Supplemental material
S1. The GERAS-1 and CSOIL model:
  CSOIL 2000 calculates the risks that humans are exposed to if they come into contact with soil contamination. Humans can be exposed to contaminated soil via different exposure routes (soil, air, water and crops). Physical-chemical properties of the contaminant in soil air, soil particles and groundwater also have an influence on the exposure. The GERAS-1 is developed based on CSOIL with additional information of soil property and groundwater consumption in Japan. The calculation between the two models is similar.
  Due to difference in physical and chemical property between heavy metals (HM) and organic pollutants, the calculation for the two are different. In this material, information about the calculation of HM exposure in CSOIL is introduced.

1.1 Equations partition soil, water and air

1.1.1 Fugacity calculation
♦ Za = 0
♦ Zs = Kp*SD*Zw/Vs
♦ Vs = 1-Va-Vw
Za : fugacity capacity in soil air [mol.m-3.Pa]
Zw : fugacity capacity in soil moisture [mol.m-3.Pa]
Zs : fugacity capacity in soil solid [mol.m-3.Pa]
Kp : partition coefficient soil-water
(Kp value applied in this research is 1800 for As, 5800 for Cd and 150000 for Pb [dm3/kg])
SD : dry bulk density [1.3 kg/dm3]
Va : volume fraction soil air [-]
Vw : volume fraction soil moisture [-]

1.1.2 Mass fraction calculations
♦ Pa = (Za*Va)/(Za*Va+Zw*Vw+Zs*Vs) = 0
♦ Pw = (Zw*Vw)/( Za*Va+Zw*Vw+Zs*Vs) = Vw/(Vw+Kp*SD)          
♦ Ps = (Zs*Vs)/( Za*Va+Zw*Vw+Zs*Vs) = 1-PW                  
Vs : volume fraction soil solid [-]
Pa : mass fraction in soil air [-]
Pw : mass fraction in soil moisture [-]
Ps : mass fraction in soil solid [-]

1.1.3 Concentrations in air, water and soil
  Soil HM concentration (Cs) is the input parameter
  HM concentration in pore water is calculated by solubility.
♦ Cpw = Cs*SD*Pw*/Vw
Cpw : HM concentration in pore water [g.m-3]
  HM concentration is assumed 0 in this model.
♦ Csa = 0
Csa : concentration in soil air [g.m-3] or [mg.dm-3]

1.2 Equations soil ingestion, inhalation

1.2.1 Exposure via soil ingestion
Conventions:
c : child
a : adult
L : lifelong
Fa : relative sorption factor [-]
BWc,a : bodyweight (adult 62, child 20) [kg]
Cs : initial soil concentration (total concentration in gas-, water- and solid phase) [mg.kg-1]
Exposure, the lifelong average exposure [mg.kg-1 bw.d-1]
Lifelong [70 year]
Child
♦ DIc = AIDc*Cs*Fa/BWc
DIc : exposure via ingestion of soil - child [mg.kg-1 bw.d-1]
AIDc : daily intake soil – child [1.0·10-4 kg dw.d-1]
Cs : initial soil concentration (total concentration in gas-, water- and solid phase) [mg.kg-1]
Fa : relative absorption factor soil particle [1.0 - ]
BWc : bodyweight child [20 kg]
Adult 
♦ DIa = AIDa*Cs*Fa/BWa
DIa : exposure via ingestion of soil – adult [mg.kg-1 bw.d-1]
AIDa : daily intake soil - adult [5.0·10-5 kg dw.d-1]
Cs : initial soil concentration (total concentration in gas-, water- and solid phase) [mg.kg-1]
Fa : relative absorption factor soil particle [1.0 - ]
BWa : bodyweight adult [62 kg]
Lifelong average
♦ DIL =(6*DIc+64*DIa)/70
DIL : exposure via ingestion of soil lifelong average [mg.kg-1 bw.d-1]
DIc : exposure via ingestion of soil lifelong average - child [mg.kg-1 bw.d-1]
DIa : exposure via ingestion of soil – adult [mg.kg-1 bw.d-1]

1.2.2 Exposure via inhalation of soil particles
Child
♦ IPc = Cs*ITSPc*Fr*Fa/BWc
IPc : exposure via inhalation of soil particles - child [mg.kg-1 bw.d-1]
Cs : initial soil concentration (total concentration in gas-, water- and solid phase) [mg.kg-1]
ITSPc : inhaled amount of soil particles – child [3.13·10-7 kg.d-1]
Fr : retention factor soil particles in lungs [0.75 -]
Fa : relative absorption factor [1.0 - ]
BWc : bodyweight child [20 kg]
♦ ITSPc = TSP*frs*AVc*t*tf
TSP : amount of suspended particles in air [mg.m-3]
Indoors 0.75 * 70 = 52.5 μg.m-3
Outdoors 70 μg.m-3
frs : fraction soil particles in air [-]
Indoors 0.8
Outdoors 0.5
AVc : air volume child [0.317m3.h-1]
t : length of time of exposure [h]
Indoors 16 h
Outdoors 8 h
tf : correction factor exposure daily ➔ yearly - child [-]
Indoors 1.322
Outdoors 0.357
Adult
♦ IPa = Cs*ITSPa*Fr*Fa/BWa
IPa : exposure via inhalation of soil particles – adult [mg.kg-1 bw.d-1]
Cs : initial soil concentration (total concentration in gas-, water- and solid phase) [mg.kg-1]
ITSPa : inhaled amount of soil particles – adult [8.33·10-7 kg.d-1]
Fr : retention factor soil particles in lungs [0.75 -]
Fa : relative absorption factor [1.0 - ]
BWa : bodyweight adult [62 kg]
♦ ITSPa = TSP*frs*AVa*t*tf
TSP : amount of suspended particles in air [mg.m-3]
Indoors 0.75 * 70 = 52.5 μg.m-3
Outdoors 70 μg.m-3
frs : fraction soil particles in air [-]
Indoors 0.8
Outdoors 0.5
AVa : air volume adult [0.833 m3.h-1]
t : length of time of exposure [h]
Indoors 8 h
Outdoors 8 h
tf : correction factor exposure daily ➔ yearly – adult [-]
Indoors 2.856
Outdoors 0.143
Lifelong average
♦ IPL = (6*IPc+64*IPa)/70
IPL : exposure via inhalation of soil particles lifelong average [mg.kg-1 bw.d-1]
IPc : exposure via inhalation of soil particles – child [mg.kg-1 bw.d-1]
IPa : exposure via inhalation of soil particles – adult [mg.kg-1 bw.d-1]

1.3 Exposure via crop consumption
1.3.1 HM concentration in crop
♦ Cpr = Cs*BCFr
Cpr : average concentration in root crops [mg.kg-1]
Cs : initial soil concentration (total concentration in gas-, water- and solid phase) [mg.kg-1]
BCFr: bioconcentration factor for roots [0.009 for As, 0.31 for Cd, 0.017 for Pb - ]
♦ Cps = Cs*BCFs+ Cdp
Cps : average concentration in shoot crops [mg.kg-1]
Cdp : concentration obtained from deposition [mg.kg-1]
BCFs: bioconcentration factor for shoots [ - ]
♦ ln(BCFr/BCFs) = 2.67-1.12*ln (Kp)
♦ Cdp = TSpo*DRo*frs*Cs*[fin/(Yv*fEi)]*{1-(1-exp[-fEi*te]/(fEi*te)}
TSpo : particle concentration in atmosphere [mg.m-3]
DRo : deposition rate [m/day]
frs : fraction atmospheric particles captured by crops [ - ]
fin : deposit disturbance factor [ - ]
Yv : crop yield in 1 square meter [kg.m-2]
fEi : weather factor [1/day]
te : growing time for crops [day]

Child
♦ DCCc = (Qfvkc*Cpr)+(Qfvbc*Cps)*fv*fa/BWc
Qfvkc : root crop consumption – child [0.0595 kg fw.d-1]
Qfvbc : leafy crop consumption - child [0.0583 kg fw.d-1]
fv : fraction contaminated crop [0.1 -]
fa : relative sorption factor [1.0 - ]
BWc : bodyweight child [20 kg]
Adult 
♦ DCCa = (Qfvka*Cpr)+(Qfvba*Cps)*fv*fa/BWa
Qfvka : root crop consumption – adult [0.122 kg fw.d-1]
Qfvba : leafy crop consumption – adult [0.139 kg fw.d-1]
BWa : bodyweight adult [62 kg]
Lifelong average
♦ VI= (6*VIc+64*VIa)/70
VI : exposure via ingestion of crops lifelong average [mg.kg-1 bw.d-1]
VIc : exposure via ingestion of crops – child [mg.kg-1 bw.d-1]
VIa : exposure via ingestion of crops – adult [mg.kg-1 bw.d-1]

1.4 Exposure via groundwater consumption

1.4.1 Concentration in groundwater
♦ Cgw = df*Cpw
Cgw: HM concentration in groundwater [g.m-3]
df: dilution factor [0.1 -]
Child
♦ DIgwc = Qdw*Cgw*fga/BWc
DIgwc : exposure via groundwater consumption – child [mg.kg-1 bw.d-1]
Qdw : groundwater consumption children [1L/day]
fga : absorption factor groundwater [1.0 - ]
BWc : bodyweight child [20 kg]
Adult
♦ DIgwa = Qdw*Cgw*fga/Bwa
DIgwa : exposure via groundwater consumption – adult [mg.kg-1 bw.d-1]
BWa : bodyweight adult [62 kg]
Lifelong average
♦ DIgw= (6*DIgwc +64*DIgwa)/70
DIgwa : exposure via groundwater consumption lifetime average [mg.kg-1 bw.d-1]

1.5 Total exposure

Child
♦ TEc = DIc+IPc+DCCc+DIgwc
Tec : total exposure child [mg.kg-1 bw.d-1]
Adult
♦ TEa = DIz+IPz+DCCz+DIgwa
TEa : total exposure adult [mg.kg-1 bw.d-1]
Lifelong average
♦ TE = (6*TEc+64*TEa)/70
TE : total exposure lifetime average [mg.kg-1 bw.d-1]
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