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PREFACE

As indicated in the ECETOC Technical Report No. 40 "Hazard Assessment
of Chemical Contaminants in Soil" (1990), hazard assessment is a
necessary step to evaluate the significance of the presence of
contaminants in the environment. Part of the hazard assessment
process is the estimation of exposure.

This Appendix 3 of the above mentioned report describes "The Concept
of HESP". HESP 2.00 is a computer programme to estimate the exposure
of human beings to contaminants in soil and is essentially an updated
version of the original Appendix 3 of the ECETOC Technical Report No.
40. As compared to the original version of HESP, the same approach is
maintained but a number of formulae and value choices are improved as
a result of recent scientific publications and discussions with
specialists from the RIVM (Dutch State Institute for Public Health and
the Environment) and representatives of BASF, Bayer, DSM and Hoechst.

A1l assumptions, value choices and formulae to calculate the potential
exposure of human beings in specific situations are described in this
document. The "HESP User Guide", Version 1.3 by W. Veerkamp, Shell
Internationale Petroleum Maatschappij (SIPM), and B.W. Laffoon,
Computer Management Group, the Netherlands, describes how to run the
userfriendly PC version of the computer programme to estimate human
exposure as based on the assumptions and equations of this revised
Appendix 3 of ECETOC Technical Report No. 40.

The HESP 2.00 model can be applied to carry out a Preliminary Exposure
Assessment in an early phase of the hazard assessment process (see
scheme in Fig. 1). In cases where the Preliminary Hazard Assessment
indicates the possibility of significant exposure, a Definitive (site
specific) Exposure Assessment (which usually includes measurement of
exposure concentrations for relevant exposure routes) is required as
basis for the Definitive Hazard Assessment.
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Only the latter can provide a sound basis for decisions regarding
possible measures.

The ECETOC Technical Report No. 40 "Hazard Assessment of Chemical
Contaminants in Soil" (1990), presents the full description of the
hazard assessment process and indicates the place of HESP in this
process.

About this Appendix

This revised Appendix is a guide for the use of the HESP 2.00
programme. It contains the following chapters:

Section 1: Introduction, which gives some background information
on the HESP model developed by SIPM and DSM in
cooperation with the Dutch governmental authorities
(Ministry of Housing, Physical Planning and Environment
(VROM) and RIVM) and representatives of BASF, Bayer and
Hoechst.

Section 2: Gives a detailed description of all equations used in
the programme.

Section 3: Gives a description of the model parameters used in the
calculations with a set of default values used for the
Dutch situation. The scenario wused is called
Netherlands 1.00.

Section 4: Conains the literature used for the development of the
programme.
Annex I: Alphabetic listing and description of all parameters

used in the document are given.
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1.  INTRODUCTION

Based on a report for a specific site decommissioning by Golder
Associates (Reades and Gorber, 1986) a more general approach has been
developed to assess the exposure levels of soil contaminants for
human beings. The initial set of equations and assumptions has been
published in the ECETOC Technical Report No. 40, "Hazard Assessment of
Chemical Contaminants in Soil" (ECETOC, 1990). In consultation with
DSM (who provided a few modules for the HESP model) and with
representatives of BASF, Bayer and Hoechst, and after discussions with
representatives of the Dutch governmental authorities the model has
been updated, based on the most recently published 1iterature
including e.g. the review of v.d. Berg (1991) examining exposure of
human beings to soil pollution. The HESP model is directed towards
estimating the exposure of man to chemicals, which are present in the
environment as soil contaminants. A number of possible exposure
routes were identified and subsequently quantified. The main exposure
routes taken into account in this model are:

INHALATION,
INGESTION,
DERMAL ABSORPTION.

These main exposure routes can be subdivided on the basis of the
intermediate environmental compartment involved. The following
subdivision in exposure routes is used throughout the program:

- direct ingestion of soil or dust,

- inhalation of vapours,

- inhalation of particulate matter,

- inhalation during bathing,

- ingestion of garden produce,

- ingestion of drinking water,

- ingestion of meat and dairy products,

- ingestion of fish,

- dermal exposure to soil or dust,

- dermal exposure during bathing,
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- dermal exposure during swimming,

Depending on the land use, relevant exposure routes in that particular
situation can be selected and included in the calculations.

The HESP model is directed towards estimating the exposure to two
types of residents: an adult and a young child. The calculated
results, which may be either the total exposure or the cencentration
in specific compartments represent the greatest cumulative intakes for
individuals 1iving at a contaminated site (referred to as "Maximum
Average Exposure"), or Predicted Environmental Concentrations (PEC),
where "average" indicates the total yearly uptake presented as mg/d
independent of the season.

The model assumes that a house is located in the middle of a
contaminated site and concentrations of substances are assumed not to
change with time.

The programme screens and input are given in the HESP User Guide
Version 1.3 by Veerkamp and Laffoon (1992).
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2.  THE EQUATIONS

2.1. Quantification of direct ingestion

The following equations are used to calculate uptake of a
chemical as a result of the direct ingestion of either soil or

dust:
DU = (3 DUx,n) *Cg /W (eq. 1)
where DUx,n = uptake resulting from direct ingestion of
soil or dust per unit body weight per
season (mg soil/d),
n = dust or soil,
X = summer or winter,
W = receptor's weight,
Cs = C; (concentration in the soil top layer).
DUy dust = AID ™ fa ing ™ frs,i * Ny (eq. 2)
DUX,SO” = AID * fa,ing * NO (eq. 3)
where AID = amount of soil ingested daily by man
(mg/d), based on the average amount
ingested on a yearly basis,
fa ing = fraction of uptake/intake for ingestion,
frs § = soil fraction in dust indoors,
Ny = fraction of time spent annually
indoor; outdoor; sleeping or absent from
location (= Ns,y + Nw,y)'
- * *
Nx,y 3 txly/24 (tx2y/7) fy (eq. 4)
where txly = time spent indoor, outdoor, sleeping or

absent from the location in a season in
hours per day,
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tx2y = time spent indoor, outdoor, sleeping or
absent from the Tocation in a season in
days per week,
Ty = fraction of the season,
Nx,y = fraction of time spent (indoors,
outdoors, sleeping or absent) in season.

2.2. Quantification of dermal absorption

The following equations are wused to calculate the dermal
absorption of chemicals through skin contact with either
contaminated soil or dust:

DA = (3 DAy ) *Cg /M (eq. 5)
where DAx,n = dermal absorption equivalent for soil or
dust per day in a season (kg soil/d),
Cs = C¢ (concentration in the top soil layer),

DAx,dust = Aexp * DAE; * DAR * f, * frs,i * N; * 24 (eq. 6)

DAX'5011 = Aexp * DAEy * DAR * fo, * Ny * 24 (eq. 7)
where Aexp = surface of exposed part of the body,

DAE = amount of soil or dust on the skin,

DAR = dermal absorption rate,

fm = matrix factor,
Outdoors
Aexp = Ashy (adult) (eq. 8)
Aexp = Aah + AH: (Chﬂd) (eq. 9)
Indoors

Aexp = A, (adult) (eq.10)
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AeXp = 0.5
where Aah
At
Ath
An
2.3. Quantification of th

* Aah (child) (eq.11)

surface area of the arm and hands,
surface area of the legs and feet,

surface area of forearm and hands,

surface area of the hands.

e inhalation of particulate matter

The following equations are used to calculate the inhalation of

particulate matter b

IP = (3 IPy'x)
where IP
IPy,x
y
Cs
IPy,X = VA *
where fr
VA
TSPy
fa,in
Ny
TSPi = (0,75 *
where TSP.

i
TSP,

oth indoors and outdoors:

*Cg /W (eg.12)

inhaled chemical via dust,
inhaled particulate matter per season in

soil equivalents (mg soil/d),
indoors, outdoors, sleeping or absent,
Ct (concentration in the top soil layer),

TSPy * fY‘S,y * fY‘ * fa,inh * Ny (eq.13)

= fraction retained in the lung,

volume of air breathed,

total suspended particulates outdoors or
indoors,

h = fraction uptake/intake for the lung,

= Nsieep * Nindoor:

TSP, (eq.14)

local suspended particulates indoors,
local suspended particulates outdoors.
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2.4. Quantification of the inhalation of vapours

2.4.1. Calculation of the fugacity

The following equations are used to calculate the contaminant
partition within the soil:

Za =1/ (R * TSO'”) (eq. 15)
Z,=S /P (eq. 16)
where P = vapour pressure at T¢,:1,
Sy = solubility in water at Tsoil
S = solubility in water at Tsoil
S = §,/M,
Z, = fugacity capacity constant air,
zZ, = fugacity capacity constant water,
R = gas constant (8.3143),
Tgoi1 = temperature of the soil,
OR Z,=1/ Hg (eq. 17)
WITH In Hg = Tn Hp + 0.024 (Tgy57 = T) (eq. 18)
AND Hry = P / S(T) (eq. 19)
where P(T) = vapour pressure at T,
S(T) = solubility in water at T,
T = temperature related to P(T) and S(T),
Hy = Henry's law constant for temperature T,
Hg = Henry's law constant for T¢.i1.
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Zg = Kq * SG * Z,, / SNg

where Z, = fugacity capacity constant soil,
Kg = partition coefficient soil-water,
SG = specific gravity,
SNg = volume phase of solid phase.

For organic contaminants:

Kqg = Koc * Toc
Koe = 0.411 * Kg,,

foc = fop / 1.728

where Kd
K

corrected for organic carbon,

foc fraction organic carbon,

fom fraction of organic matter,

Kow partition coefficient octanol

For inorganic contaminants:

Kq is an input parameter.

Pa = (Z, * SNy) / (Zy* SNy + Z, * SN, + Zg *
Pw = (Z, * SN,) / (Zy* SNy +Z,* SN, + Zg *
Ps = (Zg * SNg) / (Zy * SNy + 2, * SN, + Zg *

(eq. 21)
(eq. 22)

(eq. 23)

partition coefficient soil/water,
oc partition coefficient for octanol-water

-water.,

SNg) (eq. 24)
SNg) (eq. 25)

SNg)  (eq. 26)
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where Pa = mass fraction in soil gas phase,
Pw = mass fraction in soil liquid phase
(water),
Ps = mass fraction in soil solid phase
(absorbed to soil minerals),
SN, = volume phase of gas fraction (air),
SN, = volume phase of liquid phase (water),
SN; = volume phase of solid phase (soil).

SNg =1 - SN, - SN,

2.4.2. Soil concentration to be used in the calculations
Qutdoors:
IF Cq 2 Cy
IF Cq > C¢
THEN Cg o =0.1*C¢ +0.5* Cp+0.4*Cy (eq. 27)

ELSE Cs,o = Ct (eq.27a)

ELSE IF Cp 2 Cy

THEN Cs,0 =0.17 * C¢ + 0.83 * C, (eq. 28)
ELSE cs,o = Ct (eq.28a)
Where L. = length of the diffusive path in the soil

Basement:
# Construction with an open (direct earth) floor

IF Cd 2 Cm
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IF  Cg>0.1*¢

THEN Cg po = 0.5 * Cp + 0.5 * Cy (eq. 29)

ELSE Cs,bo = (4 (eq.29a)
ELSE IF Cp2 0.0l * G4
THEN C po = Cp

ELSE CS,bO = Ct
(In the case C;¢ is used, the calculations are performed

using eq. 40)

Where L. = length of the diffusive path in the soil,
Cs,bo = average soil concentration used in the
calculation for the basement air concentration (open).

# Construction with a concrete floor

Cs bc = 0.068 * Cy + 0.340 * Cp + 0.592 * Cy (eq. 30)

Where L. = length of the diffusive path in the soil,
Cs,bc = average soil concentration used in the
calculation for the basement air concentration

(concrete).
2.4.3. Calculation of the maximum soil concentration

In those situations, where transport of the chemical from the
soil compartment to other compartments is calculated via the
porous water, the concentration of the porous water cannot exceed

the water solubility. Therefore Cq = Cq nax

pr = Cg * SG * Pw / SN, (eq. 31)
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When pr > Sw then pr = Sw will be used for the calculations and

hence CS becomes:

Cs.max = Sw * SNy / S6 * P, (eq.

Csa = Cs.max * SG * Pa / SN, (eq.

where C; =0C¢ Cpor Cy,

Csa soil air concentration of contaminant,
C

DW soil water concentration of contaminant,

32)

33)

calculation of Cg, and pr depend on the concen-

trations of the soil compartment (t=top,
m=middle and d=deeper layer).

2.4.4. Vapour flux calculation

The following equations are used to calculate the upward flux of

vapours.
D, = SN,1073) % p_ /(1 - sNg)2 (eq.
Dgac = CNy(1073) % p_ /7 (1 - cng)2 (eq.
Dg, = SN,(1073) % p /(1 - sNg)2 (eq.
Deg = (Pa * Dgy / SN) + (Pw * Dg,, / SN,) (eq.
With D, =0.036 * v (76 / M) (eq.
D, =3.6*100+v (76/m) (eq.

where Do, = diffusion coefficient in the gas phase
in soil,
Dgac= diffusion coefficient in the gas phase
in concrete,
Dy = diffusion coefficient in the water phase

34)

35)

36)

37)

38)

39)
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in soil,
D, = diffusion coefficient in free air,
D, = diffusion coefficient in free water,
Des = diffusion coefficient in soil,
CN, = volume phase of gas fraction in concrete,
CN,, = volume phase of liquid phase in concrete,
CNg = volume phase of solid phase in concrete.

J1 = ((Dsq / Le) * (Dsac / de)/((Dgq / L) + (Dgqc /dc)))*
0
(Csa = Cha) (eq. 40)
0
2 =D, * (Cgy - Cya) / X (eq. 41)
J3 = pr * Ev / 24 (eq. 42)
0

4 = (Dgf / L) * ((Cgq = Cya) * SN, /Pa) (eq. 43)
IF J3 +J4 < J2 THEN J =J3 +J4 (eq. 44)
ELSE J = J2 (eq. 45)

J <0 THEN J = 0

Qutdoors: Joa = Y
Basement:
# Open floor Jpa =9 OR Jp, =41
# Concrete floor Jpa = J1
where J1 = concrete flux,
J2 = boundary layer flux,
J3 = water evaporation flux,

J4

diffusion flux water-soil,
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m
<
[}

flux of evaporating water,

>
n

a height boundary layer,
c length of the diffusion path,
total soil flux,

<
1] 1}

Joa total flux outdoor air,

Jpa = total flux basement air,
)
Cya = initial background indoor or outdoor
concentration (y = b (basement) or o (outdoor)),
d. = thickness of the concrete in basement wall.

2.4.5, Dilution calculation

The following equations are used to calculate the dilution of
outdoor air:

VfF =Vvg*Sz /L (eq. 46)
where Vf = dilution velocity,
Vg = mean wind velocity,
Sz = Pasquill dispersion coefficient in vertical
direction, weather stability class D, (m)
L = length of contaminated area, (m)
Vg = (Vy + V*) / 2 (eq. 47)
Vy = wind velocity at a height Y,
V¥ = friction velocity,
Vy = 1Tn (Y / sr) * T (eq. 48)

IF sr>Y THEN Vy =0

where Y = breathing height,
sr = surface roughness,
k = Karman constant (0.4),
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v =k *Vy/ In (h/ sr) (eq. 49)
where Vp = wind velocity at a height of h,
h = height (10 m),
Sz =Co*(.2*(0.76 (eq. 50)
., -0.22
Co = (10 * sr)(0.53 * L ) (eq. 51)
where Co = correction factor for roughness length.

2.4.6. Calculation of contaminant concentration in air

The following equations are used to calculate the concentration
of contaminants in outdoor air, indoor air and basement air:

0
Coa = Coa * Joa / Vf (eq. 52)
where Coa = contaminant concentration in outdoor air,
(outdoor air concentration should not exceed the
soil air concentration, unless the initial
concentration is already exceeding the soil air
concentration)
0
Cba = Cba + Jba * At / (Vb * Ra) (eq. 53)
where Cha = contaminant concentration in basement,
Ry = ventilation rate

Open floor:
At=1*w
Ap =2 *0.25 * (1 + w)
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In the case eq. 40 is used.

Concrete floor:
At =1 *w+2*he* (1+w)
Vp = 1 *w?™* he

1 = length of basement,

w = width of basement,

he = height of basement
(basement air concentration should not exceed
the soil air concentration, unless the initial
concentration is already exceeding the soil air
concentration).

Cha < C5 and Coa < Cga. unless the initial
concentrations exceed Csa'

Crta = fbi * Cpa (eq. 54)
where C]a = contaminant concentration in indoor air
fbi = fraction of basement air contributed to
indoor air
IF C]a< COa THEN C]a = Coa (eq. 55)

2.4.7. Calculation of the amount of inhaled vapours

The following equations are used to calculate the amount of
chemicals inhaled as vapours in- and outdoors.

Iv =3 IVy,x / W (eq. 56)
. where IV = total inhaled vapour
3 IV_y x = inhaled vapour in- /outdoor
W = receptor's body weight
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2.5.

2.5.1.

IVO,X = VA * 1000 * Cyy * fa,inh * No (eq. 57)
IV1-'X = VA * 1000 * Cy, * fa,inh * N; (eq. 58)
where VA = volume of air breathed,

fa,inh = fraction absorbed,

No = fraction spent outdoor,

N; = fraction spent indoor and sieeping.

Quantification of the exposure through consumption of garden

produces, meat, fish and diary products

The concentration in plants is, in this model, dependent on two
processes, namely uptake through the roots with subsequent
internal transport and deposition of dust on the leaves with
subsequent uptake. Both processes have been separately described
below. The total concentration in the plants is defined as the
sum of both processes.

The intake by cattle is determined in a similar way as for human
beings, taking into account inhalation of vapour and dust, plant
consumption, water consumption and soil ingestion. The
concentration of contaminants in meat and milk is calculated
using a distribution coefficient according to data published by
Travis and Arms (1988).

The concentration in fish is calculated using a bioconcentration
factor according to Bysshe published in the Handbook of Chemical
Properties Estimation Methods (Lyman et al., 1982).

Calculation of the concentration in plants due to root uptake

Inorganic substances

- 17 -
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Based on experimental data a relationship between the partition
coefficient soil/water (K4) and the bioconcentration factor (=
relation between the concentration in tissue of the above ground
parts of plants and an environmental compartment; BCF) has been
proposed by Baes (1982).

In BCFp]ant = 2.67 - 1.12 * In K4 (eq. 59)

Based on data presented by Dijkshoorn and others (Jarvis et al.,
1976; Dijkshoorn et al., 1981; 1983a and b; Cataldo et al., 1981;
Gerritse et al., 1983 and 1984) a pH correction is introduced for
the BCFp]ant according to the following equation:

*

BCFpjant = BCFpyang * 1070-25 % (pH(soil) - pH(kd))

(eq. 60)
*
where BCFp1ant = corrected BCF for actual pH of the
soil

*

C BCFp]ant * Cg (based on dry weight) (eq. 61)

pl =

where Cs = Ct

C = Cpoot = 0.2 * Cp] (based on fresh weight)

stem

concentration in part of the plant,
concentration in upper parts of the plant,
concentration in root parts of the plant.

where Cp1

Cstem
Croot

Organic substances

Based on data presented by Ryan et al. (1988) a relationship
between BCFp]ant and K, has been established.

- 18 -
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Concentration in the stem

BCFotem = ((SG * P,) / SN,) *

((10(0.95 * ]OQ KOW - 2-05) + 0-82) *

2
(0.784 * 10-0.434((]09 Kow - 1.78) /2.44)))
(eq. 62)
where SG = soil bulk density,
SN, = soil water content,
Cstem = BCFgiem * Cs (based on fresh weight) (eq. 63)
where Cstem = the concentration in the stem of the
plant,
Cs = total concentration in soil (including
water phase) = C;.
Concentration in the root
BCFpoot = ((SG * P,) / SN,) *
(10(0-77 * Tog Koy, = 1.52) 4 ¢ gp) (eq. 64)
Croot = BCFpgot * Cg (based on fresh weight) (eq. 65)
where Croot = the concentration in the root of the

plant,
total concentration in soil (including

(g
"
1]

water phase) = C;.

2.5.2. Calculation of the concentration in plants due to deposition

Caep = (Fin / (Yy * FEi)) * (1= (1 - eFEi ¥ te)
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2.5.3.

2.5.4.

(FE; * te)) * DRy * Cyust  (based on dry weight)

(eq. 66)
where fin = initial fraction of interception,
Yy = vegetative productivity,
fg; = weathering constant,
te = crop growth period,
DR, = deposition rate outside,

Cdust= frs,o * CS (OR INPUT),
Cs concentration in the soil = Ci-

Calculation of the uptake through consumption of garden

produce
VI = Cpt *Qpy * fh, * fa,ing /W (eq. 67)
where VI = vegetable and fruit equivalent uptake in
mg/kg-bw.d,
Q¢y, = fruit and vegetable consumption per day,
fh, = fraction of consumption of home
grown produce,
Cpt = (Cstem *+ 0.2* Cdep) * T1/r * Croot * (1 - f1yp)
(based on fresh weight) (eq. 68)
where Cpt = average concentration in consumed garden
produce,
Cdep = concentration in plant due to deposition
of dust,

f]/r = fraction of leafy products in the garden
produce.

Calculation of the intake of chemicals by cattle

DU = Cg * AID. * oo * N (eq. 69)

ycC

- 20 -
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where DU, = direct ingestion of contaminant through
soil ingestion per unit body weight per
season,
AID. = amount of soil ingested daily by cattle,
txo, = time spent outside per day by cattle,
fac = absorbed fraction by cattle,
Nyc = fraction of days annually this occurs,
y = outdoor,
o = index for cattle,
IP = Cg * VAc * TSPy * fro * fro * fao * Ny (eq. 70)
where IP. = Inhaled contaminant through particulate
matter for cattle,
VA, = volume of air breathed by cattle per day,
frc = fraction retained in the lung,
y = outdoor or indoor,
IVo = VA. * Cya *fac ¥ Nyc (eq. 71)
where IV. = Inhaled vapour by cattle,
y = outdoor or indoor,
VI, = Cp] QpC * fac (eq. 72)
where VI. = Vegetation intake equivalent,
Qpc = plant consumption,
Cp] = concentration in part of the plant,

where DUwc

assuming a crop growth period of 30 days

(Cstem * Cdep)

- fae - fse) * Cqu * f

gw * fgc * Csw * fsc) *

gc

(eq. 73)

direct ingestion through drinking water,

- 21 -
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2.5.5,

Qe
TI. = DU, + IP,

where TIc

average concentration of the contaminant
in the drinking water from service pipe,
fraction of ground water used as drinking
water,

fraction of surface water used as
drinking water,

concentration in ground water,
concentration in surface water,

water consumption,

Ve + VI + DUpe (eq. 74)

Total intake of contaminants for cattle.

Calculation of the concentration in meat, milk and fat

The following equations (eq. 75 and 80) are based on data

presented by Travis and Arms (1988). Equation 77 has been
described by Kenaga (1980).

Organic compounds:

# Meat
A)  Tog Kpe = - 7.735 + 1.033 * log K, (eq. 75)
Cme,l = TI. * Kpe (eq. 76)
B) log K¢y = - 3.457 + 0.500 * Tog K, (eq. 77)
Cme,2 = (TIc / (AIDc + (IPc/Cs) + Qpe)) * Kea * fepe
(eq. 78)

C)  Cpe,3 = (tc * TIo/(We * fepe + Qpi * SGpi * te * fpid))*Tepe

(eq. 79)

- 22 .
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# Milk
A)  log Kp; = - 8.056 + 0.992 * log K, (eq. 80)
Cmi,l TIC * Kmi (eq. 81)
B) Cmi,z = (TI. / (AIDC + (VAc * TSP,) + Qpc)) * Kfa * Trmi
(eq. 82)
C) Cmi,3 = (tc * Tl / (wc * fme * Qmi * SGpj * tc ¥ ffmi))*ffmi
(eq. 83)
where Kpe = meat/diet partition coefficient,
Kpi = milk/diet partition coefficient,
Che = concentration in the meat products,
Cpi = concentration in the milk products,
ff,me = fraction of fat in meat,
fs mi = fraction of fat in milk,
SGpi = bulk density of milk,
C, = highest value Cz,l or C, o, with a maximum of Cz'3

(concentration in products from the vicinity of
the location).

Inorganic compounds:

2.5.6.

Che TIo * te * (1 - fepe) / (Wo + Qe * to * fox) (eq. 84)

(T * te * (I-fepg) / (Hg + Que * to * feyd) * ey
(eq. 85)

Cmi

where fg, = fraction of metals taken up is excreted.

Calculation of the uptake through consumption of meat, milk
and dairy products

ML = (3 (C, *Q * f)) *fa /W (eq. 86)
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where MI = Equivalent uptake of meat, milk and dairy

products,

Q, = product consumption either milk or meat,

T, = fraction of cattle product from the
location,

z = jndex indicating meat, milk or aquatic
organism.

2.5.7. Calculation of the concentration in fresh water organisms

Organic compounds:

log BCF, = C * log K, - D (eq. 87)
where BCF, = bioconcentration factor for aquatic
organisms,
C = constant,
D = constant.

Inorganic compounds:

BCF = input parameter

C, = Cgy * BCF, (eq. 88)
where C, = concentration in aquatic organism,
FI = E(CZ * Qﬁ' * fz) * fa /W (eq. 89)
where FI = Equivalent uptake through consumption of
aquatic organisms,
Qf;5 = aquatic organism consumption,
f, = fraction of food products from the

vicinity of the lTocation (fish, dairy,
milk and meat).
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2.6. Quantification of the exposure through drinking water

2.6.1.

2.6.2.

Calculation of the permeation through plastic service-pipes

Cup = ((2 % Dpe * Cpyy * 8t)/ r * dg) * (1w * r2 * L/ Qg,)
(eq. 90)
where pr = average concentration of the contaminant

pw

3t

pe
pvC

[ R v

Dme

Caw = pr * (1-

where de

fg

in the service pipe during the day,
concentration in the porous water
(based on Cp),

number of hours that the water is
stagnant (24 h),

permeation coefficient for polyethene,
permeation coefficient for PVC,
permeation coefficient for metals or other
inorganic materials (Dpe = 0)

internal radius of the pipe

thickness of the pipe wall

total amount of water used per
housekeeping

) + Cgy * f (eq. 91)

g

drinking water concentration,
fraction of groundwater used for drinking
water.

Calculation of the extent of evaporation during showering

= ( ( (Hsh/RTsh) * kL * kG)

kwa

((/RTgp) * KG + KL)) * (Ad/Vd) * tr

(eq. 92)

- 25 -
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2.6.3.

where kgya = extent of evaporationm,

kG = gas mass transfer coefficient,

kL = liquid mass transfer coefficient,

A4 = surface area of the droplet,

Vg = volume of the droplet,

ts = falling time of the droplet,

Hgp, = Henry's law constant for Teh
In Hgp = In Hp + 0.024 (Tgp, - T) (eq. 93)
where Tsh = temperature of the water during showering,
kG = Kg * v(18/M) / 3600 (eq. 94)
kL = Ky * v(44/M) / 3600 (eq. 95)
where M = molecular weight,

Ky = liquid phase exchange rate (CO,),

Kg = gas phase mass transfer coefficient.

Calculation of the inhaled vapour during showering

IF Nip + Noyt = O
THEN Ngyp = 05 ELSE Neyp = 1

Wy = Nexp * ((kwa * Vi * Ca / Vbatn) /2)
* VA X (tg /28) * Ng * fy pp /W

(eq. 96)

where IV,, = inhaled vapour during showering,

Viy = volume of water used,

Vbath = volume of the bathroom,

te = duration of showering,

Ng = fraction of days showering occurs,

Nexp = exposure while bathing or showering,

k = extent of evaporation.
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2.6.4.

2.6.5.

Calculation of dermal uptake during showering

DAy = Nexp * Atot * fexp * DAR, *

te/2 * (l-kya) * Cyy * Ng / W (eq. 97)
where DA, = dermal absorption through water contact,

fexp = fraction of skin exposed,

Aiot = total surface area of skin.

Calculation of dermal uptake during bathing

DA, = Nexp * Cdw * DAR, * Apor * tp * Ny / W

(eq. 98)
where DAR,, = dermal absorption rate for exposure in
water,
tp = bathing time,
Np = fraction of days bathing occurs,
Nexp = exposure while bathing or showering,
Perm = (0.038 + 0.153 * K,,) (eq. 99)
DAR, = ((5000 * Pgpm /(5000 + Pgpp)) * e “0-016 * My, 1 5
(eq.100)
DARy (inorganic) = 0
Per (inorganic) = 0
where Po.m = dermal absorption rate (m/h).
2.6.6. Calculation of dermal uptake during swimming
DAqw = Couw * DAR, * Argr * Ngy / W (eq.101)
where DA, = dermal absorption per kg body weight,

fraction of days bathing occurs

- 27 -
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for the recreational scenario,

= tg, * (tx2,/7) * f,
tgy = time spent swimming (h/d),
tx2, = time spent outside (d/wk).

2.6.7. Calculation of the intake via drinking water

DU, = ((Nj + Ng)/(1 - Ns]eep)) * Cgw * Qy * fa,ing /W

(eq. 102)
where DU, = direct ingestion through drinking water,
Q, = water consumption,
fg = fraction of groundwater used for drinking

water.

2.7. Calculation of the concentration in water

2.7.1. Calculation of ground water concentration

ng = pr *L* Qe / (K*d*1+L*q5,) (eqg. 103)

infiltration rate,

where  qi.f

K = hydraulic conductivity of the aquifer,
d = thickness of the mixing zone in the
aquifer,

I = hydraulic gradient,

pr = based on the C; of the deeper soil layer Cq:
q'|nf = Qre * (1 = fh) / (1 = SNs) (eq. 104)
where dre = recharge rate,

i = fraction of the location covered by

housing and/or pavement.



TR 40 Update: HESP Version 2.0 - 29 -

2.7.2.

Calculation of surface water concentration

Cow = (Rg * Cg + Qi * ng) / (Rg * Kq + Qgy) (eq. 105)
where R, = run-off of soil,
Qq; = discharge from the aquifer in surface
water,
Q;, = mass flow of surface water,

CS = Ct,

CSW s CDW'

Rg =SL*L* Ly, *S6*(1-f) (eq. 106)
where SL = soil loss (m/h),
Lys = width of the soil loss zone (is 10% of the
width of the location (L)),
i = fraction of area covered by housing and or
growth,
Qg =K*d*1*L, (eq. 107)
0
Qsw = Qsw + Qi - Qey (eq. 108)
0
where Qg = initial mass flow of surface water,
Qey = amount of water evaporated,
L = width of the location (n).
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3. MODEL PARAMETERS

The parameters as used in the computer version HESP 2.00 are described
in this Section. Input values wused for the Dutch situation
represent the CSOIL calculations as described by the RIVM (v.d. Berg,
1991). Scenario: Netherlands 1.00

3.1 Fixed Basement Parameters

1.25 (1/h) (Ventilation rate) (Fast et al., 1987).

Values range from 0.03 to 7.4. When 0.0 is used Cha = Csa-

fbi: 0.1 (-) (fraction from basement-air contributed to
indoor-air), assuming a concrete floor of the living room
(Fast et al., 1987). In the case of a wooden floor 0.2 should
be used.

CN, ¢ 0.02 (-) (Porosity of the concrete) (ECETOC, 1990)

CN,: 0.01 (-) (Air content of the concrete) (ECETOC, 1990)

0.75 (m) (mean length of contaminant diffusive path)

concrete or open floor

3.2 Fixed Bath Parameters

Ky 29.88 (m/h) (gas phase mass transfer coefficient) (ECETOC,
1990)

Ky: 0.2 (m/h) (liquid phase mass transfer coefficient) (ECETOC,
1990)

Teh® 313 (K) (water temperature during showering)

radius: 0.5 (mm) (radius of the droplet, to calculate Ag and Vy)
In calculation 1.0 * 1073 (m) is used.

tge 1.0 (s) (falling time of the droplet) (ECETOC, 1990)

te: 0.5 (h/shower)  (duration of showering) (ECETOC, 1990)

Ng: 7 (showers/w) (number showers per week) (ECETOC, 1990)
In calculation 7 / 7 (showers/d) is used.

th: 0.5 (h/bath)  (duration of bathing) (ECETOC, 1990)

Np: 7 (baths/w) (number baths per week) (ECETOC, 1990)
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AIDC:

tslo:
dSZO:

twloz

dw20:

ffme?
Tfmi

Qi
SGmi:

In calculation 7 / 7 (baths/d) 1is used.

15 (m3) (Volume of the bathroom) (v.d. Berg, 1991)
0.15 (m3) (Volume of water used) (ECETOC, 1990)

In calculation 0.15 * 103 (1) is used.

0.4 (-) (fraction of skin exposed) (v.d. Berg, 1991)

Fixed Cattle Parameters

550  (kg) (weight of a cow)

130 (m3/d) (volume of air breathed by a cow) (ECETOC, 1990)

0.8 (m) (breathing height of a cow)

0.72 (kg/d) (amount of soil ingested by a cow) (ECETOC,
1990)

24 (h) (time spent outside in summer per day)
7 (d) (time spent outside in summer per week)
12 (h) (time spent outside in winter per day)
7 (d) (time spent outside in winter per week)
1825 (d) (age of the cow)
0.25 (-) (fraction of fat in meat)
0.03 (-) (fraction of fat in milk)
0.75 (-) (fraction retained in the lung)
0.5 (=) (fraction ground water in drinking water)
0.5 (-) (fraction of surface water in drinking water)
16.5 (kg/d) (plant (grass) consumption)

In calculation 16.5 * 5 (kg/d) based on fresh weight is used.
55 (1/d) (water consumption)
30 (1/d) (milk production)

1 (kg/dm3) (bulk density of milk)

3.4 Fixed Climate Parameters

TSP, :

Tsoil?

6 (months/year) (fraction summer in the year)
In calculation 6/12 (-) is used.
70 (ug/m3) (total suspended particulates in air) (v.d.
Berg, 1991). 1In calculation 70 * 10-9 (kg/m3) is used.
283 (K) (average temperature of the soil) (ECETOC, 1990)
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Xa:  0.005 (m)
E,:  0.0001 (m/d)

(thickness of the sublayer) (v.d. Berg, 1991}

(flux of evaporating water) (v.d. Berg, 1991)

Vp: 18000 (m/h) (wind velocity at height h) (ECETOC, 1990)

: 10 (m) (height (wind velocity)) (ECETOC, 1990)

frs,i’ 0.8 (-) (fraction of re-suspended soil in dust, indoors)
(v.d. Berg, 1991)
(fraction of re-suspended soil in dust, outdoors)
(ECETOC, 1990)

frs,o: 0.5 (-)

3.5 Fixed Crop Parameters

(ECETOC, 1990)

CROP Yy te /v
(kg/m?) (d) (-)
MIXED 0.280 180 0.5
fruit 0.062 100 1.0
grass 0.200 30 1.0
leafy vegetables 0.380 100 1.0
lettuce 0.440 60 1.0
non-leafy veg. 0.114 180 0.0

Y, yield (dry weight); to growth period; f]/r fraction of
leafy product.

fins 0.40 (-) (fraction intercepted)

eyt 0.033 (1/d) (weathering constant)

DR,: 60 (mg/mz.d) (deposition rate)
In calculation 60 * 106 (kg/mz.d) is used.
Based on a deposition rate of lcm/s and 70 ug/m3
(ECETOC, 1990).
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Adult

Fixed Fish Parameters

fish C D in
(-) (-) (kg/d)

MIXED 0.76 0.23 0.007

mussel 0.858 0.808 0.007

Child
ffi Qf ffi
(-) (kg/d) (-)
0.1 0.002 0.1
0.1 0.002 0.1

Qf; fish consumption; fg; fraction caught in the vicinity of

the location.

Fixed Recipient Parameters
Adult
Age (y) 30
Weight (kg) 70
AID (mg/d) 142
DARgpg  (1/h)  0.005
DARinorg (1/R) 0
DAE; (kg/m?)  0.00056
DAE,, (kg/m?)  0.0375
Atot (m?) 1.8
At (m?) 0.17
Agh (m?) 0.34
Avt (m?) -
A (m?) 0.09
VA (m3/d) 20
Y (m) 1.5
fm (-) 0.15
fr (-) 0.75
Qfy (kg/d)  0.56
féy (-) 0.1
Adult
Qnp (kg/d)  0.14
fip (-) 0.1
Qnd (kg/d) 0.3
fd (-) 0.1

Qfa (kg/d) =

Child

10

15
354
0.01
0
0.00056
0.0051
0.95
0.10
0.18
0.03
7.6
1.0
0.15
0.75
0.3
0.1
Child
0.07
0.1
0.5
0.1
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Adult Child
ffa (-) - -
Q, (1/d) 2.0 1.0

AID amount of soil ingested, in calculation 160 * 10"6 and 370 *
1076 are used. DAR dermal absorption rate; DAE amount of soil or
dust on the skin; A surface area of the skin, f foot, h hand, a
arm; VA volume of air breathed; Y breathing height; Qf, amount of
product consumed; f¢, fraction of product from the location, fv
fruit and vegetables, mp meat and poultry, md milk and dairy
product; Qw water consumption.

3.8 Fixed/User Soil Type Parameters

soil type foc SG SN, SN, K
(-) kg/dm3  (-) (-) (m/d)
MIXED 0.05 1.8 0.15 0.4 5
sand 0.06 1.9 0.16 0.4 0.6
standard soil 0.02 1.5 0.2 0.2 1

foc organic carbon content; SG bulk density; SN,, water content;
SN, air content; K hydraulic conductivity.

3.9 Fixed/User Soil Usage Parameters

Agriculture }
Industrial } see annex II for values
Urban }
Recreational }

A user Soil Usage can also be defined.

3.10 Fixed Water Parameters

fo: 0 (<) (Fraction ground water used for drinking water)

Qe 1 (mm/d) (recharge of ground water through rainfall)
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In calculation 1 * 10-3 (m/d) is used.
d: 2 (m) (thickness of the mixing zone in the aquifer)
SL: 2 (mm/y) (soil loss)

In calculation 2 * 1073 / (365 * 24) (m/h) is used.
dy: 24 (h/d) (Duration of the permeation)

In calculation 24 / 24 (-) is used.
Q: 500 (1/d) (Amount of water used in one day)

In calculation 500/1000 (m3/d) is used.

3.11 Chemical Parameters

Chemicals:
TCDD
Toluene
Benzene
Zinc
Nickel
Lead

User Chemicals can also be defined.

3.12 Run parameters

These parameters are normally user defined. In the CSOIL calculations
with HESP II, the following set of parameters is used.

Scenario: Netherlands 1.00
Soil type: Standard soil
usage: urban
Site length: 100 (m)
width: 100 (m)
Crop: MIXED (for cattle grass is standard)

Fish: MIXED
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Chemical:
External dust source
C(t) = C(m) = C(d)

Adult/Child:

basement:

basement length:
width:
height:
de:

service pipe:

de:

I (hydraulic gradient)

Qev
Qg (init)

as appropriate

No

as appropriate

SHOWER
OPEN

10 (m)
5 (m)
0.5 (m)
0.1 (m)
HDPE

9.8 (mm) (Calculation 9.8 * 1073 (m))
2.7 (mm) (Calculation 2.7 * 10-3 (m))

0.001 (m/m)

0 (m3/h)

200 (m3/h)
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FIGURE 1

HAZARD ASSESSMENT OF CHEMICAL
CONTAMINANTS IN SOIL
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Parameter

ANNEX I

Description

ﬁah
ABI
Aexp

A
A

A
At
A
algt

AID

surface area of arms and hands

surface area of the droplet

Acceptable Daily Intake

surface of the skin exposed to contaminant
surface area of forearms and hands

surface area of hands

surface area of legs and feet

surface area of basement walls and floor
total surface area of the skin

amount of soil ingested daily (yearly average)
by man

amount of soil ingested daily (yearly average)
by cattle

bioconcentration factor for plants
bioconcentration factor for aquatic organisms
constant K, - BCF, relationship

initial air concen?ration

index indicating cattle

concentration in basement-air

concentration in the soil Tayer > 1.5m
concentration in plant due to deposition of
dust

concentration in dust (external source)
concentration in the drinking water
concentration in the ground water
concentration in living room air
concentration in the soil layer 0.25 - 1.5 m
concentration in the meat (cattle)
concentration in the milk (cattle)

concentration in the outdoor air
concentration in part of the plant
average concentration in garden produce
concentration in porous water
concentration in root parts of the plant
total average soil concentration

average soil concentration outdoor

(o)
=
—e
o+
~
=~
[f=]
(=1

332333333
PPN NO DN

mg/m3

g/m3
mg/kg-dm

mg/kg-dm
mg/kg-dm
mg/1
mg/l3
g/m

mg/kg-dm
mg/kg
mg/ 1

g/m
mg/kg-dm
mg/kg-dm
mg/1
mg/kg-dm
mg/kg-dm
mg/kg-dm

average soil concentration used in the calculation for the

basement air concentration (open)

average soil concentration used in the calculation for the

basement air concentration (concrete).
concentration in soil-air

- maximum concentration in soil which corresponds

with the water solubility

- concentration in upper parts of the plant

concentration in surface water

concentration in the soil top layer 0 - 0.25 m
concentration of the contaminant in the
service pipe after 24 hours of stagnancy

air content of concrete

g/m3

mg/kg-dm
mg/kg-dm
mg/1

mg/kg-dm

mg/1
mg/m3



TR 40 Update: HESP Version 2.0 - 40 -
CNp - porosity of concrete m3/m3
CNg - solid phase of concrete m3/m3
CN,, - water content of concrete m3/m3
Co - correction factor for roughness length -
D - constant K,, - BCFy relationship -
d - thickness o¥ the mixing zone in the aquifer m
D, - diffusion coefficient through air m/h
de - thickness of the concrete m
de - thickness of the service pipe wall 2mm
Def - diffusion coefficient in soil m2/h
Dipe - permeation coefficient (metal-pipe) mz/d
Dpe - permeation coefficient (LDPE-pipe) m2/d
Dpvc - permeation coefficient (PVC-pipe) m2/d
Dea - diffusion coefficient in the gasphase in soil m¢/h
Dsac - diffusion coefficient in the gasphase in 9
concrete m&/h
Do - diffusion coefficient in the waterphase in soil m2/h
dy - number of hours that the water is stagnant E/d
D - diffusion coefficient in free water m/h
DX - total dermal absorption mg/kg-bw.d
DA, n - dermal absorption equivalent for soil or dust
! per day in a season kg soil/d
DA, - dermal absorption through water contact mg/kg-bw.d
DA< - dermal absorption during swimming mg/kg-bw.d
DAEy - amount of soil on the skin, indoors (i) or
outdoors (o) , kg/m2
DAR - dermal absorption rate for soil or dust 1/h
DAR,, - dermal absorption rate for exposure in water m/h
DU - total direct ingestion mg/kg-bw.d
DU - total direct ingestion for cattle mg/kg-bw.d
DUc - direct ingestion through water consumption
for cattle mg/kg-bw.d
DU, - direct ingestion of soil or dust per unit body
' weight per season mg-soil/d
DU, - direct ingestion through drinking water mg/kg-bw.d
DR, - deposition rate of dust (outdoors) mg/m<.d
dxy - time spent in days per week in season d/w
Ey - evaporation flux of water m/d
fhi - fraction of basement air contributing to
indoor air -
fa ing - fraction uptake/intake for ingestion -
fa'inh - fraction uptake/intake for inhalation -
faé ing - fraction uptake/intake for ingestion for cattle -
fac inh - fraction uptake/intake for inhalation for cattle -
fe - fraction of area covered by housing or growth -
fgc - fraction of ground water used by cattle -
fsc - fraction of surface water used by cattle -
fex - fraction of metal uptake excreted by cattle -
fexp - fraction of the skin exposed -
T fme - fraction of fat in meat -
fmi - fraction of fat in milk -
fg - fraction of ground water used for consumption -
h - fraction of soil covered by housing or pavement -

fraction of consumption of home grown produce
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i - fraction initially intercepted -
f]fr - fraction of leafy products in the garden produce -
fm - matrix factor -
foc - fraction of organic carbon in soil -
fomm - fraction organic matter in soil -
fin - fraction retained in the Tung -
fre - fraction retained in the lung for cattle -
y - fraction of soil in dust, indoors (i)
' or outdoors (o) -
Ty - fraction of the season months/y
f, - fraction of food products from the vicinity
of the location (fish, dairy, milk or meat) -
fE; - weathering constant %/d
H - Henry's Law Constant at T¢o57 (K) Pa.m2/mol
H?T) - Henry's Law Constant at T ?K} Pa.m3/mo]
h - height (wind velocity) m
he - the hight of the basement m
I - hydraulic gradient m/m
IP - inhaled chemical via dust mg/kg-bw.d
IP. - inhaled chemical via dust by cattle mg/kg-bw.d
IPy x - inhaled particulate matter per season as soil mg soil/d
v’ - total inhaled vapour mg/kg-bw.d
IV, - total inhaled vapour by cattle mg/kg-bw.d
IV, - inhaled vapour during showering mg/kg-bw.d
IVy X - inhaled vapour in a season mg/d2
J 7! - total flux g/ms.h
J1 - concrete flux g/m2.h
J2 - boundary Tayer flux g/m2.h
J3 - water evaporation flux g/m2.h
J4 - diffusion flux water-soil g/m2.h
Joa - total flux outdoor air g/mg.h
Jba - total flux basement air g/m<.h
K - hydraulic conductivity of the aquifer m/d
k - Karman constant -
K - partition coefficient soil/water dm3/kg
k - gas mass transfer coefficient m/h
K - the gas phase mass transfer coefficient m/h
kE - liquid mass transfer coefficient m/h
K1 - liquid phase exchange rate (CO,) m/h
Kne - partition coefficient meat/die% (mg/kg)/(mg/d)
Kni - partition coefficient milk/diet (mg/kg)/(mg/d)
Kfa - partition coefficient fat/diet (mg/kgg/(mg/d)
Koc - organic carbon partition coefficient dm”/kg
Kow - octanol/water partition coefficient g/g
kwa - extent of evaporation -
1 - the length of the basement m
L - the length of contaminated area m
Le - length of the diffusive path in the soil m
Ly - width of the location m
Luws - width of the soil loss zone m
M - molecular weight g/mol
m - index indicating aquatic organisms -
MI - equivalent uptake through meat, milk and dairy
products mg/kg-bw.d
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Maximum Tolerable Environmental Level
index indicating dust or soil

times per week bathing occurs hath/w
exposure while bathing or showering "
times per week showering occurs shower/w
fraction of day bathing per year -
fraction of time spent, indoors (i), outdoors (vj,
sleeping (sleep) or absent in season -
fraction of time spent annually, indoors (i),
outdoors (o), sleeping (sleep) or absent

from the location -
fraction of days for cattle spent indoors (i) or
outdoors (o) -
vapour pressure at Tc,iy (K) Pa
vapour pressure at T ?K] Pa
mass fraction in soil gas phase -
dermal absorption rate m/h
mass fraction in soil solid phase -
mass fraction in soil liquid phase -
acidity -
amount of water discharged from the aquifer

to surface water m3/d
total amount of water used per household

per day l/d
amount of water evaporated from surface water m°/d
consumption of fish kg/d
consumption of fruit and vegetables kg/d
infiltration rate m/d
amount of milk produced per day 1/d
consumption of plants by cattle (dry weight) kg/d
recharge rate m?/d
mass flow of surface water m>/h
initial mass flow of surface water m3/h
water consumption of recipient dm3/d
amount of water consumed by cattle 1/d
consumption of meat, fat or dairy products kg/d
internal radius of the service pipe m
universal gas constant Pa.m”/mol
ventilation rate in the basement 1/h
run-off of soil mm/y
water solubility at T¢q 57 (K) mol/1
water solubility at T 4i7 (K) mg/1
water solubility at T ?KJ mol1/1
water solubility at T (K) mg/1
bulk density of dust or soil kg/dm3
bulk density of milk kg/dm3
soil loss mg/y
air content of soil m /m3
volume phase of solid phase m3/m3
water content of soil m3/m3
surface roughness m
Pasquill dispersion coefficient in vertical
direction, weather stability class D m
temperature of bathing water K
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Tsoil - temperature of the soil surface K
th - duration of bathing h
te - time the cattle spent on contaminated land d
te - crop growth period d
te - falling time of the droplet S
t - duration of showering h
T? - total intake of contaminants by cattle mg/d
rsﬁy - total suspended particulates in the air, indoors (i)
or outdoors (o) |g/m3
Teoil - average soil temperature K
Ty - average ambient air temperature K
txly - time spent in hours per day in season h/d
txzy - time spent in days per week in season d/wk
tx0¢ - time spent outside per day by cattle hr/d
Vv - the friction velocity m/h
Vh - the wind velocity at a height of h m m/h
Vy - the wind velocity at a height of Y m m/g
Vb - volume of the basement m
Vhath - volume of the bathroom mg
Vg - volume of the droplet m
v - volume of water used during a shower m3/shower
VA - volume of air breathed m3/d
VA, - volume of air breathed by cattle m3/d
vf - dilution velocity m/h
Vg - mean wind velocity m/h
VI - uptake via fruit and vegetables mg/kg-bw.d
VI - uptake via grass consumption by cattle mg/kg-bw.d
W - receptor's weight kg
We - cattle weight kg
W - the width of the basement m
X - index indicating summer or winter -
X3 - thickness of the boundary layer m
y - index indicating indoor, outdoor, sleeping or
absent -
Y - breathing height m
Yo - breathing height of cattle m 2
Yy - vegetative productivity kg/m
z - index indicating meat, fat, dairy products,
or fish (me, f, mi, fi) -
Z, - fugacity capacity constant air mo]/mg.Pa
Zg - fugacity capacity constant soil mo1/m3.Pa
Z, - fugacity capacity constant water mol/m”.Pa
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IT A.

Netherlands 1.00:

Urban (As described in the CSOIL model calculations (59))

ANNEX IT

Fixed/User Soil Usage Parameters

Soil Usages.

Scenario : Nether{ands
Version : 1.00
Soil Usage : Urban
sr : 1.00 m Intake route
fh : 0.60 Inhalation
vapour Yes
dust Yes
Adult child shower Yes
sunr Wintr Sumr Wintr Ingestion
soil/dust Yes
d,act 2 2 5 5 days/week crop Yes
t,steep 8 8 12 12 hours/day water Yes
t,away,act g 0 0 0 hours/day meat/dairy No
t,out,act 8 0 8 0 hours/day fish No
t,away,pass 8 8 0 0 hours/day Dermal
t,out,pass 00 0 0 hours/day soil/dust Yes
t,swim 0 0 0 O hours/day water Yes

F2=NEW F3=SAVE

F4=DEL F7=NEXT FB8=NEXT ESC=EXIT S-F1=USRSOIL

IT B.

Agriculture

Fixed/User Soil Usage Parameters

Scenario Nethertands
Version : 1.00
Soil Usage Agriculture
sr : 0.10 m Intake route
fh : 0.10 Inhatation
vapour Yes
dust Yes
Adult Child shower Yes
Sunr Wintr Sumr Wintr Ingestion
soil/dust Yes
d,act 6 6 5 5 days/week crop Yes
t,sleep 8 8 12 12 hours/day water Yes
t,away,act 00 0 0 hours/day meat/dairy Yes
t,out,act 12 6 8 0 hours/day fish Yes
t,away,pass 00 0 0 hours/day Dermal
t,out,pass 0 0 0 O hours/day soil/dust Yes
t,swim 00 0 0 hours/day water Yes

F2=NEW F3=SAVE

F4=DEL F7=NEXT FB=NEXT

ESC=EXIT S-F1=USRSOIL
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IT C.

Netherlands 1.00:

Industrial

Fixed/User Soil Usage Parameters

Soil Usages.

Scenario Netheriands
version : 1.00
Soil Usage Industriatl
sr : 3.00m Intake route
fh : 0.60 Inhalation
vapour Yes
dust Yes
Adult child shower Yes
sumr Wintr Sumr Wintr Ingestion
soil/dust Yes
d,act 55 0 0 days/week crop No
t,sleep 00 0 0 hours/day water Yes
t,away,act 15 15 24 24 hours/day meat/dairy No
t,out,act 4 4 0 0 hours/day fish No
t,away,pass | 24 26 24 24 hours/day Dermal
t,out,pass 00 0 0 hours/day soil/dust Yes
t,sWim 00 0 0 hours/day water Yes

F2=NEW F3=SAVE F4=DEL F7=NEXT F8=NEXT

ESC=EXIT S-F1=USRSOIL

IT D. Recreational
Fixed/User Soil Usage Parameters
Scenario Netherlands
version 1.00
Soil Usage Recreational
sr : 0.30m Intake route
fh : 0.10 Inhalation
vapour Yes
dust Yes
Adult child shower No
Sunr Wintr Sumr Wintr Ingestion
soil/dust Yes
d,act 5 4 5 4 days/week crop No
t,sleep 0 0 0 0 hours/day water Yes
t,away,act 16 22 16 22 hours/day meat/dairy No
t,out,act 8 2 8 2 hours/day fish Yes
t,away,pass | 24 24 24 24 hours/day Dermal
t,out,pass 00 0 0 hours/day soil/dust Yes
t,swim 2 0 2 0 hours/day water Yes
F2=NEW F3=SAVE F4=DEL F7=NEXT F8=NEXT ESC=EXIT S-F1=USRSOIL
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