
 
 
 
 
 
 
 
 

  1 | P a g e  
 

TRITA-ABE-MBT-18346 
 

Supritha Vijayakumar  
 

DEGREE PROJECT IN ENVIRONMENTAL 
ENGINEERING, SECOND CYCLE, 30 CREDITS  
STOCKHOLM, SWEDEN 2018 

 
 
 
 
 
 
 

Developing a model for risk 
assessment of arsenic exposure 
in agricultural regions of Europe 

 
SUPRITHA VIJAYAKUMAR  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

KTH ROYAL INSTITUTE OF TECHNOLOGY



 
 
 
 
 
 
 
 

  2 | P a g e  
 

TRITA-ABE-MBT-18346 
 

Supritha Vijayakumar  
 

 
  



 
 
 
 
 
 
 
 

  3 | P a g e  
 

TRITA-ABE-MBT-18346 
 

Supritha Vijayakumar  
 

 
 
 
 
 
 

Developing a model for risk 
assessment of arsenic exposure in 

agricultural regions of Europe 

 

Supritha Vijayakumar  
 
Supervisor 

Prof. Prosun Bhattacharya 

 

Examiner 

Prof. Prosun Bhattacharya  
 

Supervisor at Kemakta Konsult AB 

Dr. Celia Jones 

Mark Elert  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Degree Project in Environmental Engineering and Sustainable Infrastructure  
KTH Royal Institute of Technology  
School of Architecture and Built Environment 
Department of Sustainable Development, Environmental Science and Engineering  
SE-100 44 Stockholm, Sweden  
TRITA-ABE-MBT-18346
  



 
 
 
 
 
 
 
 

  4 | P a g e  
 

TRITA-ABE-MBT-18346 
 

Supritha Vijayakumar  
 



 
 
 
 
 
 
 
 

  5 | P a g e  
 

TRITA-ABE-MBT-18346 
 

Supritha Vijayakumar  
 

Summary in Swedish 
 
Arsenisk (As) exponeringär en orsak till växande global oro. Exponering som leder till olika problem för 
människors hälsa och kan vara fatal som gott. Exponering för arsen kan bero på kontakt med olika 
komponenter i miljön som är förorenade av As. För att avhjälpa effekterna av As är det viktigt att förstå 
hur denna exponering inträffar, och vilka parametrar måste beaktas för sanering. För att göra detta är 
det viktigt att förstå exponeringens omfattning och natur. Detta kan göras genom exponerings 
modellering. 
 
Syftet med denna uppsats är att utveckla en exponeringsmodell för att genomföra riskbedömning av 
exponering i jordbruksmarker i Europa. Exponeringsmodellen utvecklades i samarbete mellan KTH 
Royal Institute of Technology och Kemakta Konsult AB. Forskningen är en del av EU-projektet AgriAs, 
"Evaluering och hantering av arsenikföroreningar i jordbruksjord och vatten" med sex deltagande 
organisationer från Finland, Tyskland, Frankrike och Sverige. Att rikta sig till webbplatser valdes för 
att utföra en riskbedömning med hjälp av den utvecklade modellen. Målplatserna var Freiberg, 
Sachsen, Tyskland och Verdun, Frankrike. Detta är en preliminär modell för att utöva metodiken. Den 
slutliga AgriAs-modellen kommer att sammanställas tillsammans med AgriAs Consortium och 
publiceras gemensamt av alla berörda parter. 
 
Modellen utvecklades baserat på de identifierade exponeringsvägarna för mänsklig exponering för som 
i jordbruksregioner, olika typer av platsinmatningsdata och modellspecifika parametrar. De 
identifierade exponeringsvägarna är inandning eller ämne, intag av som förorenat mat, intag av som 
förorenat vatten, oavsiktlig intag av jord, en dermal kontakt. Exponeringsmodellen utvecklades som en 
jämviktsmodell, och banvägsekvationerna baserades på plats -koncentrationer och 
jämviktsöverföringsfaktorer. Modellen testades och validerades genom att jämföra med den svenska 
riktlinjemodellen. Modellen testades också för känslighet för ingångsparametervärdena. Den 
validerade modellen användes sedan för att utföra en riskbedömning på de två målplatserna i Tyskland 
och Frankrike. Rekommendationer om vidareutveckling av modellen, och datasamling krävs för att 
modellen skall kunna produceras, mer webbplatsspecifika resultat har också gjorts. 
 
Nyckelord: Arsenik, Exponeringsmodell, Modellutveckling, Riskbedömning, Jordbruksland, Europa 
 
Obs! Vissa delar har tagits bortfrån den offentligaversionenavdennamasterprovfram till 2019, ochden 
fullständigaforskningenkommerattpublicerasav AgriAs 2019. 
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Abstract 
 
Arsenic (As) exposure is a cause of growing global concern. Exposure to As leads to various problems 
and can be fatal as well. Exposure to arsenic can be due to contact with various components of the 
environment that are contaminated by As. To remediate the effects of As, it is important to understand 
how this exposure occurs, and which parameters need to be taken into account for remediation. To do 
this, it is important to understand the extent and nature of exposure. This can be done through exposure 
modelling. 
 
The aim of this Master thesis is to develop an exposure model to perform risk assessment of As exposure 
in agricultural lands of Europe. The exposure model was developed in collaboration with KTH Royal 
Institute of Technology and Kemakta Konsult AB. The research is part of the European Union project 
AgriAs, ‘Evaluation and Management of Arsenic Contamination in Agricultural Soil and Water’ with 
six participating organizations from Finland, Germany, France and Sweden. Two target sites were 
chosen to perform a risk assessment using the developed model. The target sites were Freiberg, Saxony, 
Germany and Verdun, France. This is a preliminary model to practice the methodology. The final 
AgriAs model will be compiled together with the AgriAs Consortium and published jointly by all 
partners involved. 
 
The model was developed based on the identified exposure pathways of human exposure to As in 
agricultural regions, the different types of site-input data, and model-specific parameters. The 
identified exposure pathways are inhalation of dust, intake of As contaminated food stuff, ingestion of 
As contaminated water, accidental ingestion of soil, and dermal contact. The exposure model was 
developed as an equilibrium model, and the pathway equations were based on site-concentration and 
equilibrium transfer factors. The model was tested and validated by comparing with the Swedish 
Guideline model. The model was tested for sensitivity to the input parameter values as well. The 
validated model was then used to perform a Risk Assessment on the two target sites of Germany and 
France. Recommendations on further development of the model, and data collection required to make 
the model produce more site-specific results were also given. 
 
Keywords: Arsenic, Exposure model, Model development, Risk assessment, Agricultural lands, 
Europe 
 
Note: Some parts have been removed from the public version of this master thesis until 2019, and the 

full research will be published by AgriAs in 2019. 
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1. INTRODUCTION 
 
1.1 Background 
 
Arsenic (As) ranks as the 20th most abundant element in the earth’s crust (Woolson, 1975), The 
metalloid and its compounds are ubiquitous, and in the earth’s crust, arsenic’s concentration roughly 
ranges from 1.5 to 3 mg/kg. (Bhattacharya et al. 2002a, Mandal and Suzuki, 2002; Nriagu et al. 2007, 
Loukula-Ruskeneimi et al., 2004). 
 
Sources of this abundant element range from natural to anthropogenic causes. Arsenic occurs naturally 
in the earth’s crust, in water, in the air, soil and sediments, and even living organisms. Anthropogenic 
sources are also one of the main causes of As abundance in the soil. The main reasons include the use 
of As pesticides, disposal of industrial wastes, application of fertilizers, and dust emitted from burning 
fossil fuels. (Mandal and Suzuki, 2002). 
 
Since the onset of the 20th century, As exposure has emerged as a global health concentration. Arsenic 
can enter the human body through different paths- mainly through ingestion of water, food, and soil 
which are contaminated with arsenic, through inhalation of arsenic in dust, through dermal uptake by 
the skin. The most significant routes of arsenic exposure are ingestion of As contaminated water and 
foodstuff (Bhattacharya et al., 2007). 
 
Long term exposure to inorganic As has a profound impact on human health. It leads to arsenicosis. 
Arsenicosis is a term that is used to encompass all the ill-effects of As exposure to humans. It starts with 
non-specific effects like muscular weakness, and over-time it manifests into skin ailments, such as 
pigmentation and painful keratosis. Other effects also include kidney and liver diseases, neurological 
effects, pulmonary disorders and lung infections. Continued As exposure can also lead to different forms 
of cancer ranging from skin, lung, liver, kidney and sometimes even bladder, which could eventually 
result in death in many cases. (Bhattacharya et al., 2002a, b; Bhattacharya et al., 2007; Abdul et al., 
2015). 
 
World Health Organization (WHO, 1993) set a provisional guideline value of permissible As 
concentration in water as 10 ug/l. However, it was estimated that over 140 million people, spanning 
over 50 countries consumed water that had higher levels of As than compared to the guideline value. 
Over 70 counties in the world have been reported to be affected by As poisoning and some of the most 
affected countries are south-Asian countries like Bangladesh and India; Latin American counties like 
Chile, Argentina; the United States, etc. (Bundschuh et al., 2012, World Health Organization, 2017). An 
overview of countries affected by As contamination is given in Figure 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                 Figure 1: Countries affected globally by Arsenic contamination in groundwater (after Nriagu et al. 2007) 
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1.2 Arsenic in the European perspective 
 
Arsenic research has been growing in the past 25 years, with the main research efforts into the 
understanding the speciation and biogeochemistry of As in different environmental matrices, 
distribution in water (surface and groundwater), and control and treatment in different countries 
affected by As in different Asian as well as north and south American countries (Litter et al. 2010; 
Bundschuh et al. 2010, 2012; Bhattacharya et al. 2017 (Best Practice Guide). However, there is still a 
large scope of research to be done related to As in Europe, especially in European agricultural soils and 
water; low cost treatment of As contaminated water, soil, dust and production of food with low As 
content; As risk prediction and management, controlling spread of As etc. (Ravenscroft et al., 2009, 
Amini et al. 2012 etc.). 
 
Two European Union projects had been carried out for risk assessment and risk management of As 
(‘RAMAS’ and ‘ASROCKS’) (Parvinnen et al. 2015). Inspired by the outcomes of these two projects, 
Geological Survey of Finland (GTK) in collaboration with the University of Oulu, G.E.O.S. 
Ingenieurgesellschaft mbH, Germany, BRGM and LEB Aquitaine Transfer from France and KTH Royal 
Institute of Technology from Sweden developed a new project ‘Evaluation and Management of Arsenic 
Contamination in Agricultural Soil and Water with an acronym ‘AgriAs’. The project is co-funded by the 
EU and the Academy of Finland, L’Agence Nationale de la Recherché, Bunderministerium für 
Ernährung und Landwirtschaft and Forskningsrådet FORMAS under the ERA-NET Cofund 
WaterWorks2015 Call during 2017-2019 and has partners in addition to Finland, from Germany, France 
and Sweden (Loukola-Ruskeeniemi et al., 2018). The aim of AgriAs project is to provide the European 
Union with comprehensive knowledge base on risk of arsenic exposure in European Agricultural areas, 
tools for arsenic remediation and management. In order to manage and remediate As in the 
environment, as recognized by AgriAs, it is important to understand the level of risk it poses to humans. 
And to understand the level of risk-performing a risk assessment is important. This Master thesis 
project is done as a part of AgriAs Work Package 4, in collaboration with Kemakta Konsult AB, 
Stockholm and KTH Royal Institute of Technology (http://projects.gtk.fi/AgriAs, 2018). 
 
In Europe, higher levels of As are present in the south of Europe as compared to the north. On an 
average, southern European countries have three times more As in soil than the countries in the north 
of Europe. Germany, France, and Spain have high concentration of As.(Tarvainen et al., 2012). A map 
of As in the agricultural lands of Europe is given in Figure 2, depicting higher levelof arsenic in the 
southern parts, and along the Trans-European Suture Zone, one of the main tectonic borders in Europe 
(Tarvainen et al., 2012; Tisserand et al., 2014).  
 
As mentioned earlier, the south of Europe has higher concentration of As in soil (>5 mg/kg) as 
compared to the northern part of Europe (<5 mg/kg). In Germany, the average background levels of As 
range from 2 mg/kg to 7 mg/kg, however there are some regions with extremely high values. In the 
Freiberg region of Saxony, As in agricultural soils have been recorded up to alarmingly high levels of 
400 mg/kg. (Sächsische Landesanstalt für Landwirtschaft, 2006), The cause of high levels of As are 
predominantly geogenic, however anthropogenic activities like use of pesticides, fertilizers, emission 
from mining and metallurgical activities have added to the levels of arsenic in agricultural regions of 
Saxony. In France, after World War II, fired and unfired weapons comprising As were destroyed in 
Verdun. These sites are now being used as agricultural lands. (Thouin et al., 2016). However, due to 
leaching of As from the destroyed weapons, the soil in the agricultural lands of Verdun have values of 
around 200 mg/kg. (Battaglia-Brunet, 2018; Thouin et al., 2016). 
 
Due to these high concentrations of As in soil, Freiberg in Germany and Verdun in France were chosen 
as target sites for the AgriAs project. In order to develop a strategy for remediation and management of 
As, in the two chosen agricultural areas in Germany and France, it is important to identify the various 
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exposure pathways, and the relative risks of As exposure, based on site-specific risk assessment of As 
exposure on human health in the two target sites.  
 
Exposure models, on a general note, are used to calculate the exposure of a chemical for assessments of 
the effect of chemical on human health. Different models do this through different methods, but overall, 
they take into account exposure to humans from different pathways set to certain parameters. (Fryer et 
al., 2006). There are currently several exposure models available to perform risk assessment of 
inorganic chemicals and radionuclides. Some of them are CLEA, CalTOX, NV Guideline model, 
MMSoils, CSoil, etc. Models like CalTOX, MMsoils, are from USA, while CLEA, CSoil, Naturvardsverket 
(NV) guideline model are from Europe. (MMSOILS: Multimedia Contaminant Fate, Transport, and 
Exposure Model Documentation and User's Manual, 1992; Dtsc.ca.gov, 2007; CLEA software (version 
1.05) handbook, 2009; Riktvärden för förorenad mark, 2009). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Arsenic in agricultural lands of Europe (after Tarvainen et al., 2012).The numbers on the map indicates the 
various geographical locations across Europe with elevated arsenic in the soil and groundwater environment. 
 
1.3 Risk assessment and exposure modelling 
 
For performing a risk assessment of the target sites, limiting guideline values can be used to compare 
with measured concentrations. However, this gives a very generic assessment which does not take the 
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actual conditions at the site into account. Another way of performing a risk assessment is by carrying 
out an exposure modelling. Using an exposure model will aid in generating a comprehensive risk 
assessment. It will allow us to analyse the causes of the risks, extent of risk, and also aid in choosing 
which remediation method is to be used in reducing the risks due to exposure from different pathways. 
(National Research Council (U.S.),2006). 
 
Some of the most widely used exposure pathways are: the ingestion route, the inhalation route and the 
dermal contact route and each of these routes have several sub-pathways (Dumitrescu, et al., 2012). The 
most common pathway categories, and subcategories that exposure models use are given in Table 1. 
 

Table 1: Pathway categories commonly used in existing exposure models (McKone, 1993) 
 

Pathway categories Sub- pathways categories 
  

Ingestion route Ingestion of soil; water; plants; fish etc. 
  

Inhalation route Indoor dust, outdoor dust, vapours etc 
  

Dermal contact From soil and dust, swimming, bathing 
 in water etc. 
  

 
However, the extent to which each pathway is considered in the models, the parameters, the model 
equations, varies from model to model. (Fryer et al., 2006). The exposure models developed in Europe 
like Csoil, NV guideline model, CLEA, etc. generally take into account chemical exposure through intake 
of soil, intake of water, intake of edible plants, intake of fish, inhalation of dust, and dermal contact. 
(Riktvärden för förorenad mark, 2009; CLEA software (version 1.05) handbook, 2009) . However, these 
models do not account for different categories of plants but rather group them under one large umbrella. 
Pathways like chemical exposure due to intake of meat, milk etc. are generally not taken into account. 
 
On the contrary, exposure models from USA, incorporate pathways that range from intake of soil, intake 
of vegetables, grains, intake of meat and milk, intake of water, intake of fish, inhalation of dust and 
dermal contact, and they use parameter that suit consumption and situations relevant to USA 
(MMSOILS, 2007). For As, pathways that are most interesting and cause the most impact on human 
health have been identified to be ‘intake of As contaminated water’ and ‘intake of As contaminated 
plants’ (specifically grains and leafy vegetables). (Kapaj et al., 2006; Ravenscroft et al., 2009; Chatterjee 
et al. 2010). 
 
To perform a risk assessment for As in European sites, it would be prudent to use European models set 
to European parameters. However, the models that exist in Europe do not account for consumption of 
different types of crops thoroughly, since they focus more on residential land use and not agricultural 
land use. Using the models from the USA would cover many of the relevant exposure pathways, however 
the results might be ambiguous since the As levels in Europe, and the consumption patterns of people 
living in Europe differ from the consumption patterns of people in the United States of America. 
 
Therefore, for performing a health risk assessment of As in agricultural lands of Europe, there is a lack 
of exposure models that will give site-specific results taking into account different exposure pathways, 
set to European standards. 
 
 
1.4 Aim and Objectives 
 
1.4.1 Aim of the project 
 
The aim of this master thesis project is to develop an exposure model to perform risk assessment of 
inorganic As exposure, for agricultural lands of Europe and perform a risk assessment of the target sites 
based on the collection and compilation of the site-specific data from Saxony, Germany and Verdun, 
France. These two sites were chosen since they are the target sites for the AgriAs project, and have 
reported high concentration of As in the agricultural lands. 
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1.4.2 Specific Objectives 
 
The specific objectives of this study are: 
 

• To identify and analyse pathways of exposure and parameters that are significant for As 
exposure in agricultural lands of Europe and develop a conceptual model. 
• To the exposure model as an equilibrium model using MS Excel (develop. (To develop pathway 
equations, set parameter values, set input methods, and develop risk estimation equations). 
• To validate the model and analyse the sensitivity of the model. 
• To perform risk assessment of the target sites (Saxony, Germany and Verdun, France) with the 
compiled data, using the developed model. 
• To provide a discussion on future development of the model, and data collection requirements 
from the site. 

 
The exposure model will be developed as an equilibrium model, as the processes (such as growth of 
plants to harvest) occur over a time frame of less than one year while, soil process like leaching and 
accumulation of As, takes a longer time and needs to be developed as a dynamic model. This study will 
focus on developing the exposure model as an equilibrium model only, and the dynamic soil transport 
model will be added in the later stages of the AgriAs project. Developing a dynamic transport model is 
data extensive and time consuming and will not be included as a part of this thesis project. However, 
since the AgriAs project continues longer than this thesis project, at later stages of model development, 
a transport box model will be added to the developed exposure model.
 
1.4.3 Research questions 
 
To develop a model to perform risk assessment of arsenic exposure in agricultural lands of 
Europe, there are certain questions that need to be answered. 
 

1. What are the exposure pathways, and pathway equations that need to be considered 
while developing an exposure model suitable for arsenic contaminated agricultural regions 
in Europe? 
2. What are the parameters that are needed for the model to suit European regions? 
3. What site-specific data and model-specific data is required to develop the model and perform 
a risk assessment? 
4. What further data needs to be collected in Freiberg, Saxony, Germany and Verdun, France to 
make the risk assessment more site-specific? 

 
1.5 Scope and Delimitations of the project 
 
Once the model is developed and tested, the sites chosen to perform the risk assessment on are Verdun, 
France, and Freiberg, Saxony, Germany. These two sites were chosen since they are the target sites for 
the AgriAs project, and furthermore, these sites have a high amount of As in their agricultural lands and 
performing a risk assessment on the developed exposure model will aid in choosing the right 
remediation method. 
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2. Methodology 
 
 
The project was divided into three stages. The first stage was conducting a background analysis and data 
collection for the target sites. The second stage was model pathways, equations and parameter 
development and testing. The third stage was performing risk assessment for the target sites. The first 
stage involved primarily of conducting a background analysis. A literature review was performed to gain 
an insight into Arsenic exposure in the world, particularly in Europe. An in-depth analysis of As exposure 
in agricultural sites, and existing exposure models was also carried out. Data collection (of both qualitative 
data as well as quantitative data) regarding As in the target sties in Germany and France was performed 
by compiling all the data that was collected in Work Packages 1 to 4 of the AgriAs project. The 
concentration of As in the target sites have been removed from the public version of this master thesis 
and will be published in 2019 by AgriAs. 
 
The second stage was model development. The model exposure pathways, parameters and equations were 
developed. The model was developed in MS-Excel, and the model was tested, validated and sensitivity 
analysis was performed as well. The model development methodology is given in detail in chapter 4. 
 
The third stage was performing the risk assessment for the target sites, on the developed model. The data 
compiled in the first phase, was given as input to the model, and various cases were run on the model for 
Germany and France, and the risk assessment results were produced as well. The results are preliminary 
and the final AgriAs risk assessment and exposure model will be developed by the AgriAs Consortium 
later during the project. The results of the risk assessment are not attached to the public version of this 
M.Sc. thesis since the Governing Board of AgriAs will publish these results in 2019. The work flow diagram 
depicting the methodology is given in Figure 3. 
 

 
 

Figure 3: Work flow diagram of the methodology adopted.

 
2.1 Background analysis 
 
First the exposure pathways that would be important for performing a risk assessment for As exposure 
in agricultural lands of Europe were identified both from site data and from literature. The compiled 
concentration of Arsenic in the target sites is to be kept confidential until 2019, as per the Governing 
Board rules of AgriAs, and hence has been removed from this document. 
 
Once the significant pathways were identified, existing models were compared based on the identified 
pathways and parameters. After comparing existing models, models that can act as a reference base to 
aid in the development of the AgriAs Preliminary model were selected. Following which, a framework 
for model development was formulated. Using the framework, reference models and identified 
pathways and parameters, the model equations and input pathways were defined. 
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Once the model pathways, equations and input methods were prepared, the values for the model 
parameters were set using site data, and literature. After this, the model was developed on MS excel as 
a workbook with different worksheets, each sheet serving a different purpose ranging from input of 
data, parameters, calculations, results, etc. 
 
2.1.1 Exposure pathways identification 
 
From literature, and by analysing existing exposure models for assessing risk due to chemical exposure, 
like arsenic in soil, the exposure pathways have been broadly divided into three categories (Dumitrescu 
et al.,2012). These are 
 
-Ingestion route  
-Inhalation route and  
-Dermal contact route. 
 
Different models take into account these routes with varying subcategories, and importance to each 
subcategory. For example, in the case of the ingestion route, most exposure models like CLEA, Csoil, 
take into account ingestion of soil, ingestion of water; while some models like NV Guideline model, 
apart from ingestion of soil and water, it also takes into account ingestion of vegetables grown in 
contaminated sites into account to a small extent. While some models like CalTOX take into account 
ingestion of different types of vegetables and fruits, meat and milk etc. coming from contaminated 
regions as an important ingestion pathway. (CLEA software (version 1.05) Handbook, 2009; 
Dtsc.ca.gov, 2007; MMSOILS: Multimedia Contaminant Fate, Transport, and Exposure Model 
Documentation and User's Manual, 1992; Riktvärden för Förorenad Mark, 2009). 
 
For the inhalation route, most models consider inhalation of pollutant contaminated dust. Most models 
take into account indoor and outdoor inhalation, but to varying extents. Some models like NV guidelines 
model takes into account indoor air, as the model is more suited for residential places. 
 
In the case of agricultural lands, for the ingestion pathway, ingestion of soil and water is important, but 
ingestion of food products grown on the contaminated should also be considered with importance as 
well. Ingestion of crops grown in these lands, and ingestion of secondary food stuff like meat, milk, eggs 
produced from livestock grazing on these agricultural lands, might also be an important category to 
consider. The different crops grown in these contaminated soils, the meat produced from these regions 
might act as significant contributors to overall exposure. Ingestion of fish from contaminated waters in 
these regions might also be a contributor. For the inhalation route with respect to agricultural lands, 
the inhalation of outdoor air might be more significant than indoor air. Dermal contact should also be 
taken into account. For arsenic, studies have shown that the most significant pathways that contribute 
to human exposure are ingestion of arsenic contaminated water, and ingestion of arsenic contaminated 
vegetables, specifically grains and leafy vegetables. (Ravenscroft et al., 2009; Halder et al. 2013.). 
 
But grouping all vegetables or crops into one category will not be prudential, since different crop groups 
take up As from the soil differently. While grains like rice and wheat have a high As uptake factor, fruits 
uptake lesser levels of arsenic from the soil. (EFSA, 2014).
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So, the exposure pathways identified for performing risk assessment of As contaminated 
agricultural lands are given in Table 2. 

 
Table 2: Identified exposure pathways 

 
Pathway Sub-category 

Ingestion route Ingestion of soil 
 Ingestion of water 
 Ingestion of crops (with different categories like 
 grains, leafy vegetables, root vegetables fruits, 
 etc.) 
  
 Ingestion of secondary food stuff produced in 
 the farm/ agricultural land (like meat, milk, eggs, 
 fish) 
  

Inhalation route Inhalation of dust 
Dermal contact Dermal contact of soil 

 
A conceptual model of the exposure pathways identified for assessing As risk in agricultural lands 
of Europe are given in Figure 4.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: Conceptual model of pathways (Jones, 2018) 
 
2.1.2 Comparison of existing exposure pathways, based on identified pathways and parameter 
 
As mentioned earlier, there are some existing exposure models like CalTOX, Csoil, CLEA model, NV 
Guideline model. It is important to compare the existing models with the identified pathways to see 
which gaps need to be filled and which models can act as a reference base for developing the AgriAs 
exposure model. 
 
A detailed comparison of existing models based on identified exposure pathways is given in Table 
3. 
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Table 3: Comparison of existing exposure models based on identified pathways  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
As mentioned in the Table 3, European models like Csoil, CLEA, and the NV Guideline model have high 
level of focus to soil ingestion, water ingestion, dust inhalation, and dermal contact. While these models 
do consider the consumption of vegetables, they do not have many sub-categories like leafy vegetables, 
root vegetables, non-leafy vegetables, fruits, etc. Similarly, these models do take into account fish 
consumption, but do not account for secondary farm products like meat, milk, eggs. In terms of 
parameters, European models can act a reference base for setting the parameters of the AgriAs 
Preliminary model. 
 
There are dietary models like SHEDS-Dietary model which take into account the consumption route in 
detail. It has different categories and each category is analysed extensively. However, the dietary models 
do not account for other routes like ingestion of soil, inhalation of dust, or dermal contact. 
 
Some exposure models like CalTOX, from USA, do account for the different subcategories needed for 
the ingestion route like ingestion of soil, water, vegetables, fruits, meat milk and eggs but they do not 
have sub categories for crops that would be important for an agricultural land. It does not have sub 
divisions for leafy, non-leafy vegetables, grains, fruits, root vegetables etc. and the meat, milk and eggs 
are grouped together as one category as well. However, the parameters are set to US standards and 
conditions, which are not ideal to use for European agricultural lands. But due to the fact that it has 
many of the pathways identified, it can act as a good reference base for development of the AgriAs 
Preliminary model. 
 
2.2 Selecting a reference model for guiding the development of the AgriAs Preliminary model 
 
Two existing exposure models – the CalTOX exposure model and NV guideline model, were chosen as 
the reference models to guide the development of the AgriAs model. 
 
The CalTOX exposure model has the many of the pathways that the AgriAs Preliminary model requires, 
but the parameters are set to the standards and conditions of the USA. So, for the pathways, CalTOX 
model works well as a reference base. However, when it comes to model parameters, European models 
like the NV guideline model are a better fit. Both the CalTOX and NV guideline model have similar 
equation frameworks, so for these reasons, the CalTOX and NV guideline model provide a good reference 
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base for the development of AgriAs preliminary model. (Dtsc.ca.gov, 2007; Riktvärden för förorenad 
mark, 2009).
 
2.3 Conceptual framework for the model 
 
The conceptual framework was developed based on the pathways identified and the parameter 
requirements. The framework is shown in Figure 5.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5: Framework of the AgriAs Preliminary model 
 
 
2.4 Model Pathways, Parameters and Equations 
 
Generally, exposure models use a variation of the following template for pathway equations:  
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 (𝜇𝜇𝜇𝜇𝜇𝜇𝜇𝜇𝜇𝜇𝐸𝐸𝜇𝜇𝜇𝜇𝜇𝜇𝐸𝐸𝜇𝜇𝜇𝜇ℎ𝑡𝑡− 1 𝜇𝜇𝑑𝑑𝜇𝜇− 1 = 𝐶𝐶𝐸𝐸𝐶𝐶𝐸𝐸𝐸𝐸𝐶𝐶𝐸𝐸𝑡𝑡𝜇𝜇𝐸𝐸𝐶𝐶 (𝜇𝜇𝜇𝜇𝑑𝑑𝜇𝜇− 1) ∗ 
𝐸𝐸𝐸𝐸𝑡𝑡𝜇𝜇𝐶𝐶𝑑𝑑𝑡𝑡𝐸𝐸𝜇𝜇𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡𝐸𝐸𝜇𝜇𝜇𝜇𝐸𝐸𝜇𝜇𝐸𝐸𝐸𝐸𝐶𝐶𝑡𝑡𝑑𝑑𝐶𝐶𝜇𝜇𝐶𝐶𝑑𝑑𝐶𝐶𝑡𝑡𝜇𝜇𝐶𝐶𝑡𝑡ℎ𝐸𝐸𝐶𝐶𝐸𝐸𝜇𝜇𝜇𝜇𝑑𝑑 (𝐶𝐶𝜇𝜇𝜇𝜇𝜇𝜇− 1)/ 
𝐵𝐵𝐸𝐸𝜇𝜇𝜇𝜇𝜇𝜇𝐸𝐸𝜇𝜇𝜇𝜇ℎ𝑡𝑡 (𝜇𝜇𝜇𝜇). (𝐸𝐸𝐸𝐸𝐸𝐸, 1992). 
 
As mentioned earlier in Chapter 1, most fully developed exposure models have a transport box model 
and a dependent/ independent exposure model. Since the AgriAs Preliminary model is in the 
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development stage, it is important to have an independent exposure model, that can later be synced 
with a soil transport model. To do this, it is important to base the model equations on concentration of 
measured chemical content, and equilibrium transfer factor, and essentially develop the model as an 
equilibrium model. 
 
Based on the pathways and parameters analysed, and with the CalTOX and the NV guideline model as 
a base, the following pathway equations and parameters were formulated. 
 
2.4.1 AgriAs Preliminary model Parameters list 
 
This section contains the parameter names, parameter description and the units that the AgriAs 
Preliminary model uses for the pathway equations and calculations. 
 
2.4.1.1 Intake of Soil 
 
The parameters used for ‘Intake of Soil’ pathway is given in Table 4. 

 
Table 4: Parameters, Intake of Soil 

Parameter  Parameter Description Unit 

𝐸𝐸𝐸𝐸𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 
Risk based daily intake of genotoxic substance 

through soil intake 
mg/kg body weight/ day 

𝐶𝐶𝑠𝑠𝑠𝑠 Reference concentration soil intake mg/kg 

𝐸𝐸𝑏𝑏𝑠𝑠𝑠𝑠−𝑠𝑠𝑜𝑜 Relative Bioavailability Factor for oral intake  

𝑅𝑅𝑠𝑠𝑠𝑠−𝑠𝑠𝑖𝑖𝑖𝑖 Average daily soil intake mg soil/kg body weight 

𝑇𝑇𝑠𝑠𝑖𝑖𝑖𝑖 Life time (integration time genotoxic substances) years 

𝑇𝑇𝑐𝑐ℎ𝑠𝑠𝑠𝑠𝑖𝑖 Years of Exposure, childhood years 

𝑇𝑇𝑎𝑎𝑖𝑖𝑎𝑎𝑠𝑠𝑖𝑖 Years of Exposure, adult years 

𝑆𝑆𝑆𝑆𝑎𝑎𝑖𝑖𝑎𝑎𝑠𝑠𝑖𝑖 Average daily soil intake, adult mg/day 

𝑆𝑆𝑆𝑆𝑐𝑐ℎ𝑠𝑠𝑠𝑠𝑖𝑖 Average daily soil intake, child mg/day 

𝑡𝑡𝑠𝑠𝑠𝑠−𝑎𝑎𝑖𝑖𝑎𝑎𝑠𝑠𝑖𝑖 Time spent on site, soil-intake, adult day/year 

𝑡𝑡𝑠𝑠𝑠𝑠−𝑐𝑐ℎ𝑠𝑠𝑠𝑠𝑖𝑖 Time spent on site, soil-intake, child day/year 

𝐶𝐶𝑎𝑎𝑖𝑖𝑎𝑎𝑠𝑠𝑖𝑖 Body Weight, adult kg 

𝐶𝐶𝑐𝑐ℎ𝑠𝑠𝑠𝑠𝑖𝑖 Body Weight, child kg 
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2.4.1.2 Dermal Contact 
 

The parameters used for ‘Dermal Contact’ pathway is given in Table 5. 
 

Table 5: Parameters, Dermal Contact 

Parameter Description Unit 

𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖𝑑𝑑𝑜𝑜𝑑𝑑 
Risk based daily intake of genotoxic substance 

through dermal contact 
mg/kg body weight/ 

day 

𝐶𝐶𝑖𝑖𝑎𝑎 Reference concentration, dermal uptake mg/kg 

𝐸𝐸𝑏𝑏𝑠𝑠𝑠𝑠−𝑖𝑖𝑎𝑎 Relative Bioavailability Factor for dermal intake  

𝐸𝐸𝑖𝑖𝑎𝑎 Relative adsorption Factor for dermal intake  

𝑅𝑅𝑖𝑖𝑎𝑎−𝑠𝑠𝑖𝑖𝑖𝑖 Average daily dermal exposure mg soil/kg body weight 

𝑇𝑇𝑠𝑠𝑖𝑖𝑖𝑖 Life time (integration time genotoxic substances) years 

𝑇𝑇𝑐𝑐ℎ𝑠𝑠𝑠𝑠𝑖𝑖 Years of Exposure, childhood years 

𝑇𝑇𝑎𝑎𝑖𝑖𝑎𝑎𝑠𝑠𝑖𝑖 Years of Exposure, adult years 

𝑆𝑆𝐸𝐸𝑎𝑎𝑖𝑖𝑎𝑎𝑠𝑠𝑖𝑖 Soil exposure, adult mg/day 

𝑆𝑆𝐸𝐸𝑐𝑐ℎ𝑠𝑠𝑠𝑠𝑖𝑖 Soil exposure, child mg/day 

𝑡𝑡𝑖𝑖𝑎𝑎−𝑎𝑎𝑖𝑖𝑎𝑎𝑠𝑠𝑖𝑖 Time spent on site, dermal uptake, adult day/year 

𝑡𝑡𝑖𝑖𝑎𝑎−𝑐𝑐ℎ𝑠𝑠𝑠𝑠𝑖𝑖 Time spent on site dermal uptake, child day/year 

𝐶𝐶𝑎𝑎𝑖𝑖𝑎𝑎𝑠𝑠𝑖𝑖 Body Weight, adult kg 

𝐶𝐶𝑐𝑐ℎ𝑠𝑠𝑠𝑠𝑖𝑖 Body Weight, child kg 

𝐸𝐸𝑎𝑎𝑖𝑖𝑎𝑎𝑠𝑠𝑖𝑖 Exposed skin area, adult m2 

𝐸𝐸𝑐𝑐ℎ𝑠𝑠𝑠𝑠𝑖𝑖 Exposed skin area, child m2 
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2.4.1.3 Inhalation of Dust 
 
The parameters used for ‘Inhalation of Dust’ pathway is given in Table 6. 

 
Table 6: Parameters, Inhalation of Dust 

Parameter Description Unit 

𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖𝑎𝑎𝑠𝑠𝑖𝑖 
Risk based daily intake of genotoxic substance 

through inhalation of dust 
mg/kg body 
weight/day 

𝐶𝐶𝑠𝑠𝑖𝑖 Reference concentration, dust inhalation mg/kg 

𝐸𝐸𝑏𝑏𝑠𝑠𝑠𝑠−𝑠𝑠𝑖𝑖ℎ 
Relative Bioavailability Factor for inhalation of 

dust 
 

𝐸𝐸𝑖𝑖𝑎𝑎 Relative adsorption Factor for dermal intake  

𝑅𝑅𝑠𝑠𝑖𝑖−𝑠𝑠𝑖𝑖𝑖𝑖 
Average daily inhalation of dust, integrated 

lifetime. 
mg soil/kg 

body weight 

𝑇𝑇𝑠𝑠𝑖𝑖𝑖𝑖 
Life time (integration time genotoxic 

substances) 
years 

𝑇𝑇𝑐𝑐ℎ𝑠𝑠𝑠𝑠𝑖𝑖 Years of Exposure, childhood years 

𝑇𝑇𝑎𝑎𝑖𝑖𝑎𝑎𝑠𝑠𝑖𝑖 Years of Exposure, adult years 

𝐵𝐵𝑅𝑅𝑎𝑎𝑖𝑖𝑎𝑎𝑠𝑠𝑖𝑖 Breathing rate, adult m3/day 

𝐵𝐵𝑅𝑅𝑐𝑐ℎ𝑠𝑠𝑠𝑠𝑖𝑖 Breathing rate, child m3/day 

𝑡𝑡𝑠𝑠𝑖𝑖−𝑎𝑎𝑖𝑖𝑎𝑎𝑠𝑠𝑖𝑖 Time spent on site, dust inhalation adult day/year 

𝑡𝑡𝑖𝑖𝑎𝑎−𝑐𝑐ℎ𝑠𝑠𝑠𝑠𝑖𝑖 Time spent on site dust inhalation, child day/year 

𝐶𝐶𝑎𝑎𝑖𝑖𝑎𝑎𝑠𝑠𝑖𝑖 Body Weight, adult kg 

𝐶𝐶𝑐𝑐ℎ𝑠𝑠𝑠𝑠𝑖𝑖 Body Weight, child kg 

𝐿𝐿𝑅𝑅𝑎𝑎𝑖𝑖𝑎𝑎𝑠𝑠𝑖𝑖 Lung Retention, adult  

𝐿𝐿𝑅𝑅𝑐𝑐ℎ𝑠𝑠𝑠𝑠𝑖𝑖 Lung Retention, child  

𝐶𝐶𝑎𝑎𝑖𝑖 Annual average concentration in inhaled air mg/m3 

𝑡𝑡𝑑𝑑𝑒𝑒𝑒𝑒 Fraction of time exposure occurs  

𝐶𝐶𝑖𝑖−𝑠𝑠𝑎𝑎𝑖𝑖 Concentration of respirable dust, outdoors mg/m3 

𝐸𝐸𝑖𝑖𝑎𝑎𝑠𝑠𝑖𝑖 
Enrichment factor for contaminated dust 

compared to contaminated soil 
 



 
 
 
 
 
 
 
 

  26 | P a g e  
 

TRITA-ABE-MBT-18346 
 

Supritha Vijayakumar  
 

𝐸𝐸𝑖𝑖−𝑠𝑠𝑎𝑎𝑖𝑖−𝑠𝑠𝑖𝑖 Fraction of time spent outdoors, inhalation dust  

 
2.4.1.4 Intake of Water 
 
The parameters used for ‘Intake of Water’ pathway is given in Table 7. 
 

Table 7: Parameters, Intake of Water 

Parameter Description Unit 

𝑅𝑅𝑠𝑠𝑖𝑖−𝑠𝑠𝑖𝑖𝑖𝑖 
Average daily water consumption, integrated 

lifetime. 
dm3/kg body 

weight 

𝑊𝑊𝐶𝐶𝑐𝑐ℎ𝑠𝑠𝑠𝑠𝑖𝑖 Water consumption, child l/d 

𝑊𝑊𝐶𝐶𝑎𝑎𝑖𝑖𝑎𝑎𝑠𝑠𝑖𝑖 Water consumption, adult l/d 

𝐶𝐶𝑠𝑠𝑖𝑖 Reference concentration, water intake mg/kg 

𝐶𝐶𝐶𝐶𝑖𝑖𝑎𝑎𝑖𝑖𝑑𝑑𝑜𝑜−𝑑𝑑𝑠𝑠𝑏𝑏 
Contamination distribution factor, mobile 

contaminant, soil-porewater 
kg/l 

𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖𝑎𝑎𝑖𝑖𝑑𝑑𝑜𝑜 
Risk based daily intake of genotoxic 

substance through water intake 
mg/kg body 
weight/day 

 
 
2.4.1.5 Intake of Plants 
 
The parameters used for ‘Intake of plants’ pathway is given in Table 8. 

 
Table 8: Parameters, Intake of Plants 

Parameter Description Unit 

𝑅𝑅𝑠𝑠𝑖𝑖−𝑠𝑠𝑖𝑖𝑖𝑖 
Average daily leafy vegetable consumption, 

integrated lifetime. 
mg plant/kg 
body weight 

𝑅𝑅𝑖𝑖𝑠𝑠𝑛𝑛−𝑠𝑠𝑖𝑖𝑖𝑖 
Average non-leafy vegetable consumption, 

integrated lifetime. 
mg plant/kg 
body weight 

𝑅𝑅𝑜𝑜𝑛𝑛−𝑠𝑠𝑖𝑖𝑖𝑖 
Average root vegetable consumption, 

integrated lifetime. 
mg plant/kg 
body weight 

𝑅𝑅𝑓𝑓𝑜𝑜−𝑠𝑠𝑖𝑖𝑖𝑖 Average fruit consumption, integrated lifetime. 
mg plant/kg 
body weight 

𝑅𝑅𝑖𝑖𝑜𝑜−𝑠𝑠𝑖𝑖𝑖𝑖 
Average grain consumption, integrated 

lifetime. 
mg plant/kg 
body weight 

𝐶𝐶𝐶𝐶𝑐𝑐ℎ𝑠𝑠𝑠𝑠𝑖𝑖 Leafy Vegetable consumption, child kg/d 

𝐶𝐶𝐶𝐶𝑎𝑎𝑖𝑖𝑎𝑎𝑠𝑠𝑖𝑖 Leafy Vegetable consumption, adult kg/d 
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𝐶𝐶𝐶𝐶𝐿𝐿𝐶𝐶𝑐𝑐ℎ𝑠𝑠𝑠𝑠𝑖𝑖 Non-Leafy Vegetable consumption, child kg/d 

𝐶𝐶𝐶𝐶𝐿𝐿𝐶𝐶𝑎𝑎𝑖𝑖𝑎𝑎𝑠𝑠𝑖𝑖 Non-Leafy Vegetable consumption, adult kg/d 

𝐶𝐶𝑅𝑅𝐶𝐶𝑐𝑐ℎ𝑠𝑠𝑠𝑠𝑖𝑖 Root Vegetable consumption, child kg/d 

𝐶𝐶𝑅𝑅𝐶𝐶𝑎𝑎𝑖𝑖𝑎𝑎𝑠𝑠𝑖𝑖 Root Vegetable consumption, adult kg/d 

𝐶𝐶𝐶𝐶𝑅𝑅𝐶𝐶𝑐𝑐ℎ𝑠𝑠𝑠𝑠𝑖𝑖 Fruit consumption, child kg/d 

𝐶𝐶𝐶𝐶𝑅𝑅𝐶𝐶𝑎𝑎𝑖𝑖𝑎𝑎𝑠𝑠𝑖𝑖 Fruit consumption, adult kg/d 

𝐶𝐶𝐶𝐶𝑅𝑅𝑐𝑐ℎ𝑠𝑠𝑠𝑠𝑖𝑖 Grain consumption, child kg/d 

𝐶𝐶𝐶𝐶𝑅𝑅𝑎𝑎𝑖𝑖𝑎𝑎𝑠𝑠𝑖𝑖 Grain consumption, adult kg/d 

𝐶𝐶𝑠𝑠𝑖𝑖_𝑠𝑠𝑛𝑛 
Reference concentration, leafy vegetable 

intake 
mg/kg 

𝐶𝐶𝑠𝑠𝑖𝑖_𝑖𝑖𝑠𝑠𝑛𝑛 
Reference concentration, non-leafy vegetable 

intake 
mg/kg 

𝐶𝐶𝑠𝑠𝑖𝑖_𝑜𝑜𝑛𝑛 Reference concentration, root vegetable intake mg/kg 

𝐶𝐶𝑠𝑠𝑖𝑖_𝑓𝑓𝑜𝑜𝑎𝑎 Reference concentration, fruit vegetable intake mg/kg 

𝐶𝐶𝑠𝑠𝑖𝑖_𝑖𝑖𝑜𝑜 
Reference concentration, grain vegetable 

intake 
mg/kg 

𝐸𝐸ℎ1 Factor of vegetables consumed, grown on site  

𝐸𝐸𝑏𝑏𝑠𝑠𝑠𝑠−𝑛𝑛𝑑𝑑𝑖𝑖 
Relative Bioavailability factor, intake of 

vegetables 
 

𝑡𝑡𝑠𝑠𝑖𝑖−𝑎𝑎𝑖𝑖𝑎𝑎𝑠𝑠𝑖𝑖 Exposure time intake of plants, adult day/year 

𝑡𝑡𝑠𝑠𝑖𝑖−𝑐𝑐ℎ𝑠𝑠𝑠𝑠𝑖𝑖 Exposure time intake of plants, child day/year 

𝐸𝐸𝐸𝐸𝐸𝐸𝑠𝑠𝑛𝑛 
Risk based daily intake of genotoxic substance 

through intake of leafy vegetables 
mg/kg body 
weight/day 

𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖𝑠𝑠𝑛𝑛 
Risk based daily intake of genotoxic substance 

through intake of non-leafy vegetables 
mg/kg body 
weight/day 

𝐸𝐸𝐸𝐸𝐸𝐸𝑜𝑜𝑛𝑛 
Risk based daily intake of genotoxic substance 

through intake of root vegetables 
mg/kg body 
weight/day 

𝐸𝐸𝐸𝐸𝐸𝐸𝑓𝑓𝑜𝑜𝑎𝑎 
Risk based daily intake of genotoxic substance 

through intake of fruits 
mg/kg body 
weight/day 

𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖𝑜𝑜 
Risk based daily intake of genotoxic substance 

through intake of grains 
mg/kg body 
weight/day 
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2.4.1.5 Intake of Secondary Foodstuff (meat, milk and eggs) 
 
The parameters used for ‘Intake of Secondary Foodstuff’ pathway is given in Table 9. 

 
Table 9: Parameters, Intake of Secondary foodstuff 

Parameter Description Unit 

𝑅𝑅𝑑𝑑𝑚𝑚𝑑𝑑−𝑠𝑠𝑖𝑖𝑖𝑖 / 𝑅𝑅𝑑𝑑𝑠𝑠−𝑠𝑠𝑖𝑖𝑖𝑖 
/𝑅𝑅𝑑𝑑𝑖𝑖−𝑠𝑠𝑖𝑖𝑖𝑖 

Average daily meat/milk/egg 
consumption, integrated lifetime. 

Mg foodstuff/kg 
body weight 

𝐶𝐶𝐶𝐶𝐶𝐶𝐸𝐸𝑐𝑐ℎ𝑠𝑠𝑠𝑠𝑖𝑖/𝐶𝐶𝐶𝐶𝑆𝑆𝑐𝑐ℎ𝑠𝑠𝑠𝑠𝑖𝑖/
𝐶𝐶𝐸𝐸𝐶𝐶𝑐𝑐ℎ𝑠𝑠𝑠𝑠𝑖𝑖 

meat/milk/egg consumption, child kg/d 

𝐶𝐶𝐶𝐶𝐶𝐶𝐸𝐸𝑎𝑎𝑖𝑖𝑎𝑎𝑠𝑠𝑖𝑖/𝐶𝐶𝐶𝐶𝑆𝑆𝑎𝑎𝑖𝑖𝑎𝑎𝑠𝑠𝑖𝑖/
𝐶𝐶𝐸𝐸𝐶𝐶𝑎𝑎𝑖𝑖𝑎𝑎𝑠𝑠𝑖𝑖 

meat/milk/egg consumption, adult kg/d 

𝐶𝐶𝑑𝑑𝑚𝑚𝑑𝑑/ 𝐶𝐶𝑑𝑑𝑠𝑠/𝐶𝐶𝑑𝑑𝑖𝑖 
Reference concentration, meat/milk/egg 

intake 
mg/kg 

𝐸𝐸ℎ2 
Factor of meat/milk/egg consumed, 

grown on site 
 

𝐸𝐸𝑏𝑏𝑠𝑠𝑠𝑠−𝑑𝑑𝑚𝑚𝑑𝑑/𝐸𝐸𝑏𝑏𝑠𝑠𝑠𝑠−𝑑𝑑𝑠𝑠/ 𝐸𝐸𝑏𝑏𝑠𝑠𝑠𝑠−𝑑𝑑𝑖𝑖 
Relative Bioavailability factor, intake of 

meat/milk/egg 
 

𝑡𝑡𝑑𝑑𝑚𝑚𝑑𝑑−𝑎𝑎𝑖𝑖𝑎𝑎𝑠𝑠𝑖𝑖 
Exposure time intake of meat/milk/egg, 

adult 
day/year 

𝑡𝑡𝑑𝑑𝑚𝑚𝑑𝑑−𝑐𝑐ℎ𝑠𝑠𝑠𝑠𝑖𝑖 
Exposure time intake of meat/milk/egg, 

child 
day/year 

 
2.4.1.6 Intake of Fish 
 
The parameters used for ‘Intake of Fish’ pathway is given in Table 10. 
 

Table 10: Parameters, Intake of Fish 

Parameter Description Unit 

Rif−int 
Average daily fish consumption, 

integrated lifetime. 
mg fish/kg body 

weight 

CFchild fish consumption, child kg/d 

CFadult fish consumption, adult kg/d 

Cif Reference concentration, fish intake mg/kg 

fh3 Factor of fish consumed, grown on site  

fbio−fish 
Relative Bioavailability factor, intake 

offish 
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tif−adult Exposure time intake of fish, adult d/year 

tif−child Exposure time intake of fish, child d/year 

 
2.4.2 AgriAs Preliminary model Pathway Equations 
 
This section describes the pathways that the AgriAs Preliminary models uses, as well as the model 
equations, for the various pathways that the AgriAs Preliminary model includes. 
 
2.4.2.1 Intake of Soil 
 
Soil Intake is one of the pathways of the ingestion route. Accidental ingestion of contaminated soil is 
one of the most common exposure pathways. The concentration of arsenic in the soil measured or 
estimated at the target site; average daily consumption, integrated over a lifetime; and the 
bioavailability are the governing factors of this exposure route. The average daily consumption, which 
is integrated over a lifetime, in turn depends on certain parameters. These parameters are the age of the 
child/ adult, the time span of integration, the average soil intake rate, and the time spent on the site, as 
well as the body weight of the child/adult. (Dtsc.ca.gov, 2007; Riktvärden för förorenad mark, 2009). 

 
𝐸𝐸𝐸𝐸𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =  𝐶𝐶𝑠𝑠𝑠𝑠 ∗ 𝐸𝐸𝑏𝑏𝑠𝑠𝑠𝑠−𝑠𝑠𝑜𝑜 ∗ 𝑅𝑅𝑠𝑠𝑠𝑠−𝑠𝑠𝑖𝑖𝑖𝑖 ∗  10−6………(eqn 1)  
 
𝑅𝑅𝑠𝑠𝑠𝑠−𝑠𝑠𝑖𝑖𝑖𝑖 = 1

365∗𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖
[𝑇𝑇𝑐𝑐ℎ𝑠𝑠𝑠𝑠𝑖𝑖 ∗

𝑆𝑆𝑆𝑆𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖∗𝑖𝑖𝑖𝑖𝑖𝑖−𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖
𝑑𝑑𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖

+ 𝑇𝑇𝑎𝑎𝑖𝑖𝑎𝑎𝑠𝑠𝑖𝑖 ∗
𝑆𝑆𝑆𝑆𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖∗𝑖𝑖𝑖𝑖𝑖𝑖−𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖

𝑑𝑑𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖
]………(eqn 2)  

 
 
2.4.2.2 Dermal Contact 
 
Dermal contact of contaminated soil is also one of the most common pathways through which a person 
is exposed to a chemical. The measured or estimated concentration of arsenic in the soil at the target 
site, the relative adsorption factor, bioavailability and integrated dermal exposure over a lifetime govern 
this exposure pathway.   The integrated daily dermal exposure in turn depends on the time span of 
integration, the age of the child/ adult, the soil exposure and skin area, the time spend on the site 
exposed to the contaminant, and the body weight of the child/ adult. (Dtsc.ca.gov, 2007); (Riktvärden 
för förorenad mark, 2009). 
 

𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖𝑑𝑑𝑜𝑜𝑑𝑑 =  𝐶𝐶𝑠𝑠𝑠𝑠 ∗ 𝐸𝐸𝑖𝑖𝑎𝑎 ∗  𝐸𝐸𝑏𝑏𝑠𝑠𝑠𝑠−𝑖𝑖𝑎𝑎 ∗ 𝑅𝑅𝑖𝑖𝑎𝑎−𝑠𝑠𝑖𝑖𝑖𝑖 ∗  10−6………(eqn 3)  
 
 

𝑅𝑅𝑖𝑖𝑎𝑎−𝑠𝑠𝑖𝑖𝑖𝑖 = 1
365∗𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖

�𝑇𝑇𝑐𝑐ℎ𝑠𝑠𝑠𝑠𝑖𝑖 ∗
𝑆𝑆𝑆𝑆𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖∗𝐴𝐴𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖∗𝑖𝑖𝑖𝑖𝑎𝑎−𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖

𝑑𝑑𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖
+ 𝑇𝑇𝑎𝑎𝑖𝑖𝑎𝑎𝑠𝑠𝑖𝑖 ∗

𝑆𝑆𝑆𝑆𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖∗ 𝐴𝐴𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖∗𝑖𝑖𝑖𝑖𝑎𝑎−𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖
𝑑𝑑𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖

�………(eqn 4)  

 
 
2.4.2.3 Inhalation of dust 
 
Inhaling dust that is contaminated is a pathway that contributes to exposure. The exposure depends on 
the concentration of arsenic in dust, the bioavailability, and daily inhalation integrated over a lifetime.  
This integrated value depends on various parameters, like the time span of integration, the age of the 
child/ adult, the breathing and retention rates, amount of dust precipitated, the time span of exposure 
to contaminated dust, and the body weight of the adult/ child. Usually models like Guideline model or 
CalTOX, focuses more on residential scenarios rather than agricultural scenarios, and hence they 
consider indoor air and dust, and not much importance is given to outdoor air. However, for the case of 
an agricultural land, the most logical choice would be to give more importance to outdoor air. 
(Dtsc.ca.gov, 2007); (Riktvärden för förorenad mark, 2009). 
 

𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖𝑎𝑎𝑠𝑠𝑖𝑖 =  𝐶𝐶𝑠𝑠𝑖𝑖 ∗ 𝐸𝐸𝑏𝑏𝑠𝑠𝑠𝑠−𝑠𝑠𝑖𝑖ℎ ∗ 𝑅𝑅𝑠𝑠𝑖𝑖−𝑠𝑠𝑖𝑖𝑖𝑖 ∗  10−6………(eqn 5)  
 
𝑅𝑅𝑠𝑠𝑖𝑖−𝑠𝑠𝑖𝑖𝑖𝑖 = 1

365∗𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖
�𝑇𝑇𝑐𝑐ℎ𝑠𝑠𝑠𝑠𝑖𝑖 ∗

𝐶𝐶𝑎𝑎𝑖𝑖∗𝐵𝐵𝐵𝐵𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖∗ 𝐿𝐿𝐵𝐵𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖∗ 𝑖𝑖𝑖𝑖𝑖𝑖−𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖
𝑑𝑑𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖

+ 𝑇𝑇𝑎𝑎𝑖𝑖𝑎𝑎𝑠𝑠𝑖𝑖 ∗
𝐶𝐶𝑎𝑎𝑖𝑖∗𝐵𝐵𝐵𝐵𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖∗ 𝐿𝐿𝐵𝐵𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖∗ 𝑖𝑖𝑖𝑖𝑖𝑖−𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖

𝑑𝑑𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖
� ∗ 𝑡𝑡𝑑𝑑𝑒𝑒𝑒𝑒 =

𝐶𝐶𝑖𝑖−𝑠𝑠𝑎𝑎𝑖𝑖 ∗  𝐸𝐸𝑖𝑖𝑎𝑎𝑠𝑠𝑖𝑖 ∗  𝐸𝐸𝑖𝑖−𝑠𝑠𝑎𝑎𝑖𝑖−𝑠𝑠𝑖𝑖 ∗ 𝐸𝐸𝑖𝑖−𝑠𝑠𝑎𝑎𝑖𝑖………(eqn 6)  
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2.4.2.4 Intake of Water 
 
Intake of water, specifically groundwater, contaminated with arsenic has been established as one of the 
most important pathways in which arsenic affects humans. Consumption of arsenic contaminated 
water, is therefore an extremely important pathway. The exposure to arsenic through the ingestion of 
water depends on the measured or estimated concentration of arsenic in water, the average daily 
consumption integrated over a lifetime, the mobility of water. The integrated value depends on the time 
span of integration, age of child/adult, water consumption rate, and body weight. (Dtsc.ca.gov, 2007); 
(Riktvärden för förorenad mark, 2009). 

 
𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖𝑎𝑎𝑖𝑖𝑑𝑑𝑜𝑜 =  𝐶𝐶𝑠𝑠𝑖𝑖 ∗ 𝑅𝑅𝑠𝑠𝑖𝑖−𝑠𝑠𝑖𝑖𝑖𝑖 ∗  𝐶𝐶𝐶𝐶𝑖𝑖𝑎𝑎𝑖𝑖𝑑𝑑𝑜𝑜−𝑑𝑑𝑠𝑠𝑏𝑏………(eqn 7)  

 
 

𝑅𝑅𝑠𝑠𝑖𝑖−𝑠𝑠𝑖𝑖𝑖𝑖 = 1
365∗𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖

[𝑇𝑇𝑐𝑐ℎ𝑠𝑠𝑠𝑠𝑖𝑖 ∗
𝑊𝑊𝐶𝐶𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖
𝑑𝑑𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖

+ 𝑇𝑇𝑎𝑎𝑖𝑖𝑎𝑎𝑠𝑠𝑖𝑖 ∗
𝑊𝑊𝐶𝐶𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖
𝑑𝑑𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖

]………(eqn 8)  

 
 

2.4.2.5 Intake of plants 
 
Intake of plants is an important pathway for exposure, especially when it comes to arsenic. Arsenic in 
the soil gets transferred to the plants depending on various factors.  Some crops like rice take up As from 
the soil and retain high levels of As in their edible parts, while other plants take up lesser levels of 
arsenic. Grains and Leafy vegetables have been reported as the plant varieties that have reported high 
levels of arsenic and are deemed as some of the important exposure pathways.  However, different plant 
groups take up different levels of arsenic and cannot be grouped together under a common umbrella of 
‘plants’. Furthermore, the exposure via the consumption of plants also depends on the consumption rate 
of the specific plant, and again this varies from country to country in Europe, and it also varies across 
plant types.  
 
So, for to incorporate these ranges, instead of having one ‘plant’ group, varies subgroups are made. 
These sub groups are – leafy vegetables, non-leafy vegetables, root vegetables, fruits, and grains. The 
subgroups, and the plants available for the user to choose from is given as a ‘Plant Index’ in the model. 
The ‘Plant index’ is given in appendix B. If the plant that the user wants to enter into the model is not 
available, then the user can define the plant as well.  
 
The consumption rate of different European countries can be found in EFSA consumption database and 
will be given as an input option in the model, making the assessment closer to reality. (European Food 
Safety Authority, 2015). The model will have the option to choose the consumption rates of France, 
Germany and for the rest of Europe, a general ‘Europe(general)’ consumption value will be used as of 
now. In the future stage of model development, the consumption rates of all European countries will be 
incorporated separately. Due to the time constraint, the countries of the two target sites (Germany and 
France) are incorporated into the model.  
 
The concentration of arsenic in plants can be measured in different ways. It can either be estimated or 
measured directly from the site. An alternative to that would be to measure the soil concentration and 
use transfer factor of arsenic of that specific plant from soil to plant. However, from the plant data 
measured in Germany and France, it is evident that there is not much data available about measured 
concentration of arsenic in plants. While arsenic in different varieties of crops in different Asian 
countries have been mapped, there is not much studied in Europe.  And in terms of transfer factors, not 
all crops have transfer factors for arsenic established. So, when the first two options of measured 
concentration, and transfer factors are not available, the model will take up a third input option of taking 
up general values of arsenic measured in various food groups in Europe as a whole, from EFSA database 
“Dietary exposure to inorganic arsenic in the European Population”.  Though this will provide a very 
general assessment and not very specific assessment, it is still better to incorporate generic values than 
have no values. (Dietary exposure to inorganic arsenic in the European population, 2014). 
 
So, this pathway will have 3 input options, ‘Measured site concentration’, estimating the site 
concentration from ‘Transfer Factor method’ and estimating generic concentration from ‘Generic Efsa 
value method’.; and it will also have an option to choose the country of the target site, to make the 
consumption rate to suit the country. All these factors will make the model generate more specific 
assessment results, suited for an agricultural land in Europe.  
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For the transfer factors method, the transfer factors were chosen from literature. The chosen values are 
given in Tables 11,12 and 13, 14 along with the references used.  
 
Transfer Factors used for Leafy-Vegetables  
 

Table 11: Transfer Factor of As in Europe, Leafy Vegetables 

Plant 
ID 

Plant Name 
Transfer Factor 

(mg/ kg FW plant/ 
mg/kg DW soil) 

Reference used 

LV1 Sorrel 0.00043 (The Environmental Agency, 2009) 

LV2 Common Dandelion 0.00043 (The Environmental Agency, 2009) 

LV3 Fall Dandelion 0.00043 (The Environmental Agency, 2009) 

LV4 Chickweed 0.00043 (The Environmental Agency, 2009) 

LV5 Parsley 0.00043 (The Environmental Agency, 2009) 

LV6 Lettuce 0.00096 Warren et al. (2003) 

LV7 Rucola 0.00043 (The Environmental Agency, 2009) 

LV8 Spinach 0.00043 (The Environmental Agency, 2009) 

LV9 Brassica 0.00043 (The Environmental Agency, 2009) 

LV10 Purslane 0.00043 (The Environmental Agency, 2009) 

LV11 Cabbage 0.00016 Weeks and Knowles (2005) 

LV12 Celery 0.0022 (Nathanail et al., 2004). 

LV13 Cauliflower 0.00013 Weeks and Knowles (2005) 

LV14 
Leafy vegetables 

(general) 
0.00043 (The Environmental Agency, 2009) 
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Transfer Factors used for Non-Leafy Vegetables  
 

Table 12: Transfer Factor of As in Europe, Non-Leafy Vegetables 

Plant ID Plant Name 
Transfer Factor (mg/ kg 

FW plant/ mg/kg DW soil) 
Reference Used 

NLV1 Tomatoes 0.00048 Tlustos et al. (2006) 

NLV2 Peppers, paprika 0.00023 (The Environmental Agency, 2009) 

NLV3 Aubergines 0.00031 Zarcinas et al. (2004) 

NLV4 Cucumbers 0.00051 Li et al. (2006) 

 
Transfer Factor for Root Vegetables 
 

Table 13: Transfer Factor of As in Europe, Root Vegetables 

Plant ID Plant Name 
Transfer Factor (mg/ kg 

FW plant/ mg/kg DW 
soil) 

References Used 

RV1 Potatoes 0.00023 Weeks and Knowles (2005) 

RV2 Beetroot 0.00021 Warren et al. (2003) 

RV3 Carrots 0.00029 Bunzl et al. (2001) 

RV5 Radishes 0.0016 Warren et al. (2003) 

RV6 Onion 0.00035 Xu and Thornton (1985) 

RV7 
Root vegetables 

(general) 
0.0004 (The Environmental Agency, 2009) 

 

Transfer Factors used for Fruits  
 

Table 14: Transfer Factor of As in Europe, Fruits 

Plant ID Plant Name 
Transfer Factor (mg/ kg 

FW plant/ mg/kg DW soil) 
Reference Used 

FR1 Pome fruits 0.0002 
(The Environmental Agency, 

2009) 

FR2 Stone fruits 0.0002 
(The Environmental Agency, 

2009) 

FR3 Citrus fruits 0.0002 
(The Environmental Agency, 

2009) 
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FR4 
Berries and small 

fruits 
0.0002 

(The Environmental Agency, 
2009) 

FR5 Dried fruits  
(The Environmental Agency, 

2009) 

FR6 Fruits(general) 0.0002 
(The Environmental Agency, 

2009) 

 
 
The exposure calculated in the all subcategories of plants, depends on the concentration of arsenic 
measured or estimated in the plant, the bioavailability, fraction of plant consumed grown from the site, 
and average daily consumption integrated over a lifetime. The average daily consumption integrated 
over a lifetime depends on the time span of integration, age of the child/ adult, consumption of that 
plant subgroup based on country consumption rate derived from EFSA database, number of days of a 
year that the person eats that plant type, and body weight of the child/ adult. (Dtsc.ca.gov, 2007); 
(Riktvärden för förorenad mark, 2009). 
The exposure pathway equation for various sub-plant groups considered in the AgriAs model as given 
below:  
 
Leafy vegetables 

𝐸𝐸𝐸𝐸𝐸𝐸𝑠𝑠𝑛𝑛 =  𝐶𝐶𝑠𝑠𝑖𝑖𝑖𝑖𝑙𝑙 ∗ 𝐸𝐸ℎ1 ∗  𝐸𝐸𝑏𝑏𝑠𝑠𝑠𝑠−𝑛𝑛𝑑𝑑𝑖𝑖−𝑠𝑠𝑛𝑛 ∗  𝑅𝑅𝑠𝑠𝑖𝑖−𝑠𝑠𝑖𝑖𝑖𝑖………(eqn 9)  
 
 
 
𝑅𝑅𝑠𝑠𝑖𝑖−𝑠𝑠𝑖𝑖𝑖𝑖 = 1

365∗𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖
�𝑇𝑇𝑐𝑐ℎ𝑠𝑠𝑠𝑠𝑖𝑖 ∗

𝐶𝐶𝐶𝐶𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖∗𝑖𝑖𝑖𝑖𝑖𝑖−𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖
𝑑𝑑𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖

+ 𝑇𝑇𝑎𝑎𝑖𝑖𝑎𝑎𝑠𝑠𝑖𝑖 ∗
𝐶𝐶𝐶𝐶𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖∗𝑖𝑖𝑖𝑖𝑖𝑖−𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖

𝑑𝑑𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖
�………(eqn 10)  

 
 
 
Non- Leafy vegetables 

𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖𝑠𝑠𝑛𝑛 =  𝐶𝐶𝑠𝑠𝑖𝑖_𝑖𝑖𝑠𝑠𝑛𝑛 ∗ 𝐸𝐸ℎ1 ∗  𝐸𝐸𝑏𝑏𝑠𝑠𝑠𝑠−𝑛𝑛𝑑𝑑𝑖𝑖−𝑖𝑖𝑠𝑠𝑛𝑛 ∗  𝑅𝑅𝑖𝑖𝑠𝑠𝑛𝑛−𝑠𝑠𝑖𝑖𝑖𝑖………(eqn 11)  
 
 
 
𝑅𝑅𝑖𝑖𝑠𝑠𝑛𝑛−𝑠𝑠𝑖𝑖𝑖𝑖 = 1

365∗𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖
[𝑇𝑇𝑐𝑐ℎ𝑠𝑠𝑠𝑠𝑖𝑖 ∗

𝐶𝐶𝐶𝐶𝐿𝐿𝐶𝐶𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖∗𝑖𝑖𝑖𝑖𝑖𝑖−𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖
𝑑𝑑𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖

+ 𝑇𝑇𝑎𝑎𝑖𝑖𝑎𝑎𝑠𝑠𝑖𝑖 ∗
𝐶𝐶𝐶𝐶𝐿𝐿𝐶𝐶𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖∗𝑖𝑖𝑖𝑖𝑖𝑖−𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖

𝑑𝑑𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖
]………(eqn 12)  

 
 
Root Vegetables 

𝐸𝐸𝐸𝐸𝐸𝐸𝑜𝑜𝑛𝑛 =  𝐶𝐶𝑠𝑠𝑖𝑖_𝑜𝑜𝑛𝑛 ∗ 𝐸𝐸ℎ1 ∗  𝐸𝐸𝑏𝑏𝑠𝑠𝑠𝑠−𝑛𝑛𝑑𝑑𝑖𝑖−𝑜𝑜𝑛𝑛 ∗  𝑅𝑅𝑜𝑜𝑛𝑛−𝑠𝑠𝑖𝑖𝑖𝑖………(eqn 13)  
 
 
 
𝑅𝑅𝑜𝑜𝑛𝑛−𝑠𝑠𝑖𝑖𝑖𝑖 = 1

365∗𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖
[𝑇𝑇𝑐𝑐ℎ𝑠𝑠𝑠𝑠𝑖𝑖 ∗

𝐶𝐶𝐵𝐵𝐶𝐶𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖∗𝑖𝑖𝑖𝑖𝑖𝑖−𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖
𝑑𝑑𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖

+ 𝑇𝑇𝑎𝑎𝑖𝑖𝑎𝑎𝑠𝑠𝑖𝑖 ∗
𝐶𝐶𝐵𝐵𝐶𝐶𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖∗𝑖𝑖𝑖𝑖𝑖𝑖−𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖

𝑑𝑑𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖
]………(eqn 14)  

 
Fruits 

𝐸𝐸𝐸𝐸𝐸𝐸𝑓𝑓𝑜𝑜𝑎𝑎 =  𝐶𝐶𝑠𝑠𝑖𝑖_𝑓𝑓𝑜𝑜 ∗ 𝐸𝐸ℎ1 ∗  𝐸𝐸𝑏𝑏𝑠𝑠𝑠𝑠−𝑛𝑛𝑑𝑑𝑖𝑖−𝑓𝑓𝑜𝑜𝑎𝑎 ∗  𝑅𝑅𝑓𝑓𝑜𝑜−𝑠𝑠𝑖𝑖𝑖𝑖………(eqn 15)  
 
 
 
𝑅𝑅𝑓𝑓𝑜𝑜−𝑠𝑠𝑖𝑖𝑖𝑖 = 1

365∗𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖
[𝑇𝑇𝑐𝑐ℎ𝑠𝑠𝑠𝑠𝑖𝑖 ∗

𝐶𝐶𝐶𝐶𝐵𝐵𝐶𝐶𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖∗𝑖𝑖𝑖𝑖𝑖𝑖−𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖
𝑑𝑑𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖

+ 𝑇𝑇𝑎𝑎𝑖𝑖𝑎𝑎𝑠𝑠𝑖𝑖 ∗
𝐶𝐶𝐶𝐶𝐵𝐵𝐶𝐶𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖∗𝑖𝑖𝑖𝑖𝑖𝑖−𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖

𝑑𝑑𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖
]………(eqn 16)  

 
Grains 

𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖𝑜𝑜 =  𝐶𝐶𝑠𝑠𝑖𝑖_𝑖𝑖𝑜𝑜 ∗ 𝐸𝐸ℎ1 ∗  𝐸𝐸𝑏𝑏𝑠𝑠𝑠𝑠−𝑛𝑛𝑑𝑑𝑖𝑖−𝑖𝑖𝑜𝑜 ∗  𝑅𝑅𝑖𝑖𝑜𝑜−𝑠𝑠𝑖𝑖𝑖𝑖………(eqn 17)  
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𝑅𝑅𝑖𝑖𝑜𝑜−𝑠𝑠𝑖𝑖𝑖𝑖 = 1

365∗𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖
[𝑇𝑇𝑐𝑐ℎ𝑠𝑠𝑠𝑠𝑖𝑖 ∗

𝐶𝐶𝐶𝐶𝐵𝐵𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖∗𝑖𝑖𝑖𝑖𝑖𝑖−𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖
𝑑𝑑𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖

+ 𝑇𝑇𝑎𝑎𝑖𝑖𝑎𝑎𝑠𝑠𝑖𝑖 ∗
𝐶𝐶𝐶𝐶𝐵𝐵𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖∗𝑖𝑖𝑖𝑖𝑖𝑖−𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖

𝑑𝑑𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖
]………(eqn 18)  

 
 
2.4.2.6 Intake of Meat, Milk, Eggs 
 
Intake of secondary foodstuff like meat, milk and eggs cultivated from the contaminated site is also a 
significant consumption pathway causing exposure of arsenic. The intake of milk and eggs depends on 
the measured or estimated concentration of meat, milk and egg produced by animals living in the land, 
the bioavailability, fraction of milk, meat or egg grown on site, and average daily intake of the product, 
integrated over a lifetime. The integrated value depends on the time span of integration, the age of the 
child/adult, the consumption rate for that particular country derived from the EFSA database, number 
of days in a year that the person consumes that food group, and the age of child/ adult. (Dtsc.ca.gov, 
2007); (Riktvärden för förorenad mark, 2009). 
 
For the meat, milk and egg pathway, in this stage of the model development, the only feasible input 
option is to directly measure or estimate the concentration of arsenic in the food stuff grown on site or 
use a generic value from the EFSA database of ‘Inorganic Arsenic in food in Europe’. Dietary exposure 
to inorganic arsenic in the European population, 2014). 
 
Using a transfer factor of arsenic transfer from soil -> plant -> animal -> animal product-> human is 
not prudent at this stage, since there is not enough literature or site data about the needed transfer 
factors, and equation parameters. The transfer factors of meat and milk, exist for some radionuclides, 
however, there is not much data on transfer factors for meat, milk for inorganic arsenic. Some data does 
however, exist on transfer factors of arsenic from fodder to meat (NCRP, 1999) but it is not prudent to 
use at this stage, since the pathways equations for incorporating a transfer factors for the transfer or As 
from soil->animal->animal product; Transfer of As from fodder-> animal-> animal product; or 
Transfer of As from water->  animal -> animal products depends on a lot of factors and parameters. It 
depends on the transfer factors, the consumption rate of water, soil, and fodder by different animals, 
and unfortunately there is not enough data in this regard. However, a transfer pathway for meat, milk 
and eggs, will be added in the later stage of model development when more data becomes available.  
 
The exposure pathway equations for the sub groups are given below: 
 
Meat 

𝐸𝐸𝐸𝐸𝐸𝐸𝑑𝑑𝑑𝑑 =  𝐶𝐶𝑑𝑑𝑚𝑚𝑑𝑑 ∗ 𝐸𝐸𝑏𝑏𝑠𝑠𝑠𝑠−𝑑𝑑𝑚𝑚𝑑𝑑 ∗  𝐸𝐸ℎ2 ∗ 𝐶𝐶𝑑𝑑𝑚𝑚𝑑𝑑 ∗  𝑅𝑅𝑑𝑑𝑚𝑚𝑑𝑑−𝑠𝑠𝑖𝑖𝑖𝑖………(eqn 19)  
 
 

𝑅𝑅𝑑𝑑𝑚𝑚𝑑𝑑−𝑠𝑠𝑖𝑖𝑖𝑖 = 1
365∗𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖

[𝑇𝑇𝑐𝑐ℎ𝑠𝑠𝑠𝑠𝑖𝑖 ∗
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑆𝑆𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖∗𝑖𝑖𝑖𝑖𝑖𝑖−𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖

𝑑𝑑𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖
+ 𝑇𝑇𝑎𝑎𝑖𝑖𝑎𝑎𝑠𝑠𝑖𝑖 ∗

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑆𝑆𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖∗𝑖𝑖𝑖𝑖𝑖𝑖−𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖
𝑑𝑑𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖

………(eqn 20)  

 
 
Milk 

𝐸𝐸𝐸𝐸𝐸𝐸𝑑𝑑𝑠𝑠 =  𝐶𝐶𝑑𝑑𝑠𝑠 ∗ 𝐸𝐸𝑏𝑏𝑠𝑠𝑠𝑠−𝑑𝑑𝑚𝑚𝑑𝑑 ∗  𝐸𝐸ℎ2 ∗ 𝐶𝐶𝑑𝑑𝑚𝑚𝑑𝑑 ∗  𝑅𝑅𝑑𝑑𝑠𝑠−𝑠𝑠𝑖𝑖𝑖𝑖………(eqn 21)  
 
 

𝑅𝑅𝑑𝑑𝑠𝑠−𝑠𝑠𝑖𝑖𝑖𝑖 = 1
365∗𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖

[𝑇𝑇𝑐𝑐ℎ𝑠𝑠𝑠𝑠𝑖𝑖 ∗
𝐶𝐶𝐶𝐶𝑆𝑆𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖∗𝑖𝑖𝑖𝑖𝑖𝑖−𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖

𝑑𝑑𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖
+ 𝑇𝑇𝑎𝑎𝑖𝑖𝑎𝑎𝑠𝑠𝑖𝑖 ∗

𝐶𝐶𝐶𝐶𝑆𝑆𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖∗𝑖𝑖𝑖𝑖𝑖𝑖−𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖
𝑑𝑑𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖

………(eqn 22)  

 
Eggs 
 

𝐸𝐸𝐸𝐸𝐸𝐸𝑑𝑑𝑖𝑖 =  𝐶𝐶𝑑𝑑𝑖𝑖 ∗ 𝐸𝐸𝑏𝑏𝑠𝑠𝑠𝑠−𝑑𝑑𝑚𝑚𝑑𝑑 ∗  𝐸𝐸ℎ2 ∗ 𝐶𝐶𝑑𝑑𝑚𝑚𝑑𝑑 ∗  𝑅𝑅𝑑𝑑𝑖𝑖−𝑠𝑠𝑖𝑖𝑖𝑖………(eqn 23)  
 
 

𝑅𝑅𝑑𝑑𝑖𝑖−𝑠𝑠𝑖𝑖𝑖𝑖 = 1
365∗𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖

[𝑇𝑇𝑐𝑐ℎ𝑠𝑠𝑠𝑠𝑖𝑖 ∗
𝐶𝐶𝑆𝑆𝐶𝐶𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖∗𝑖𝑖𝑖𝑖𝑖𝑖−𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖

𝑑𝑑𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖
+ 𝑇𝑇𝑎𝑎𝑖𝑖𝑎𝑎𝑠𝑠𝑖𝑖 ∗

𝐶𝐶𝑆𝑆𝐶𝐶𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖∗𝑖𝑖𝑖𝑖𝑖𝑖−𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖
𝑑𝑑𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖

………(eqn 24)  
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2.4.2. 7 Intake of Fish 
 
Consumption of fish cultivated in the surface waters surrounding the agricultural areas could also 
contribute to Arsenic exposure. However, generally fish take up more organic arsenic than inorganic, 
however it is still a significant pathway for an agricultural site in Europe. 
 
The exposure from this pathway depends on the concentration of arsenic in fish, bioavailability, fraction 
of fish consumed this is grown from the target site, and average daily consumption integrated over a 
lifetime. The integrated value depends on the time span of integration, age of child/ adult, consumption 
of fish based on the country consumption database, derived from EFSA database, days of the year that 
this fish is consumed, and body weight of the child/ adult. (Dtsc.ca.gov, 2007); (Riktvärden för 
förorenad mark, 2009). 
 

𝐸𝐸𝐸𝐸𝐸𝐸𝑓𝑓𝑠𝑠𝑠𝑠ℎ =  𝐶𝐶𝑠𝑠𝑓𝑓 ∗ 𝐸𝐸ℎ3 ∗  𝐸𝐸𝑏𝑏𝑠𝑠𝑠𝑠−𝑓𝑓𝑠𝑠𝑠𝑠ℎ ∗  𝑅𝑅𝑠𝑠𝑓𝑓−𝑠𝑠𝑖𝑖𝑖𝑖………(eqn 25)  
 
𝑅𝑅𝑠𝑠𝑓𝑓−𝑠𝑠𝑖𝑖𝑖𝑖 = 1

365∗𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖
[𝑇𝑇𝑐𝑐ℎ𝑠𝑠𝑠𝑠𝑖𝑖 ∗

𝐶𝐶𝐶𝐶𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖∗𝑖𝑖𝑖𝑖𝑖𝑖−𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖
𝑑𝑑𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖

+ 𝑇𝑇𝑎𝑎𝑖𝑖𝑎𝑎𝑠𝑠𝑖𝑖 ∗
𝐶𝐶𝐶𝐶𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖∗𝑖𝑖𝑖𝑖𝑖𝑖−𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖

𝑑𝑑𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖
]………(eqn 26)  

 
Setting model parameter values 

 
Setting the model parameter values is a very important aspect of model development. The following 
section contains the values and ranges selected for different parameters used in the AgriAs model, and 
the reference base for the chosen values. Data for exposure parameters are based on a survey of 
literature relating to exposure data, focusing on data used for similar types of contaminated soil risk 
assessments like RIVM, CLEA, USEPA and EFSA. The Parameter values used in the AgriAs model is 
given in Table 15.  
 

Table 15: Parameter Values and References used. 

Parameter description Parameter Name Value/ Range Units Reference 

Average daily soil intake, 
adult 

SIchild 120 mg/day 

Based on USEPA 
2002, and the 
Swedish NV 

guideline model, 
2009 

Average daily soil intake, 
child 

SIadult 50 mg/day 

Based on USEPA 
2002, and the 
Swedish NV 

guideline model, 
2009 

Body Weight, adult mchild 15 kg 

Based on ECETOC, 
2001 and the 
Swedish NV 

guideline model, 
2009 

Body Weight, child madult 70 kg 

Based on ECETOC, 
2001 and the 
Swedish NV 

guideline model, 
2009 

Years of Exposure, 
childhood 

Tchild 6 years 
Based on van den 
Berg, 1995 and the 

Swedish NV 
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guideline model, 
2009 

Years of Exposure, adult Tadult 74 years 

Exposure is 
assumed to be from 
age 7 years to 80 
years, based on 

Swedish NV 
guideline model, 

2009 

Life time(integration time 
genotoxic substances) 

Tint 80 years 

Based on SCB, 
2005 and Swedish 

NV guideline model, 
2009 

Soil exposure, adult SEchild 2000 mg/day 

Based on USEPA 
2002, and the 
Swedish NV 

guideline model, 
2009 

Soil exposure, child SEadult 2000 mg/day 

Based on USEPA 
2002, and the 
Swedish NV 

guideline model, 
2009 

Exposed skin area, child Achild 0.5 m2 

Based on USEPA 
2002, and the 
Swedish NV 

guideline model, 
2009 

Exposed skin area, adult Aadult 0.5 m2 

Based on USEPA 
2002, and the 
Swedish NV 

guideline model, 
2009 

Concentration of 
respirable dust, outdoors 

Cd-out 0.01 mg/m3 
Based on Swedish 

NV guideline model, 
2009 

Enrichments factor for 
contaminated dust 

compared to 
contaminated soil 

fdust 5  

Based on Young 
m.fl., 2001 and 

Swedish NV 
guideline model, 

2009 

Fraction of time 
exposure occurs 

texp 1  

Assumed to stay in 
the area 24 hours a 

day, based on 
Swedish NV 
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guideline model, 
2009 

Breathing rate, child BRchild 7.6 m3/day 

Based on van den 
Berg, 1995 and the 

Swedish NV 
guideline model, 

2009 

Breathing rate, adult BRadult 20 m3/day 

Based on van den 
Berg, 1995 and the 

Swedish NV 
guideline model, 

2009 

Lung Retention, child LRchild 0.75  

Based on van den 
Berg, 1995 and the 

Swedish NV 
guideline model, 

2009 

Lung Retention, adult LRadult 0.75  

Based on van den 
Berg, 1995 and the 

Swedish NV 
guideline model, 

2009 

Water consumption, child WCchild 1 l/d 

Based on WHO, 
2004a and the 
Swedish NV 

guideline model, 
2009 

Water consumption, 
adult 

WCadult 2 l/d 

Based on WHO, 
2004a and the 
Swedish NV 

guideline model, 
2009 

Time spent on site, soil-
intake, child 

tis-child 365 day/year 
Based on Swedish 

NV guideline model, 
2009 

Time spent on site, soil-
intake, adult 

tis-adult 365 day/year 
Based on Swedish 

NV guideline model, 
2009 

Time spent on site 
dermal uptake, child 

tdu-child 120 day/year 
Based on Swedish 

NV guideline model, 
2009 
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Time spent on site, 
dermal uptake, adult 

tdu-adult 120 day/year 
Based on Swedish 

NV guideline model, 
2009 

Time spent on site, dust 
inhalation, child 

tid-child 365 day/year 
Based on Swedish 

NV guideline model, 
2009 

Time spent on site, dust 
inhalation, adult 

tid-adult 365 day/year 
Based on Swedish 

NV guideline model, 
2009 

Leafy Vegetable 
consumption, child 

CVchild 
Value dependent on 

country selected 
kg/d 

Based on EFSA 
consumption 

database 

Leafy Vegetable 
consumption, adult 

CVadult 
Value dependent on 

country selected 
kg/d 

Based on EFSA 
consumption 

database 

Non- Leafy Vegetable 
consumption, child 

CNLVchild 
Value dependent on 

country selected 
kg/d 

Based on EFSA 
consumption 

database 

Non- Leafy Vegetable 
consumption, adult 

CNLVadult 
Value dependent on 

country selected 
kg/d 

Based on EFSA 
consumption 

database 

Root Vegetable 
consumption, child 

CRVchild 
Value dependent on 

country selected 
kg/d 

Based on EFSA 
consumption 

database 

Root Vegetable 
consumption, adult 

CRVadult 
Value dependent on 

country selected 
kg/d 

Based on EFSA 
consumption 

database 

Grain consumption, child CGRchild 
Value dependent on 

country selected 
kg/d 

Based on EFSA 
consumption 

database 

Grain consumption, adult CGRadult 
Value dependent on 

country selected 
kg/d 

Based on EFSA 
consumption 

database 

Fruit consumption, child CFRUchild 
Value dependent on 

country selected 
kg/d 

Based on EFSA 
consumption 

database 

Fruit consumption, adult CFRUadult 
Value dependent on 

country selected 
kg/d 

Based on EFSA 
consumption 

database 
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Exposure time intake of 
vegetables, child 

tig-child 
Should ideally be from 

site (set at 365) 
day/year 

Based on Swedish 
NV guideline model, 

2009 

Exposure time intake of 
vegetables, adult 

tig-adult 
Should ideally be from 

site (set at 365) 
day/year 

Based on Swedish 
NV guideline model, 

2009 

Exposure time intake of 
meat/milk/egg, child 

tmke-child 
Should ideally be from 

site (set at 365) 
day/year 

Based on Swedish 
NV guideline model, 

2009 

Exposure time intake of 
meat/milk/egg, adult 

tmke-adult 
Should ideally be from 

site (set at 365) 
day/year 

Based on Swedish 
NV guideline model, 

2009 

Exposure time intake of 
fish, child 

tif-child 
Should ideally be from 

site (set at 365) 
day/year 

Based on Swedish 
NV guideline model, 

2009 

Exposure time intake of 
fish,adult 

tif-adult 
Should ideally be from 

site (set at 365) 
day/year 

Based on Swedish 
NV guideline model, 

2009 

Factor of vegetables 
consumed, grown on site 

fh1 
Should be from site 

(assume 1)  

Based on Swedish 
NV guideline model, 

2009 

meat consumption, child CMKEchild 
Value dependent on 

country selected 
kg/d 

Based on EFSA 
consumption 

database 

meat consumption, adult CMKEadult 
Value dependent on 

country selected 
kg/d 

Based on EFSA 
consumption 

database 

Milk consumption, child CMIchild 
Value dependent on 

country selected 
kg/d 

Based on EFSA 
consumption 

database 

Milk consumption, adult CMIadult 
Value dependent on 

country selected 
kg/d 

Based on EFSA 
consumption 

database 

Egg consumption, child CEGchild 
Value dependent on 

country selected 
kg/d 

Based on EFSA 
consumption 

database 

Egg consumption, adult CEGadult 
Value dependent on 

country selected 
kg/d 

Based on EFSA 
consumption 

database 
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Factor of meat/milk/egg 
consumed, grown on site 

fh2 
Should ideally be from 

site 
 

Based on Swedish 
NV guideline model, 

2009 

fish consumption, child CFchild 
Value dependent on 

country selected 
kg/d 

Based on EFSA 
consumption 

database 

fish consumption, adult CFadult 
Value dependent on 

country selected 
kg/d 

Based on EFSA 
consumption 

database 

Factor of fish consumed, 
grown on site 

fh3 
Should ideally be from 

site  

Based on Swedish 
NV guideline model, 

2009 

Relative adsorption 
Factor for dermal intake 

fdu 0.003  

Based on Swedish 
NV guideline model, 

2009 

Relative Bioavailability 
Factor for dermal intake 

fbio-du 
Should ideally be from 

site (set at 1)  

Based on Swedish 
NV guideline model, 

2009 

Fraction of time spent 
outdoors, inhalation dust 

ft-out-id 1  

Based on Swedish 
NV guideline model, 

2009 

Relative Bioavailability 
Factor for inhalation of 

dust 
fbio-inh 

Should ideally be from 
site (set at 1) 

 
Based on Swedish 

NV guideline model, 
2009 

Relative Bioavailability 
factor, intake of 

vegetables 
fbio-veg-lv 

Should ideally be from 
site (set at 1)  

Based on Swedish 
NV guideline model, 

2009 

Relative Bioavailability 
factor, intake of 
meat/milk/egg 

fbio-me 
Should ideally be from 

site (set at 1)  

Based on Swedish 
NV guideline model, 

2009 

Relative Bioavailability 
Factor for oral intake 

fbio-mi 

 

Should ideally be from 
site (set at 1)  

Based on Swedish 
NV guideline model, 

2009 

Relative Bioavailability 
Factor for oral intake 

fbio-eg 

 

Should ideally be from 
site (set at 1) 

 
Based on Swedish 

NV guideline model, 
2009 

Relative Bioavailability 
Factor for oral intake 

fbio-veg-nlv 

 

Should ideally be from 
site (set at 1) 

 
Based on Swedish 

NV guideline model, 
2009 
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Relative Bioavailability 
Factor for oral intake 

fbio-veg-rv 

 

Should ideally be from 
site (set at 1) 

 
Based on Swedish 

NV guideline model, 
2009 

Relative Bioavailability 
Factor for oral intake 

fbio-veg-fru 

 

Should ideally be from 
site (set at 1) 

 
Based on Swedish 

NV guideline model, 
2009 

Relative Bioavailability 
Factor for oral intake 

fbio-veg-gr 

 

Should ideally be from 
site (set at 1) 

 
Based on Swedish 

NV guideline model, 
2009 

Relative Bioavailability 
Factor for oral intake 

fbio-or 

 

Should ideally be from 
site (set at 1) 

 
Based on Swedish 

NV guideline model, 
2009 

Relative Bioavailability 
factor, intake of fish 

 

fbio-fish 
Should ideally be from 

site (set at 1) 
 

Based on Swedish 
NV guideline model, 

2009 

 
 
 
2.5 Risk Estimation 
 
 
The risk per 100000 people for each exposure pathways is calculated by taking the estimated exposure 
from that particular pathway and dividing it by a permissible reference value of intake. The risk for all 
the pathways is summed up to give the total risk.  
 
 
Equation 27 shows the Risk Estimation equation used for the AgriAs model: 
 

𝑅𝑅𝜇𝜇𝐸𝐸𝜇𝜇(𝐸𝐸𝐸𝐸𝐸𝐸 100 000)𝑒𝑒𝑎𝑎𝑖𝑖ℎ𝑖𝑖𝑎𝑎𝑤𝑤 𝑠𝑠 =
𝑆𝑆𝑒𝑒𝑒𝑒𝑠𝑠𝑠𝑠𝑎𝑎𝑜𝑜𝑑𝑑𝑝𝑝𝑎𝑎𝑖𝑖ℎ𝑤𝑤𝑎𝑎𝑤𝑤 𝑖𝑖

𝐵𝐵𝑑𝑑𝑓𝑓𝑑𝑑𝑜𝑜𝑑𝑑𝑖𝑖𝑐𝑐𝑑𝑑 𝐶𝐶𝑎𝑎𝑠𝑠𝑎𝑎𝑑𝑑 𝑠𝑠𝑓𝑓 𝑆𝑆𝑖𝑖𝑖𝑖𝑎𝑎𝑚𝑚𝑑𝑑𝐹𝐹𝐹𝐹𝐹𝐹 𝐴𝐴𝐹𝐹𝑖𝑖𝐴𝐴𝑖𝑖𝑖𝑖𝑐𝑐 
………(eqn 27)  

 
 
To characterize the Risk due to exposure, a Toxicity reference value is used.   
“A toxicity reference value (TRV) is a toxicological index that, when compared with exposure, is used to 
qualify or quantify a risk to human health”. (Anses.fr, 2018)  
 
The Reference value of intake that the AgriAs model uses is 6.00E-06 mg/kg/ day, which is equivalent 
to a risk of 1 per 100 000 (WHO, 1993). Several models use different TRVs. However, the TRV used by 
WHO lies in the middle of the spectrum of ranges used. Furthermore, the Swedish Guideline model, 
and the CalTOX model also uses the TRV set by WHO.  The calculated exposure value is then compared 
to this reference value, and the risk is estimated using equation 27. 
 
The individual risks of each pathway are then added to find the total risk due to exposure.  

 
                               Total Risk = ∑ Risk across all pathways ………(eqn 28)  

 
 
2.6 Target Calculation 

 
 
The purpose of doing a risk assessment is to assess the risk and help in selecting a suitable remediation 
method. Different remediation methods exist for treating different pathway risks. Some methods are 
capable of remediating higher levels than others. (Dtsc.ca.gov, 2007) To be able to aid in choosing a 
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remediation method, the AgriAs model’s target calculation section is formulated as follows:  
 

𝑇𝑇𝑑𝑑𝐸𝐸𝜇𝜇𝐸𝐸𝑡𝑡 𝐶𝐶𝐸𝐸𝐶𝐶𝐸𝐸𝐸𝐸𝐶𝐶𝑡𝑡𝐸𝐸𝑑𝑑𝑡𝑡𝜇𝜇𝐸𝐸𝐶𝐶 𝜇𝜇𝐶𝐶 𝑡𝑡ℎ𝐸𝐸 𝐶𝐶𝐸𝐸𝜇𝜇𝜇𝜇𝑑𝑑 = 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐶𝐶𝑡𝑡 𝐸𝐸𝐸𝐸𝐶𝐶𝐸𝐸𝐸𝐸𝐶𝐶𝑡𝑡𝐸𝐸𝑑𝑑𝑡𝑡𝜇𝜇𝐸𝐸𝐶𝐶 𝜇𝜇𝐶𝐶 𝑡𝑡ℎ𝐸𝐸 𝐶𝐶𝐸𝐸𝜇𝜇𝜇𝜇𝑑𝑑 ∗ 
 

𝑇𝑇𝑎𝑎𝑜𝑜𝑖𝑖𝑑𝑑𝑖𝑖 𝐵𝐵𝑠𝑠𝑠𝑠𝑚𝑚
𝑃𝑃𝑜𝑜𝑑𝑑𝑠𝑠𝑑𝑑𝑖𝑖𝑖𝑖 𝐵𝐵𝑠𝑠𝑠𝑠𝑚𝑚

………(eqn 29) 
 
 
2.7 Model development in MS-Excel 
 
 
After identifying the pathways, parameters, and parameter values, and developing the pathway 
equations, MS-Excel was chosen to build the model on. Many other exposure models like the NV 
Guideline models, CalTOX, CLEA etc also use MS-Excel. MS-Excel is an easy tool to build the model on 
and is user-friendly as well. The model was developed as a workbook, with multiple worksheets. The 
worksheets are titled as follows: 
 
Sheet 1: Introduction  
Sheet 2: Environmental Input 
Sheet 3: Consumption Data 
Sheet 4: Plant Data  
Sheet 5: Meat/Milk/Egg Data 
Sheet 6: Parameters 
Sheet 7: Calculations  
Sheet 8: Results 
Sheet 9: Target 
 
The worksheets and functionality of the worksheets is given below: 
 
 
Sheet 1: Introduction 
 
This Sheet gives a brief about what the AgriAs Preliminary model workbook contains and the 
functionality of each sheet, along with which level of user can make changes in the sheets. 
 
Sheet 2: Environmental Input 
 
 
This sheet is the ‘Environmental Input’ sheet. In this sheet the user can enter the concentrationof 
Arsenic in soil, dust and water measured from the target site. 

 
Sheet 3: Consumption Data 
 
This sheet allows the user to enter the country in which the target site is located in. This allows the model 
to choose that country’s consumption rates, allowing the models consumption pathways to be country 
specific and not take general or assumed consumption rates. The model, now has the option of choosing 
‘France’ if the site is located in France, or ‘Germany’ if the site is located in Germany or ‘Europe’ if it is 
located elsewhere in Europe. Since the model, is in the first stage of development, and has a requirement 
to perform a risk assessment for France and Germany, these are the countries that the user can select 
as of now. In the second stage of model development, other countries in Europe will have their own 
consumption rates as well. But for now, these three are the options that the user can choose from. 

 
Sheet 4: Plant Data 
 
 
This sheet allows the user to select (or add in) different plants from different plant groups. The different 
plant groups are – Leafy vegetables, non-leafy vegetables, root vegetables, fruits, and grains. The plant 
groups are given in this sheet under the heading of ‘plant index’ This Table is a guide for the user to 
select the plants that they want to add to their analysis. The plant index has a plant ID for each plant, 
and using this ID, the user can select the plants that they want to choose. The plant index is given in 
appendix B. 
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There is a provision for the user to select the method of input. The user can choose option ‘Site 
concentration’ wherein the user can select the plant and enter the measure of arsenic in the plant 
measured from the target site. Concentration of arsenic in plant = value that the user enters for the 
chosen plant.  
 
The second option is ‘Transfer Factor’ method, where the user can choose the plants, and the model will 
calculate the concentration of Arsenic in the plant by multiplying the available transfer factor and the 
arsenicconcentrationin soil in the target site. Concentration of arsenic in plant = concentration of 
arsenic in soil that the user entered in the ‘Environmental Input’ sheet * Transfer Factor. 
 
The third type of input method that the user can choose if either arsenic concentrationin plant is 
unavailable, or if arsenic concentration of soil is unavailable or if transfer factor is unavailable. This is 
the ‘EFSA Inorganic Arsenic Database’ method. By this method, the user can select the plants, and the 
model will take up generic values of inorganic arsenic in the chosen plant, provided by provided by the 
EFSA data base “Dietary exposure to inorganic arsenic in the European Population”. (Dietary exposure 
to inorganic arsenic in the European population, 2014). 

 
Sheet 5: Meat/Milk/Egg/ Fish Data 
 
This sheet allows the user to select (or add in) different foodstuff to analyse from different food groups. 
The different groups are – Meat, Milk, Egg and Fish. The user has 2 input methods to choose from. The 
user can choose ‘site cconcentration’ wherein the user can enter the concentration of arsenic in the 
selected foodstuff measured from the target site. The second option is choosing the ‘EFSA Inorganic 
Arsenic Database’ method. By this method, the user can select the foodstuff, and the model will take up 
generic values of arsenic in the chosen foodstuff provided by the EFSA data base “Dietary exposure to 
inorganic arsenic in the European Population”. (Dietary exposure to inorganic arsenic in the European 
population, 2014). 
 
Sheet 6: Parameters 
 
This sheet contains all the parameters used in the model, and the values and ranges used. The 
parameters and values and ranges used are described in section x. This sheet is meant to be used by the 
model, and not meant for a basic level user (who does not have in-depth knowledge in risk assessment). 
However, an advanced user can, if needed, change the parameter values for some particular cases, if 
more site-specific data is available. 

 
Sheet 7: Calculations 
 
The model equations are given in this sheet. The model calculates the individual exposure of each of the 
selected pathways. This sheet is not meant for the user, but just for the model to calculate and generate 
the exposure levels of each pathway. The model equations described in section x, is used in this sheet. 

 
Sheet 8: Results 
 
This sheet displays the individual calculated exposure values calculated by the model in sheet 7 ‘Results’. 
Using these values, and the reference value of intake, the Risk per 100000 for each pathway is calculated 
and displayed. The total risk is also displayed and contribution percentage of each pathway to the total 
risk is also displayed. 
 
Sheet 9: Target 
 
This sheet allows the user to enter a target risk for any of the exposure pathways, and the model will 
predict the permissible concentrationin the environmental media governing that pathway(s). This will 
aid in helping the user taking a decision about which method of remediation to use for remediating the 
contaminated agricultural region. 
 
The sheets of the model are given in appendix A
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3. Testing and Validating the model 
 
Once the model was developed on MS-Excel, it was tested by using a ‘test case’ and running it both in the 
AgriAs Preliminary model and in the NV guideline model. However, the NV guideline model can only be used 
to test some pathways and not all. The pathways of the AgriAs that can be tested using the NV Guideline 
model are – Soil intake, Water intake, Dust Intake and Dermal uptake. The consumption pathways of Leafy-
Vegetables, Non-Leafy Vegetables, Root Vegetables, Fruits, Grain, Meat, Milk, Eggs, Fish cannot be fully 
tested using the NV guideline model since the NV guideline model does not take these pathways into 
consideration, and even if it does, it does not take it into consideration fully, or to the level of detail that the 
AgriAs Preliminary model. The consumption pathways (Leafy -Vegetables, Non-Leafy Vegetables, Root 
Vegetables, Fruits, Grain, Meat, Milk, Eggs, Fish) was based on the CalTOX model, but the CalTOX model 
cannot be used to test the AgriAs Preliminary model, since the consumption patterns, age factor, and other 
parameters vary between the CalTOX and AgriAs Preliminary model since the CalTOX model used 
parameters and standards suitable for the United States, while the AgriAs Preliminary model’s parameters 
are suitable for European standards.  
 
Furthermore, the consumption pathways in the AgriAs Preliminary model has different input methods as 
compared to the CalTOX model. So therefore, the pathways chosen to test and validate the AgriAs 
Preliminary model using the NV Guideline model are – Soil Intake, Water Intake, Dust Inhalation and 
Dermal Contact. 
 
The input used for both the AgriAs and NV guideline model are: 
 
Concentration of As in Soil = 1 mg/kg  
Concentration of As in Dust = 1 mg/kg  
Concentration of As  in Water = 0.00023 mg/l 
 
For the plant Data sheet:  
 
As mentioned above, it is harder to compare the NV guideline model and the AgriAs model in terms of 
plant data. In the NV Guideline model, since ‘plants’ are a single category, and it uses transfer factor 
method, to be able to get a close enough level of comparison, in the AgriAs, the ‘Transfer Factor’ input 
method was chosen along with few random plants selected under each plant category. The plants 
selected in the AgriAs model are given in Table 16.  

 
Table 16: Plants selected for testing. 

 
Category Plant Selected 

Leafy Vegetables Lettuce 

 Spinach 

 Parsley 

 Rucola 

 Purslane 

  

Non-Leafy Vegetables Aubergine 

 Tomato 

 Zucchini 

  

Root Vegetables Potato 

 Turnip 

 Onion 

  

Fruits Pome Fruit 

 Dried Fruit 

 Citrus Fruit 

  

Grain Wheat 
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For the sake of comparing the plant results generated from the AgriAs Preliminary model to the NV 
guideline model, the risk from all plant categories in the AgriAs Preliminary model is added up in Table 
20, as ‘plants’. 
 
The meat, milk, eggs cannot be tested using the NV Guideline model, since the NV guideline do not 
really take into account these pathways as a significant pathway of exposure. For the above-mentioned 
input values, the following results are generated by both the NV guideline values, and the AgriAs 
Preliminary model is given in Table 17. 
 

Table 17: Results of Risk Assessment done on the AgriAs Preliminary model and the Guideline model 
 

Risk (per 100 000) NV guideline Model AgriAs Preliminary 
  model 
   

Soil Intake 0.2083 0.2101 
   

Dermal Contact 0.0303 0.0299 
   

Water Intake 1.2048 1.3964 
   

Dust Inhalation 0.0027 0.0009 
   

Plant Intake 0.3571 1.0923 
   

 
 
The ratio between the results generated between both the models are calculated as 
 
𝐷𝐷𝜇𝜇𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐶𝐶𝐸𝐸𝐸𝐸 𝑅𝑅𝑑𝑑𝑡𝑡𝜇𝜇𝐸𝐸 = 𝑅𝑅𝜇𝜇𝐸𝐸𝜇𝜇𝐸𝐸 (𝜇𝜇𝐸𝐸𝐶𝐶𝐸𝐸𝐸𝐸𝑑𝑑𝑡𝑡𝐸𝐸𝜇𝜇 𝜇𝜇𝜇𝜇 𝐸𝐸𝜇𝜇𝐸𝐸𝜇𝜇𝐸𝐸𝐸𝐸 𝐶𝐶𝐸𝐸𝜇𝜇𝐸𝐸𝐸𝐸)/𝑅𝑅𝜇𝜇𝐸𝐸𝜇𝜇 (𝜇𝜇𝐸𝐸𝐶𝐶𝐸𝐸𝐸𝐸𝑑𝑑𝑡𝑡𝐸𝐸𝜇𝜇 𝜇𝜇𝜇𝜇 𝐶𝐶𝐶𝐶 𝜇𝜇𝐸𝐸𝜇𝜇𝜇𝜇𝐸𝐸𝐸𝐸𝜇𝜇𝐶𝐶𝐸𝐸 𝐶𝐶𝐸𝐸𝜇𝜇𝐸𝐸𝐸𝐸) 

  
The difference of each pathways is given in Table 18. 

 
Table 18: Difference in results produced by the AgriAs Preliminary model and the Guideline model 

 
Difference Difference Ratio 

  

Soil Intake 1.0085 
  

Dermal Contact 0.9880 
  

Water Intake 1.1590 
  

Dust Inhalation 0.3400 
  

Plant Intake 3.0585 
  

 
 
 
 
 

Difference Range Level of   
Validation 

 
0.8 to 1.2 

 
0.2 to 0.8 and 1.2 to 1.8 
 

<0.2 and >1.8 

 
 
As observed from Table 18, the difference ratio between the level of risks of soil intake, dermal contact, 
water intake between both the models is extremely close to 1, thereby validating the results generated 
from the soil intake, Dermal contact, Water intake, routes. 
 
The Dust inhalation has a difference ratio of 0.34. The reason for the risk estimates of the AgriAs 
Preliminary model being less than the results generated by the NV guideline model, is that the AgriAs 
Preliminary model focuses on an agricultural land and therefore focuses on outdoor dust, while the NV 
Guideline model focuses on residential areas and therefore, focuses on indoor inhalation. This 
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difference in dust parameters between both these models, is why there is a difference between the risk 
estimated by the dust inhalation pathway of both models. 
 
The plant intake pathway, the difference ratio is 3.05 indicating that the risk estimated by the AgriAs 
Preliminary model is higher than the risk estimated by the NV Guideline model. This is because the 
AgriAs Preliminary model focuses on an agricultural lands and Arsenic, so it has many more categories 
in the plant intake route, more detailed parameters, and site-specific consumption rates, while the NV 
guideline model does not give a big level of significance to the plant route, since it focuses on a 
residential area. There is not the same level of importance and detail given to the plant intake route in 
the NV guideline model, as compared to the level of detail and importance given in the AgriAs 
Preliminary model. 
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4. Sensitivity Analysis 
 
Once the model was validated, the sensitivity analysis was run using different sets of cases as input for 
the model. The results generated were analyzed to see if the model was sensitive, and to test if the 
generated results follow the expected trends. Many cases were used to test the sensitivity of the AgriAs 
model. Some of the most interesting cases analyzed are given in this section.  
 
 The standard control case: A standard control case was set. Using this control case as a base, many 
cases were generated, and the model was run for the different cases. The results of the test cases were 
compared with the control case to see the sensitivity.  
 
4.1 The Case Descriptions 
 
Control Case 

The concentration of Arsenic in the soil was set to 20 mg/kg.  The concentration of Arsenic in dust was 
set to 1 mg/kg. The concentration of Arsenic in water was set to 0.001 mg/l.  

Some plants in each category were selected and the input pathway was set to ‘Transfer Factor Method’. 
For meat, milk, eggs and fish, some species were selected, and the input method was set to ‘Efsa’. 
Country chosen was ‘France’. The bioavailability of all plant groups and secondary food groups was set 
to 1. All the model parameters were set to standard values used in Table 19. 

Table 19: Control Case for Sensitivity analysis 

Soil Water Dust Plants Secondary 
Foodstuff 

Concentration of As in 
soil:20 mg/kg 

Concentration of As in 
water: 0.001 mg/l 

Concentration of As in 
Dust: 0.001 mg/l 

Set to Transfer Factor 
method. 

Set to Efsa method 

Set to parameters 
used in Table 19. 

Set to parameters 
used in Table 19. 

Set to parameters 
used in Table 19. 

Set to parameters 
used in Table 19. 

Set to parameters 
used in Table 19. 

 
Test Cases 
 
Test Cases were selected to test the sensitivity of the model, by either varying the input data or 
parameters, for different pathways.  The test cases used are describes below.  
 
Case T1: High concentration of As in Soil  
 
In this test case, a higher level of As was set as input data for the soil pathway, as compared to the 
control case. 600 mg/kg was the chosen input concentration of As in soil. All the other input data, were 
kept similar to the control case. The input data for Case T1 is given in Table 20.  
 

Table 20: Test Case 1 for Sensitivity Analysis 
Soil Water Dust Plants Secondary 

Foodstuff 

concentration of As in 
soil:600 mg/kg 

concentration of As in 
water:0.001 mg/l 

concentration of As in 
Dust: 0.001 mg/l 

Set to Transfer Factor 
method. 

Set to Efsa method 

Set to parameters 
used in Table 19. 

Set to parameters 
used in Table 19. 

Set to parameters 
used in Table 19. 

Set to parameters 
used in Table 19. 

Set to parameters 
used in Table 19. 
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Case T2: High concentration of As in Water 

In this test case, a higher level of As was set as input data for the water pathway, as compared to the 
control case. 600 mg/kg was the chosen input concentration of As in soil. All the other input data, were 
kept similar to the control case. The input data for Case T2 is given in Table 21.  

Table 21: Test Case 2 for Sensitivity Analysis 

Soil Water Dust Plants Secondary 
Foodstuff 

Concentration of As in 
soil:20 mg/kg 

Concentrationof As in 
water: 0.05 mg/l 

Concentration of As in 
Dust: 0.001 mg/l 

Set to Transfer Factor 
method. 

Set to Efsa method 

Set to parameters 
used in Table 19. 

Set to parameters 
used in Table 19. 

Set to parameters 
used in Table 19. 

Set to parameters 
used in Table 19. 

Set to parameters 
used in Table 19. 

 

Case T3: Reduced level of bioavailability for plants and secondary foodstuff  

In this test case, the bioavailability of all the plant groups and secondary food groups was set to half of 
the standard value of 1. All the other input data, were kept similar to the control case. The input data 
for Case T3 is given in Table 22. 

Table 22: Test Case 3 for Sensitivity Analysis 

Soil Water Dust Plants Secondary 
Foodstuff 

Concentration of As in 
soil:20 mg/kg 

Concentration of As in 
water: 0.001 mg/l 

Concentrationof As in 
Dust: 0.001 mg/l 

Set to Transfer Factor 
method. 

Set to Efsa method 

Set to parameters 
used in Table 19. 

Set to parameters 
used in Table 19. 

Set to parameters 
used in Table 19. 

Set to parameters used in Table 19, expect for 
bioavailability of plant groups and secondary 

food groups.  
fbio (plant/secondary food group) = 0.5  

 
 
Case T4a, 4b: Varying dust parameters 
 
In this case, the dust time spent inhaling dust was varied, and set to 60 days/ year.  All the other input 
data, were kept similar to the control case. The input data for Case T4 is given in Table 23. 
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Table 23: Test Case 4 for Sensitivity Analysis 

Soil Water Dust Plants Secondary 
Foodstuff 

Concentration of As 
in soil:600 mg/kg 

Concentration of As 
in water: 0.001 mg/l 

Concentrationof As in Dust: 
0.001 mg/l 

T4a) Time spent on site, 
inhaling dust,  

t_id= 120 days/  
year 

T4b) Time spent on site, 
inhaling dust  

t_id= 60 days/ year  

Set to 
Transfer 
Factor 

method. 

Set to Efsa method 

Set to parameters 
used in Table 19. 

Set to parameters 
used in Table 19. 

Set to parameters used in 
Table 19. 

Set to 
parameters 

used in Table 
19. 

Set to parameters 
used in Table 19. 

 

Case T5a: Transfer factor set to minimum values 
 
In this test case, transfer factors were set to minimum values of the possible ranges for all the plants in 
different plant groups. All the other input data, were kept similar to the control case. The input data for 
Case T5 is given in Table 24 and 25. 
 
 

Table 24: Test Case 5a for Sensitivity Analysis 
Soil Water Dust Plants 

 

Secondary 
Foodstuff 

Concentration of As in 
soil:20 mg/kg 

Concentration of As in 
water: 0.001 mg/l 

Concentration of As in 
Dust: 0.001 mg/l 

Set to Transfer Factor 
method, using 

minimum values. 

Set to Efsa method 

Set to parameters 
used in Table 19. 

Set to parameters 
used in Table 19. 

Set to parameters 
used in Table 19. 

Set to parameters 
used in Table 19. 

Set to parameters 
used in Table 19. 

 

Case T5b: Transfer factor set to minimum values  

 
In this test case, transfer factors were set to maximum values of the possible ranges for all the plants in 
different plant groups. All the other input data, were kept similar to the control case.  
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Table 25: Test Case 5b for Sensitivity Analysis 

Soil Water Dust Plants Secondary 
Foodstuff 

Concentration of As in 
soil:20 mg/kg 

Concentration of As in 
water: 0.001 mg/l 

Concentration of As in 
Dust:0.001 mg/l 

Set to Transfer Factor 
method, using 

maximum values. 

Set to Efsa method 

Set to parameters 
used in Table 19. 

Set to parameters 
used in Table 19. 

Set to parameters 
used in Table 19. 

Set to parameters 
used in Table 19. 

Set to parameters 
used in Table 19. 

 
 
Transfer Factor Ranges (maximum and minimum) for all the plants used are given in Appendix B. 
 
4.2 Result and Discussion of the different cases 
 
 
Test Case 1: When the As in soil in increased, and the plant input is set to transfer factors, the expected 
results are an increase in exposure due to intake of soil, intake of leafy vegetables, non-leafy vegetables, 
root vegetables, fruits and grains and dermal contact. The results of Test case 1, is given in Table 29. 
The results of the control case and test case 1 were compared in Table 26 and Fig 6 as well. As seen from 
Table 26 and Fig 7, the model generated results and in-line with the expected results of setting a high 
As concentration in soil, and setting the plant input pathway to transfer factors.  
 

Table 26: Result for Test Case 1 

Pathway 
Risk (per 100 000) – 

Control Case 
Risk (per 100 000) – Test 

Case 1 (T1) 

Soil 4.2023 126.0714 

Dermal 0.5988 17.9645 

Dust 0.0009 0.0009 

Water 6.0714 6.0714 

Leafy Vegetables 2.1529 64.5897 

Non-Leafy 
Vegetables 

0.7052 21.1582 

Root vegetables 3.4808 104.4240 

Fruits 0.9204 27.6135 

Meat 2.2782 2.2782 

Milk 2.8843 2.8843 

Eggs 0.2835 0.2835 

Fish 0.6202 0.6202 
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Figure 6: Risk (per 100000) Control Case Vs Test Case 1 

 
Test Case 2: When the As in water is increased, the expected results are an increase in exposure due to 
water intake. The results of Test case 2, is given in Table 27. The results of the control case and test case 
2 were compared in Table 27, and Fig 8 as well. As seen from Table 27 and Fig 7, the model generated 
results and in-line with the expected results of setting a high As concentration in water.  
 

Table 27: Result for Test Case 2 

Pathway 
Risk (per 100 000) – 

Control Case 
Risk (per 100 000) – 

Test Case 2 (T2) 

Soil 4.2023 4.2023 

Dermal 0.5988 0.5988 

Dust 0.0009 0.0009 

Water 6.0714 303.5714 

Leafy Vegetables 2.1529 2.1529 

Non-Leafy 
Vegetables 

0.7052 0.7052 

Root vegetables 3.4808 3.4808 

Fruits 0.9204 0.9204 

Grains 15.9925 479.7767 

Total Risk 40.1921 853.7375 
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Meat 2.2782 2.2782 

Milk 2.8843 2.8843 

Eggs 0.2835 0.2835 

Fish 0.6202 0.6202 

Grains 15.9925 15.9925 

Total Risk 40.1922 337.6922 

 

 
Figure 7: Risk (per 100000) Control Case Vs Test Case 2 results 

 
Test Case 3: When the bioavailability of the plant and secondary food groups are set to half, the 
expected results are a half (or almost half) reduction in risk generated by the plant and secondary food 
group categories. The results of Test case 3, is given in Table 28. The results of the control case and test 
case 3 were compared in Table 28, and Fig 9 as well. As seen from Table 28 and Fig 8, the model 
generated results and in-line with the expected results of setting bioavailability to half.   
 
 

Table 28: Result for Test Case 3 

Pathway  Risk (per 100 000) – 
Control Case 

Risk (per 100 000) – Test 
Case 3 (T3) 

Soil 4.2023 4.2023 

Dermal 0.5988 0.5988 

Dust 0.0009 0.0009 

Water 6.0714 6.0714 
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Leafy 
Vegetables 

2.1529 1.0764 

Non-Leafy 
Vegetables 

0.7052 0.3526 

Root vegetables 3.4808 1.7404 

Fruits  0.9204 0.4603 

Meat  2.2782 1.1392 

Milk 2.8843 1.4422 

Eggs 0.2835 0.1418 

Fish 0.6203 0.3102 

Grains 15.9925 7.9963 

Total Risk 40.1922 26.4649 

 

 
Figure 8:Risk (per 100000) Control Case Vs Test Case 3 results 

 
Test Case 4: When the dust parameter of time spent inhaling dust on site, is reduced to 120 and 60, 
the expected results are reduced risk due to dust inhalation as compared to the control case. However, 
dust is not a very significant route of exposure, and does not contribute much to the overall risk. So the 
expectation of changing the dust parameters, is that there will be a change in risk due to dust inhalation, 
but the change will not be very significant.  The results of Test case 4a and 4b, are given in Table 29. 
The results of the control case and test case 4a and 4b were compared in Table 29, and Fig 9 as well. As 
seen from Table 29 and Fig 10, the model generated results and in-line with the expected results of 
reducing the time spent inhaling dust on site.  
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Table 29: Result for Test Case 4 

Pathway 
Risk (per 100 000) – 

Control Case 
Risk (per 100 000) – 
Test Case 4a (T4a) 

Risk (per 100 000) – Test 
Case 4b (T4b) 

Soil 4.2023 4.2023 4.2023 

Dermal 0.5988 0.5988 0.5988 

Dust 0.0009 0.0001 0.0003 

Water 6.0714 6.0714 6.0714 

Leafy 
Vegetables 

2.1529 2.1529 2.1529 

Non-Leafy 
Vegetables 

0.7052 0.7052 0.7052 

Root vegetables 3.4808 3.4808 3.4808 

Fruits 0.9204 0.9204 0.9204 

Meat 2.2782 2.2782 2.2782 

Milk 2.8843 2.8843 2.8843 

Eggs 0.2835 0.2835 0.2835 

Fish 0.6202 0.6202 0.6202 

Grains 15.9925 15.9925 15.9925 

Total Risk 40.1921 40.1913 40.1915 
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Figure 9: Risk (per 100000): Control Case Vs Test Case 4 results 

 
Test Case 5: The control case uses the model set ‘mean’ values of transfer factors.  
 
When the transfer factor used, is set to minimum the expected results are a reduction in the risk due to 
intake of plant categories. When the transfer factor is set to maximum values, the expected result is an 
increase in the risk due to the intake of plant groups. The results of Test case 5a and 5b, are given in 
Table 30. The results of the control case and test case 5a and 5b were compared in Table 30, and Fig 10 
as well. As seen from Table 30 and Fig 11, the model generated results and in-line with the expected 
results of varying the transfer factor to minimum and maximum.  
 

Table 30: Result for Test Case 5 

Pathway  Risk (per 100 000) 
– Control Case 

Risk (per 100 000) – 
Test Case 5a (T5a) 

Risk (per 100 000) – 
Test Case 5b (T5b) 

Soil 4.2023 4.2023 4.2023 

Dermal 0.5988 0.5988 0.5988 

Dust 0.0009 0.0009 0.0009 

Water 6.0714 6.0714 6.0714 

Leafy Vegetables 2.1529 0.1713 51.5504 

Non-Leafy 
Vegetables 

0.7052 0.1607 4.5091 

Root vegetables 3.4808 0.2750 6.1539 

Fruits  0.9204 0.2485 0.2485 
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Meat  2.2782 2.2782 2.2782 

Milk 2.8843 2.8843 2.8843 

Eggs 0.2835 0.2835 0.2835 

Fish 0.6202 0.6202 0.6202 

Grains 15.9925 1.5992 22.3895 

Total Risk 40.1921 19.3948 101.7917 

 

 
Figure 10: Risk (per 100000) Control Case Vs Test Case 5 results 

 
As seen from the results of running the different cases (Case T1 to T5b), it is evident that the model 
responds in an expected manner. Therefore, the calibrated model is sensitive and work well, and can 
now be used to assess the risk due to arsenic exposure in the test sites of Verdun, France and Freiberg, 
Saxony, Germany.  
 
Note: The concentration of Arsenic from the target sites of the AgriAs project was 
given as input to the developed exposure model. The risk assessment was done for the 
sites. The results of the risk assessment are removed from the public version of this 
Master thesis till 2019. The results of the risk assessment will be published in 2019 by 
AgriAs. 
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5. Discussions 
 
The AgriAs Preliminary model, was developed to perform risk assessment of As exposure in agricultural 
regions of Europe. The model pathways and equations were established, the model parameters were 
set, the model was calibrated and tested for its validity. The data collected were tested on the model and 
the risk assessment was performed.  
 
The AgriAs Preliminary model focuses on agricultural areas in Europe. While other models like the NV 
Guideline model, CLEA model, CSoil model etc have a provision for setting the land use type to an 
agricultural area, the focus of these models and the parameters used are more oriented towards 
performing risk assessment in residential areas. This makes the AgriAs Preliminary model unique in its 
conception. 
 
The model focuses only on inorganic As. This model focuses solely on inorganic As and is meant for 
performing risk assessments for inorganic arsenic. The results generated from this model are more site-
specific and closer to reality, since the model focuses on one element, and the parameters are chosen 
with respect to that element only. 
 
The model has a high level of focus to environmental exposure pathways (soil intake, water intake, dust 
inhalation, dermal contact) and also consumption pathways (consumption of different plant categories 
grown in an agricultural region – leafy vegetables, non-leafy vegetables, root vegetables, fruits, grains) 
(Consumption of secondary foods produced in an agricultural region- meat, milk, eggs, fish). 
 
The model uses different modes of input for the consumption pathways. The user can choose to use 
measured site concentration of As in plant and secondary food groups, if available. This will generate 
site-specific results. If the site concentrationare unavailable, the user can the ‘Transfer Factor’ method 
and use the measured concentration of arsenic in soil, and the predefined transfer factors given in the 
AgriAs Preliminary model’s plant index. This will give site- specific results but might not be as specific 
as using the measured site concentration. If site concentration of the plant, or the transfer factors are 
not available the user can choose a third method of using ‘EFSA database for inorganic arsenic in food 
in Europe’. This makes the model use generic concentration of arsenic in food in Europe. This will 
generate generic results. Due to these various input options, even if there is less site data available, the 
model can still generate some basic results to work with. 
 
The model uses country specific consumption rates for parameters. The model uses different 
consumption rates for different countries derived from the EFSA consumption database, this makes the 
results of the consumption pathways more site-specific. 
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6. Conclusions  
 
This study aimed at developing a preliminary exposure model for performing risk assessment of As 
exposure in the agricultural lands of Europe. The exposure pathways and equations were developed, 
the parameters were set and the model was tested and calibrated. 
 
It was identified that the most sensitive and significant pathways of As exposure in agricultural lands 
are the intake of arsenic contaminated water, and As contaminated crops, especially grains and leafy 
vegetables. The pathway that has the least impact on exposure is inhalation of dust. The parameters 
that significantly affect the exposure are the concentrationof As in the medium, the bioavailability, the 
transfer factors and the consumption rate. 
 
Consumption of As contaminated secondary foodstuff like meat, milk and eggs were also identified as 
a significant exposure route of As in agricultural lands, however, there is a lack of data related to transfer 
factors and bioavailability of As in secondary foodstuff, and is an area where future research should be 
focused. 
 
Note: The conclusions regarding As exposure in the agricultural sites of Saxony, 
Germany and Verdun, France are removed from the public version of this master thesis 
and will be published in 2019 by AgriAs. 

 

7. Recommendations and future research. 
 
The model uses transfer pathways for the plant categories, but due to the lack of data related to transfer 
factors, and other parameters needed to develop and incorporate transfer factors for secondary foods, 
a transfer pathway for secondary food has not been included at this stage. However, once this data is 
collected, a transfer pathway for secondary food will also be incorporated into the model in the future 
developments. 
 
Data collection requirements 
 
To make the AgriAs Preliminary model more comprehensive, in the future stages of model development 
the following aspects should be collected in terms of data: 
 
The bioavailability of the different plants and plant categories are set to ‘1’ in the AgriAs Preliminary 
model. However, this value might not be a true representation of the bioavailability of the different 
plants and foodstuff. Collecting literature extensively and performing lab experiments to find out the 
bioavailability of the plants and plant groups used in the model will make the model generate more 
specific results. At present, there is not a lot of data available, both in literature and in the AgriAs project 
files about the bioavailability of different plants and foodstuff. So, it would be good to look into this, and 
collect data pertaining to bioavailability. 
 
For the meat/milk/egg’s pathways, to add a ‘transfer factor’ input option, data related to transfer factors of 
arsenic from soil -> plant -> fodder -> animal -> animal product need to be collected. Transfer factor from 
water -> animal-> animal product should also be analysed. Furthermore, the parameters related to adding a 
transfer factor route (consumption rate of fodder by the animal, consumption rate of water by the animal) 
should also be analysed and collected. 
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Appendix A: The AgriAs MS Excel model sheets 
 
Sheet 1: Introduction  
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Sheet 2: Environmental Input  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sheet 3: Consumption Data  
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Sheet 4: Plant data input  
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Plant Index: Leafy Vegetables, Non-Leafy Vegetables, Root Vegetables  
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Plant Index: Fruits, Grains  
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Sheet 5: Secondary Food Input data  
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Sheet 6: Parameters (Same as tables 8,9,10,11,12,13,14 and 18, Chapter 4)  
Sheet 7: Calculations  
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Sheet 8: Results  
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Sheet 9: Target Calculator  
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Appendix B: Transfer Factor Ranges 
 

 

Plant Plant Name Transfer Factor Transfer Factor Transfer Factor Reference used 
 

ID  Max mg/ kg FW Mean (mg/ kg FW Min mg/ kg FW plant/  
 

  plant/ mg/kg DW plant/ mg/kg DW mg/kg DW soil)  
 

  soil) soil)   
 

      
 

LV1 Sorrel 0.000016 0.00043 1.1E-02 (The Environmental Agency, 2009) 
 

      
 

LV2 Common Dandelion 0.000016 0.00043 1.1E-02 (The Environmental Agency, 2009)  

 
 

      
 

LV3 Fall Dandelion 0.000016 0.00043 1.1E-02 (The Environmental Agency, 2009)  

 
 

      
 

LV4 Chickweed 0.000016 0.00043 1.1E-02 (The Environmental Agency, 2009)  

 
 

      
 

LV5 Parsley 0.000016 0.00043 1.1E-02 (The Environmental Agency, 2009)  

 
 

      
 

LV6 Lettuce 0.000016 0.00096 0.00039 Warren et al. (2003) 
 

      
 

LV7 Rucola 0.000016 0.00043 1.1E-02 (The Environmental Agency, 2009) 
 

      
 

LV8 Spinach 0.000016 0.00043 0.00017 (The Environmental Agency, 2009) 
 

      
 

LV9 Brassica 0.000016 0.00043 1.1E-02 (The Environmental Agency, 2009)  

 
 

      
 

LV10 Purslane 0.000016 0.00043 1.1E-02 (The Environmental Agency, 2009)  

 
 

      
 

LV11 Cabbage 0.000016 0.00016 1.1E-02 Weeks and Knowles (2005)  

 
 

      
 

LV12 Celery 0.00008 0.0022 1.1E-02 (Nathanail et al., 2004).  

 
 

      
 

LV13 Cauliflower 0.00011 0.00013 0.00065 Weeks and Knowles (2005) 
 

      
 

LV14 Leafy vegetables 0.000016 0.00043 1.1E-02 (The Environmental Agency, 2009) 
 

 (general)     
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Plant   Plant Name  Transfer Factor Min Transfer Factor Mean  Transfer Factor Max Reference Used 
ID     (mg/ kg FW plant/ (mg/ kg FW plant/  (mg/ kg FW plant/ mg/kg  

     mg/kg DW soil) mg/kg DW soil)   DW soil)  
           

NLV1   Tomatoes 0.000094 0.00048  0.0018 Tlustos et al. (2006) 
           

NLV2  Peppers, paprika 0.000094 0.00023  0.0018 (The Environmental Agency, 2009) 
           

NLV3   Aubergines 0.000094 0.00031  0.0018 Zarcinas et al. (2004) 
           

NLV4   Cucumbers 0.00009 0.00051  0.0018 Li et al. (2006) 
           
          

Plant ID  Plant Name  Transfer Factor Transfer Factor (mg/  Transfer Factor Max References Used 
     Min (mg/ kg FW kg FW plant/ mg/kg  (mg/ kg FW plant/ mg/kg  
     plant/ mg/kg DW DW soil)   DW soil)  
           

RV1  Potatoes   0.00023  0.0003 Weeks and Knowles (2005) 
          

RV2  Beetroot  0.000073 0.00021   3.6E-03 Warren et al. (2003) 
          

RV3  Carrots  0.00019 0.00029   3.6E-03 Bunzl et al. (2001) 
          

RV5  Radishes  0.00007 0.0016   3.6E-03 Warren et al. (2003) 
          

RV6  Onion  - 0.00035  0.00043 Xu and Thornton (1985) 
          

RV7  Root Vegetables   0.0004    (The Environmental Agency, 2009) 
   (general)        
         

Plant ID  Plant Name  Transfer Factor Transfer Factor (mg/ kg  Transfer Factor Max Reference Used 
     Min (mg/ kg FW FW plant/ mg/kg DW soil)  (mg/ kg FW plant/  
     plant/ mg/kg DW    mg/kg DW soil)  
           

FR1  Pome fruits  - 0.0002   2.6E-03 (The Environmental Agency, 2009) 
          

FR2  Stone fruits  0.000054 0.0002   2.6E-03 (The Environmental Agency, 2009) 
          

FR3  Citrus fruits  - 0.0002   2.6E-03 (The Environmental Agency, 2009) 
          

FR4  Berries and small  0.000054 0.0002   2.6E-03 (The Environmental Agency, 2009) 
          

FR5  Dried fruits  - -   2.6E-03 (The Environmental Agency, 2009) 

          

FR6  Fruits(general)   - 0.0002    (The Environmental Agency, 2009) 
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