Csp: concentration measured in the subsurface soil (mg/kg)

Cgw: concentration measured in groundwater (mg/L)

For the meaning of the other symbols, readers are directed to the previous appendices.
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Table 55. Concentrations expected in soil gas (indoor)

Indoor Volatilization

From Surface Soil

C _ C VFSSGSp
sg.Indoor(ss) — “ss
Cesp
Cyy(ss) =Cs - K5 -H -1000  (if selected by the user)

From Subsurface Soil
VFE
sesp
C Cy —2
asesp

=C,, - K, -H-1000  (if selected by the user)

sg.Indoor (sp) =

C

sg(sp)

From Groundwater

C _ C VFWESp
sg.Indoor (gw) — “gw
asesp
ng(gw) = ng -K, - H -1000 (if selected by the user)

Nomenclature

Csg.ndoor: CONcentration expected in the soil gas for the indoor volatilization pathway (mg/m?3)
Css: concentration measured in the surface soil (mg/kg)

Csp: concentration measured in the subsurface soil (mg/kg)

Cgw: concentration measured in groundwater (mg/L)

For the meaning of the other symbols, readers are directed to the previous appendices.
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Table 56. Concentrations expected in the flux chamber

Outdoor Volatilization

From Surface Soil
¢ _c K-H-1000
FC(ss) — “ss
O
From Subsurface Soil

VF,... (1)
Ceeep =Cyp .

Orc
From Groundwater
C =C . VFwamb
FC(gw) — “gw
ec

Nomenclature

Cre: concentration expected in the flux chamber (mg/m3)
Css: concentration measured in the surface soil (mg/kg)
Csp: concentration measured in the subsurface soil (mg/kg)
Cgw: concentration measured in groundwater (mg/L)

For the meaning of the other symbols, readers are directed to the previous appendices.

Table 57. Concentration expected in the eluate

Leaching from the soil to groundwater

From Surface Soil
CEI(ss) = Css . Kws(ss)
From Subsurface Soil

Ceiepy =Cqp - K

El(sp) ws(sp)

Nomenclature

Cei: concentration expected in the the eluate (mg/L)

Css: concentration measured in the surface soil (mg/kg)
Csp: concentration measured in the subsurface soil (mg/kg)

For the meaning of the other symbols, readers are directed to the previous appendices.
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Table 58. Concentration expected in groundwater

Leaching from the soil to groundwater (POC = 0)
From Surface Soll

C =C, LK,

gw(ss)

From Subsurface Soil
C = CSp . LFSp

gw(sp)

Leaching from the soil to groundwater (POC > 0)

From Surface Soil

LF
Cyuiesy = Cus - ==
gw(ss) ss DAF

From Subsurface Soil
c LFSp

awisp) = Cop * DAFE

Nomenclature

Cgw: concentration expected in groundwater (mg/L)

Css: concentration measured in the surface soil (mg/kg)
Csp: concentration measured in the subsurface soil (mg/kg)

For the meaning of the other symbols, readers are directed to the previous appendices.
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APP. 7. AGE DEPENDENT ADJUSTMENT FACTOR (ADAF)

For carcinogenic substances that act through a genotoxic action, the software allows to
use an adjustment factor "ADAF" (Age Dependent Adjustment Factor) to be applied to the
carcinogenic toxicological parameters (SF Ing., SF Inal., IUR) according to the age of the
potentially exposed receptor:

SF hild = SF- ADAFchiId

C

IURchiId =IUR- ADAFchiId

SF, = SF - ADAF,

teenager teenager

IUR gorager = IUR - ADAF,

teenager

In the default database of the software are defined for Benzo(a)pyrene,
Dibenzo(a,h)anthracene, 1,2,3-Trichloropropane, Dichloromethane, Trichloroethylene
and Acrylamide an ADAF factor equal to 5 for the child and 3 for the teenager. For Vinyl
Chloride, the ADAF factor for the child in the database is set equal to 2.
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APP. 8. KOC AND KD FUNCTION OF PH

For the substances in which the Koc and the Kd are a function of the pH, if the Default
Database is used, the values of the distribution coefficients reported in the following tables
are adopted in the software according to the pH defined in the site.

Table 59. Koc values as a function of pH for some organic compounds (1/2).

Koc (L/kg) as a function of pH

pH Benzoic Acid 2-Chlorophenol  Dichlorophenol (2,4)  Dinitrophenol (2,4) Pentachlorophenol

4.9 5.5E+00 3.98E+02 1.59E+02 2.94E-02 9.05E+03

3 4.6E+00 3.98E+02 1.59E+02 2.55E-02 7.96E+03
5.1 3.9E+00 3.98E+02 1.59E+02 2.23E-02 6.93E+03
5.2 3.3E+00 3.98E+02 1.59E+02 1.98E-02 5.97E+03
5.3 2.7E+00 3.98E+02 1.59E+02 1.78E-02 5.10E+03
5.4 2.3E+00 3.98E+02 1.58E+02 1.62E-02 4.32E+03
5.5 1.9E+00 3.97E+02 1.58E+02 1.50E-02 3.65E+03
5.6 1.7E+00 3.97E+02 1.58E+02 1.40E-02 3.07E+03
5.7 1.4E+00 3.97E+02 1.58E+02 1.32E-02 2.58E+03
5.8 1.2E+00 3.97E+02 1.58E+02 1.25E-02 2.18E+03
5.9 1.1E+00 3.97E+02 1.57E+02 1.20E-02 1.84E+03

6 9.7E-01 3.96E+02 1.57E+02 1.16E-02 1.56E+03
6.1 8.8E-01 3.96E+02 1.57E+02 1.13E-02 1.33E+03
6.2 8.0E-01 3.96E+02 1.56E+02 1.10E-02 1.15E+03
6.3 7.4E-01 3.95E+02 1.55E+02 1.08E-02 9.98E+02
6.4 6.9E-01 3.94E+02 1.54E+02 1.06E-02 8.77E+02
6.5 6.5E-01 3.93E+02 1.53E+02 1.05E-02 7.81E+02
6.6 6.2E-01 3.92E+02 1.52E+02 1.04E-02 7.03E+02
6.7 6.0E-01 3.90E+02 1.50E+02 1.03E-02 6.40E+02
6.8 5.8E-01 3.88E+02 1.47E+02 1.02E-02 5.92E+02
6.9 5.6E-01 3.86E+02 1.45E+02 1.02E-02 5.52E+02

7 5.5E-01 3.83E+02 1.41E+02 1.02E-02 5.21E+02
7.1 5.4E-01 3.79E+02 1.38E+02 1.02E-02 4.96E+02
7.2 5.3E-01 3.75E+02 1.33E+02 1.01E-02 4.76E+02
7.3 5.3E-01 3.69E+02 1.28E+02 1.01E-02 4.61E+02
7.4 5.2E-01 3.62E+02 1.21E+02 1.01E-02 4.47E+02
7.5 5.2E-01 3.54E+02 1.14E+02 1.01E-02 4.37E+02
7.6 5.1E-01 3.44E+02 1.07E+02 1.01E-02 4.29E+02
7.7 5.1E-01 3.33E+02 9.84E+01 1.00E-02 4.23E+02
7.8 5.1E-01 3.19E+02 8.97E+01 1.00E-02 4.18E+02
7.9 5.1E-01 3.04E+02 8.07E+01 1.00E-02 4.14E+02

8 5.1E-01 2.86E+02 7.17E+01 1.00E-02 4.10E+02
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Table 60. Koc values as a function of pH for some organic compounds (2/2).

Koc (L/kg) as a function of pH

Tetrachlorophenol Tetrachlorophenol Trichlorophenol Trichlorophenol
pH 2,345 2,4,6 2,45 2,46
4.9 1.73E+04 4.45E+03 2.37E+03 1.04E+03
5 1.72E+04 4.15E+03 2.36E+03 1.03E+03
5.1 1.70E+04 3.83E+03 2.36E+03 1.02E+03
5.2 1.67E+04 3.49E+03 2.35E+03 1.01E+03
5.3 1.65E+04 3.14E+03 2.34E+03 9.99E+02
5.4 1.61E+04 2.79E+03 2.33E+03 9.82E+02
5.5 1.57E+04 2.45E+03 2.32E+03 9.62E+02
5.6 1.52E+04 2.13E+03 2.31E+03 9.38E+02
5.7 1.47E+04 1.83E+03 2.29E+03 9.10E+02
5.8 1.40E+04 1.56E+03 2.27E+03 8.77E+02
5.9 1.32E+04 1.32E+03 2.24E+03 8.39E+02
6 1.24E+04 1.11E+03 2.21E+03 7.96E+02
6.1 1.15E+04 9.27E+02 2.17E+03 7.48E+02
6.2 1.05E+04 7.75E+02 2.12E+03 6.97E+02
6.3 9.51E+03 6.47E+02 2.06E+03 6.44E+02
6.4 8.48E+03 5.42E+02 1.99E+03 5.89E+02
6.5 7.47E+03 4.55E+02 1.91E+03 5.33E+02
6.6 6.49E+03 3.84E+02 1.82E+03 4.80E+02
6.7 5.58E+03 3.27E+02 1.71E+03 4.29E+02
6.8 4.74E+03 2.80E+02 1.60E+03 3.81E+02
6.9 3.99E+03 2.42E+02 1.47E+03 3.38E+02
7 3.33E+03 2.13E+02 1.34E+03 3.00E+02
7.1 2.76E+03 1.88E+02 1.21E+03 2.67E+02
7.2 2.28E+03 1.69E+02 1.07E+03 2.39E+02
7.3 1.87E+03 1.53E+02 9.43E+02 2.15E+02
7.4 1.53E+03 1.41E+02 8.19E+02 1.95E+02
7.5 1.25E+03 1.31E+02 7.03E+02 1.78E+02
7.6 1.02E+03 1.23E+02 5.99E+02 1.64E+02
[ 8.31E+02 1.17E+02 5.07E+02 1.53E+02
7.8 6.79E+02 1.13E+02 4.26E+02 1.44E+02
7.9 5.56E+02 1.08E+02 3.57E+02 1.37E+02
8 4.58E+02 1.05E+02 2.98E+02 1.31E+02
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Table 61. Kd values as a function of pH for some inorganic contaminants (1/2).

Kd (L/kg) as a function of pH

pH Arsenic Barium Beryllium Cadmium Chromium IlI Chromium VI
4.9 2.5E+01 1.1E+01 2.3E+01 1.5E+01 1.2E+03 3.1E+01
5 2.5E+01 1.2E+01 2.6E+01 1.7E+01 1.9E+03 3.1E+01
5.1 2.5E+01 1.4E+01 2.8E+01 1.9E+01 3.0E+03 3.0E+01
5.2 2.6E+01 1.5E+01 3.1E+01 2.1E+01 4.9E+03 2.9E+01
5.3 2.6E+01 1.7E+01 3.5E+01 2.3E+01 8.1E+03 2.8E+01
5.4 2.6E+01 1.9E+01 3.8E+01 2.5E+01 1.3E+04 2.7E+01
55 2.6E+01 2.1E+01 4.2E+01 2.7E+01 2.1E+04 2.7E+01
5.6 2.6E+01 2.2E+01 4. 7E+01 2.9E+01 3.5E+04 2.6E+01
5.7 2.7E+01 2.4E+01 5.3E+01 3.1E+01 5.5E+04 2.5E+01
5.8 2.7E+01 2.6E+01 6.0E+01 3.3E+01 8.7E+04 2.5E+01
5.9 2.7E+01 2.8E+01 6.9E+01 3.5E+01 1.3E+05 2.4E+01
6 2.7E+01 3.0E+01 8.2E+01 3.7E+01 2.0E+05 2.3E+01
6.1 2.7E+01 3.1E+01 9.9E+01 4.0E+01 3.0E+05 2.3E+01
6.2 2.8E+01 3.3E+01 1.2E+02 4.2E+01 4.2E+05 2.2E+01
6.3 2.8E+01 3.5E+01 1.6E+02 4.4E+01 5.8E+05 2.2E+01
6.4 2.8E+01 3.6E+01 2.1E+02 4.8E+01 7.7E+05 2.1E+01
6.5 2.8E+01 3.7E+01 2.8E+02 5.2E+01 9.9E+05 2.0E+01
6.6 2.8E+01 3.9E+01 3.9E+02 5.7E+01 1.2E+06 2.0E+01
6.7 2.9E+01 4.0E+01 5.5E+02 6.4E+01 1.5E+06 1.9E+01
6.8 2.9E+01 4.1E+01 7.9E+02 7.5E+01 1.8E+06 1.9E+01
6.9 2.9E+01 4.2E+01 1.1E+03 9.1E+01 2.1E+06 1.8E+01
7 2.9E+01 4.2E+01 1.7E+03 1.1E+02 2.5E+06 1.8E+01
7.1 2.9E+01 4.3E+01 2.5E+03 1.5E+02 2.8E+06 1.7E+01
7.2 3.0E+01 4.4E+01 3.8E+03 2.0E+02 3.1E+06 1.7E+01
7.3 3.0E+01 4.4E+01 5.7E+03 2.8E+02 3.4E+06 1.6E+01
7.4 3.0E+01 4.5E+01 8.6E+03 4.0E+02 3.7E+06 1.6E+01
7.5 3.0E+01 4.6E+01 1.3E+04 5.9E+02 3.9E+06 1.6E+01
7.6 3.1E+01 4.6E+01 2.0E+04 8.7E+02 4.1E+06 1.5E+01
7.7 3.1E+01 4.7E+01 3.0E+04 1.3E+03 4.2E+06 1.5E+01
7.8 3.1E+01 4.9E+01 4.6E+04 1.9E+03 4.3E+06 1.4E+01
7.9 3.1E+01 5.0E+01 6.9E+04 2.9E+03 4.3E+06 1.4E+01
8 3.1E+01 5.2E+01 1.0E+05 4.3E+03 4.3E+06 1.4E+01
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App. 8. Koc and Kd function of pH

Table 62. Kd values as a function of pH for some inorganic contaminants (2/2).

Kd (L/kg) as a function of pH

pH Mercury Nickel Silver Selenium Thallium Zinc

4.9 4.0E-02 1.6E+01 1.0E-01 1.8E+01 4.4E+01 1.6E+01
5 6.0E-02 1.8E+01 1.3E-01 1.7E+01 4.5E+01 1.8E+01
5.1 9.0E-02 2.0E+01 1.6E-01 1.6E+01 4.6E+01 1.9E+01
5.2 1.4E-01 2.2E+01 2.1E-01 1.5E+01 4.7E+01 2.1E+01
5.3 2.0E-01 2.4E+01 2.6E-01 1.4E+01 4.8E+01 2.3E+01
5.4 3.0E-01 2.6E+01 3.3E-01 1.3E+01 5.0E+01 2.5E+01
5.5 4.6E-01 2.8E+01 4.2E-01 1.2E+01 5.1E+01 2.6E+01
5.6 6.9E-01 3.0E+01 5.3E-01 1.1E+01 5.2E+01 2.8E+01
5.7 1.0E+00 3.2E+01 6.7E-01 1.1E+01 5.4E+01 3.0E+01
5.8 1.6E+00 3.4E+01 8.4E-01 9.8E+00 5.5E+01 3.2E+01
5.9 2.3E+00 3.6E+01 1.1E+00 9.2E+00 5.6E+01 3.4E+01
6 3.5E+00 3.8E+01 1.3E+00 8.6E+00 5.8E+01 3.6E+01
6.1 5.1E+00 4.0E+01 1.7E+00 8.0E+00 5.9E+01 3.9E+01
6.2 7.5E+00 4.2E+01 2.1E+00 7.5E+00 6.1E+01 4.2E+01
6.3 1.1E+01 4.5E+01 2.7E+00 7.0E+00 6.2E+01 4.4E+01
6.4 1.6E+01 4.7E+01 3.4E+00 6.5E+00 6.4E+01 4.7E+01
6.5 2.2E+01 5.0E+01 4.2E+00 6.1E+00 6.6E+01 5.1E+01
6.6 3.0E+01 5.4E+01 5.3E+00 5.7E+00 6.7E+01 5.4E+01
6.7 4.0E+01 5.8E+01 6.6E+00 5.3E+00 6.9E+01 5.8E+01
6.8 5.2E+01 6.5E+01 8.3E+00 5.0E+00 7.1E+01 6.2E+01
6.9 6.6E+01 7.4E+01 1.0E+01 4.7E+00 7.3E+01 6.8E+01
7 8.2E+01 8.8E+01 1.3E+01 4.3E+00 7.4E+01 7.5E+01
7.1 9.9E+01 1.1E+02 1.6E+01 4.1E+00 7.6E+01 8.3E+01
7.2 1.2E+02 1.4E+02 2.0E+01 3.8E+00 7.8E+01 9.5E+01
7.3 1.3E+02 1.8E+02 2.5E+01 3.5E+00 8.0E+01 1.1E+02
7.4 1.5E+02 2.5E+02 3.1E+01 3.3E+00 8.2E+01 1.3E+02
7.5 1.6E+02 3.5E+02 3.9E+01 3.1E+00 8.5E+01 1.6E+02
7.6 1.7E+02 4.9E+02 4.8E+01 2.9E+00 8.7E+01 1.9E+02
7.7 1.8E+02 7.0E+02 5.9E+01 2.7E+00 8.9E+01 2.4E+02
7.8 1.9E+02 9.9E+02 7.3E+01 2.5E+00 9.1E+01 3.1E+02
7.9 1.9E+02 1.4E+03 8.9E+01 2.4E+00 9.4E+01 4.0E+02
8 2.0E+02 1.9E+03 1.1E+02 2.2E+00 9.6E+01 5.3E+02
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