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Limitations

This document has been prepared by Land Quality Management Ltd within the terms of the Contract, scope of
work, and resources agreed in writing with the Client indicated in this report.

Land Quality Management Ltd has no responsibility to the Client and/or others for any matters outside the scope
of the agreement.

This document is intended for the sole use of the Client. Any third party using this report does so entirely at their
own risk. LQM makes no warranty or representation whatsoever, express or implied, with respect to the use by
a third party of any information contained in this report or its suitability for any purpose. LQM assumes no
responsibility for any costs, claims, damages or expenses (including any consequential damages) resulting from
use of this report or any information contained within this report by a third party.

LQM obtained, reviewed and evaluated information from the Client and other sources as detailed in the report.
LQM’s conclusions, opinions and recommendations are based solely on this information.

The conclusions and recommendations contained in this report represent our professional opinions. These
opinions were arrived at in accordance with accepted industry practices at this time and location and as such
are not a guarantee that the Site is free from hazardous materials or conditions.

Land Quality Management Ltd possess a non-exclusive and non-transferable Ordnance Survey Licence, but do
not possess any right to sub-license any of the rights granted by this licence to any party. Under the terms of
Land Quality Management Ltd Ordnance Survey Licence, copying of figures containing Ordnance Survey data
or using figures for any purpose other than as part of this report is not permitted.

©Land Quality Management Ltd 2020
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EXECUTIVE SUMMARY

This report describes how contaminant concentrations in soil that represent no appreciable or minimal risk to
human health have been calculated. These concentrations are screening levels that apply to the Larnaca-
Dhekelia area and are called Suitable for Larnaca Levels (S4LLs). S4LLs have been derived for petroleum
hydrocarbons and selected heavy metal pollutants. The S4LLs are based on human exposure via specified
pathways to soil contaminants and / or their degradation products and / or their metabolites and reflect the
mode of action of each pollutant or group of pollutants. The S4LLs assume a residential land use with
consumption of home grown produce. This decision was made to ensure that soil contamination does not

constrain future land use.

The S4LLs are based on the climate, environment, spatial and population conditions of Larnaca, where
information is available, as well as the characteristics of the pollutants. Excel spreadsheets of the calculations

are provided.

The S4LLs should be used to screen out substances from further consideration. If contaminant concentration
at a site does not exceed the relevant S4LL, then that contaminant represents minimal or no appreciable risk
to human health. If contaminant concentration exceeds the relevant S4LL, then Site Specific Assessment
Criteria (SSAC) can be derived using site specific measurements of, for example, bioaccessibilty or soil-to-plant

uptake factors.

The spreadsheets in Appendix 1, Appendix 2 and Appendix 3 can be modified to reflect this site specific
information and run to derive the SSAC. Any report using such SSAC should also detail how these SSAC were

derived.

Other substances for which no S4LL is available (e.g. solvents, metals, organic chemicals), may be encountered.
Such substances would need to undergo a detailed site specific assessment and the outcomes, including the

description for the SSAC would be needed. This could be based on this report.
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IIEPI AHTH

H Ex0eon meprypdopet tn Bdomn yio ToV VTOAOYIGHO 0plv pOTOV TOL £GPOVS Yol VL
SLEVKOADVOLV TNV EKTIUNOT EMKIVOLVOTNTAG TNG pOTtavong. Ta dpla avapépovtal og Suitable for
Larnaca Levels (S4LL) kot £xovv vtoloyiotel yio vopoyovavOpakeg TeTperaiov kot emAeypéva apéa

HETAALQL.

Ta S4LL gival GUYKEVIPMOGELS POTOV TOV OVTITPOGSMOTEVOVY AUEANTED (HOONG-ATOKPIOT LE KATDQAL)
N eAdyoto (000oMC-amoKPpLoN Y®PIg KATOPAL) Kivouvo yia Tov avOpmmo aveEdptnta omd T ¥pnon

me.

Ta SALL Bacifovtor oy ékbeon Tov avBpdmov cg TeptPaAloviikong pOimovg HEGH KOOOPIGUEVMV
00V 1 / Kot Ta TPOIOVTO AmrodouNnons M / Kot Toug pPetafoliteg Toug Kat avtikatontpilov Tov

To&KoA0Y1IKO TPOTO OpdonS kKaBe pOmov 1 opddag pOTWV.

Ot voroywopot twv S4LL Aapfdavovy vroyn Tic KAUATIKES, TEPIPAALOVTIKES, YMPIKES Kot
minfoopiakés cuvOnkes g AdpvaKag, 6Tov VITEPYOLY TANPOPOPIES, KOOMS KOl TOL GLYKEKPIUEVQ

LOPLOKE KOl PUGTKOYN LKA YOPOKTNPLOTIKE TV POTOV.

Ot vmoroyiopot Twv S4LL yivovtan og vroloyiotikd @OAAa Excel - to Aeyopevo CLEA (Contaminated

Land Exposure Assessment tool). Ta gOUALG TapEYOVTOL MG TPOGUPTHUATAL.

Ta S4LL vroompilovv ToV amokAEIGUO pOTtv and meportépm e&€taon. Eav o tomk
oLYKEVTPMOT POV dev vtepPaivel To oyetikd S4LL dpio, totE 0WTdHG 0 POHTOG TAPOVSIALEL ELAYIGTO

N opeAntéo kivouvo yia tov avOpwmo.

Edv dpog o tomikn cvykévipoon pomev vrepPaivel To oxeTikd, aArd yeviko, S4LL 6pro, tote
ypewletar amoppuravon N wepartépw épevva. Ta CLEA @OAla oto [Ipocdptnua 1, Ilpocdptnpa 2
kot [Iposaptnua 3 propovv va tportomomBoiv kat va vroroyiotovv Tomka dpia a&loAdynong
(SSAC) pe Baon yia mapdoetypa, TNV TomiKY frodadesipudtra 1 TV TopayovVI®OV TpOcANYNG
€064povg TPog PLTH. OTOONTOTE EKTIUNGT EMKIVOLVOTNTOG TTOL Ypnoiponotel tétoto SSAC Ba tpémet

EMIONG VO AVOQEPEL AETTOUEPDG TAOG TPoEkLY VY ovtd To. SSAC.
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1 INTRODUCTION

1.1 Terms of Reference

(1)  In December 2019 the Contracting Authority, the Department of Environment (DOE), on behalf of the
Government of the Republic of Cyprus commissioned Land Quality Management Ltd (LQM) to undertake work
in relation to the aim and objectives listed below. Our proposed method of approach for the works to be
undertaken is included in Section 2. A contract based on our response to tender DOE 19/2019 was agreed and

signed on 11 December 2019. The contract refers to Limit Values, which we term Screening Levels.

1.2 The Larnace- Dhekelia Area

(2) The work relates to deriving soil screening levels that reflect available information about the conditions
in the area of the former oil refinery and fuel and gas storage and distribution facilities between Larnaca and
Dhekelia, Cyprus. This recognises that, where legislation allows, site specific assessment criteria (SSAC) can be
developed based on the approach we have adopted but reflecting detailed site investigation information in
place of generic, and of necessity conservative, assumptions made in deriving the generic Screening Levels.
We have adopted the name Suitable for Larnaca Levels (S4LL) for these screening levels. LQM have derived
the most comprehensive and widely used set of screening levels for the UK (Nathanail et al. 2015). These are
based on a series of Excel spreadsheets — the Contaminated Land Exposure Assessment (CLEA) model —

developed by the Environment Agency. This work has formed the basis for deriving the S4LLs.

(3) This project relates to the proposed redevelopment of land occupied by the former oil refinery and fuel

storage facilities, Larnaca (Cyprus) once these facilities have been decommissioned.

13 Aim

(4) The overall aim of this work was to develop soil screening levels (‘limit values’) suitable for soil
pollutants from petroleum and other substances for a range of exposure pathways reflecting a residential with
consumption of home grown produce land use scenario based on Cypriot climate, demographic and dietary

data, where available. These are referred to as Suitable for Larnaca Levels (S4LLs).

(5)  This report describes how the S4LLs for the agreed list of pollutants have been derived.

14 Objectives

(6)  The objectives needed to develop the screening levels are:

e  Ensure contaminant chemical, physical and toxicological properties to reflect Cyprus conditions and
policy (e.g. some parameters are temperature sensitive);
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e  Ensure demographic and dietary data, land use and building data are based on Cyprus information
where available;

. Document those parameters for which no information specific to Cyprus has been identified and, if
relevant, the potential impact on screening levels;

e  Provide substance-specific appendices with all relevant input parameters;

e  Provide receptor, exposure, land use and building inputs used or assumed within CLEA;

. Outline the CLEA spreadsheets used to derive S4LLs;

. Provide the S4LLs for the residential with consumption of home grown produce land use;

. Provide copies of the relevant CLEA spreadsheet outputs.

1.5 Legal Context

(7) The legal context within which the screening levels will be used covers preparations for the redevelopment
of land during the decommissioning and permit surrenders for the existing facilities and gaining planning

permission for new development.
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2 SCREENING LEVELS — POLLUTANTS, LAND USE SCENARIOS &
CRITICAL RECEPTOR
21 Pollutants

(8) SS4Ls have been derived for the following pollutants:

e Metals and metalloids: Arsenic; Cadmium; Lead; Mercury (elemental); Mercury (inorganic); Mercury

(organic); and Nickel
e Volatile organics: Benzene; Toluene; Ethylbenzene; o-Xylene; m-Xylene; p-Xylene

e Petroleum Hydrocarbon equivalent carbon fractions: Aliphatic EC 5-6; Aliphatic EC >6-8; Aliphatic EC
>8-10; Aliphatic EC >10-12; Aliphatic EC >12-16; Aliphatic EC >16-35; Aliphatic EC >35-44; Aromatic EC
5-7 (benzene); Aromatic EC >7-8 (toluene); Aromatic EC >8-10; Aromatic EC >10-12; Aromatic EC >12-
16; Aromatic EC >16-21; Aromatic EC >21-35; Aromatic EC >35- 44; Aliphatic + Aromatic EC >44-70.

e Polyaromatic Hydrocarbons: Acenaphthene; Acenaphthylene; Anthracene; Benzo[alanthracene;
Benzo[a]pyrene; Benzo[b]fluoranthene; Benzo[ghilperylene; Benzo[k]fluoranthene; Chrysene;
Dibenzo[ah]anthracene; Fluoranthene; Fluorene; Indeno[123-cd]pyrene; Naphthalene; Phenanthrene;

Pyrene; and Coal Tar (Benzo(a)pyrene as a surrogate marker).

2.2 Land use - Exposure Scenario

(9) The generic Residential with home grown produce (RwHP) land use scenario has been used (as described

or outlined by Nathanail et al. (2015)) to derive S4LLs.

2.3 Exposure Pathways

(10)Exposure has been estimated via each of the following ten (10) pathways: direct soil and dust ingestion (2
pathways); consumption of home grown produce (1); soil attached to home grown produce (1); dermal

contact (indoor and outdoor) (2); inhalation of indoor and outdoor dusts and vapours (4).

(11)The input parameters for each pathway are provided across of the relevant age classes within a series of
default or user specified worksheets provided within the CLEA spreadsheet model, which are discussed in
more detail within Section 4. All relevant data can be accessed via the CLEA spreadsheets in APPENDIX 1
(Petroleum Hydrocarbon Fractions and Organics), APPENDIX 2 (Polyaromatic Hydrocarbons) and APPENDIX 3

(Metals and Metalloids).
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2.4 Critical Receptor

(12) The person most at risk, the critical receptor, is based on a certain age class range from infants (0-1 years)
and children through to mature adults (75 years). The critical receptor has been identified as the female 0-6

year old child.

(13) For the case of cadmium a female lifetime (0-75 years) exposure scenario is assumed as the chronic
accumulation of cadmium in the kidney, over 50 years or so, is the critical toxicological effect (Nathanail et al.,

2015).
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3 PHYSICO-CHEMICAL INPUTS AND TOXICOLOGICAL INPUTS

(14)Contaminant physico-chemical and toxicological inputs have been modified, where relevant and possible,

to reflect Cyprus conditions and policy as indicated in this section.

(15)Parameters for every substance are included within the CLEA spreadsheets. Where these differ from the
parameters used in Nathanail et al. (2015) to derive the UK specific suitable for use levels (S4UL), details are

provided in this section.

3.1 Modification of physico-chemical inputs (temperature correction to ambient soil)

(16)Some of the physico-chemical parameters required for assessing the vapour inhalation pathways vary
according to ambient soil temperature. This is higher in Cyprus than in the UK (where it is assumed to be
283K). Therefore, the relevant physico-chemical inputs (paragraph (19)) for each volatile or semi-volatile
substance have been modified, as documented within the ‘User Chemicals’ worksheet contained within the

CLEA v1.071 spreadsheet model.

(17)The maximum long-term average air temperature (MLLAAT) for Larnaca® for August (2000-2018) is 34°C
(307K). This is consistent with long-term daily minimum and maximum air temperature data for Larnaca
airport (2000-2019) supplied by the Cyprus Department of Environment to LQM. Analysis of that dataset
indicates the MLLAAT for August is 33.6°C, with a long-term daily average of 20.4°C (Figure 2). A reasonably

cautious assumption would be to assume an ambient soil temperature 10K less than the MLLAAT (i.e. 297K).

(18)The Cyprus Department of Meteorology? reports seasonal mean soil temperatures of about 10°C (283K) in
January and 33°C (306K) in July at 10cm depth and of 14°C (287K) to 28°C (301K) at 1m depth. The average of

the January and July mean soil temperatures at 10cm of approximately 22°C (295K) has been assumed to be a
reasonably cautious assumption for Cyprus conditions and used to modify the relevant physico-chemical

inputs (paragraph (19)).

(19)The Environment Agency’s SR7 publication (Environment Agency, 2008a) contains several temperature
correction methods for the following physical chemical parameters that impact the vapour inhalation

pathways:

e Vapour pressure (VP)

e Air-water partition coefficient (Kaw)

1 https://www.weatheronline.co.uk/Cyprus/Larnaca.htm, accessed 11/12/19

2 http://www.moa.gov.cy/moa/ms/ms.nsf/DMLcyclimate en/DMLcyclimate en?OpenDocument, accessed 11/12/19
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e Diffusion coefficient in air (Dai)

e Diffusion coefficient in water (Dwater)

Table 1: SR7 methods or literature source(s) used for each substance or groups of substances in deriving
temperature corrected parameters to 295K

Substance(s)

Method |

Reference

Vapour Pressure (VP)

Aliphatic-Aromatic HC Fractions

Grain-Watson for liquids or solids

Equations 2-27 to 2-30 (SR7)

Benzene
Ethylbenzene
Toluene
Xylene isomers

Grain-Watson for liquids

Equations 2-27 & 2-28 (SR7)

Polyaromatic Hydrocarbons (PAHs)

Grain-Watson for solids

Equations 2-29 & 2-30 (SR7)

Volatile metals:
Mercury (elemental)
Mercury (methyl)

Recommended literature value (295K)
Recommended literature value (298K)

Lide et al. (2008)
Environment Agency (2009a)

Air-water partition coefficient (Kaw)

Aliphatic-Aromatic HC Fractions

Direct Method

Equation 2-5 (SR7)

Benzene
Ethylbenzene
Toluene
Xylene isomers

Direct Method

Equation 2-5 (SR7)

Polyaromatic Hydrocarbons (PAHs)

Direct Method

Equation 2-5 (SR7)

Volatile metals:
Mercury (elemental)
Mercury (methyl)

USEPA Method (Clapeyron relationship)
Recommended literature value (298K)

Equation 2-4 (SR7)
Environment Agency (2009a)

Diffusion coefficient in air (Dair)

Aliphatic-Aromatic HC Fractions

Derived using the FSG Method as ratio
of temperatures (295K:283K)?

Equation 2-12 (SR7)

Benzene
Ethylbenzene
Toluene
Xylene isomers

Wilke and Lee Method

Equations 2-14 to 2-17 (SR7)

Polyaromatic Hydrocarbons (PAHs)

Wilke and Lee Method

Equations 2-14 to 2-17 (SR7)

Volatile metals:
Mercury (elemental)
Mercury (methyl)

Heinsohn and Cimbala
FSG Method

Equation 2-1 (Environment Agency, 2009a)
Equations 2-12 & 2-13 (SR7)

Diffusion coefficient in water (Dwater)

Aliphatic-Aromatic HC Fractions

Derived using the Hayduk & Laudie
Method as ratio of water viscosities at
different ambient temperatures
(295K:283K)P

Equation 2-20 (SR7)

Benzene
Ethylbenzene
Toluene
Xylene isomers

Hayduk & Laudie Method

Equation 2-20 (SR7)

Polyaromatic Hydrocarbons (PAHs)

Hayduk & Laudie Method

Equation 2-20 (SR7)

Volatile metals:
Mercury (elemental)
Mercury (methyl)

Hayduk & Laudie Method
Hayduk & Laudie Method®

Equation 2-20 (SR7)
Equation 2-20 (SR7)

Table Footnotes: SR7 (Environment Agency, 2008a); 2 Dair-295¢ = Dair-283« (Tamb-295k)>7° / (Tamb-283k)17°; © Dwater-295« = Dwater-283k
(WaterViscosityssk) 114 / (WaterViscosity,osk) 114

LAND QUALITY MANAGEMENT FOR

12

DEPARTMENT OF ENVIRONMENT, REPUBLIC OF CYPRUS

FINAL REPORT

30 JUNE, 2020




LQM REPORT NoO.: 1472-0A-3 Issue: 1.0

(20)More than one temperature correction method may exist for each parameter. The method selected
depends on properties such as the boiling point (See SR7 for further details (Environment Agency, 2008a)). The

method used for each substance or group of substances is indicated in Table 1.

(21)The values used for each substance are in the CLEA spreadsheets and can be printed directly to PDF for
archive and reference purposes. More information on methodology and values used for the full range of input

parameters required for each substance is provided by Nathanail et al. (2015).

3.2 Modification of toxicological inputs (policy decisions)

(22)The pollutants being considered demonstrate both threshold and non-threshold behaviour and
toxicological effects (Environment Agency, 2008b). Health criteria values have been selected on the basis of
guidance (Defra, 2014a; Environment Agency, 2009b) that reflects no appreciable (threshold) and minimal
(non-threshold) risk (with the exception of lead). These are generally based on international expert opinion

(e.g. EFSA, US EPA, WHO) and, in the case of lead, with Defra policy (Defra, 2014a).

(23)The toxicological parameters presented and discussed by LQM (Nathanail et al., 2015) have been used as
inputs for the derivation of the S4LLs. Error! Reference source not found. indicates whether each pollutant or g
roups of pollutants is treated as having either threshold or non-threshold behaviour for each pathway (oral,
dermal and inhalation). The toxicological input (oral or inhalation) used to compare against the exposures

estimated from each pathway are also indicated.
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Table 2: Dose response relationship across exposure pathways assumed for the pollutants or groups of
pollutants for which Suitable for Larnaca Levels (S4LLs) have been derived

Group Pollutant Oral | Dermal Inhalation
Aliphatic EC 5-6 Threshold @ Threshold
Aliphatic EC >6-8 Threshold 2 Threshold
Aliphatic EC >8-10 Threshold 2 Threshold

«» | Aliphatic EC >10-12 Threshold 2 Threshold
5 § Aliphatic EC >12-16 Threshold 2 Threshold
£ @ | Aliphatic EC >16-35 Threshold @
8 't | Aliphatic EC >35-44 Threshold 2
g .§ Aromatic EC 5-7 (benzene) Threshold 2 Threshold
E 8 Aromatic EC >7-8 (toluene) Threshold 2 Threshold
3 £ | Aromatic EC >8-10 Threshold @ Threshold
£ S | Aromatic EC >10-12 Threshold 2 Threshold
c 'g Aromatic EC >12-16 Threshold 2 Threshold
Y 1" Aromatic EC >16-21 Threshold 2
Aromatic EC >21-35 Threshold 2
Aromatic EC >35- 44 Threshold 2
Aliphatic + Aromatic EC >44-70 Threshold 2

Benzene

Non-Threshold 2

Non-Threshold

8 Toluene Threshold @ Threshold
2 | Ethylbenzene Threshold 2 Threshold
§ 0-Xylene Threshold 2 Threshold
g m-Xylene Threshold 2 Threshold
> | p-Xylene Threshold @ Threshold
Acenaphthene Threshold 2 Threshold
Acenaphthylene Threshold 2 Threshold
Anthracene Threshold 2 Threshold
% Benzo[a]anthracene Non-Threshold 2 Non-Threshold
g Benzo[a]pyrene Non-Threshold 2 Non-Threshold
E Benzo[b]fluoranthene Non-Threshold 2 Non-Threshold
§ Benzo[ghi]perylene Non-Threshold 2 Non-Threshold
§ Benzo[k]fluoranthene Non-Threshold @ Non-Threshold
§ Chrysene Non-Threshold 2 Non-Threshold
I Dibenzo[ah]anthracene Non-Threshold @ Non-Threshold
'% Fluoranthene Threshold 2 Threshold
g Fluorene Threshold 2 Threshold
§ Indeno[123-cd]pyrene Non-Threshold 2 Non-Threshold
E Naphthalene Threshold 2 Threshold (local)
Phenanthrene Threshold 2 Threshold
Pyrene Threshold 2 Threshold

Coal Tar (BaP as a surrogate marker)

Non-Threshold 2

Non-Threshold

Metals / Metalloids

Avrsenic (inorganic)

Non-Threshold 2

Non-Threshold

Lead (C4SL child)

Non-Threshold 2

Lead (CASL adult)

Non-Threshold 2

Mercury (elemental) - S4LL Threshold ®
Mercury (inorganic) - S4LL Threshold 2 Threshold
Mercury (methyl) - SALL Threshold 2 Threshold
Nickel - S4LL Threshold 2
Nickel - S4LL - Threshold
Cadmium Threshold 2 Threshold

Notes: @ Oral toxicological input (HCV) compared to exposure pathways as indicated; ® Inhalation toxicological input (HCV) compared to
exposure pathways as indicated.
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4 EXPOSURE SCENARIO INPUTS

(24)This section describes the demographic and dietary (receptor and exposure), land use and building data
information that reflects Cyprus conditions. Where information is not available then information on what

parameters have been used is provided.

(25)All input parameters are included within the CLEA spreadsheets in APPENDIX 1 (Petroleum Hydrocarbon
Fractions and Organics), APPENDIX 2 (Polyaromatic Hydrocarbons) and APPENDIX 3 (Metals/Metalloids).
4.1 Demographic and dietary data

4.1.1 Demographic data
(26)The critical receptor is assumed to be female as they are generally shorter and weigh less than their male
equivalent in each age class. The following receptor characteristics are required as inputs across each of the

age classes being modelled (0-75 years):

e [Female] Body weights (mean, standard deviation)

[Female] Body heights (mean, standard deviation)

[Female] Inhalation rates (mean, standard deviation)

[Female] Maximum exposed skin areas (indoor exposure)

[Female] Maximum exposed skin areas (outdoor exposure)

(27)In the absence of Cypriot specific data, the default UK database for the above parameters have been
assumed. These are described within SR3 (Environment Agency, 2009c), along with modifications to some of
the inputs as reported within the Defra SP1010 project (Defra, 2014a). These inputs are provided within the
‘Receptor Data’ worksheet of the CLEA v1.071 spreadsheets. If in future, Cypriot values become available they

could replace these inputs.

(28)The Cyprus Department of Environment supplied LQM with body weight data for each age class®. This
information formed part of Cyprus’ submission to the European Food Safety Authority (EFSA) for their National
Dietary Survey dataset (Yiannopoulos, loannou—Kakouri, Kanari, Anastasi, Agathocleous, et al., 2018;

Yiannopoulos, loannou—Kakouri, Kanari, Anastasi, Agathogleous, et al., 2018). The female only (excluding

3 Email dated 3 February 2020 supplied as a word file containing age-class data (male, female, male/female including
pregnant women, only pregnant women)
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pregnant women) dataset was selected. These inputs were added to the ‘Receptor Data’ worksheet of the

CLEA v1.071 spreadsheets, within the newly defined Cyprus specific receptor types (Section 6.9).

(29)Following discussion with the Cyprus Department of Environment it was agreed that the critical receptor
should be assumed to wear short-sleeved top and shorts for the whole year when estimating dermal exposure
to contaminants. This required changes to the maximum exposed skin fractions during indoor and outdoor
activities from the modification of the default assumptions in CLEA. These changes were made in the ‘Receptor

Data’ worksheet of the CLEA spreadsheets, in the Cyprus specific receptor types (Section 6.9).

4.1.2 Dietary Data

(30)Food grown in gardens adjacent to a residence can take up contaminants from the soil and have soil or
dust on the edible portions. The main home grown produce groups assumed in CLEA are: green leafy, root and
tuber vegetables; and herbaceous, shrub and tree fruit. Suitably cautious rates of consuming home grown

produce (50" and 90™" percentile levels) for each age class are required by CLEA.

(31)In the absence of Cypriot specific data, the default database in CLEA for the above parameters was
assumed. These are described within SR3 (Environment Agency, 2009c), along with modifications to some of
the inputs as reported within the Defra SP1010 project (Defra, 2014a). These inputs are provided within the
‘Produce Data’ worksheet of the CLEA spreadsheet. Cypriot specific values and/or food groups could be

entered should such information become available.

4.2 Land Use data

(32)For the exposure scenario being modelled (Section 2.2) the ‘Land Use Data’ spreadsheet contains the input
assumptions relating to the averaging time, exposure frequency (days/year), exposure duration (years),

occupancy periods (hours/day), soil ingestion rates, soil-to-skin adherence rates for each exposure pathway.

(33)In the absence of Cypriot data we have retained the default dataset from CLEA. Indoor exposure
frequencies, occupancy periods and other parameters are unlikely to change significantly between Cyprus and
the UK, whilst the relatively high outdoor frequencies are likely to be cautious given that Cypriot summer

temperatures are likely to reduce active outdoor play time.

(34)Soil-ingestion rates and soil-to-skin adherence rates for Cyprus are considered likely to be lower compared

to UK conditions, since soil is less likely to stick fingers or skin under the generally drier Cypriot environment.

(35)Using the CLEA land use data is considered to provide reasonably cautious inputs for deriving the S4LLs.
These inputs are summarised and described in detail within SR3 (Environment Agency, 2009c), along with the

relevant modifications to some of the inputs as reported within the Defra SP1010 project (Defra, 2014a).
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(36)The Cypriot modified land uses database defined for each exposure scenario are provided within the ‘User
Land Uses’ worksheet of the CLEA v1.071 spreadsheet model, which include changes from defaults as
described within this report. The relevant land uses are included as: ‘Residential with produce (C4SL)-Cyprus’,
‘Residential (lifetime exposure (C4SL)-Cyprus’, ‘Public Open Space (park C4SL)-Cyprus’, ‘Public Open Space (park
lifetime C4SL)-Cyprus’, or ‘Commercial (C4SL)-Cyprus’.

4.3 Soil inputs

(37)Cypriot soil textures can be defined within the ‘User Soils’ worksheet and selected from the default UK
database and user defined list from within the ‘Basic Settings’ worksheet of the CLEA spreadsheet. Currently,
no Cypriot specific soil textures have been defined however the high organic matter in the near surface

deposits in Larnaca has been taken into consideration.

4.3.1 Soil Organic Matter

(38)The organic carbon content of soils is an important predictor of chemical partitioning between the soil, soil
solution and air phases. The empirical relationships are well established between the lipophilicity of organic
chemicals and organic carbon content of soils (Environment Agency, 2009c). Therefore, this parameter is
important in predicting the behaviour of organic pollutants. The fraction of organic carbon is estimated from
the amount of Soil Organic Matter (SOM) measured in soil using Equation 4.2 of SR3 within the CLEA v1.071

model (Environment Agency, 2009c¢)*.

(39)For organic pollutants S4LLs have been presented at four SOM% contents (1%, 3%, 9% and 12%). The
higher SOM values are much higher than those for which the UK S4ULs have been derived (namely 1%, 2.5%
and 6%) to reflect the anticipated high organic matter content in Larnaca’s littoral deposits. We have assumed
that people will not be exposed to contaminants within the horizon of ‘sea weed’ that is present at least in

parts of Larnaca at a shallow depth.

(40)This parameter is set manually within the ‘Basic Settings’ worksheet of the CLEA spreadsheet.

(41)The MOA supplied LQM with Total Organic Carbon % results for 27 ‘surface’ soil samples (sample depth
was not reported) within the Larnaca area (Figure 3). The estimated SOM within samples from the coastal area
associated with the refinery and fuel/ gas storage range between 1.7% and 3.3%, whereas the range across all

samples is between 0.7% and 5.3% (Figure 3)*.

4 Fraction of Organic Carbon = (Soil Organic Matter% / 100%) x 0.58
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4.3.2 Soil Type
(42)The default UK soil texture (sandy loam) and property database (for air and water filled porosity, residual

water content, saturated hydraulic conductivity and bulk density) has been retained within CLEA.

(43)A ‘sandy loam’ soil texture with comparatively high air porosity and saturated hydraulic conductivity and
low residual water content has been assumed (Table 4.4, Environment Agency, 2009c). This is considered to be

a reasonably cautious assumption.

4.4 Building parameters

(44)Cypriot specific user defined building types can be defined within the ‘User Buildings’ worksheet and
selected from the default UK database and user defined list from within the ‘Basic Settings’ worksheet of the
CLEA spreadsheet. Where no information on Cypriot specific building types has been identified, the derivation

of the S4LLs is based on default UK buildings types.

4.4.1 Dust loading

(45)The MOA supplied via the Department of Labour Inspection (email, 08/01/2020) long-term daily ambient
air PMyo (Larnaca Traffic Station, 2005-2018) and PM, s concentrations in the Larnaca area (Larnaca Traffic
Station, 2005-2009; Larnaca Residential, 2009-2016). The long-term (2005-2018) daily average concentration is
48ug/m3 (n=5011 days) for PMs and 26.2ug/m3 (n=1510 days) for PM, s at the Larnaca Traffic Station
(‘Roadside’) site and 19.3pg/m? (n=1510 days) for PM, s at the Larnaca Residential Station (‘Urban

Background’) (Figure 1).

(46)The Larnaca data are higher than the latest (2018) annual mean concentrations across UK ‘Roadside’ and
‘Urban Background’ sites for PMyo (18.6 and 14.7ug/m?3, respectively) and PM,s (10.6 and 10.0ug/m?,
respectively)® by factors of up to about 2.6 times. However, the PMio ambient air ‘Roadside’ data for Larnaca
(48ug/m3) is consistent with the default dust loading (arising from resuspension of indoor dust) PM1o value for

a residential property of 50ug/m3 assumed in CLEA (Section 9.3, Environment Agency, 2009c¢).

(47)Therefore, for a residential property in Larnaca a dust loading value of 50ug/m? has been assumed. For a
commercial property the default dust loading value would be higher as 100ug/m?3. Indoor dust concentrations
are assumed to equilibrate with those found in ambient air through natural building ventilation, more
reasonable for Autumn through to Spring under Cyprus conditions. This is likely to be conservative for modern

wholly air-conditioned buildings which make use of a well-maintained filtration system.

5

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/file/796887/Air Quality
Statistics in the UK 1987 to 2018.pdf, accessed 20/01/2020
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4.4.2 Ambient dust concentrations
(48)The soil-derived dust concentrations in ambient air are estimated in CLEA using the approach described

within SR3 (Environment Agency, 2009c).

(49)A key component is the calculation of the particle emission factor (PEF), which represents an estimate of
the relationship between the concentration of a contaminant in soil and its concentration in air as a
consequence of dust resuspension, for dust particles <10um (i.e. PMyo). PEF will depend on climate, source
area and receptor height. The PEF is related to the air dispersion factor (Q/Cwind), values of which were
generated by the Environment Agency for 13 UK cities, different source areas representative of the generic
exposure scenarios and at child and adult heights (Environment Agency, 2009c). The Environment Agency used
the USEPA AEROMOD PRIME dispersion model, hourly meteorological data (5 years of data) and a number of
assumptions (Section 9.2.1, Environment Agency, 2009c). This approach is not currently possible, based upon

the available Cypriot data.

(50)Instead, LQM have relied upon a very similar approach described in Appendix D of the USEPA 2002 Soil
Screening Levels Supplemental Guidance (USEPA, 2002) to derive values of the air dispersion factor (Q/Cuind).
Exhibit D2 (USEPA, 2002) provides constants for use in calculating site-specific values of Q/Cuing, based on
dispersion model analysis across 29 meteorological stations considered to be representative of 9 climatic
zones across the US, some of which are likely to be more representative of Cypriot conditions compared to the

more temperate UK data.

(51)Estimates of Q/Cwind, for source zone areas representative of the range of land uses considered (i.e. 0.01,
0.5 and 2 for residential, public park and commercial land use, respectively) were made across all 29
meteorological stations of the US for the adult receptor. Estimates of this parameter were consistently lower
compared to the UK defaults (Table 9.1, Environment Agency, 2009c), by factors of between 3 and 200 times.
The lowest estimates of Q/Cwing (air dispersion factors) across the US climate regions were assumed to be
representative of Cyprus conditions which represents a cautious assumption in terms of estimating the intake
of pollutants derived from ambient air dusts (Equations 9.5 and 9.6, Environment Agency, 2009c). The
conversion Q/Cuwind between adults (receptor height=1.6m) and for children (receptor height=0.8m) is based
upon the ratios of the two sets of parameters across the different source term areas presented within SR3

(Table 9.1, Environment Agency, 2009c).

(52)Taking this cautious approach will impact those S4LLs where the inhalation of dust pathways are likely to
make a significant contribution to overall exposure, for example for non-volatile organics (e.g. some PAHSs) or

some metals (e.g. Nickel).

(53)The values of Q/Cwing derived for Cypriot conditions are in the ‘User Land Uses’ worksheet of CLEA.
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(54)The mean annual wind speed at a height of 10m has been assumed to be 3.83m/s based on a long-term
monthly average for Larnaca® of 13.8kph for the period 2000 to 2018. This is slightly lower than the UK default
value of 5m/s (Environment Agency, 2009c). This parameter is used in the estimation of inhalation of ambient
dusts (Equation 9.5, Environment Agency, 2009c). It can be modified in the ‘Advanced Settings 2’ worksheet of
the CLEA spreadsheets.

4.4.3 Building types and design
(55)In the absence of further information on Cypriot building types and design, the default buildings database

has been used.

(56)The parameters used in CLEA include: building footprint areas (housing, apartments, commercial
buildings); air exchange rates (number per hour); heights; pressure differential between building and soil-gas;
foundation thickness; and floor design (e.g. concrete slab with floor crack around the perimeter as the main

vapour entry route).

(57)Air-conditioning (AC) is not included within CLEA, but it is possible that its presence within buildings would
create a lower ‘stack effect’ (due to temperature differences) compared to naturally ventilated buildings by
reducing the indoor air temperature relative to outside, making the cooler internal air denser and less buoyant
and hence decrease ingress. The exact effect on building pressurisation is difficult to specify and will depend
upon the AC systems installed (Environment Agency, 2005). AC systems set-up to pressurise a building will
reduce the entry soil gases, whilst those which de-pressurise a building will have the opposite effect. A well
balanced system may help to dilute any soil gases entering the building (Environment Agency, 2005).
Therefore, soil gas ingress rates in buildings with well maintained and operated AC systems are likely lower

than those in the default CLEA dataset.

6

https://www.weatheronline.co.uk/weather/maps/city?FMM=1&FYY=2000&LMM=12&LYY=2018&WMO=17609&CONT=e
uro&REGION=0005& LAND=CY&ART=WST&R=0&NOREGION=1&LEVEL=162&LANG=en&MOD=tab
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5 CURRENTLY UNAVAILABLE CYPRUS SPECIFIC DATA

(58)LQM identified information required to better reflect Cyprus conditions (LQM Inception Report (LQM Ref:
1472-0A-1, Issue 1.0, dated 12/12/19)). Where this information was made available, it has been taken on
board in deriving the S4LLs. This section sets out parameters for which no Cyprus specific information has

been identified for LQM to use. Parameters likely to have a significant impact upon S4LLs are indicated.
(59) Parameters for which Cyprus specific information has not been identified:
a) Inhalation rates (mean, standard deviations) for each age class’

b) Dietary intakes (50" and 90" percentile consumption rates, g fresh weight/day/kg of body weight) of

home grown produce across each age class®
c) Proportion of consumption from homegrown produce (Homegrown Fractions)®
d) Building footprint areas (housing, apartments, commercial buildings) and foundation thicknesses.
e) Living space air exchange rates (number per hour) and impact of air-conditioning.
f) Living space heights (above ground and below ground if relevant).

g) Pressure differential between building and soil-gas in typical buildings under Cyprus conditions.

>

) Typical floor design for the generic building types (e.g. concrete slab with floor crack around the

perimeter as the main vapour entry route).

(60)The following parameters or issues, for which default values have been assumed, are suitable for use in

Cyprus:

a) Averaging times, exposure frequencies, exposure durations and occupancy periods for the relevant

receptors within each land use exposure scenario.

b) Impact of air-conditioning on soil gas-building pressure differentials and the inhalation of vapours

pathway.

7 1-year increments for 0-16 (16 years), 16-65 (49 years) and 65-75 (10 years), female receptor

8 possible sources are the raw data supplied as aggregated National Dietary Survey data to EFSA by Yiannopoulos at al.
(2018; 2018)

® Homegrown fractions for an ‘average’ scenario and ‘high-end’ scenario (such as the 90 percentile)
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c) Toxicological inputs (Health Criteria Values) reflect no appreciable (threshold) and minimal (non-

threshold) risk (with the exception of lead).

5.1 Sensitivity of S4LLs to input parameters
(61)The sensitivity analysis of the CLEA model (Defra (2014a, 2014b)) identified key parameters/assumptions
in the derivation of screening levels. These parameters relate to the five key pathways:
a) Body weight (all pathways)
b) Averaging time (all pathways)
c) Soil and dust ingestion rate (soil & dust ingestion)
d) Exposure frequency outdoors (dermal contact outdoors)
e) Skin adherence outdoors (dermal contact outdoors)
f)  Maximum exposed skin fraction outdoors (dermal contact outdoors)
g) Dermal absorption fraction (dermal contact outdoors)
h) Inhalation rate (vapour and dust inhalation indoors)
i) Dust loading factor (dust inhalation indoors)
j)  Soil to dust transport factor (dust inhalation indoors)
k) Soil to indoor air correction factor (vapour inhalation indoors)
[) Building footprint (vapour inhalation indoors)
m) Living space height (vapour inhalation indoors)
n) Soil to plant concentration factors (consumption of home grown produce)
o) Home grown fraction (consumption of home grown produce)
p) Soil type (vapour inhalation indoors)
g) Produce consumption rate (consumption of home grown produce)
r) Soil organic matter (vapour inhalation indoors & consumption of home grown produce)

(62) Should information for Cyprus on any of the above conditions become available then those values can be

used in the CLEA spreadsheets.
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6 DERIVATION OF THE SUITABLE FOR LARNACA LEVELS — A
WALKTHROUGH

(63)S4LLs have been derived for the residential with consumption of home grown produce land use assuming a
female child as the critical receptor and exposure via dermal, oral and inhalation pathways. Exposure via each
pathway is represented by an algorithm. Each algorithm is parameterised using information that reflects, as
far as available information permits, the environmental setting and policy context of Cyprus, information
about the critical receptor and data describing the physico-chemical and toxicological behaviour of the
contaminants. These algorithms are coded in CLEA, amended by LQM to reflect conditions in Larnaca, Cyprus.
The CLEA spreadsheet contains a series of worksheets and is used to derive generic or site specific assessment

criteria.

(64)For a detailed understanding of the algorithms and assumptions underpinning the CLEA v1.071 model,
Science Report SR3 (Environment Agency, 2009c) should be consulted. The CLEA Software Handbook
(Environment Agency, 2009d) provides detailed information on how to use CLEA to derive generic or site-

specific assessment criteria and ADE/HCV ratios.

(65)For the purposes of deriving the S4LLs the following sub-sections are provided as an additional guide for
future end-users on how to reproduce them, by identifying the key worksheets to interact with. It is

recommended that the user has the CLEA spreadsheet available to them when reading this brief walkthrough.

(66)An additional sheet (‘Sheet1’) has been added by LQM to provide a more easily accessible and extractable

summary of the exposure pathway contributions.

6.1 Guide

(67)The over-arching key interactive components of CLEA can be accessed via the ‘Guide’ worksheet, which
provides a process flow diagram (Figure 4) of using the model to generate Generic Assessment Criteria (GAC)
including the SS4Ls or Site-Specific Assessment Criteria with access to more advanced settings (‘Advanced
Settings’) to modify input parameters temporarily for an individual model run (i.e. the underlying user defined

or fixed databases will not be permanently modified).

(68)This worksheet also provides access to the four key user definable interactive databases (‘User Buildings’,

‘User Chemicals’, ‘User Land Uses’ and ‘User Soils’).
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6.2 Basic Settings

(69)The ‘Basic Settings’ worksheet provides the key input screen dictating the land use, receptor
(male/female) and age classes for averaging, building type, soil type and properties (pH, SOM%) and which

exposure pathways are to be included in the assessment.

(70)Once all modifications are made the user should ‘Apply Settings to Model’ prior to generating any
assessment criteria. If you are generating assessment criteria you will need to ensure you are not running the

model in ‘Ratio Mode’. By default, the model does not run in this mode.

6.3 Select Chemicals

(71)The ‘Select Chemicals’ worksheet allows screening levels to be generated for up to 30 pollutants selected
from the pulldown lists provided to be. The list includes the default pollutants plus any additional substances

added by the user (Section 6.4).

(72)Once all of the pollutants of interest have been selected then ‘Apply Chemicals to Model .

6.4 Defining and modifying User Chemicals

(73)The ‘User Chemicals’ worksheet contains the Cypriot modified substance-specific physico-chemical and
toxicological parameters. Modifications to input parameters should be made within the ‘User Chemicals’

worksheet.

(74)Parameters for a number of default substances are included in the ‘Chemical Data’ worksheet and for user

defined substances in ‘User Chemicals’ worksheet.

6.5 Defining and modifying User Buildings

(75)The ‘User Buildings’ worksheet contains default data on buildings.

6.6 Defining and modifying User Land Uses

(76)The Cypriot modified land uses database defined for each exposure scenario are provided within the ‘User
Land Uses’ worksheet of the CLEA v1.071 spreadsheet, which include changes from defaults as described
within this report. The relevant land uses are included as: ‘Residential with produce (C4SL)-Cyprus’, ‘Residential
(lifetime exposure (C4SL)-Cyprus’, ‘Public Open Space (park C4SL)-Cyprus’, ‘Public Open Space (park lifetime
C4SL)-Cyprus’, or ‘Commercial (C4SL)-Cyprus’. SS4Ls have only been calculated for the residential with

produce (C4SL)-Cyprus land use using the data presented in this report.
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6.7 Defining and modifying User Soils

(77)Cypriot specific user defined soil textures can be defined within the ‘User Soils’ worksheet of the CLEA

spreadsheet. The default sandy loam soil texture has been used to derive the S4LLs.

6.8 Defining and modifying Produce Data

(78)The ‘Produce Data’ worksheet contains the current default UK produce groups and values for consumption
rates, homegrown fractions (proportion of produce consumed grown at home), soil loading and preparation
factors (Defra, 2014a; Environment Agency, 2009c). There is no user specified worksheet for the end-user to

specify their own country or regional specific list of produce types and associated relevant inputs.

(79)Therefore, in order to modify these to different Cypriot food groups the current defaults would either
have to be overwritten or added within this worksheet. However, careful consideration of the relationship to
other chemical specific parameters (e.g. soil-to-plant concentration factors) and naming conventions within

other worksheets would be required to ensure internal continuity within the model.

6.9 Defining and modifying Receptor Data

(80)In the absence of Cypriot specific data the CLEA default database for the receptor specific parameters

(Section 4.1.1) have been assumed.

(81) Cyprus age class specific body weight data has been provided by the Cyprus Department of Environment.
The critical receptor mean body weight female only data has been entered within the ‘Receptor Data’

worksheet of the CLEA spreadsheet: Female (res C4SL)-Cyprus; Female (allot)-Cyprus; and Female (com C4SL)-
Cyprus. The input data is summarised within Figure 5, which indicates that the mean body weight 0-6 year old
Cyprus female is approximately 7% heavier compared to that assumed in the UK, whilst the working age adult

is approximately 6% lighter.

(82)Following discussion with the Cyprus Department of Environment it was agreed that the critical receptor
should be assumed to wear short-sleeved top and shorts for the whole year —i.e. increase the exposed skin
areas. The necessary modifications made to the default assumptions relating to the maximum exposed skin
fractions during indoor and outdoor activities for each of the relevant land use exposures are as indicated
within Figure 6. These modified inputs were also added to the ‘Receptor Data’ worksheet of the CLEA

spreadsheet, within the newly defined Cyprus specific receptor types.

(83)Any additional Cyprus specific receptor characteristics that may become available (e.g. inhalation rates and
body heights) or modification to existing Cyprus assumptions can be entered into the relevant Cyprus

receptors defined within the ‘Receptor Data’ worksheet of the CLEA spreadsheet.
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6.10 Generating Results

(84)Once all relevant inputs have been defined and/or modified the assessment criteria (GAC or SSAC) can be
generated within the ‘Results’ worksheet of the CLEA spreadsheet, by selecting ‘Find AC'. CLEA will then
generate the results and populate the worksheet with the exposure route (Oral + Dermal and Inhalation) soil
assessment criteria, along with additional useful information on the pathway contribution to the overall

exposure for the combined assessment criteria.

(85)Two separate records of the modelling can be generated:
a) a record of the assessment criteria results for each substance including substances media
concentrations, pathway contributions and chemical-specific inputs; and

b) the model settings detailing the modelling assumptions and input parameters.

(86)These outputs can be printed to hard-copy or to an Adobe pdf file to create a permanent record of

assessment and modelling outcome.
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7 SUITABLE FOR LARNACA LEVELS (S4LLS)

(87)The S4LLs are soil contaminant concentrations that pose no appreciable or minimal risks to human health
for a residential with consumption of homegrown produce land use. The S4LLs are presented in Table 3 for
four SOM% values. The pathway contributions for group of pollutants are presented at 9% SOM% in Table 4 to

Table 6 (residential with home grown produce).

(88)Footnotes include information to clarify the S4LLs. Where the S4LL exceeds the lower soil saturation limit
and vapour inhalation makes an important contribution (>10%) to exposure (i.e. a red ‘traffic light’ in the CLEA
software (Environment Agency, 2009e)), the modelled S4LL is reported but the lower saturation limit is also

presented in brackets together with an indication of whether this was the solubility or vapour saturation limit.

(89) Separate CLEA model runs have been provided for the petroleum hydrocarbon equivalent carbon
fractions and organic volatile compounds (APPENDIX 1), polyaromatic hydrocarbons (APPENDIX 2) and
metal/metalloids (APPENDIX 3) for each SOM% considered in this report. This approach retains a definitive
record of the S4LLs derived and the parameters used to derive them. In practice, any of the sheets could be
taken as the starting model, select and apply the relevant pollutants and generate new values for S4LLs at a
different SOM% value for example. It should be noted that the physico-chemical inputs (as indicated in this
report|) for volatile pollutants have been modified to reflect the ambient soil temperature of the Larnaca
region (i.e. 295K). A default physico-chemical database at UK ambient soil temperature (i.e. 283K) conditions is

also included for some of the organic compounds for comparison purposes.

(90) The S4LLs for each set of pollutants and SOM% conditions are provided within the ‘Results’ worksheet of

each CLEA spreadsheet model provided.

(91)Non-exceedance of a relevant S4LL (i.e. Representative Soil Concentration < S4LL) indicates that soil

contaminant levels pose minimal or not appreciable risks to human health.

(92) Exceedance of a relevant S4LL (i.e. Representative Soil Concentration > S4LL) does not constitute prima
facie need for remediation. Such exceedance could trigger a Detailed Quantitative Risk Assessment (DQRA).
The application of the S4LLs for decision making processes must be carried out within a specific legal context

and any relevant guidance, code of practice or standards.
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Table 3: LQM Suitable for Larnaca Levels (S4LLs) for Residential with homegrown produce land use at 1%,

3%, 9% and 12% soil organic matter (SOM)

Residential with home grown
produce land use

LQM S4LLs for Larnaca Refinery and Oil/Gas Storage Area limit values for soil pollutants from petroleum
and other substances (mg kg DW ) 2bcde

1% SOM 3% SOM 9% SOM 129% SOM
Aliphatic EC 5-6 34 64 160 200
Aliphatic EC >6-8 67 160 460 600
Aliphatic EC >8-10 14 40 120 150
Aliphatic EC >10-12 59  (48)ver 170  (142) v 500 (425) ' 660 (567) '

Aliphatic EC >12-16

410 (24)'®

1100 (71)'*

2000 (213) '

3600 (284) '

Aliphatic EC >16-35

23000

50000

83000

91000

Aliphatic EC >35-44 23000 50000 83000 91000
Aromatic EC 5-7 (benzene) 65 150 390 510
Aromatic EC >7-8 (toluene) 120 310 880 1200
Aromatic EC >8-10 21 60 170 230
Aromatic EC >10-12 63 180 470 600
Aromatic EC >12-16 140 380 880 1100
Aromatic EC >16-21 260 610 1100 1300
Aromatic EC >21-35 1100 1600 1900 1900
Aromatic EC >35- 44 1100 1600 1900 1900
Aliphatic + Aromatic EC >44-70 1600 1900 2000 2000
Benzene 0.078 0.18 0.46 0.6
Toluene 120 310 880 1200
Ethylbenzene 31 85 240 320
o-Xylene 31 86 250 330
m-Xylene 38 110 300 400
p-Xylene 32 88 250 330
Acenaphthene 180 (57) ' 520 (169) v 1400 (504) vep 1700 (672) e
Acenaphthylene 160 (86) 470 (254) = 1200 (757) % 1600 (1009) v
Anthracene 2300 6200 14000 17000
Benzo[a]anthracene 3.5 6.3 9.1 9.7
Benzo[a]pyrene (BaP) 14 1.9 2.2 2.3
Benzo[b]fluoranthene 15 2.2 2.7 2.8
Benzo[ghi]perylene 220 250 270 280
Benzo[k]fluoranthene 47 64 75 77
Chrysene 8.7 14 19 20
Dibenzo[ah]anthracene 0.16 0.21 0.23 0.24
Fluoranthene 280 620 1100 1200
Fluorene 160 (31) ' 440 (92) & 1100 1400
Indeno[123-cd]pyrene 17 25 30 32
Naphthalene 0.72 2.1 6 8
Phenanthrene 93 250 580 690
Pyrene 610 1400 2500 2700
Coal Tar (BaP surrogate 0.66 0.88 1.00 1.00
marker)'

Arsenic (inorganic) 39 °f 39 f 39 f 39 f
Lead (C4SL child) 200 200 200 200
Mercury (elemental) 0.47 0.47 0.47 0.47
Mercury (inorganic) 43 43 43 43
Mercury (methyl) 5.5 8.1 11 11
Nickel 77 9 77 9 77 9 77 9
Cadmium (lifetime) 12 12 12 12

2 Based on a sandy loam soil as defined in SR3 (Environment Agency, 2009c) and 1, 3, 9 and 12% soil organic matter (SOM); ® S4LLs for Petroleum
Hydrocarbons, BTEX, PAHs and organic metal species will vary according to SOM for all land uses; ¢ S4LLs are rounded to two significant figures

4 S4LLs assume that free phase contamination is not present; ¢ S4LLs based on a sub-surface soil to indoor air correction factor of 10 (Petroleum
Hydrocarbons & BTEX compounds) or 1 (PAHs & organic metal species); 5 S4LL presented exceeds the solubility saturation limit, which is presented in
brackets; @ S4LL presented exceed the vapour saturation limit, which is presented in brackets; f lower of oral or inhalation derived S4LL; & based on

comparison of exposure from inhalation pathways with TDlinna; "based on comparison of exposure from all pathways with TDloral
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Table 4: Contribution to total exposure for the relevant pathways as calculated by the CLEA software for the residential with homegrown produce land-use at 9%
SOM (Petroleum Hydrocarbons and BTEX)

Aliphatic Aromatic BTEX
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ADE to HCV ratios
gt";' ﬁ'ﬁE to HCV ratio 000 | 000 | 000 | 004 | 027 | 100 | 100 | 068 | 075 | 024 | 066 | 092 | 1.00 | 1.00 | 1.00 | 1.00 | 063 | 075 | 028 | 016 | 018 | 0.16
Inhalation ADE to HCV | 4 5 | 100 | 009 | 096 | 0.73 | NR NR | 032 | 025 | 076 | 034 | 008 | NR NR | NR | NR | 037 | 025 | 072 | 084 | 082 | 084
ratio at S4LL
Contribution to total exposure! (%)
Ingestion of soil and <0.1 0.1 0.3 1.2 7.0 28.6 28.6 0.4 1.1 1.8 5.2 128 | 26.1 | 426 | 426 | 453 | 05 1.2 2.1 2.1 25 2.2
indoor dust?
Consumption of 02 | 02 | o 0 0 0 0 2 299 | 98 | 200 | 270 | 213 0 0 9 | 252 | 313 | 3 336 | 362 | 333
homegrown produce . . 1 1 1 A4 4 4.7 . . . 7. 1. 5. 5. 1. 5. 1. 1.7 . . .
and attached soil
Dermal contact (indoor) 0.0 00 | <01 | <01 | 01 0.6 0.6 <0.1 | <0.1 <0.1 0.1 0.3 0.5 0.8 0.8 09 | <01 | <0.1 | <01 | <0.1 | <01 | <0.1
Dermal contact 0.0 00 | <0.1 | <01 | 0.2 0.8 0.8 <0.1 | <0.1 <0.1 0.1 0.3 0.7 1.1 1.1 12 | <01 | <01 | 01 0.1 0.1 0.1
(outdoor)
Inhalation of dust 0.0 0.0 00 | <01 | <01 0.2 0.2 0.0 <0.1 <0.1 <0.1 0.1 0.1 0.2 0.2 0.3 00 | <01 | <01 | <01 | <01 | <01
(indoor)
Inhalation of dust 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 <0.1 | <01 | <0.1 | 0.0 0.0 0.0 0.0 0.0 0.0
(outdoor)
Inhalation of vapour 49.6 49.4 | 48.8 | 47.0 | 38.9 15.0 15.0 71.7 61.7 36.6 22.2 7.4 0.5 <0.1 <0.1 0.1 73.1 64.5 | 62.2 54.0 51.1 54.3
(indoor)
Inhalation of vapour 0.2 0.4 0.8 1.6 3.6 45 45 1.2 1.8 1.8 2.4 2.1 0.8 0.2 0.2 0.4 1.2 1.8 2.4 2.2 2.4 2.3
(outdoor)
Oral background 0.2 0.2 0.4 1.3 7.5 50.0 50.0 <0.1 0.1 11.7 25.4 404 | 50.0 | 50.0 | 50.0 | 50.0 | 0.0 0.1 0.3 0.7 0.7 0.7
Inhalation background 49.8 | 49.8 | 49.6 | 48.7 | 425 0.0 0.0 1.8 5.4 38.3 24.6 9.6 0.0 0.0 0.0 0.0 0.0 1.0 1.3 7.2 7.0 7.2

1 Rounded to one decimal place; 2 Treated as one pathway (Environment Agency, 2009c)

ADE = Average Daily Exposure; HCV = Health Criteria Value; NA = Not applicable (This exposure pathway is not included in the generic land use)
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Table 5: Contribution to total exposure for the relevant pathways as calculated by the CLEA software for the residential with homegrown produce land-use at 9%
SOM (Polyaromatic Hydrocarbons)

PAHS
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ADE to HCV ratios
Oral ADE to HCV ratio at S4LL 0.84 0.90 0.97 0.49 0.57 0.56 0.60 0.57 0.54 0.59 0.98 0.90 0.56 0.03 0.96 0.99 0.81
Inhalation ADE to HCV ratio at 0.16 | 0.10 | 0.03 | 051 | 0.43 0.44 0.40 0.43 0.46 0.41 0.02 0.10 044 | 1.00 | 0.04 0.01 0.19
SALL
Contribution to total exposure! (%)
Ingestion of soil and indoor 159 | 143 | 326 | 823 | 86.5 85.1 90.8 87.3 78.8 88.5 58.9 19.4 83.7 0.0 31.6 56.7 86.5
dust?
Consumption of homegrown 66.7 | 744 | 621 | 117 | 7.6 9.0 3.1 6.7 15.7 5.5 35.8 69.5 10.5 0.0 61.6 38.7 7.6
produce and attached soil
Dermal contact (indoor) 0.4 0.4 0.8 2.1 2.2 2.2 2.3 2.2 2.0 2.2 1.5 0.5 2.1 0.0 0.8 1.4 2.2
Dermal contact (outdoor) 0.6 0.5 1.1 2.9 3.0 3.0 3.2 3.0 2.7 3.1 2.1 0.7 2.9 0.0 1.1 2.0 3.0
Inhalation of dust (indoor) 0.1 0.1 0.2 0.5 0.5 0.5 0.5 0.5 0.4 0.5 0.3 0.1 0.5 <0.1 0.2 0.3 0.5
Inhalation of dust (outdoor) 0.0 0.0 0.0 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.0 <0.1 0.0 0.0 <0.1 <0.1
Inhalation of vapour (indoor) 15.3 9.6 2.5 0.2 <0.1 <0.1 0.0 <0.1 0.1 0.0 0.8 8.9 <0.1 80.5 3.1 0.3 <0.1
Inhalation of vapour (outdoor) 1.0 0.8 0.6 0.3 0.2 0.2 0.1 0.2 0.3 0.2 0.5 0.9 0.3 1.3 0.7 0.4 0.2
Oral background 0.1 <0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.6 0.1 0.0
Inhalation background 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 <0.1 <0.1 0.0 18.2 0.2 <0.1 0.0
1 Rounded to one decimal place; 2 Treated as one pathway (Environment Agency, 2009c)
ADE = Average Daily Exposure; HCV = Health Criteria Value; NA = Not applicable (This exposure pathway is not included in the generic land use)
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Table 6: Contribution to total exposure for the relevant pathways as calculated by the CLEA software for the residential with homegrown produce land-use at 9%
SOM (Metals and metalloids)

Metal
il o) ~ —
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ADE to HCV ratios
Oral ADE to HCV ratio at S4LL 1.00 1.00 NR 0.97 0.77 0.39 0.88

Inhalation ADE to HCV ratio at S4LL 0.77 NR 1.00 0.03 0.23 1.00 0.12

Contribution to total exposure! (%)
Ingestion of soil and indoor dust? 90.0 58.2 5.4 52.6 371 0.0 5.1

Consumption of homegrown
produce and attached soil

8.8 41.4 0.1 23.1 16.3 0.0 44.9

Dermal contact (indoor) 0.5 0.0 0.0 0.0 0.7 0.0 0.0
Dermal contact (outdoor) 0.7 0.0 0.0 0.0 1.0 0.0 <0.1
Inhalation of dust (indoor) 0.0 0.3 <0.1 0.3 0.2 48.7 <0.1
Inhalation of dust (outdoor) 0.0 <0.1 0.0 <0.1 <0.1 1.3 0.0
Inhalation of vapour (indoor) 0.0 0.0 90.7 0.0 16.9 0.0 0.0
Inhalation of vapour (outdoor) 0.0 0.0 15 0.0 4.7 0.0 0.0
Oral background 0.0 0.0 0.0 24.0 23.1 0.0 50.0
Inhalation background 0.0 0.0 2.4 0.0 0.0 50.0 <0.1

1 Rounded to one decimal place; 2 Treated as one pathway ((Environment Agency, 2009c)

ADE = Average Daily Exposure; HCV = Health Criteria Value; NA = Not applicable (This exposure pathway is not included in the generic land use)
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8 COMPARISON TO INTERNATIONALLY USED SCREENING LEVELS

(93)Many countries have developed generic assessment criteria to inform contaminated land risk
management decisions. These reflect national policy, local environmental conditions and relevant
demographic and diet data. As a result, adopting another country’s values may not be compatible with the
local legislation, conditions or policy. Table 7compares the residential with home grown produce S4LLs (at 1%
and 9% SOM) against the UK’s S4ULs (at 1% SOM) and against the Dutch Intervention Values (VROM, 2013) at
10% SOM.

(94)A more direct comparison the S4LLs with other internationally applied human health screening standards
for exposures from soils would require a thorough understanding of the relevant exposure pathways,
modelling and toxicological assumptions. Therefore, the most useful direct comparison is between the UK
parameterised S4ULs and Cyprus parameterised S4LLs which are both derived using the model and

toxicological assumptions for each pollutant.

(95)The Dutch Intervention Values (DIV) are included for qualitative comparison purposes only. The derivation

of the DIVs are discussed within RIVM Report No. 711701023 (RIVM, 2001).
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Table 7: Comparison of S4LLs for the residential with homegrown produce land use (1% and 9% SOM) with
UK S4ULs and Dutch Intervention Levels (DIV)

LQM S4LLs for Larnaca Refinery and Oil/Gas Storage Area limit values for soil pollutants from petroleum
and other substances (mg kg* DW ) 2b¢d¢ comparison

Residential with home grown
produce land use

S4LLs 1% SOM

S4ULs (UK) 1% SOM

S4LL 9% SOM

DIV (NL) 10% SOM

Aliphatic EC 5-6 34 42 160 n/a
Aliphatic EC >6-8 67 100 460 n/a
Aliphatic EC >8-10 14 27 120 n/a
Aliphatic EC >10-12 59 (48) v 130 (48) ' 500 (425) v n/a
Aliphatic EC >12-16 410 (24) v 1100 (24) ! 2900 (213) Ve n/a
Aliphatic EC >16-35 23000 65000 (8.5) 83000 n/a
Aliphatic EC >35-44 23000 65000 (8.5) 83000 n/a
Aromatic EC 5-7 (benzene) 65 70 390 n/a
Aromatic EC >7-8 (toluene) 120 130 880 n/a
Aromatic EC >8-10 21 34 170 n/a
Aromatic EC >10-12 63 74 470 n/a
Aromatic EC >12-16 140 140 880 n/a
Aromatic EC >16-21 260 260 1100 n/a
Aromatic EC >21-35 1100 ' 1100 ! 1900 n/a
Aromatic EC >35- 44 1100 ' 1100 1900 n/a
Aliphatic + Aromatic EC >44-70 1600 | 1600 2000 n/a
Benzene 0.078 0.087 0.46 11
Toluene 120 130 880 32
Ethylbenzene 31 47 240 110
0-Xylene 31 60 250

m-Xylene 38 59 300 17
p-Xylene 32 56 250

Acenaphthene 180 (57) ' 210 1400 (504) v&°

Acenaphthylene 160 (86) 170 1200 (757) %

Anthracene 2300 2400 14000 *
Benzo[a]anthracene 3.5 7.2 9.1 *
Benzo[a]pyrene (BaP) 14 2.2 2.2 *
Benzo[b]fluoranthene 15 2.6 2.7

Benzo[ghi]perylene 220 320 270 *
Benzo[K]fluoranthene 47 77 75 Sof10xr= *
Chrysene 8.7 15 19 40
Dibenzo[ah]anthracene 0.16 0.24 0.23

Fluoranthene 280 280 1100 *
Fluorene 160 (31)ver 170 1100 *
Indeno[123-cd]pyrene 17 27 30

Naphthalene 0.72 2.3 6 *
Phenanthrene 93 95 580 *
Pyrene 610 620 2500

Coal Tar (BaP surrogate marker) 0.66 0.79 1.00 n/a
Arsenic (inorganic) 39 f 37 f 39 f 76
Lead (C4SL child) 200 n/a 200 530
Mercury (elemental) 0.47 1.2 0.47 n/a
Mercury (inorganic) 43 40 43 36
Mercury (methyl) 55 11 11 4
Nickel 777 9 130 " 77 9 100
Cadmium (lifetime) 12 11 12 13

Table Footnotes: see next page

Table Footnotes:

2 Based on a sandy loam soil as defined in SR3 (Environment Agency, 2009c) and 1, 3, 9 and 12% soil organic matter (SOM);

b S4LLs for Petroleum Hydrocarbons, BTEX, PAHs and organic metal species will vary according to SOM for all land uses;
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¢S4LLs are rounded to two significant figures
4S4LLs assume that free phase contamination is not present;

€ S4LLs based on a sub-surface soil to indoor air correction factor of 10 (Petroleum Hydrocarbons & BTEX compounds) or 1 (PAHs & organic metal
species);

ol S4LL presented exceeds the solubility saturation limit, which is presented in brackets;
vap S4LL presented exceed the vapour saturation limit, which is presented in brackets;
flower of oral or inhalation derived S4LL;

€based on comparison of exposure from inhalation pathways with TDlinai;

"based on comparison of exposure from all pathways with TDlorai;

i oral, dermal and inhalation exposure compared with TDlorai; | These Dutch Intervention Values (DIV) are extracted from Annex 1 (Table 1) of the
Netherlands Soil Remediation Circular (VROM, 2013) for 10% organic matter and 25% lutite, for a full explanation of their derivation and relevance to
the residential with home grown produce exposure scenario the reader should refer to RIVM Report No. 711701023 (RIVM, 2001).
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9 CONCLUSIONS

(96)The S4LLs represent contaminant concentrations in soil that, for the residential with consumption of home

grown produce land use, represent no appreciable or minimal risk to human health.

(97)The S4LLs should be used to screen out substances from further consideration. If a site contaminant
concentration does not exceed the relevant S4LL, then that contaminant represents minimal or no acceptable

risk to human health.

(98)If a site contaminant exceeds the relevant S4LL, then Site Specific Assessment Criteria (SSAC) can be

derived using site specific measurements of, for example, bioaccessibilty or soil-to-plant uptake factors. The
spreadsheets that form the basis of APPENDIX 1, APPENDIX 2 and APPENDIX 3 can be modified to reflect this
site specific information and run to derive the SSAC. Any report using such SSAC should also detail how SSAC

were derived.

(99)0ther substances for which no S4LL is available, may be present — e.g. solvents, other metals, organic
chemicals. Such substances would need to undergo a detailed site specific assessment and the outcomes,

including the description for the SSAC would be needed.
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PM10 & PM2.5 (png/m3) at LARTRA (Larnaca Traffic Station) and LARRES (Larnaca Residential Station)
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; ' Project Name : . . .. . Project Number:
LOM Soundscience: ! Larnaca Refinery and Oil/Gas Storage Area limit values for soil pollutants ! 1472-0A
Q from petroleum and other substances )
Client: Department of Environment | Figure Title: PM10 and PM2.5 concentrations (ug/m3) at LARTRA (Larnaca Traffic Station) and LARRES Figure No.:
Republic of Cyprus (Larnaca Residential Station) (source: Department of Labour Inspection, Republic of Cyprus) 1
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LOM Soundscience: ) Larnaca Refinery and Oil/Gas Storage Area limit values for soil pollutants ) 1472-0A
Q from petroleum and other substances )
Client: Department of Environment |Figure Title : Long-term air temperature data for Larnaca Airport, 2000-2019 Figure No.:
Republic of Cyprus (source: Department of Environment, Republic of Cyprus) 2




OPIAKEZ TIMEZ OPFANIKOY ANOPAKA(%)

MEPIOXH AAPNAKAS- AEIBAAIA FID Site East_m_ North_m_ TOC (%) SOM-estimate (%)
= " : 498  CYPO748 558018 3869014  0.50 0.86
''''' 499 CYPO749 557045 3868918 2.70 4.66
500 CYPO750 556966 3867976 1.57 2.70
501 CYPO753 555021 3868998 2.13 3.67
502 CYPO754 553978 3868961 3.06 5.28
505 CYPO761 556989 3866999 1.68 2.89
506 CYPO763 556001 3865059 0.59 1.01
507 CYPO764 555920 3866051 0.39 0.67
508 CYPO766 554972 3866997 1.04 1.80
509 CYP0O768 554009 3866081 0.94 1.62
510 CYPO769 554004 3864992 1.85 3.19
511 CYPO770 553042 3865013 0.84 1.44
512 CYPO771 553019 3865944 0.87 1.50
513 CYPO772 552986 3867073 1.27 2.19
514 CYPO773 553043 3868029 1.31 2.26
515 CYPO774 554974 3867975 1.00 1.73
580 CYP0938 558032 3870047 1.15 1.98
581 CYP0939 557044 3870013 0.65 1.12
] AREAOF INTEREST 740 CYP1213 553025 3869953 1.35 2.33
[ ]«ETAPAREA 756 CYP1233 554963 3869926 1.16 2.00
SANELINGEDIN LS 758  CYP1236 556020 = 3869972  2.38 4.11
-0,6
: L Median 2.26
MR ot SOM% = TOC% / 0.58 Min 0.67
______ [ oo Max 5.28
L.OM Soundscience: ProjectName : 1 - aca Refinery and Oil/Gas Storage Area limit values for soil pollutants Project Nu;lze;z 0A
Q from petroleum and other substances )
Client: Department of Environment | Figure Title : Total Organic Carbon % within surface soils in the Larnaca area Figure No.:
Republic of Cyprus (source: Department of Environment, Republic of Cyprus) 3
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Contains public sector information licensed under the Open Government Licence v3.0

Generic assessment criteria (basic)

STEP 1 STEP 2 STEP 3 STEP 5

Report Details q Basic Settings ‘ Select Chemicals — Find Results

Site-specific assessment criteria (advanced)

STEP 1 STEP 2 STEP 3 STEP 4 STEP 5
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Database management
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W Agency
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LOM Soundscience: ProjectName =y raca Refinery and Oil/Gas Storage Area limit values for soil pollutants Project Nu;lze;z 0A
Q from petroleum and other substances )
Client: Department of Environment | Figure Title : CLEA model process flow diagram indicating the key steps in deriving Generic Assessment Figure No.:

Republic of Cyprus Criteria (GAC) or Site Specific Assessment Criteria (SSCA) [Environment Agency] 4
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CLEA version 1.071 - S4LLs database-v3_rwhp_12%_SOM_TPHCWG_BTEX
Input parameters modified to reflect Larnaca, Cyprus

conditions where information permits.

CLEA Software Version 1.071 Page 1 of 11

Report generated 27-Feb-20

Report title S4LL - Larnaca Refinery and Oil/Gas Storage Area: Third deliverable Environment
W Agency

Created by AGG /RCO/CPN at LOM

RESULTS
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Typewritten Text
Input parameters modified to reflect Larnaca, Cyprus 
conditions where information permits.
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CLEA Software Version 1.071 Report generated 27-Feb-20 Page 2 of 11
Environment
W Agency
Apply Top 2 Approach to Produce Group
B8 1 g 1 81 =
21815 i38¢
© 91 & © 4 -
° 5 & 1 g 151 =
Assessment Criterion (mg kg") Ratio of ADE to HCV 50% rule? 3 z Q i S i g
_ _ _ _ _ _ Saturation Limit (mg kg™') :_ e 5 g o] ] o
oral inhalation combined oral inhalation } combined Oral Inhal S 3 &’ 2 % 5 =
1 Ali EC5-EC6 -S4LL 4.64E+04 | 2.01E+02 | 2.00E+02 0.00 1.00 1.00 2.24E+03 (vap) Yes Yes Yes Yes Yes Yes Yes Yes Yes
2 Ali EC>6-8 -S4LL 1.19E+05 | 6.02E+02 | 6.01E+02 0.00 1.00 1.00 1.47E+03 (sol) Yes Yes Yes Yes Yes Yes Yes Yes Yes
3 Ali EC>8-10 -S4LL 5.37E+03 ! 1.54E+02 i 1.53E+02 0.01 0.99 1.00 9.03E+02 (vap) Yes Yes Yes Yes Yes Yes Yes Yes Yes
4 Ali EC>10-12 -S4LL 6.58E+03 | 6.82E+02 | 6.63E+02 0.05 0.95 1.00 5.67E+02 (vap) Yes Yes Yes Yes Yes Yes Yes Yes Yes
5 Ali EC>12-16 -S4LL 6.84E+03 { 4.58E+03 i 3.59E+03 0.36 0.64 1.00 2.84E+02 (vap) Yes Yes Yes Yes Yes Yes Yes | Yes | Yes
6 Ali EC>16-35 -S4LL 9.10E+04 NR NR 1.00 NR NR 1.02E+02 (sol) Yes No Yes Yes Yes Yes Yes Yes Yes
7 Ali EC>35-44 -S4LL 9.10E+04 NR NR 1.00 NR NR 1.02E+02 (sol) Yes No Yes Yes Yes Yes Yes Yes Yes
8 Aro EC>5-7 -S4LL 7.43E+02 i 1.60E+03 { 5.07E+02 0.68 0.32 1.00 8.92E+03 (vap) No No Yes Yes Yes Yes Yes Yes Yes
9 Aro EC>7-8 -S4LL 1.53E+03 | 4.66E+03 | 1.15E+03 0.75 0.25 1.00 8.57E+03 (vap) No No Yes Yes Yes Yes Yes Yes Yes
10 Aro EC>8-10 -S4LL 5.54E+02 i 2.64E+02 i 2.25E+02 0.26 0.74 1.00 7.15E+03 (vap) Yes Yes Yes Yes Yes Yes Yes Yes Yes
11 Aro EC>10-12 -S4LL 7.41E+02 1 1.22E+03 | 5.97E+02 0.67 0.33 1.00 4.29E+03 (sol) Yes Yes Yes Yes Yes Yes Yes Yes Yes
12 Aro EC>12-16 -S4LL 1.10E+03 | 7.50E+03 | 1.06E+03 0.92 0.08 1.00 2.01E+03 (sol) Yes Yes Yes Yes Yes Yes Yes Yes Yes
13 Aro EC>16-21 -S4LL 1.28E+03 NR NR 1.00 NR NR 6.42E+02 (sol) Yes No Yes Yes Yes Yes Yes Yes Yes
14 Aro EC>21-35 -S4LL 1.90E+03 NR NR 1.00 NR NR 5.79E+01 (vap) Yes No Yes Yes Yes Yes Yes Yes Yes
15 Aro EC>35-44 -S4LL 1.90E+03 NR NR 1.00 NR NR 5.79E+01 (vap) Yes No Yes Yes Yes Yes Yes Yes Yes
16 Aro EC>44-70 -S4LL 1.99E+03 NR NR 1.00 NR NR 3.49E+00 (vap) Yes No Yes Yes Yes Yes Yes Yes Yes
17 Benzene -S4LL 9.67E-01 ! 1.61E+00 { 6.04E-01 0.62 0.38 1.00 8.92E+03 (vap) No No Yes Yes Yes Yes Yes Yes Yes
18 Toluene -S4LL 1.53E+03 | 4.74E+03 | 1.16E+03 0.76 0.24 1.00 8.57E+03 (vap) No No Yes Yes Yes Yes Yes Yes Yes
19 Ethylbenzene -S4LL 1.15E+03 | 4.48E+02 i 3.22E+02 0.28 0.72 1.00 5.65E+03 (sol) No No Yes Yes Yes Yes Yes Yes Yes
20 Xylene, o- -S4LL 2.00E+03 | 3.90E+02 | 3.27E+02 0.16 0.84 1.00 5.19E+03 (sol) No No Yes Yes Yes Yes Yes Yes Yes
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Environment
W Agency
Apply Top 2 Approach to Produce Group
o~
3181 g1 813
gigigi 8%
© 91 S © )
o) 15} o) =2 =
; ) ) o o 9] 3 > =
Assessment Criterion (mg kg™) Ratio of ADE to HCV 50% rule? B z (4 z g 5 2
Saturation Limit (mg kg 2 g 5 g £ =R
oral inhalation combined oral inhalation | combined Oral Inhal S 3 DO: 2 % & 'q:)
21 Xylene, m- -S4LL 2.19E+03 | 4.86E+02 | 3.98E+02 0.18 0.82 1.00 5.95E+03 (vap) No No Yes Yes Yes Yes Yes | Yes | Yes
22 Xylene, p- -S4LL 2.06E+03 | 3.96E+02 i 3.32E+02 0.16 0.84 1.00 6.28E+03 (vap) No No Yes Yes Yes Yes Yes | Yes | Yes
23
24
25
26
27
28
29
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Environment
W Agency o . .
Soil Distribution Media Concentrations
- 17 7] %
® 2 35 3 = = 3 3 3 3 5 =
- g 5 SE | BE 55 185 25 c8 8 -8 ¢ a 2
si2 18181 3 = | € (%S i:=- i 8% 2881288 8% i 8% i 8% | 53 2 3
@ ia i3 & 3 2 ok ok: 28 i1383i38¢21i 5¢ €2 =R 2E & e
% % % % mg kg mgm® | mgkg" mg m* mgm* mg m* mg m? mgm?® | mgkg' FW { mgkg' FW | mgkg' FW { mgkg' FW | mgkg' FW | mgkg' FW
1 Ali EC5-EC6 -S4LL 90.7 | 0.4 8.8 | 100.0 | 2.00E+02 | 1.07E+05 | 1.00E+02 | 7.67E-06 | 0.00E+00 | 4.12E+00 | 4.67E-01 | 0.00E+00 { 1.40E+01 | 1.91E+01 ! 5.00E+00 | 0.00E+00 { 0.00E+00 6.02E+00
2 AEC>6-8-S4LL 97.0 | 0.1 29 ! 100.0 | 6.01E+02 | 1.07E+05 | 3.00E+02 | 2.30E-05 ! 0.00E+00 | 4.11E+00 | 8.08E-01 | 0.00E+00 ! 1.40E+01 | 1.87E+01 | 6.49E+00 | 0.00E+00 | 0.00E+00 1.89E+00
3 Al EC>8-10-S4LL 99.3 0.0 0.7 1 100.0 + 1.53E+02 1 6.09E+03 | 7.66E+01 | 5.86E-06 | 0.00E+00 ! 2.34E-01 9.75E-02 1 0.00E+00 3.65E-01 7.07E-01 7.01E-01 0.00E+00 0.00E+00 9.75E-03
4  AliEC>10-12 -S4LL 99.9 0.0 0.1 100.0 | 6.63E+02 | 5.84E+03 | 3.32E+02 | 2.54E-05 } 0.00E+00 } 2.25E-01 1.99E-01 0.00E+00 6.23E-02 3.96E-01 8.99E-01 0.00E+00 0.00E+00 3.23E-04
5 AIEC>12-16 -S4LL 100.0{ 0.0 0.0 | 100.0 | 3.59E+03 | 4.42E+03 | 1.79E+03 | 1.37E-04 | 0.00E+00 i 1.70E-01 | 4.02E-01 | 0.00E+00 { 4.17E-04 | 9.60E-02 | 2.87E-01 | 0.00E+00 { 0.00E+00 1.14E-07
6 Al EC>16-35-S4LL 100.0 1 0.0 0.0 1 100.0 | 9.10E+04 | 1.06E+04 | 4.55E+04 | 3.48E-03 | 0.00E+00 | 4.09E-01 | 3.14E+00 | 0.00E+00 { 7.68E-09 | 2.27E-02 | 6.93E-02 | 0.00E+00 | 0.00E+00 4.50E-15
7 Ali EC>35-44 -S4LL 10001 0.0 0.0 | 100.0 | 9.10E+04 | 1.06E+04 | 4.55E+04 | 3.48E-03 | 0.00E+00 i 4.09E-01 | 3.14E+00 | 0.00E+00 i 7.68E-09 | 227E-02 | 6.93E-02 | 0.00E+00 | 0.00E+00 4.50E-15
8  Aro EC>5-7 -S4LL 939 | 54 0.7 1 100.0 | 5.07E+02 | 2.04E+04 | 2.54E+02 | 1.94E-05 { 0.00E+00 | 7.18E-01 | 3.05E-01 | 0.00E+00 { 1.34E+02 | 1.96E+02 |{ 1.01E+02 | 0.00E+00 | 0.00E+00 2.32E+02
9 Aro EC>7-8-S4LL 979 1 19 0.2 ! 100.0 ! 1.15E+03 | 1.69E+04 | 5.77E+02 | 4.42E-05 | 0.00E+00 ! 5.45E-01 ! 3.95E-01 ! 0.00E+00 | 1.86E+02 | 2.62E+02 ! 8.62E+01 | 0.00E+00 | 0.00E+00 1.88E+02
10 Aro EC>8-10-S4LL 99.7 I 02 0.1 | 100.0 | 2.25E+02 | 1.04E+03 | 1.13E+02 | 8.62E-06 | 0.00E+00 | 4.02E-02 | 4.90E-02 | 0.00E+00 { 1.05E+01 | 1.41E+01 | 3.92E+00 | 0.00E+00 | 0.00E+00 2.84E+00
11 Aro EC>10-12-S4LL 99.8 1 02 0.0 | 100.0 | 5.97E+02 | 5.63E+02 | 2.98E+02 | 2.28E-05 | 0.00E+00 | 2.17E-02 | 5.86E-02 | 0.00E+00 | 1.97E+01 | 2.62E+01 | 7.88E+00 | 0.00E+00 | 0.00E+00 3.72E+00
12 Aro EC>12-16 -S4LL 99.9 ! 0.1 0.0 ! 100.0 | 1.06E+03 | 1.34E+02 | 5.30E+02 | 4.05E-05 | 0.00E+00 ! 5.21E-03 | 3.83E-02 | 0.00E+00 | 1.93E+01 | 2.62E+01 | 1.04E+01 | 0.00E+00 | 0.00E+00 2.11E+00
13 Aro EC>16-21 -S4LL 100.0{ 0.0 0.0 | 100.0 | 1.28E+03 | 4.31E+00 | 6.39E+02 | 4.89E-05 { 0.00E+00 | 1.89E-04 | 8.25E-03 | 0.00E+00 { 7.84E+00 | 1.22E+01 | 7.99E+00 { 0.00E+00 | 0.00E+00 3.86E-01
14 Aro EC>21-35 -S4LL 100.0 1 0.0 0.0 | 100.0 | 1.90E+03 | 4.39E-02 | 9.48E+02 | 7.25E-05 | 0.00E+00 | 3.78E-06 | 1.95E-03 | 0.00E+00 | 5.49E-01 | 2.15E+00 | 4.03E+00 | 0.00E+00 | 0.00E+00 4.89E-03
15  Aro EC>35-44 -S4LL 100.0{ 0.0 0.0 ! 100.0 | 1.90E+03 | 4.39E-02 | 9.48E+02 | 7.25E-05 | 0.00E+00 | 3.78E-06 | 1.95E-03 | 0.00E+00 | 5.49E-01 | 2.15E+00 ! 4.03E+00 | 0.00E+00 | 0.00E+00 4.89E-03
16  Aro EC>44-70 -S4LL 100.0 1 0.0 0.0 | 100.0 | 1.99E+03 | 7.63E-01 | 9.93E+02 | 7.60E-05 | 0.00E+00 | 3.04E-05 | 4.03E-03 | 0.00E+00 i 4.91E-02 | 5.68E-01 1.47E+00 | 0.00E+00 | 0.00E+00 1.43E-04
17 Benzene -S4LL 939 | 54 0.7 1 100.0 | 6.04E-01 | 2.43E+01 | 3.02E-01 | 2.31E-08 | 0.00E+00 ! 8.55E-04 | 3.63E-04 | 0.00E+00 | 1.59E-01 | 2.33E-01 1.21E-01 | 0.00E+00 | 0.00E+00 2.77E-01
18  Toluene -S4LL 979 1 19 0.2 ! 100.0 | 1.16E+03 | 1.70E+04 | 5.80E+02 | 4.43E-05 | 0.00E+00 ! 5.48E-01 | 3.97E-01 | 0.00E+00 | 1.87E+02 | 2.63E+02 ! 8.65E+01 | 0.00E+00 | 0.00E+00 1.89E+02
19  Ethylbenzene -S4LL 99.0 i 09 0.1 1 100.0 | 3.22E+02 | 2.81E+03 | 1.61E+02 | 1.23E-05 | 0.00E+00 | 8.37E-02 | 8.08E-02 | 0.00E+00 | 3.57E+01 | 4.91E+01 | 1.44E+01 | 0.00E+00 | 0.00E+00 2.10E+01
20  Xylene, o- -S4LL 99.0 | 09 0.1 ! 100.0 ! 3.27E+02 | 2.41E+03 | 1.63E+02 | 1.25E-05 | 0.00E+00 ! 7.18E-02 ! 7.54E-02 ! 0.00E+00 | 3.70E+01 | 5.08E+01 ! 1.51E+01 | 0.00E+00 ! 0.00E+00 2.27E+01
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Soil Distribution Media Concentrations
o k7] § § )
[ (%] 1%} —_
2 A N 2 ® w ° o @ 5 E =
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Bi5 i3 8 5 S8 | 88 | 55 i85_18s <8 8 5 8 g s £
Ee] 7] S © _ ° S 5 *® 5@ 33 T o E T o E o © 50 o © o S ®
5 ] @ 5] 3 3 3 s5S = 5 g 520 | 586 o > s 59 s 5 = o
n (=) > = %] (] £ (O] O £> O >oc O >~ [GIP oc > = > IE n [
% % % % mgkg' i mgm® | mgkg' | mgm® i mgm?® mgm* mg m* mgm?® imgkg' FW | mgkg' FW | mgkg' FW { mgkg' FW | mgkg' FW | mgkg' FW
21  Xylene, m- -S4LL 99.1 0.8 0.1 | 100.0 | 3.98E+02 | 2.35E+03 | 1.99E+02 | 1.52E-05 | 0.00E+00 | 6.98E-02 | 8.20E-02 { 0.00E+00 ! 4.21E+01 | 5.77E+01 | 1.65E+01 | 0.00E+00 ! 0.00E+00 2.31E+01
22 Xylene, p- -S4LL 99.0 { 09 0.1 | 100.0 | 3.32E+02 | 2.41E+03 | 1.66E+02 { 1.27E-05 | 0.00E+00 { 7.19E-02 | 7.61E-02 { 0.00E+00 | 3.69E+01 | 5.07E+01 | 1.48E+01 | 0.00E+00 | 0.00E+00 2.17E+01
23
24
25
26
27
28
29

30
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Environment

W Agency

Average Daily Exposure (mg kg™ bw day™)

Distribution by Pathway (%)

c 8 £ 5 c 8 = - =

g g2z i fg 3 : s e i 2istifg i Z s 12 s ie

5 | EEs i EE s s g i €2 i B iEESiEREG 2 is8isgi ¢ | g

a S8§ 83 = = & S < a5 S8§ 23 = EE | Eo & 8 <
1 Ali EC5-EC6 -S4LL 1.38E-03 9.35E-03 6.40E-05 7.85E-06 ! 2.50E+00 | 5.15E+95 | 5.58E+95 0.03 0.19 0.00 0.00 49.53 0.26 0.22 49.78
2 Ali EC>6-8 -S4LL 4.14E-03 8.31E-03 1.92E-04 2.35E-05 1 2.50E+00 i 5.15E+95 | 5.58E+95 0.08 0.17 0.00 0.00 49.31 0.44 0.25 49.75
3 Ali EC>8-10 -S4LL 1.06E-03 3.23E-04 4.90E-05 6.01E-06 1.44E-01 5.15E+95 1 5.58E+95 0.36 0.11 0.02 0.00 48.59 0.92 0.49 49.51
4 Ali EC>10-12 -S4LL 4.57E-03 2.57E-04 2.12E-04 2.60E-05 1.41E-01 5.15E+95 5.58E+95 1.56 0.09 0.07 0.01 46.40 1.86 1.72 48.28
5 Ali EC>12-16 -S4LL 2.47E-02 3.64E-04 1.15E-03 1.41E-04 1.13E-01 5.15E+95 5.58E+95 8.84 0.13 0.41 0.05 36.63 3.94 9.38 40.62
6 Ali EC>16-35 -S4LL 6.27E-01 7.89E-03 2.91E-02 3.57E-03 3.32E-01 5.15E+95 0.00E+00 31.36 0.39 1.45 0.18 12.31 4.30 50.00 0.00
7 Al EC>35-44 -S4LL 6.27E-01 7.89E-03 | 2.91E-02 i 3.57E-03 i 3.32E-01 i 5.15E+95 i 0.00E+00 i 31.36 0.39 1.45 0.18 12.31 4.30 50.00 0.00
8 Aro EC>5-7 -S4LL 3.49E-03 1.48E-01 1.62E-04 1.99E-05 4.41E-01 1.55E-04 1.12E-02 0.58 24.56 0.03 0.00 71.57 1.38 0.03 1.85
9 Aro EC>7-8 -S4LL 7.95E-03 1.59E-01 3.69E-04 4.52E-05 3.40E-01 5.16E-04 2.90E-02 1.48 29.65 0.07 0.01 61.26 2.02 0.10 5.41
10 Aro EC>8-10-S4LL 1.55E-03 6.51E-03 7.20E-05 8.83E-06 2.56E-02 i 5.15E+95 5.58E+95 2.30 9.65 0.11 0.01 35.94 1.99 12.06 37.94
11 Aro EC>10-12 -S4LL 4.11E-03 1.18E-02 1.91E-04 2.34E-05 1.47E-02 1 5.15E+95 5.58E+95 6.66 19.14 0.31 0.04 21.24 2.61 26.12 23.88
12  Aro EC>12-16 -S4LL 7.30E-03 1.16E-02 3.38E-04 4.15E-05 4.19E-03 | 5.15E+95 5.58E+95 15.57 24.68 0.72 0.09 6.70 2.24 40.97 9.03
13  Aro EC>16-21 -S4LL 8.81E-03 5.40E-03 4.08E-04 5.01E-05 3.40E-04 1 5.15E+95 0.00E+00 29.34 18.00 1.36 0.17 0.38 0.75 50.00 0.00
14  Aro EC>21-35-S4LL 1.31E-02 1.20E-03 6.06E-04 7.43E-05 5.57E-05 ! 5.15E+95 0.00E+00 43.56 3.99 2.02 0.25 0.01 0.18 50.00 0.00
15 Aro EC>35-44 -S4LL 1.31E-02 1.20E-03 6.06E-04 7.43E-05 5.57E-05 | 5.15E+95 0.00E+00 43.56 3.99 2.02 0.25 0.01 0.18 50.00 0.00
16 Aro EC>44-70 -S4LL 1.37E-02 4.71E-04 6.35E-04 7.78E-05 1.29E-04 1 5.15E+95 0.00E+00 45.63 1.57 212 0.26 0.06 0.37 50.00 0.00
17 Benzene -S4LL 4.16E-06 1.77E-04 1.93E-07 2.37E-08 5.25E-04 | 0.00E+00 0.00E+00 0.59 25.03 0.03 0.00 72.94 1.41 0.00 0.00
18 Toluene -S4LL 7.99E-03 1.60E-01 3.70E-04 4.54E-05 3.41E-01 5.16E-04 5.14E-03 1.55 31.03 0.07 0.01 64.12 2.11 0.10 1.00
19 Ethylbenzene -S4LL 2.22E-03 2.57E-02 1.03E-04 1.26E-05 5.27E-02 2.58E-04 1.04E-03 2.70 31.36 0.13 0.02 61.51 2.70 0.31 1.27
20 Xylene, o- -S4LL 2.25E-03 2.69E-02 1.04E-04 1.28E-05 4.53E-02 5.67E-04 5.81E-03 2.78 33.21 0.13 0.02 53.44 2.55 0.70 717
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Environment
W Agency

Average Daily Exposure (mg kg™ bw day™)

Distribution by Pathway (%)

@ {9} = =
s o s 5 . < o = =1 5 .
= .83 | 3 3 g 3 2 180 3 3 g g 3
S g ’dg S - © > o S g 5 S - ° > > o
= 22 €2 5 5 2 B = 25 €2 5 5 5 2 2o
5 | BB 23 i ¢ s | 88 [ 3 {Esi8Si 5 i5_.i5gi 8 |z2
3 288 g5 s 5 2 29 g 281 g5 s sg i &g 2 23
o SET 5= K g S S c o S E 5= K Rl 85 S S <
3 25 o3 = = @ S a S 2 o3 = =S =2 @ @ £
21  Xylene, m- -S4LL 274E-03 | 297E-02 | 127E-04 | 1.56E-05 | 4.43E-02 | 5.67E-04 | 5.81E-03 | 329 | 3569 0.15 0.02 50.50 | 2.70 0.68 6.97
22 Xylene, p- -S4LL 220E-03 | 265E-02 | 1.06E-04 | 1.30E-05 | 4.54E-02 | 5.67E-04 | 5.81E-03 | 2.83 | 3287 0.13 0.02 5367 | 258 0.70 7.19
23
24
25
26
27
28
29

30
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Environment N

W Agency % ° o~ C g = B g
. s § 18 1% 4z s g |°F g oiE
3 g E 2 £ £ —~ i3 g S s s
g 15} 2 > ko) s S A < = °© > >

ES o = o K=l 2 1] w = £ = = _

g~ O ~ = 8 g 3 B < c 8 ° EE 5@

2> £ > > c e = = . '% S _ 2] =L S a S8

b ) = ] b= o o o c 29 < 3g% $= =

S o 3o 8 o £ g 5 5 o 5] s 8 = 298 T T g5

£= Iz = = g 2 = e E 18t B 1 8Sc i g2 22

s o sk g2 5 5 & 5 5 s S 129 R 858 | 82 S ¢

O =T O > = > JSRNCH D~ D~ = =2 ?a 5= 2 [3N<] e2

I o T o S T T © 27 27 8 H < < ) 20 S 2= 2z 5

% 5 w3 s o R 3 B o N x X P EZH Eo 0t foR i TQ E

52 £Z 52 1 £E8 1 3¢ ! 8E SE {1818 183! 3o 13831821 &£
1 Ali EC5-EC6 -S4LL TDI | 5000 | TDI 5000 | 9.99E+99 | 9.99E+99 | 3.33E+011 1.08E-05 | 1.43E-09 | 291 | 331 | 0.1 05 10 1 1
2 Al EC>6-8-S4LL TDI § 5000 | TDI 5000 | 9.99E+99 | 9.99E+99 | 4.84E+01] 1.08E-05 | 1.43E-09 | 3.58 | 4.13 | 0.1 05 10 1 1
3 Al EC>8-10-S4LL TDI 100 TDI 290 9.99E+99 | 9.99E+99 | 8.41E+01} 1.08E-05 | 1.43E-09 | 4.48 | 522 | 0.1 0.5 10 1 1
4 Al EC>10-12-S4LL TDI 100 TDI 290 9.99E+99 | 9.99E+99 | 1.47E+02} 1.08E-05 | 1.43E-09 | 538 ! 6.3 ! 0.1 0.5 10 1 1
5 AliEC>12-16 -S4LL TDI 100 TDI 290 9.99E+99 | 9.99E+99 | 4.60E+021 1.08E-05 | 1.43E-09 | 6.73 | 7.94 | 0.1 0.5 10 1 1
6 AliEC>16-35-S4LL TDI 2000 NR 0 9.99E+99 0 4.67E+03] 1.08E-05 | 1.43E-09 { 8.76 | 10.39 | 0.1 0.5 10 1 1
7 Ali EC>35-44 -S4LL TDI 2000 NR 0 9.99E+99 0 4.67E+03} 1.08E-05 | 1.43E-09 | 8.76 | 10.39 § 0.1 0.5 10 1 1
8 Aro EC>5-7-S4LL TDI 223 TDI 1400 3 200 | 2.01E-01} 9.48E-06 | 9.50E-10 { 1.83 | 2.13 | 0.1 0.5 10 1 1
9 Aro EC>7-8 -S4LL TDI 223 TDI 1400 10 520 | 2.13E-01! 8.41E-06 | 8.41E-10 | 2.31 | 273 | 0.1 0.5 10 1 1
10 Aro EC>8-10 -S4LL TDI 40 TDI 60 9.99E+99 | 9.99E+99 | 5.13E-01 | 1.08E-05 | 1.43E-09 | 3.2 | 3.69 | 0.1 0.5 10 1 1
11 Aro EC>10-12 -S4LL TDI 40 TDI 60 9.99E+99 | 9.99E+99 | 1.65E-01 | 1.08E-05 | 1.43E-09 | 3.4 | 3.93 | 0. 0.5 10 1 1
12 Aro EC>12-16 -S4LL TDI 40 TDI 60 9.99E+99 | 9.99E+99 | 4.41E-02 | 1.08E-05 | 1.43E-09 | 3.7 | 4.29 ! 0. 0.5 10 1 1
13 Aro EC>16-21 -S4LL TDI 30 NR 0 9.99E+99 0 3.31E-03 | 1.08E-05 | 1.43E-09 | 4.15 | 4.82 | 0.1 0.5 10 1 1
14  Aro EC>21-35 -S4LL TDI 30 NR 0 9.99E+99 0 2.03E-04 | 1.08E-05 | 1.43E-09 { 5.1 | 595 i 0.1 0.5 10 1 1
15  Aro EC>35-44 -S4LL TDI 30 NR 0 9.99E+99 0 2.03E-04 | 1.08E-05 ! 1.43E-09 | 5.1 } 595 ! 0.1 0.5 10 1 1
16  Aro EC>44-70 -S4LL TDI 30 NR 0 9.99E+99 0 1.34E-02 1 1.08E-05 | 1.43E-09 | 57 | 6.66 | 0.1 0.5 10 1 1
17 Benzene -S4LL D 0.29 D 1.4 NR NR 2.01E-01 | 9.48E-06 | 9.50E-10 | 1.83 | 2.13 | 0.1 0.5 10 1 1
18 Toluene -S4LL TDI 223 TDI 1400 10 92 2.13E-01 | 8.41E-06 | 8.41E-10 | 2.31 | 273 | 0.1 0.5 10 1 1
19 Ethylbenzene -S4LL TDI 100 TDI 743 5 18.6 | 2.74E-011 7.62E-06 | 7.60E-10 | 2.65 | 3.15 | 0.1 0.5 10 1 1
20 Xylene, o- -S4LL TDI 180 TDI 60 11 104 | 2.21E-01! 7.61E-06 | 7.60E-10 | 2.63 | 3.12 | 0.1 0.5 10 1 1
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Environment = > . >
AW Agency 8 E s Es o Es o °
g P 8 g 8 g 2
2 ~ 558 5 £ s £
c = - £§ 8 £g8 8 fsu _ £9 8 g T _ £ o _
S I =) c S c co .o = € 3 S v = c s =
= 5 £ o Q= Q0= G OO0 o ® 0= &5 6 o ®. 6 o
£ Py £ o2 eI oggm SR eE 3z 2 25z 2
8 5 2z 5c 5= 5L = 5.8 = 58 = = 523 2 SE3 =2
@ = oo O % o=~ 9 7% (s} o oQ 9 o [SI=1 =) o o o
o «n 3 =0z & =8z @ =9 g © 8z @ = E € C =0 € 5
= o E] ER:) S 2 S22 &° S < So 8" SE ST
] 5 3 s 20 =2 s-0 = ST 2o s- Q0 =2 8?2 2@ ST 2 o
F 2 3 25 ¢ 0O 25 g O 28 % o 25 ¢ D 25~ o 298 % o
oo 3 5 ST &~ ST &~ oL s E ST &~ oL E 2Ly E
= e <3 = =22 2 =22 2 =2 o0 b =22 2 =2 o5 =2 o b
B S s E B8 E BS8"> E a8 E 3 BS8"s E A8 E 3 a8 E 3
1 Ali EC5-EC6 -S4LL 5.66E+01 3.62E+04 3.59E+01 model model model model model model
2 Ali EC>6-8 -S4LL 2.65E+02 6.38E+03 5.37E+00 model model model model model model
3 Ali EC>8-10 -S4LL 2.10E+03 6.76E+02 4.27E-01 model model model model model model
4 Ali EC>10-12 -S4LL 1.67E+04 7.65E+01 3.39E-02 model model model model model model
5 Ali EC>12-16 -S4LL 3.74E+05 4.28E+00 7.59E-04 model model model model model model
6 Ali EC>16-35 -S4LL 4.01E+07 1.08E-01 2.54E-06 model model model model model model
7 Ali EC>35-44 -S4LL 4.01E+07 1.08E-01 2.54E-06 model model model model model model
8 Aro EC>5-7 -S4LL 4.71E+00 1.13E+04 1.78E+03 model model model model model model
9 Aro EC>7-8 -S4LL 1.42E+01 3.35E+03 5.90E+02 model model model model model model
10 Aro EC>8-10 -S4LL 1.10E+02 6.76E+02 6.46E+01 model model model model model model
11 Aro EC>10-12 -S4LL 1.75E+02 7.65E+01 2.45E+01 model model model model model model
12 Aro EC>12-16 -S4LL 3.49E+02 4.15E+00 5.75E+00 model model model model model model
13 Aro EC>16-21 -S4LL 9.83E+02 2.79E-02 6.53E-01 model model model model model model
14 Aro EC>21-35 -S4LL 8.76E+03 1.37E-05 6.61E-03 model model model model model model
15 Aro EC>35-44 -S4LL 8.76E+03 1.37E-05 6.61E-03 model model model model model model
16 Aro EC>44-70 -S4LL 3.49E+04 1.37E-05 1.00E-04 model model model model model model
17 Benzene -S4LL 4.71E+00 1.13E+04 1.78E+03 model model model model model model
18 Toluene -S4LL 1.42E+01 3.35E+03 5.90E+02 model model model model model model
19 Ethylbenzene -S4LL 3.11E+01 1.14E+03 1.80E+02 model model model model model model
20 Xylene, o- -S4LL 2.97E+01 1.02E+03 1.73E+02 model model model model model model
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APPENDIX 2: CLEA SPREADSHEET MODEL RUNS FOR POLYAROMATIC
HYDROCARBONS POLLUTANTS FOR RESIDENTIAL WITH HOMEGROWN
PRODUCE EXPOSURE LAND USE AND SOIL ORGANIC MATTER CONTENT

See separately supplied Excel Spreadsheet Models

LAND QUALITY MANAGEMENT FOR FINAL REPORT
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RESULTS
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Environment
Agency
Apply Top 2 Approach to Produce Group
B8 1 g 1 81 =
21815 i38¢
© 91 & © 4 -
° 5 & 1 g 151 =
Assessment Criterion (mg kg") Ratio of ADE to HCV 50% rule? 3 z Q i S i g
_ _ _ _ _ _ Saturation Limit (mg kg™') :_ e 5 g o] ] o
oral inhalation combined oral inhalation } combined Oral Inhal S 3 &’ 2 % 5 =
1 Acenaphthene -S4LL 2.06E+03 | 1.11E+04 | 1.74E+03 0.84 0.16 1.00 6.72E+02 (vap) No No Yes Yes Yes Yes Yes Yes Yes
2 Acenaphthylene -S4LL 1.75E+03 | 1.56E+04 | 1.57E+03 0.90 0.10 1.00 1.01E+03 (vap) No No Yes Yes Yes Yes Yes | Yes Yes
3 Anthracene -S4LL 1.75E+04 | 5.43E+05 ! 1.69E+04 0.97 0.03 1.00 2.19E+01 (vap) No No Yes Yes Yes Yes Yes Yes Yes
4 Benzo[a]anthracene -S4LL 1.92E+01 | 1.98E+01 { 9.75E+00 0.51 0.49 1.00 2.05E+01 (sol) No No Yes Yes Yes Yes Yes Yes Yes
5 Benzo[a]pyrene -S4LL 3.99E+00 | 5.50E+00 { 2.31E+00 0.58 0.42 1.00 3.41E+01 (vap) No No Yes Yes Yes Yes Yes Yes Yes
6 Benzo[b]fluoranthene -S4LL 4.92E+00 | 6.41E+00 : 2.79E+00 0.57 0.43 1.00 1.46E+01 (vap) No No Yes Yes Yes Yes Yes Yes Yes
7 Benzo[ghi]perylene -S4LL 4.59E+02 | 7.04E+02 i 2.78E+02 0.61 0.39 1.00 7.54E+00 (vap) No No Yes Yes Yes Yes Yes Yes Yes
8 Benzo[k]fluoranthene -S4LL 1.34E+02 | 1.83E+02 i 7.74E+01 0.58 0.42 1.00 8.24E+00 (vap) No No Yes Yes Yes Yes Yes Yes Yes
9 Chrysene -S4LL 3.71E+01 | 4.54E+01 | 2.04E+01 0.55 0.45 1.00 7.65E+00 (vap) No No Yes Yes Yes Yes Yes Yes Yes
10 Dibenzo[ah]anthracene -S4LL 4.05E-01 i 5.87E-01 i 2.40E-01 0.59 0.41 1.00 7.78E+00 (sol) No No Yes Yes Yes Yes Yes Yes Yes
11 Fluoranthene -S4LL 1.19E+03 | 7.88E+04 | 1.18E+03 0.99 0.01 1.00 2.91E+02 (vap) No No Yes Yes Yes Yes Yes Yes Yes
12 Fluorene -S4LL 1.55E+03 | 1.49E+04 | 1.40E+03 0.91 0.09 1.00 3.65E+02 (vap) No No Yes Yes Yes Yes Yes Yes Yes
13 Indeno[123-cd]pyrene -S4LL 5.56E+01 { 7.32E+01 | 3.16E+01 0.57 0.43 1.00 1.21E+00 (vap) No No Yes Yes Yes Yes Yes Yes Yes
14 Naphthalene -S4LL 2.89E+02 | 7.98E+00 NR 0.03 1.00 NR 8.59E+02 (sol) No No Yes Yes Yes Yes Yes Yes Yes
15 Phenanthrene -S4LL 7.14E+02 | 1.85E+04 | 6.87E+02 0.96 0.04 1.00 4.29E+02 (sol) No No Yes Yes Yes Yes Yes Yes Yes
16 Pyrene -S4LL 2.76E+03 | 2.57E+05 | 2.74E+03 0.99 0.01 1.00 1.47E+02 (sol) No No Yes Yes Yes Yes Yes Yes Yes
17 Coal Tar (BaP as a surrogate mat 1.29E+00 ¢ 5.50E+00 { 1.04E+00 0.81 0.19 1.00 3.41E+01 (vap) No No Yes Yes Yes Yes Yes Yes Yes
18
19
20
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Apply Top 2 Approach to Produce Group
I~
w
3 o @ 8 =
= i 8 i3 8§ i<
aQ Pt <
© 2] Iy ° 3
(o)) [ o ° =
: o 0>) o) @ @ =] =
Assessment Criterion (mg kg Ratio of ADE to HCV 50% rule? = z (4 z ] = 2
Saturation Limit (mg kg™) :_ g 5 g o =} 8
. . ) ) ) ; o S 5 = 3
oral inhalation combined oral inhalation | combined Oral Inhal '9 3 ] |E L 5 =

21
22
23
24
25
26
27
28
29
30
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Environment
W Agency o . .
Soil Distribution Media Concentrations
- 17 7] %
® 2 35 3 = = 3 3 3 3 5 =

- g 5 SE | BE 55 185 25 c8 8 -8 ¢ a 2

si2 18181 3 = | € (%S iz i 8% 2881288 8% i 8% i 8% | 53 2 3

@ ia i3 & 3 2 3% 3% 28 i1383i38¢21i 5¢ €2 =R 2E & e

% % % % mg kg mgm® | mgkg" mg m* mgm* mg m* mg m? mgm?® | mgkg' FW { mgkg' FW | mgkg' FW { mgkg' FW | mgkg' FW | mgkg' FW
1 Acenaphthene -S4LL 99.8 | 0.2 0.0 | 100.0 | 1.74E+03 | 5.13E+01 | 8.70E+02 | 6.65E-05 | 0.00E+00 | 1.44E-02 | 2.45E-02 | 0.00E+00 | 6.39E+01 | 8.51E+01 | 2.61E+01 | 0.00E+00 { 0.00E+00 1.04E+01
2 Acenaphthylene -S4LL 99.8 | 0.2 0.0 | 100.0 | 1.57E+03 | 2.95E+01 | 7.87E+02 | 6.02E-05 | 0.00E+00 | 9.11E-03 | 1.87E-02 | 0.00E+00 { 7.13E+01 | 9.48E+01 | 2.61E+01 | 0.00E+00 { 0.00E+00 1.38E+01
3 Anthracene -S4LL 99.9 | 0.1 0.0 | 100.0 | 1.69E+04 | 2.92E+01 | 8.46E+03 | 6.47E-04 | 0.00E+00 i 1.12E-02 | 7.07E-02 | 0.00E+00 { 2.76E+02 | 3.89E+02 | 1.56E+02 | 0.00E+00 { 0.00E+00 2.20E+01
4 Benzo[a]anthracene -S4LL 100.0 0.0 0.0 | 100.0 } 9.75E+00 } 4.16E-04 } 4.87E+00 | 3.73E-07 | 0.00E+00 | 2.20E-07 8.19E-06 | 0.00E+00 4.80E-03 1.79E-02 1.66E-02 0.00E+00 0.00E+00 4.55E-05
5  Benzo[aJpyrene -S4LL 100.0 1 0.0 0.0 | 100.0 | 2.31E+00 | 1.30E-06 | 1.16E+00 | 8.84E-08 | 0.00E+00 i 1.66E-09 | 1.26E-06 | 0.00E+00 | 4.82E-04 | 256E-03 | 2.49E-03 | 0.00E+00 { 0.00E+00 3.01E-06
6  Benzo[b]fluoranthene -S4LL 100.0 1 0.0 0.0 1 100.0 | 2.79E+00 | 1.09E-05 | 1.39E+00 | 1.07E-07 | 0.00E+00 | 1.16E-08 | 1.70E-06 | 0.00E+00 { 8.20E-04 | 3.80E-03 | 3.57E-03 | 0.00E+00 | 0.00E+00 5.99E-06
7 Benzo[ghilperylene -S4LL 10001 0.0 0.0 | 100.0 | 2.78E+02 | 7.66E-06 | 1.39E+02 | 1.06E-05 | 0.00E+00 i 1.28E-08 | 8.25E-05 | 0.00E+00 i 6.23E-03 | 9.56E-02 | 9.89E-02 | 0.00E+00 | 0.00E+00 1.42E-05
8  Benzo[Klfluoranthene -S4LL 100.0{ 0.0 0.0 | 100.0 | 7.74E+01 | 1.50E-04 | 3.87E+01 | 2.96E-06 { 0.00E+00 | 1.69E-07 | 3.95E-05 | 0.00E+00 { 1.25E-02 | 7.48E-02 | 7.32E-02 { 0.00E+00 | 0.00E+00 6.91E-05
9  Chrysene -S4LL 100.0 ¢ 0.0 0.0 ! 100.0 ! 2.04E+01 ! 1.01E-04 | 1.02E+01 | 7.81E-07 | 0.00E+00 ! 1.15E-07 ! 1.75E-05 ! 0.00E+00 | 1.74E-02 | 5.27E-02 ! 4.55E-02 | 0.00E+00 | 0.00E+00 2.17E-04
10  Dibenzo[ah]anthracene -S4LL 100.0§ 0.0 0.0 | 100.0 | 2.40E-01 | 6.93E-09 | 1.20E-01 | 9.17E-09 | 0.00E+00 | 1.71E-11 | 1.04E-07 | 0.00E+00 | 2.56E-05 | 1.84E-04 | 1.74E-04 | 0.00E+00 | 0.00E+00 1.17E-07
11 Fluoranthene -S4LL 100.0 1 0.0 0.0 1 100.0 | 1.18E+03 | 2.60E-01 | 5.88E+02 | 4.50E-05 | 0.00E+00 | 1.33E-04 | 2.19E-03 | 0.00E+00 | 4.89E+00 | 8.95E+00 | 5.76E+00 | 0.00E+00 | 0.00E+00 1.51E-01
12 Fluorene -S4LL 99.9 ! 0.1 0.0 ! 100.0 | 1.40E+03 | 1.91E+01 | 7.01E+02 | 5.37E-05 | 0.00E+00 ! 5.52E-03 | 1.36E-02 | 0.00E+00 | 4.41E+01 | 5.90E+01 | 1.88E+01 | 0.00E+00 | 0.00E+00 6.14E+00
13 Indeno[123-cd]pyrene -S4LL 100.0{ 0.0 0.0 | 100.0 | 3.16E+01 | 6.44E-05 | 1.58E+01 | 1.21E-06 | 0.00E+00 | 7.69E-08 | 2.06E-05 | 0.00E+00 { 1.29E-02 | 5.17E-02 | 4.59E-02 { 0.00E+00 | 0.00E+00 1.11E-04
14 Naphthalene -S4LL 99.4 1 06 0.0 | 100.0 | 7.98E+00 | 4.01E+00 | 3.99E+00 | 3.05E-07 | 0.00E+00 ! 1.15E-03 | 4.68E-04 | 0.00E+00 | 7.20E-01 | 9.79E-01 2.66E-01 | 0.00E+00 | 0.00E+00 3.24E-01
15 Phenanthrene -S4LL 99.9 ! 0.1 0.0 ! 100.0 | 6.87E+02 | 1.67E+00 | 3.44E+02 | 2.63E-05 | 0.00E+00 | 5.79E-04 | 3.18E-03 | 0.00E+00 | 1.15E+01 | 1.62E+01 ! 6.49E+00 | 0.00E+00 | 0.00E+00 9.15E-01
16  Pyrene -S4LL 100.0 1 0.0 0.0 | 100.0 | 2.74E+03 | 1.56E-01 | 1.37E+03 | 1.05E-04 | 0.00E+00 | 1.40E-04 | 4.68E-03 | 0.00E+00 | 1.31E+01 | 2.33E+01 | 1.45E+01 | 0.00E+00 | 0.00E+00 4.36E-01
17  Coal Tar (BaP as a surrogate marker) -S4l 100.0 { 0.0 0.0 | 100.0 | 1.04E+00 | 5.84E-07 | 5.21E-01 | 3.99E-08 | 0.00E+00 | 7.47E-10 | 5.67E-07 | 0.00E+00 | 2.17E-04 | 1.16E-03 | 1.12E-03 | 0.00E+00 | 0.00E+00 1.36E-06
18
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Environment

W Agency

Average Daily Exposure (mg kg™ bw day™)

Distribution by Pathway (%)

c 8 £ 5 c 8 = - =

g g2z i £ 3 : s e i 2istifgi T oiZ 12 s ie.

5 | EEs i EE s s g 1 €2 i B iEESiEREG 2 is8isgi g | g

a 88§ 83 = = & S < a5 S8§ 23 = EE | Eo & 8 <
1 Acenaphthene -S4LL 1.20E-02 3.78E-02 7.22E-04 6.82E-05 9.36E-03 5.05E-05 1.40E-06 19.97 63.02 1.20 0.11 14.49 1.12 0.08 0.00
2 Acenaphthylene -S4LL 1.08E-02 4.24E-02 6.54E-04 6.17E-05 6.00E-03 7.22E-06 6.14E-07 18.08 70.71 1.09 0.10 9.15 0.86 0.01 0.00
3 Anthracene -S4LL 1.17E-01 1.67E-01 7.03E-03 6.63E-04 8.69E-03 1 4.12E-06 2.29E-06 38.86 55.68 2.34 0.22 2.25 0.65 0.00 0.00
4 Benzo[a]anthracene -S4LL 6.72E-05 7.37E-06 4.05E-06 3.82E-07 3.58E-07 | 3.09E-06 6.14E-07 84.67 9.29 5.10 0.48 0.17 0.28 0.00 0.00
5 Benzo[a]pyrene -S4LL 1.59E-05 1.10E-06 9.60E-07 9.05E-08 3.55E-08 5.67E-06 3.35E-07 87.94 6.06 5.30 0.50 0.01 0.19 0.00 0.00
6 Benzo|b]fluoranthene -S4LL 1.92E-05 1.58E-06 1.16E-06 1.09E-07 5.37E-08 5.67E-06 7.26E-07 86.87 7.16 5.24 0.49 0.03 0.21 0.00 0.00
7 Benzo[ghilperylene -S4LL 1.91E-03 | 5.52E-05 i 1.15E-04 i 1.09E-05 i 2.27E-06 i 3.09E-06 | 5.58E-07 i 91.24 2.63 5.50 0.52 0.00 0.11 0.00 0.00
8 Benzo[k]fluoranthene -S4LL 5.33E-04 3.25E-05 3.21E-05 3.03E-06 1.19E-06 4.64E-06 3.91E-07 88.56 5.40 5.34 0.50 0.02 0.18 0.00 0.00
9 Chrysene -S4LL 1.41E-04 2.14E-05 8.48E-06 8.00E-07 5.49E-07 5.67E-06 9.49E-07 81.82 12.46 4.93 0.47 0.04 0.28 0.00 0.00
10 Dibenzo[ah]anthracene -S4LL 1.65E-06 8.23E-08 9.96E-08 9.39E-09 2.86E-09 2.06E-06 1.84E-06 89.48 4.46 5.39 0.51 0.00 0.15 0.00 0.00
11 Fluoranthene -S4LL 8.10E-03 3.71E-03 4.88E-04 4.60E-05 1.40E-04 1.80E-05 4.69E-06 64.74 29.69 3.90 0.37 0.64 0.48 0.14 0.04
12  Fluorene -S4LL 9.66E-03 2.60E-02 5.83E-04 5.50E-05 3.70E-03 3.04E-05 5.36E-06 24.16 64.91 1.46 0.14 8.31 0.93 0.08 0.01
13  Indeno[123-cd]pyrene -S4LL 2.18E-04 2.11E-05 1.31E-05 1.24E-06 6.11E-07 5.16E-06 5.03E-07 85.79 8.31 517 0.49 0.02 0.22 0.00 0.00
14 Naphthalene -S4LL 5.50E-05 4.85E-04 3.32E-06 3.13E-07 7.03E-04 3.61E-04 1.56E-04 0.00 0.00 0.00 0.04 80.29 1.49 0.00 18.18
15 Phenanthrene -S4LL 4.73E-03 6.94E-03 2.85E-04 2.69E-05 4.36E-04 7.94E-05 2.89E-05 37.79 55.38 2.28 0.21 2.78 0.70 0.63 0.23
16  Pyrene -S4LL 1.88E-02 9.69E-03 1.14E-03 1.07E-04 2.13E-04 1.80E-05 3.63E-06 62.80 32.28 3.79 0.36 0.28 0.43 0.06 0.01
17  Coal Tar (BaP as a surrogate marker) -S4LL 7.18E-06 4.95E-07 4.33E-07 4.08E-08 1.60E-08 5.67E-06 3.35E-07 87.94 6.06 5.30 0.50 0.01 0.19 0.00 0.00
18
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c = Iz a = gmo o S e £ @ = = 882 o5 S3
=@ c @ 5 g~ - E g g s ! 8 138 = sgo i o o<
D - S - O s, S, FTINS) 2 2 = = ) ° 3 £t 8% ] o S
I ‘o =) S T ® T = S 27 8 H ERS 1) 20¢% 28 25
% 5 w3 s o R 3 B o N x X P ERH Eo 0t foR i TQ E
52 =2 52 1 =2 {5 i S : 8E { 818 i85 8= iags i 8L | 2E
1 Acenaphthene -S4LL TDI 60 TDI 60 0.98 0.025 4.82E-03 | 6.34E-06 | 6.72E-10 | 3.37 | 4.03 0.13 0.5 1 1 1
2  Acenaphthylene -S4LL TDI 60 TDI 60 0.14 0.011 2.38E-03 | 6.46E-06 | 6.89E-10 { 3.26 i 3.91 0.13 0.5 1 1 1
3  Anthracene -S4LL TDI 300 TDI 300 0.08 0.041 6.76E-04 1 5.80E-06 ! 6.23E-10 | 3.75 4.5 0.13 0.5 1 1 1
4  Benzo[a]anthracene -S4LL ID 0.155 ID 0.0015 0.06 0.011 2.30E-04 | 4.99E-06 | 5.43E-10 | 4.89 | 5.91 0.13 0.5 1 1 1
5 Benzo[a]pyrene -S4LL D 0.031 D 0.0003 0.11 0.006 | 5.03E-06 4.75E-06 | 5.25E-10 | 511 | 6.18 | 0.13 0.5 1 1 1
6 Benzo[b]fluoranthene -S4LL ID | 0.03875 i ID i 0.000375% 0.1 0.013 | 2.86E-05} 4.73E-06 | 5.18E-10 | 5.02 | 6.08 | 0.13 0.5 1 1 1
7 Benzo[ghilperylene -S4LL ID 13.4444444} ID 10.0333333} 0.06 0.01 7.99E-07 | 4.58E-06 | 5.09E-10 | 562 | 6.81 | 0.13 0.5 1 1 1
8 Benzo[k]fluoranthene -S4LL ID 11.0333333{ ID 0.01 0.09 0.007 | 1.99E-05{ 4.73E-06 { 5.18E-10 | 517 | 6.26 | 0.13 0.5 1 1 1
9  Chrysene -S4LL D 0.31 D 0.003 0.11 0.017 | 1.89E-05} 4.95E-06 | 5.40E-10 | 4.74 ! 573 | 0.13 0.5 1 1 1
10 Dibenzo[ah]anthracene -S4LL ID | 0.0031 ID | 0.00003 0.04 0.033 | 3.74E-07 | 4.42E-06 | 4.86E-10 | 527 | 6.38 | 0.13 0.5 1 1 1
11 Fluoranthene -S4LL TDI 125 TDI 12,5 0.35 0.084 | 2.80E-04 1 5.43E-06 | 5.87E-10 | 4.26 | 513 | 0.13 0.5 1 1 1
12 Fluorene -S4LL TDI 40 TDI 40 0.59 0.096 | 2.68E-03} 6.04E-06 | 6.40E-10 | 3.45 | 4.13 | 0.13 0.5 1 1 1
13 Indeno[123-cd]pyrene -S4LL ID {0.4428571f ID {0.0042857{ 0.1 0.009 | 1.24E-051 4.52E-06 { 5.02E-10 | 4.94 | 597 | 0.13 0.5 1 1 1
14  Naphthalene -S4LL TDI 20 TDI 0.86 7 2.8 2.27E-02 | 7.06E-06 | 7.38E-10 | 2.81 | 3.34 | 0.13 0.5 1 1 1
15  Phenanthrene -S4LL TDI 125 TDI 125 1.54 0.518 | 9.30E-04 | 5.78E-06 | 6.18E-10 | 3.74 | 45 ! 0.13 0.5 1 1 1
16 Pyrene -S4LL TDI 30 TDI 30 0.35 0.065 | 6.43E-05} 5.43E-06 | 593E-10 | 4.21 | 508 | 0.13 0.5 1 1 1
17 Coal Tar (BaP as a surrogate marker) -S4LL{ 1D 0.01 D 0.0003 0.11 0.006 | 5.03E-06 4.75E-06 | 5.25E-10 | 511 | 6.18 | 0.13 0.5 1 1 1
18
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1 Acenaphthene -S4LL 1.63E+02 3.15E-01 4.11E+00 model model model model model model

2 Acenaphthylene -S4LL 1.27E+02 3.04E-01 7.95E+00 model model model model model model

3 Anthracene -S4LL 3.91E+02 5.21E-04 5.60E-02 model model model model model model

4 Benzo[a]anthracene -S4LL 5.40E+03 9.41E-06 3.80E-03 model model model model model model

5 Benzo[a]pyrene -S4LL 8.97E+03 1.86E-07 3.80E-03 model model model model model model

6 Benzo[b]fluoranthene -S4LL 7.29E+03 5.57E-07 2.00E-03 model model model model model model

7 Benzo[ghi]perylene -S4LL 2.90E+04 1.84E-09 2.60E-04 model model model model model model

8 Benzolk]fluoranthene -S4LL 1.03E+04 1.55E-07 8.00E-04 model model model model model model

9 Chrysene -S4LL 3.82E+03 4.05E-07 2.00E-03 model model model model model model

10 Dibenzo[ah]anthracene -S4LL 1.30E+04 1.98E-09 6.00E-04 model model model model model model

11 Fluoranthene -S4LL 1.27E+03 7.80E-04 2.30E-01 model model model model model model

12 Fluorene -S4LL 1.96E+02 7.36E-02 1.86E+00 model model model model model model

13 Indeno[123-cd]pyrene -S4LL 6.06E+03 2.19E-08 2.00E-04 model model model model model model

14 Naphthalene -S4LL 4.49E+01 8.26E+00 1.90E+01 model model model model model model

15 Phenanthrene -S4LL 3.82E+02 1.43E-02 1.12E+00 model model model model model model

16 Pyrene -S4LL 1.13E+03 1.01E-04 1.30E-01 model model model model model model

17 Coal Tar (BaP as a surrogate marker) -S4LlI 8.97E+03 1.86E-07 3.80E-03 model model model model model model

18
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Environment
W Agency
Apply Top 2 Approach to Produce Group
o
3181 g1 813
gi g i 8%
Slel il gls
. 4 ) o Q o) 9] 8 ) =
Assessment Criterion (mg kg™) Ratio of ADE to HCV 50% rule? 2 z Q z g s 2
_ _ _ _ _ _ Saturation Limit (mg kg™') :_ e 5 g o] ] o
oral inhalation combined oral inhalation } combined Oral Inhal S 3 &’ 2 % 5 =
1 Arsenic -S4LL 3.92E+01 | 5.10E+01 NR 1.00 0.77 NR NR No No Yes Yes Yes Yes Yes Yes Yes
2 Lead (C4SL child) - S4LL 1.97E+02 NR NR 1.00 NR NR NR No No Yes Yes Yes Yes Yes Yes Yes
3 Mercury (elemental) - S4LL NR 4.68E-01 NR NR 1.00 NR 2.48E+01 (vap) No No Yes Yes Yes Yes Yes Yes Yes
4 Mercury (inorganic) - S4LL 4.40E+01 | 1.53E+03 | 4.27E+01 0.97 0.03 1.00 NR No No Yes Yes Yes Yes Yes Yes Yes
5 Mercury (methyl) - S4LL 1.40E+01 | 5.96E+01 | 1.14E+01 0.81 0.19 1.00 5.80E+02 (sol) No No Yes Yes Yes Yes Yes Yes Yes
6 Nickel - S4LL 1.34E+02 i 7.66E+01 NR 0.40 1.00 NR NR Yes Yes Yes Yes Yes Yes Yes Yes Yes
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- 1] k7] @
B L E 3 3 o L 8 8 8 8 E =
24198 i3l = 8 5 SE SE 55 i85 S5 c 8 3 -8 g b =
Q 7] o o] _ = Is) jeiad ° o 8 T QE T QE [CRN) 5 Q 0 o =] @
5 | 2 g ! B 3 3 S 52 = & {389 ! 3589 e 38 59 5 £ o
n o > = n (%] £ Ow® Ow® £> O >oc O >~ G > o > = > I E 7] [
% % % % mg kg mgm® | mgkg" mg m* mgm* mg m* mg m? mgm?® | mgkg' FW { mgkg' FW | mgkg' FW { mgkg' FW | mgkg' FW | mgkg' FW
1 Arsenic -S4LL 99.9 0.1 0.0 | 100.0 } 3.92E+01 NR 1.96E+01 1.50E-06 | 0.00E+00 } 0.00E+00 } 0.00E+00 } 0.00E+00 1.68E-02 1.57E-02 9.01E-03 1.29E-02 7.84E-03 4.31E-02
2 Lead (C4SL child) - S4LL 100.0 0.0 0.0 100.0 | 1.97E+02 NR 9.86E+01 7.55E-06 | 0.00E+00 i 0.00E+00 i 0.00E+00 i 0.00E+00 8.27E-01 7.93E-01 1.44E+00 1.48E-01 4.04E-02 4.52E-02
3  Mercury (elemental) - S4LL 99.9 0.1 0.0 ! 100.0 1 4.68E-01 1 3.14E-01 2.34E-01 1.79E-08 | 0.00E+00 ! 9.02E-05 3.18E-05 | 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
4 Mercury (inorganic) - S4LL 99.9 0.1 0.0 100.0 | 4.27E+01 NR 2.14E+01 1.63E-06 | 0.00E+00 } 0.00E+00 } 0.00E+00 } 0.00E+00 1.62E-01 2.95E-01 1.84E-01 4.27E-02 4.70E-02 0.00E+00
5 Mercury (methyl) - S4LL 953 1 47 0.0 | 100.0 | 1.14E+01 | 3.72E-02 | 5.68E+00 | 4.34E-07 | 0.00E+00 | 4.50E-05 | 3.15E-04 | 0.00E+00 | 4.31E-02 | 7.83E-02 | 4.88E-02 | 1.14E-02 1.25E-02 0.00E+00
6 Nickel - S4LL 99.9 0.1 0.0 100.0 1 7.66E+01 NR 3.83E+01 2.93E-06 | 0.00E+00 ! 0.00E+00 ! 0.00E+00 ! 0.00E+00 2.91E-01 3.29E-01 1.46E-01 1.91E-01 1.91E-01 2.60E-01
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Average Daily Exposure (mg kg™ bw day™)

Distribution by Pathway (%)
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= <373 B z g s Z | <831 2 @ g g s
S gag S - ° > o S gag S - ° > > e
OB 5Tzl ozioroimp it igsEiiiozoizoiz_izis
s ESS 52 £ £ g 2 3 1EZS i S g Sc 1884 8 8
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1 Arsenic -S4LL 2.70E-04 2.63E-05 3.76E-06 1.54E-06 | 0.00E+00 | 0.00E+00 | 0.00E+00 89.98 8.77 1.25 0.00 0.00 0.00 0.00 0.00
2 Lead (C4SL child) - S4LL 8.15E-04 5.80E-04 0.00E+00 4.95E-06 i 0.00E+00 i 0.00E+00 i 0.00E+00 58.24 41.41 0.00 0.35 0.00 0.00 0.00 0.00
3  Mercury (elemental) - S4LL 3.22E-06 4.05E-08 0.00E+00 1.83E-08 | 5.53E-05 i 0.00E+00 1.45E-06 5.37 0.07 0.00 0.03 90.66 1.45 0.00 2.42
4 Mercury (inorganic) - S4LL 2.94E-04 1.29E-04 0.00E+00 1.67E-06 | 0.00E+00 | 1.34E-04 | 0.00E+00 52.61 23.13 0.00 0.30 0.00 0.00 23.96 0.00
5 Mercury (methyl) - S4LL 7.82E-05 | 3.44E-05 | 3.63E-06 | 4.45E-07 | 3.58E-05 | 4.64E-05 | 0.00E+00 | 39.33 17.29 1.82 0.22 13.64 435 23.34 0.00
6 Nickel - S4LL 5.28E-04 2.70E-04 1.22E-06 3.00E-06 1 0.00E+00 | 6.86E-03 1.45E-05 0.00 0.00 0.00 50.00 0.00 0.00 0.00 50.00
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1 Arsenic -S4LL 5.00E+02 NR 1.25E+06 0.00043 fw 0.0004 fw 0.00023 fw 0.00033 fw 0.0002 fw 0.0011 fw
2 Lead (C4SL child) - S4LL 1.00E+03 NR 2.96E+05 0.00419 fw 0.00402 fw 0.00731 fw 0.00074 fw 0.00020 fw 0.00022 fw
3 Mercury (elemental) - S4LL 4.99E+02 2.03E-01 5.60E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
4 Mercury (inorganic) - S4LL 5.00E+02 NR 7.40E+04 0.0038 fw 0.0069 fw 0.0043 fw 0.001 fw 0.0011 fw 0.00E+00
5 Mercury (methyl) - S4LL 5.53E+00 1.13E+00 1.00E+02 0.0038 fw 0.0069 fw 0.0043 fw 0.001 fw 0.0011 fw 0.00E+00
6 Nickel - S4LL 5.00E+02 NR 2.50E+06 0.0038 fw 0.0043 fw 0.0019 fw 0.0025 fw 0.0025 fw 0.0034 fw
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APPENDIX 4: DERIVATION OF THE SUITABLE FOR LARNACA LEVELS — A
USER GUIDE

(1) S4LLs have been derived for the residential with consumption of home grown produce land use
scenario, thereby defining the critical receptor and relevant exposure pathways. Exposure via each
pathway is represented by an algorithm. The various input parameters used within these algorithms
were selected, as far as possible, to reflect the environmental setting and policy context of Cyprus,
information about the critical receptor and data describing the physical-chemical and toxicological
behaviour of the contaminants. These algorithms are coded within the CLEA v1.071 spreadsheet

model (CLEA), amended by LQM to reflect conditions in Larnaca, Cyprus.

(2) For a detailed understanding of the algorithms and assumptions underpinning the CLEA model,
refer to Science Report SR3 (Environment Agency, 2009a). The CLEA Software Handbook
(Environment Agency, 2009b) provides detailed information on how to use the CLEA model to derive
assessment criteria. This Appendix is intended to provide additional details on how to use CLEA to
reproduce the S4LLs. It is recommended that the User has the spreadsheet model available when

reading through this user guide.

(3) It should be noted that an additional worksheet (‘Sheet!’) has been added within the CLEA
spreadsheet model by LQM to provide a more easily accessible and extractable summary of the

exposure pathway contributions.

1.1 Guide

(4) The over-arching key interactive components of CLEA can be accessed via the ‘Guide’ worksheet,
which provides a process flow diagram (Box 1) for generating either Generic Assessment Criteria
(GAC) or Site-Specific Assessment Criteria (SSAC). The ‘Guide’ worksheet also provides access to
the four key databases (‘User Buildings’, ‘User Chemicals’, ‘User Land Uses’ and ‘User Soils’).

(5) To return to the Guide from other worksheets, select ‘Back to Guide’ if available.

LAND QUALITY MANAGEMENT FOR FINAL REPORT
DEPARTMENT OF ENVIRONMENT, REPUBLIC OF CYPRUS 30 JUNE, 2020
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Environment
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*This workbook is supplied without any password protection and may have been modified from the original download by third parties.

Box 1: CLEA model process flow diagram indicating the key steps in deriving Generic Assessment
Criteria (GAC) or Site Specific Assessment Criteria (SSAC) [source: UK Environment Agency]

1.2 Defining and modifying the databases

1.2.1 Defining and modifying User-defined Chemicals
(6) The physical-chemical and toxicological inputs for the S4LL substances are contained in the
‘Chemicals’ database (i.e. the ‘User Chemicals’ worksheet) within the CLEA spreadsheet provided.

Any future changes to these inputs should be made within the ‘User Chemicals’ worksheet.

(7) The CLEA spreadsheet provided also contains inputs for the default UK substances. These are
contained in the ‘Chemical Data’ worksheet. These inputs are not appropriate for use in Cyprus and

should not be used.

1.2.2 Defining and modifying User-defined Buildings
(8) In the absence of relevant information no Cyprus-specific buildings have been defined within the
CLEA spreadsheet provided and the S4LLs have been derived using the default UK buildings

database.

(9) If relevant information becomes available, Cyprus-specific building types could be defined in the

future within the ‘User Buildings’ worksheet.

LAND QUALITY MANAGEMENT FOR FINAL REPORT
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1.2.3 Defining and modifying User-defined Land Uses

(10)  The Cyprus-specific land uses have been defined for each exposure scenario within the ‘User
Land Uses’ worksheet of the CLEA spreadsheet provided. These land uses are: ‘Residential with
produce (C4SL)-Cyprus’, ‘Residential (lifetime exposure (C4SL)-Cyprus’, ‘Public Open Space (park
C4SL)-Cyprus’, ‘Public Open Space (park lifetime C4SL)-Cyprus’, or ‘Commercial (C4SL)-Cyprus’.
The basis for these land uses is described elsewhere within this report. The S4LL are based on the

‘Residential with produce (C4SL)-Cyprus’ land use.

1.2.4 Defining and modifying User Soils
(11)  Currently, in the absence of alternative information no Cyprus-specific soils have been defined
within the CLEA spreadsheet provided and the S4LLs have been derived using the default UK soils

database.

(12)  If relevant information becomes available, Cyprus-specific soil types could be defined within

the ‘User Soils’ worksheet.

1.2.5 Defining and modifying Produce Data
(13)  The ‘Produce Data’ worksheet contains the current default UK produce groups and values for
consumption rates, homegrown fractions (proportion of produce consumed grown at home), soil

loading and preparation factors (Defra, 2014; Environment Agency, 2009a).

(14) CLEA does not contain the functionality for the User to define country- or region-specific
produce types (e.g. fruit and vegetables) and relevant inputs. Therefore, in order to modify the default
UK data to represent Cypriot food groups the current data would either have to be overwritten or
augmented. Although this is possible it would involve fundamental changes and careful recoding of

the model. Consequently, the S4LLs have been derived using the default UK data.

1.2.6 Defining and modifying Receptor Data
(15)  Where Cyprus-specific receptor data has not been provided to LQM, the default UK receptor
data, as described in SR3 (Environment Agency, 2009a) and SP1010 project reports (Defra, 2014),

have been used.

(16)  Cyprus body weight data have been provided by the Cyprus Department of Environment. The
critical receptor for the S4LLs is the female adult and child. So only the mean body weight data for
females has been added to the ‘Receptor Data’ worksheet of the CLEA spreadsheet provided. This
data is contained as three additional Cyprus-specific receptors within the ‘Receptor Data’ worksheet:
Female (res C4SL)-Cyprus; Female (allot)-Cyprus; and Female (com C4SL)-Cyprus. The input data is

summarised within Box 2, which indicates that the mean body weight 0-6 year old Cyprus female is

LAND QUALITY MANAGEMENT FOR FINAL REPORT
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approximately 7% heavier compared to that assumed in the UK, whilst the working age adult is

approximately 6% lighter.

Age Class
AC1 0
AC2 1
AC3 2
AC4 3
AC5 4
AC6 5
AC7 6
AC8 7
AC9 8

AC10 9
AC11 10
AC12 11
AC13 12
AC14 13
AC15 14
AC16 15
AC17 16-64
AC18 65-75

n
137
85
57
13
12
18
29
23
25
30
20
14
17
11
36
19
162
132

Female Body Weight (kg) - Cyprus

Mean St Dev

6.8
10.8
13
14
19.4
20.7
22.9
27.6
30.8
37.1
434
43.7
47.3
54.5
54.2
54.6
65.8
72

1.7
1.4
15
1.4
4.6
29
4.3
7
9.9
9.4
9.8
12.2
87
10.2
8.6
6.8
14.8
11.9

Median

7
10.5
13
14
17.8
205
221
254
0
335
222
418
494
54
54
546
62.7
715

Min

7.2
10
12

14.3
15

15.5

18.3

19.8

246

305

26.4
34

40.8

32.9

6.2

396

6.7

Max
10.3
15
19
16.5
29
27
32
39.5
72.8
58.2
66.9
64.8
62
79.1
72.4
70.3
138
102

CLEA (SR3 UK defaults) Cyprus- UK % Difference

5.6
9.8
12.7
15.1
16.9
19.7
22.1
253
27.5
314
35.7
41.3
47.2
512
56.7
59
70
70.9

1.2
1
0.3

-1.1

2.5
1
0.8
2.3
3.3
5.7
7.7
2.4
0.1
3.3

-2.5
-4.4
-4.2

11

18%
9%
2%

-8%

13%
5%
3%
8%

11%

15%

18%
5%
0%
6%

-5%

-8%

-6%
2%

7%

Box 2: Body weight data for the female critical receptor summarised by CLEA model age-classes and
comparison to default UK values [source: Department of Environment, Republic of Cyprus]

(17)

Following discussion with the Cyprus Department of Environment it was agreed that the

critical receptor within each land use exposure scenario should be assumed to wear short-sleeved top

and shorts for the whole year (i.e. an increased exposed skin areas compared to UK defaults). The

necessary changes to the maximum exposed skin fractions during indoor and outdoor activities for

each land use exposures are shown in Box 3 and are included in the additional Cyprus-specific

receptor types added to the ‘Receptor Data’ worksheet.

LAND QUALITY MANAGEMENT FOR

DEPARTMENT OF ENVIRONMENT, REPUBLIC OF CYPRUS

FINAL REPORT
30 JUNE, 2020




LQM REPORT NoO.: 1472-0A-3 ISSUE: 1.0

Pmax 15 the maximum exposed skin fraction, m* m™

Table 4.7: Estimates of maximum exposed skin fraction during indoor and
outdoor activities for the commercial land use

Values assumed to reflect

Age class Outdoors Inciocss Cyprus Conditions:
Coverage @, (M? m?)  Coverage ®,0x (M? m)
Assumes face and e 1 Assumes face and [ il 1 —_——-
17 S e l_Q'_':@__""E hands exposed l_gp_g__, ................................................. > [ .26 1
+ lower |eg5 P > | I |

Source: SR3, Environment Agency (2009) + lower legs

Table 4.8: Estimates of maximum exposed skin fraction during indoor and
outdoor activities for the residential and allotment land uses

A | Qutdoors Indoors
ge class
Coverage ®pax (M? Mm?)  Coverage B0, (M? M?)
1 0.26 0.32
2 Assumes lace, 0.26 Assumes lace, 0.33
3 hands, forearms 0.25 hands, forearms 0.32
4 and lower legs 0.28 lower legs, and 0.35
5 exposed 0.28 feel exposed 0.35
6 0.26 0.33
7 ro15T 6227 I
! ! ! R > ]
8 1015} toz227 1 0.33 !
B oz
A i [k A i | s
" hendsend P OM L onds forcams; | 0221
1? forearms exposed : g]: : and feet exposed : ggg :
14 + lower legs i 014 i + lower legs i 0.22 i
15 ! 0.14 | ! 0.21 ]
16 1 0141 1 021!
Assumes face, Rt l Assumes face, Ry ' _———
17 hands forearms 0.27 Sunes e FOTEATTITEs e snnnnnnn 033 » | 0.2 |
18 and lower legs 0.27 lower legs and feet 0.23 - -
exposed ) exposed )

Source: SR3, Environment Agency (2009)

Box 3: Modifications to the default maximum exposed skin areas agreed with the Department of

Environment (Republic of Cyprus) to reflect Cyprus conditions within the CLEA v1.071 model

(18)  If additional or updated Cyprus-specific receptor characteristics become available (e.g.
inhalation rates or body heights), the values within the relevant Cyprus-specific receptor(s) in the

‘Receptor Data’ worksheet can be updated.

1.3 Report Details (Step 1)

(19)  The ‘Report Details’ worksheet allows the User to record basic details about the User and the

assessment being undertaken. Providing these details is optional.

14 Basic Settings (Step 2)

(20)  The ‘Basic Settings’ worksheet provides the key input screen for the User to define the land
use, receptor (male/female), building type and soil type by selecting relevant entries from the databases
using dropdown lists, and specifying the relevant age classes (Start AC and End AC) and soil
properties (pH, SOM%). The User should also select which exposure pathways are to be included in
the assessment. Once all modifications are made, the User must press ‘Apply Settings to Model’ before

proceeding.
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(21) By default, “Ratio Mode” will be off (i.e. unchecked). Ratio Mode should only be turned on if

the User understands this function and when an Assessment Criteria is not required.

1.5 Select Chemicals (Step 3)

(22)  Within the ‘Select Chemicals’ worksheet, the User selects the substances to model from the
Chemicals database using the dropdown lists provided. Up to 30 substances can be selected. The
dropdown lists include the UK default substances plus the S4LL substances. The User must ensure
that S4LL substances (i.e. Metals, Petroleum Hydrocarbons, BTEX and PAHs with the relevant
physical-chemical parameters modified to reflect Cyprus conditions) are used. These are at the bottom

of the dropdown list and include the suffix *“ -S4LL”.

(23)  Once all of the pollutants of interest have been selected, the User must press ‘Apply Chemicals

to Model’ before proceeding.

1.6 Advanced Settings (Step 4)

(24) Inderiving SSAC, the User has access to the ‘Advanced Settings’ feature that allows input
parameters to be modified temporarily without permanently modifying the data in the underlying

databases. More details are provided in the CLEA Software Handbook (Environment Agency, 2009b).

1.7 Generating Results (Step 5)

(25)  Once all of the relevant inputs have been defined and/or modified, the assessment criteria (i.e.
GAC or SSAC) can be generated within the ‘Results’ worksheet by selecting ‘Find AC’. The CLEA

model will then calculate the assessment criteria, along with pathway contribution data.
(26)  Two separate reports can be printed:

a) ‘Results’ report: a record of the assessment criteria results for each substance including

substances media concentrations, pathway contributions and chemical-specific inputs; and
b) ‘Settings’ report: a record of the all other modelling assumptions and input parameters.
(27)  These reports can be printed to hard-copy or to a Portable Document Format (PDF) file to

create a permanent record of assessment and modelling outcome.
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APPENDIX 5: TAPAPTHMA S5: ITAPATI'QI'H TON SUITABLE FOR
LARNACA LEVELS - OAHI'OX XPHXHX
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ITAPAPTHMA 5: TAPAT'QI'H TON SUITABLE FOR LARNACA
LEVELS - OAHTI'OX XPHXHX

(1) "Exovv Anoebei S4LL o ‘Residential with produce (C4SL)-Cyprus’ ypnong yng mov kafopilet
évav Kpioyo amodéktn Kat ta oYeTIKd dtdvuopo ékbeong. H ékBeomn péow Tig oyetiKég 0000¢ £kBeong
avTITPoSOTEVETOL amd Evav ahydpBpo. Kébe adydpiBpoc mopapetpomoteiton xpnoIonoldvTog
TANPOPOPIEG TTOV OVTOVOKAOVY, OGOV SLUOEGLES, TO TEPPAALOV Ko TO TOATIKO TAaicto Tng Kdmpov,
TANPOPOPIEG OYETIKA LE TOV KPIGIHO OITOSEKTN KOl OEOOUEVO TTOV TTEPTYPAPOVY T1) PUGTKOYNLKT Kot
TOEIKOAOYIKT) GLUUTEPLPOPA TOV POT®V. AVTOL 01 AAYOPIOLOT KMOTKOTO0VVTAL GTO VTOAOYIGTIKO
¢@VOAAo CLEA v1.071, tporomompévo and to LQM ya va avtikatontpilet 11g cuvOfkeg ot Adpvaka,
Kvonpov.

(2) T Aemropepn koTavonomn TV adyopiBumy kot tapadoymv mov vrootnpilovv to CLEA v1.071,
Ba pémetl va supPoviedetor o Science Report SR3 (Environment Agency, 2009a). To eyyeipidio
roywopikov CLEA (Environment Agency, 2009b) napéyet Aentopepeig mAnpoopiec GyeTikd [Le TOV
Tpomo ypnong tov Aoyiopkod CLEA yio ) Aqym yevikov kprinpiov a&loAdynong Kot 101KOY Yo
kd0e Tomobecia ko avaroyiwv ADE / HCV (Méoog Adyog Tiung nuepnotag ékbeong / kprmpiov
VYIEWVNC).

(3) T tovg okomovg TG e€ayyng Twv S4LL mapéyovratl ot akdAovOeg evOTNTEG MG TPOGHETOG

001 YOG Y10, TOVG LEAAOVTIKOVG TEAMKOVG YPNOTES GYETIKA LLE TOV TPOTO OVOTOPAY®DYNG TOVG,
npoocdtopilovtag o VAL £pYaciog LOVTEA®Y VITOAOYICTIKOV GUAAMV LE T OTOi0 OAANAETIOPOVV.
YuvioTdton 0 xpNoTNG va £XEL 6TN S1ABECT] TOL TO LOVTEAD VTTOAOYIGTIKOD GUALOL OTaV dtafalel HEow
ovToV TOV 001 YOV XPNOTH.

(4) TIpoécBeto eVALO («DVALO]») TpooTédnie amd o LQM Yo va map€yet pia mo e0KoA
TpocsBaciun kot eEayd@yun TEPIANYN TOV GUVEIGPOPHOV TNG 0000 £KBeOTG.

1.1 Oonyodg

(5) Ta Pacikd aAinAiemdpactikd ototyeio tov CLEA pmopovv vo Tpoceyyiotouy HEGH TOV GUALOV
epyaociag «Guide», To omoio mapéyet Eva ddrypoppa pong dadtkasiog (Box 1) yua ) xprion tov
LOVTEAOL Yl TN dnpovpyia yevikmv kprrnpiov a&ordoynons (GAC) (SSAC) pe mpdcsPaon ce mo
nponyuéveg pubuicelg ('Advanced Settings') Yo TpOG®PIVY TPOTOTOINGT TOV TAPAUETPOV EIGOS0L Y10
po pepovopévn extédeon povtédov (OnA. Ot vrokeipeveg kabopiopéveg 1| otabepéc Phoeig
dedopévav oev Ba tpomomomBovv uovVIpa).

(6) To mapov puALo epyaciog mapéyel emiong TpoOSPacn oTic TE€6ePLS Pactkég PAcEls dedOUEVOV TOV

umopovv vo Kaboprotovv and to ypnot (‘User Buildings’, ‘User Chemicals’, ‘User Land Uses’ &
‘User Soils’).
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Interactive CLEA software guide CLEA Software Version 1.071 © Environment Agency 2015

Contains public sector information licensed under the Open Government Licence v3.0

Generic assessment criteria (basic)

STEP 1 STEP 2 STEP 3 STEP 5

Report Details ‘ Basic Settings ‘ Select Chemicals - Find Resuits

Site-specific assessment criteria (advanced)

STEP 1 STEP 2 STEP 3 STEP 4 STEP 5

Report Details Basic Seftings Select Chemicals i dvanced Find Results
Settings

Database management
Soils (Add / Edit) ‘

Buildings (Add/ Edit) Chemicals (Add / Edit Land Uses (Add / Edi

Environment
W Agency

*This workbook is supplied without any password protection and may have been modified from the original download by third parties.

Box 1: CLEA model process flow diagram indicating the key steps in deriving Generic Assessment
Criteria (GAC) or Site Specific Assessment Criteria (SSAC) [source: UK Environment Agency]

1.2 Baowéc pvOpiceig

(7) To @OAAo epyaciog ‘Basic Settings’ kaBopilel T ypnon g yngs, Tov amodEkT (apseviko /
OnAvko), T1g Katnyopieg nAkiag, Tov TOTO KTIPiov, TOV TUTO Kot TIS 1010TNTEG TOL £dApovs (pH,
SOM%) ko T1g 000VG £kBeomg va suuTEPIANPOOVY otV a&loAdyNoN.

(8) MoAig oAokAnpwBovV OAEC 01 TPOTOTOMGELS, 0 ¥PNOTNG TIPEMeL va. ‘Apply Settings to Model’ mptv
dnpovpynoet ta kprmpia a&toddynonc. Edv dnovpyeite kprmmpia a&toAdynong, Ba tpénet va
BeParwbeite 611 dev extedeitar o poviého oto ‘Ratio Mode’ (" Agitovpyia avaroyiag"). And
TPOETMAOYT, TO LOVTELOD OEV EKTEAEITOL GE QLTNV TN AELTOLPYICL.

1.2.1 Eruiéére Xnuixa

(9) O ypnotg emdéyet T1g ovoieg yia Tig omoieg Ba dnpovpynBovv emineda dStohoyng 6To VAL
epyoaoiag «Select Chemicals», pe péyioto apBud 30 Eexmplotdv pOTOV ToL EMAEYOVTOL OO TIG
avapepopeveg Moteg. O katdloyog meptAapfavel Tovg TpoKabopiopévoug pumovg (Oni. Métaiia,
netpelaixd vopoyovavOpakes, BTEX kot PAH) cvv omolesdnmote nmpdchetec ovsieg mov mpootifevran
Ao TOV YPNOTN, UE TIC GYETIKEG PUOTKOYNKES TOPAUETPOVS TPOTOTOINIEVES DOTE VO OVTAVAKAODV
T1¢ ovvOnkeg g Kompov).

(10) Mol emhexBohv OA01 01 pUTTOL TOV EVALAPEPOVV, TOTE ‘Apply Chemicals to Model’ .
1.2.2 KaOopiouos ka1 Tporomoinen twv Xnquikadyv Oveidy mov Exovy IlpooctelOet
(11) O1 €16p0£C PUGIKAOV-YN KOV Kot TOEIKOAOYIKMV TAPAUETPMOV Y10 GUYKEKPIUEVES OVGIES

7oL £xovv Tpomtomon el amd v Kumplak vopobesio mtepthapfavovtor 6to puALO epyaciag ‘User
Chemicals’ tov CLEA. Omoteconmote LEAAOVTIKES TPOTOTOUCELS OTIC TAPAUETPOVS E1IGOS0L Ot
pémel va yivovtor 6to eOAL0 epyaciog ‘User Chemicals’.
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(12) Yrdpyetl Evog aplfpnog TposTAEYHEV®OV OVGLAOV Y10 TV TAPOYWYT TOV CNUEPIVOV KOl TOV
IGTOPIK®V EMITEI®V SOAOYNG GTNV TOAMTIKY| Kot 6To epiBdArov tov Hvopévov Basiieiov, mov
neprlopPdaveton eniong oto POALO epyaciog ‘Chemical Data’ mov £xovv datnpnbet, KabdG Kot 0vGieg
nov £yovv tpoctedel and tov ypriotn ‘User Chemicals’.

1.2.3 KaBopiouog kair tporomoinen ktipiowv

(13) Kvnplaxol cuykekpipévot THmot KTipiev HTopovv vo 0ptoTovy amd ToV ¥PNoTH 6TO PUALO
epyaoiag ‘User Buildings’ too CLEA. EALelyetl mepattépm mANpoopudv, dev £xovv opilotel
ovykekpipéva Komplakd ktipo kot n mopaymyn tov S4LL Baciletal oty mposmdeypuévn fdaon
dedopévev tav Ktipiov tov Hvopévov Bactieiov.

1.2.4 KabOopiouog kou tporonoinon ypicewv yng

(14) H Kvnprokn fdon dedopévmv ypnoemv yng mov opiletal yia kabe cevapilo £kBeong
napéyxetar péca oto POALO epyaciog “User Land Uses” tov CLEA, 10 onoio mepthapfavel ahiayég
a0 TPOEMAOYES OTMG TEPLYPAPOVTOL GTNV TTapoVca EkBeot. Ot oYETIKES YPNOELS YNG
nepthopPdavovior g: ‘Residential with produce (C4SL)-Cyprus’, ‘Residential (lifetime exposure
(C4SL)-Cyprus’, ‘Public Open Space (park C4SL)-Cyprus’, ‘Public Open Space (park lifetime C4SL)-
Cyprus’, or ‘Commercial (C4SL)-Cyprus’. Ta S4LL gyovv vroloyiotet yio v ‘Residential with
produce (C4SL)-Cyprus’ ypnon yne.

1.2.5 KaBopiouog kai tpomomoinen twv edopay Tov xpioctn

(15) Kvmprakoi tomot £ddpovg propodv va opiotodv ato eOALo epyaciog «User Soils» tov
CLEA. Eni tov mapovtog, egattiog eAAelyel eVOALOKTIKOV TANPOQOPLOV, dev £xovv kabopiotel
Kvunprakd £6den ko n mapaywyn tov S4LL Baciletor oty mpoemideyuévn Bdorn dedopévav Yo Ta
€0aen tov Hvopévov Bactieiov.

1.2.6 KaBopiouog kai tpomomoinen 0e0ousvav tpopiua mapaymwyns

(16) Agv vtdpyel @OALO epyaciog yio Tov xpnot va KoBopilet yio T S1KN TOV YDPO EOTKY|
MoTa TV TOTOV TPoIdVIMV Kol T®V GYETIK®V l0pomv. To eOAA0 epyaciog ‘Produce Data’
("TIpoetolpacio dedopEVOV") TEPLEYEL TIG TPOETMAEYUEVES OPAOES Tapay®YNG TOV Hvopévou
Baoileiov kat Tig TYHES Y10 TOL TOCOGTA KATOVAANDGNG, T EYYMPL0 KAAGLOTO (T0GO0GTO TNG
KOTOVOAOKOUEVIC TOPAYWYNG TTOL KAAAIEPYEITAL GTO OTTL), T1 POPTMOT| OO TO £00.POS KOl TOVG
napdyovteg npoetoacios (Defra, 2014; Environment Agency, 2009a).

17) ZVVETMG, TPOKELUEVOL Vo TpoaTtedolv Kumplakég opddes tpogitmv, ot tpéyovceg
TPoemA0YEG Ba Tpémet gite va avtikatactadobv 1| va Tpocstefovv 6to eUAAO epyaciog ‘Produce Data’.
Qo1660, Oa amortnBel TpocekTik eEETAOT TG OYEONG LE GALES EOIKES YN UUKEG TOPAUETPOVG (TT.).
OLVTEAEGTEG CLYKEVTPMOOTG £0APOVC-PLTOV) Kot GLUPAGELS OvVopasiog o€ GAAL GOUALN epyaciag,
TPOKEUEVOD VO SIOCPOAAICTEL 1] ECWTEPIKN GLVEYELN GTO LOVTELO.

1.2.7 KaBopiouog kai tporomoinen 6£0ousvwv vmodoyéwv

(18) Zyetika dedopéva s Kompov yia 1o GuyKeKpévo copatikd fapog tng Katnyopiog
niwiag &xovv mapacyedel amd to Yrovpyeio Iepifariiovtog g Kompov. TNa kébe cevapilo ypriong
NG €xovv gloayBel T dedopéva yia ta OnAvkd g Tpelg emmA&ov VTodoYElg 6To POUALO Epyaciog
‘Receptor Data’ tov CLEA: Female (res C4SL)-Cyprus; Female (allot)-Cyprus; kot Female (com
C4SL)-Cyprus. Ta dedopéva eioaywyns cvvoyilovror oto [TAaicto 2, To omoio deiyvel 0TL TO HEGO
Bapog cmdpatog nhkiog 0-6 etdv g Kompov givarl katd 7% Pap0tepo 6€ GUYKPIOT UE TO VTOKEILEVO
o010 Hvopévo Baoilelo, evd 1 eviymkn o€ nlikia epyaciog stvon katd 6% lappitepn.
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(19) (41) Xe mepumtoelg 6Tov dev Exovv mapacyedel otnv LQM dedopéva Kumplokdv
VIOd0YEMV, £xel ANPOel vTOYN N TpoemAeyuéVN Paon dedopévev tov Hvopévou Bacileiov ya tig
GLYKEKPLUEVES TAPOUETPOVS TOV AOdEKTT, Ol omoieg meprypdpovtal oto SR3 (Environment Agency,
2009a), poli pe TpomomOGELS GE OPIGUEVES Ol TIS sloay®yeS , [Ipoypappa Defra SP1010 (Defra,
2014).

Female Body Weight (kg) - Cyprus
Age Class n Mean S5tDev  Median Min Max CLEA (SR3 UK defaults) Cyprus- UK % Difference
AC1 0 137 6.8 1.7 7 3 10.3 5.6 1.2 18%
AC2 1 85 10.8 1.4 10.5 7.2 15 9.8 1 9%
AC3 2 57 13 1.5 13 10 19 12.7 0.3 2% 7%
AC4 3 13 14 1.4 14 12 16.5 15.1 -1.1 -8%
AC5 4 12 19.4 4.6 17.8 14.3 29 16.9 2.5 13%
AC6 5 18 20.7 29 20.5 15 27 19.7 1 5%
AC7 6 29 22.9 4.3 221 15.5 32 22.1 0.8 3%
AC8 7 23 27.6 7 254 18.3 39.5 25.3 2.3 8%
AC9 8 25 30.8 9.9 30 19.8 72.8 27.5 3.3 11%
AC10 9 30 37.1 9.4 33.5 24.6 58.2 314 5.7 15%
AC11 10 20 434 9.8 422 30.5 66.9 35.7 7.7 18%
AC12 11 14 43.7 12.2 41.8 26.4 64.8 413 2.4 5%
AC13 12 17 47.3 8.7 494 34 62 47.2 0.1 0%
AC14 13 11 54.5 10.2 54 40.8 79.1 51.2 3.3 6%
AC15 14 36 54.2 8.6 54 32.9 72.4 56.7 -2.5 -5%
AC16 15 19 54.6 6.8 54.6 46.2 70.3 59 -4.4 -8%
AC17 16-64 162 65.3 14.8 62.7 39.6 138 70 -4.2 -6%
AC18 65-75 132 72 11.9 715 46.7 102 70.9 1.1 2%

Box 2: Body weight data for the female critical receptor summarised by CLEA model age-classes and
comparison to default UK values [source: Department of Environment, Republic of Cyprus]

(20) Metd and ovlntnon pe to Tpnpa [eptBdAiovtog, cuppovindnke 6Tt 0 KPIGILOG ATOdEKTNG
o€ k@Be ypnom yng Ba Bewpeitar 6TL PopoHv KOVTd paviKt Kot GopTg Yot OA0 TO £T0G - dNA. avEdvouvy
T1G ektebeEVEg TTEPLOYEG TOL dEPATOG. O OmOPUiTNTES TPOTOTONGELS OTIS TPOKAOOPIoUEVES
mapadoyés Tov Hvouévov Bactdeiov oyetikd pe to péyiota ektedeipéva KAASUOTO TOV dEPUATOS KATA
™ OBPKELD ECOTEPIKAOV KOl EEMTEPIKAOV dPASTNPLOTHTOV Yo KAOE pio amd TIg oYETIKEG YPNOELS VNG
etval 6mmg VITOJEKVHETAL 6TO TANIG10 3. AVTEG O1 TPOTTOTOMUEVES EIGPOES TPOSTEONKAY EMIONG OTO
@OALO gpyaciog ‘Receptor Data’ oto poviérlo vmoroyiotikdv eoAAwv CLEA v1.071, oto mAaico tov
kabopiopévaov Kumplokdv vrodoyémv.
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Pmax is the maximum exposed skin fraction, m*m™

Table 4.7: Estimates of maximum exposed skin fraction during indoor and
outdoor activities for the commercial land use

Values assumed to reflect

Age class Qutdoors Indoors Cyprus Conditions:
Coverage @pax (M? m?)  Coverage ®,0x (M? m)
Assumes face and e 1 Assumes face and [ il 1 —_——-
17 S LQ'_':@_.""E tadoe '._Q-P_E__' ................................................. > [ .26 1
+ lower |eg5 P > | I |

Source: SR3, Environment Agency (2009) + lower legs

Table 4.8: Estimates of maximum exposed skin fraction during indoor and
outdoor activities for the residential and allotment land uses

Qutdoors Indoors
Age class
Coverage ®pax (M? Mm?)  Coverage B0, (M? M?)
1 0.26 0.32
2 Assumes lace, 0.26 Assumes lace, 0.33
3 hands, forearms 0.25 hands, forearms 0.32
4 and lower lags 0.28 lower legs, and 0.35
5 exposed 0.28 feel exposed 0.35
6 ~0.26_ ~0.33_
7 1015 1022 Q===
8 : 0.15= : 022[ ................................................. » | 0331
g 1 015! 1 022! --=
10 1015} 1022
11 Assumes face, | 0141 Assumes face, | 0221
12 hands and | 014 ! hands, forearms, | 0.22 H
13 forearms exposed : 0-14 : and feet exposed : 0-22 :
14 + lower legs ! 0:14 i + lower legs ! 0:22 i
15 1 014 1 I 021 ]
16 10140 1221
Assumes face, 0.27 :  Assumes face, 0.33 I_ -—-
17 hands forearms . Sunes I FOTEATTITSs e snen s nnn i i I M annnnnnnnnnssnnsnnnnnnanssnnn s nnnnnannssnnnnnnnnnnns » 0.2 |
18 and lower legs 0.27 lower legs and feet 0.23 - -
exposed ) exposed )

Source: SR3, Environment Agency (2009)

Box 3: Modifications to the default maximum exposed skin areas agreed with the Department of
Environment (Republic of Cyprus) to reflect Cyprus conditions within the CLEA v1.071 model

(21) Ta Tuyov emmAéov yapakTnploTikd yvopicpato Tov Kumplakod amodéktn mov pnopet va
etvat Stobécipa (.. TOGOOTA EIGTVONG KOl VYN GOUOTOG) 1] TPOTOTOINGT VPICTAUEVOV VITOBECEMV
¢ Kdmpov pmopovv va kataywpnovv otovg oyetikovs Kumprakovg vrodoyeig mov opilovtal 6to
@OAMO epyaciog ‘Receptor Data’ tov CLEA.

1.3 Anpovpyio amoTEAECRATOV

(22) Mo kaBoptotovv Kot / 1§ TpomomoinBovv OAEG O1 GYETIKES EIGPOES, UTOPEITE VAL
onuovpynoete ta kprnpla a&lordynong (GAC 11 SSAC) oto pvALo epyaciog ‘Results’ tov CLEA,
emAéyovtog 'Find AC'. X1 cuvéyela, 1o povtého Ba mapdyet ta amoteAéspata Kot 0o GuUTANPOGEL
10 UAAO gpyaciag pe ta kprrnpo a&lohdynong ( amd 1o otopa + depUaTIKO Kot omd E16TVOT) KaBmg
KoL TPOGHETES YPNOILES TANPOPOPIES GYETIKA LE TN GVUPOAN TG 0000 6TN GLVOMKT £kBEoT) Yol TOL
ocuvdvaouéva kprtipla aloddynong.

(23) Mmnopovv va dnpovpynBodv dvo Eexmpiotd apyeio TG povielomoinong:

o) KOTOYPOPY| TV OTOTEAEGULATOV TOV KpLTnpiwv a&loldynong yu kdbe ovoia,
CUUTEPTAAUPOVOUEVAOV TOV GUYKEVTPDGEDV OVGIDV KATO LECOV, TWV EIGPONDYV SLOOPOUNG KOl
TOV EIGPODV TOV ELVOL EOKA Y10, YMNUIKA - Ko

B) T1¢ puOuicelg LOVTEAOD TTOV TTEPTYPAPOLYV AETTOUEPHDG TIG VITOOECELG LOVTEAOTTOIN GG KO TG
TOPAUETPOVG E1GOS0V.

(24) AVTEG 01 EKTUTIOGELS UopohV va, TVT®OoVV Gg EvTumn popen 1 o€ apyeio Adobe pdf yio va
ONUIOVPYNGOLV HI0, LOVILT KOTOYPOPT) TOV OTOTEAEGHATOV 0ELOAOYNONG KOl LOVTEAOTOINGNG.
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