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INTRODUCTION 

Environmental pollution by Persistent Organic Pollutants (POPs) (or Persistent Bio-accumulative and 
Toxic Substances (PBTs)) is one of the global problems to be resolved by the international 
community. Wide interest to problems of environmental contamination by POPs can be explained by 
the fact that these pollutants posses high toxicity for living organisms, persistence in the environment, 
and ability to be built up in food chains to levels that are harmful to human health and ecosystems. 
Moreover, these substances can be transported over long distances from emission sources and be 
distributed between different environmental compartments - air, water, soil and vegetation. 

The problem of environmental pollution by POPs is in the spotlight of the Convention on Long-range 
Transboundary Air Pollution of 1979 and the Stockholm Convention on POPs of 2001. This problem 
attracts attention of numerous international programmes and organisations: the United Nations 
Environment Programme (UNEP), the Organisation for Economic Co-operation and Development 
(OECD), the World Health Organisation (WHO), the World Meteorological Organisation (WMO), the 
Arctic Monitoring and Assessment Programme (AMAP), the Baltic Marine Environment Protection 
Commission (HELCOM), the Oslo-Paris Commission for the Protection of the Marine Environment of 
the North-East Atlantic (OSPAR) and others.  

Within the framework of the Convention on Long-range Transboundary Air Pollution of 1979 
(hereinafter Convention), the Protocol on Persistent Organic Pollutants (hereinafter the Protocol on 
POPs) is ratified by sixteen Parties to the Convention and has entered into force in October 2003. In 
addition to the fulfilment of their basic obligations, Parties to the Protocol shall encourage research, 
development, monitoring and co-operation related, in particular, to the long-range transport and 
deposition levels and their modelling. In compliance with the Protocol “in good time before each 
annual session of the Executive Body, the Co-operative Programme for Monitoring and Evaluation of 
the Long-range Transmission of Air Pollutants in Europe (hereinafter EMEP) shall provide information 
on the long-range transport and deposition of persistent organic pollutants” (Article 9) 
[ECE/EB.AIR/66, 1999].  

For the assessment of environmental pollution, for the risk assessment, for the evaluation of new 
pollutants as potential candidates to be implemented in the regulatory control activity, a number of 
different model approaches are under development. To review different model approaches and 
improve our understanding of POP behaviour in various environmental compartments, POP model 
intercomparison study was initiated by EMEP. 

A certain experience in model intercomparison for different types of pollutants is accumulated in the 
Meteorological Synthesizing Centre - East of EMEP (hereinafter EMEP/MSC-E). In particular, 
intercomparison of transport models for heavy metals was carried out in 1996 (for lead) [Sofiev et al., 
1996] and in 1998 (for cadmium) [Gusev et al., 2000]. Intercomparison of mercury transport models 
was initiated in 1999 and is now in progress with participation of many scientists from various 
countries [Ryaboshapko et al., 2002; Ryaboshapko et al., 2003]. The recommendations to carry out 
the comparison of different POP multicompartment models were drawn by the Executive Body for the 
Convention [ECE/EB.AIR/75, 2002]. Later, the necessity of performing such intercomparison was 
stressed at the OECD/UNEP Workshop on the Use of Multimedia Models for Estimating Overall 
Environmental Persistence and Long-Range Transport held in Ottawa in 2001 
[ENV/JM/MONO(2002)15, 2002]. Several POP model comparisons concerning particular question of 
estimating overall persistence and atmospheric travel distances of some POPs were accomplished 
[Wania and Mackay, 2000; Wania and Dugani, 2003]. In 2002, EMEP/MSC-E initiated the 
intercomparison study of POP multicompartment models aimed at comparing different approaches to 
POP modelling both in general and in detail. 
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The draft programme of the intercomparison study was prepared on the basis of the discussion on 
POP model intercomparison issues during the third EMEP/TFMM meeting in Geneva, March 2002 
[EB.AIR/GE.1/2002/4]. The first meeting on the model intercomparison with participation of national 
experts (both in modelling and measurements) from Canada, the Czech Republic, France, Germany, 
Japan, Norway, Switzerland, the United Kingdom, the USA and representatives of the OECD was 
organised by EMEP/MSC-E (Moscow, November 2002). Presentations of the participating models, 
acceptance of the Programme on intercomparison study of POP models, in-depth discussion of the 
goals of Stage I and elaboration of its time-schedule were the main topics at this meeting. Since that 
time, modellers from Denmark and the Netherlands have joined this activity. 

Table 1 displays a list of the participating models together with brief descriptions of model type and 
resolution. The study concerns a wide spectrum of models designed for the simulation of POP 
behaviour in the environment. It should be mentioned that both generic and spatially resolved 
dynamic models are involved in this study. 

 

Table 1. The list of participating models 

 Model name Type/ resolution Experts Institution 
1 HYSPLIT 4 Lagrangian, regional P. Bartlett CBNS, Queens College, USA 

2 EVN-BETR 
(European scale) Dynamic box/5x5º, regional 

3 UK-MODEL (UK 
scale) Dynamic, box model, regional (UK) 

K. Jones,   
A. Sweetman,  
C. Prevedouros 

Lancaster University, UK 

4 ELPOS Box model, regional, parameterization close to 
EUSES 1.0 M. Matthies Univ. Osnabrück, Germany 

5 ChemRange one-dimensional, steady-state box model 

6 CliMoChem two-dimensional box model with temporal 
resolution 

M. Scheringer,  
F. Wegmann,  
M. Salzmann 
J. Stocker 

ETH Zürich, Switzerland 

7 CAM/POPs Gridded, regional/global S. Gong, 
P.  Huang 

Air Quality Research Branch, 
Canada 

8 G-CIEMS multi-box with geo-referenced geographical 
resolution (10x10 km2), regional  N. Suzuki 

National Institute for 
Environmental Studies, 
Japan 

9 INERIS Box model, regional, parameterization close to 
EUSES and ChemCan R. Farret Chronic Risks Division, 

INERIS, France 

10 GLOBO-POP zonally averaged non-steady state global 
multimedia fate and transport model 

11 POPCYCLING-
Baltic regional multimedia fate and transport model 

K. Breivik  NILU, Norway 

12 MEDIA gridded (2x2º), global J. Pudykiewicz Meteorological Service of 
Canada 

13 ADOM-POP 3D-Eulerian atmospheric transport and 
chemistry model 50x50 km G. Petersen GKSS, Germany 

14 DEHM-POP 

3D-Euleraian atmospheric transport and 
chemistry model, 
northern hemisphere: 150×150 km, EMEP: 
50×50 km 

J. Christensen,  
K.M. Hansen             

National Environmental 
Research Institute, Denmark 

15 SimpleBox  

nested multimedia environmental fate model,  
generic, 
five spatial scales: regional, continental and 
global (arctic, moderate and tropic geographic 
zones) 

D. van de Meent  
RIVM Laboratory for 
Ecological Risk Assessment,
the Netherlands 

16 The LOTOS 
model 

European domain, lowest 2 km of atmosphere; 
 resolution: about 30x30 km, every hour  TNO-MEP, the Netherlands 

17 ADEPT 3D atmospheric transport model for Europe 

M.G.M. Roemer ,  
A.C. Baart Delft Hydraulics, the 

Netherlands 

18 MSCE-POP  EMEP: 50×50 km or 150×150km, hemispheric: 
2.5×2.5º 

S. Dutchak, 
V. Shatalov , 
M. Fedyunin,  
E. Mantseva, 
B, Strukov 

EMEP/MSC-E 
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This report presents the results of Stage I of the POP model intercomparison study.  

Chapter 1 is devoted to a brief overview of the participating models. More detailed descriptions of the 
models submitted by research groups involved into the intercomparison study are contained in Annex 
A.  

Chapter 2 is devoted to the description of model intercomparison programme. Both the general 
programme and the programme of Stage I of the intercomarison study are presented. 

Chapter 3 provides information on physical-chemical properties of PCB-153 used for calculation 
experiments in participating models and on “reference data set”. The tables with physical-chemical 
parameters used in participating models and in “reference data set” for PCB-28 and PCB-180 are 
presented in Annex B. 

Chapter 4 comprises descriptions of main processes determining PCBs behaviour in the environment 
as submitted by the participants, input data and the analysis of the results of calculation experiments 
for PCB-153. Descriptions of main processes determining POP behaviour in the environment are 
summarised in Annex C. Tables with input data for calculation experiments and results of model 
intercomparison on PCB-28 and PCB-180 are given in Annexes D and E, respectively. 

Main conclusions are drawn in the end of the Technical Report. 

More detailed information on the POP model intercomparison study can be found at the MSC-E 
website: www.msceast.org. 
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Chapter   1 
OVERVIEW OF PARTICIPATING MODELS 

This chapter is devoted to a brief analysis of similarities and distinctions between models participating 
in the intercomparison study. This analysis is used for the determination of the intercomparison 
procedure. A more detailed description of individual models is presented in Annex A. 

Table 2 contains the list of participating models together with their main characteristics: model type 
and/or spatial resolution, chemicals included in modelling, list of media considered, processes taken 
into account, input information needed for simulations and output of the models. 

It is seen that the diversity of the models taking part in the intercomparison study is very large. These 
models differ by their type (box models or spatially resolved models), resolution and scope (from 
global to regional scales). These differences are mostly explained by the diversity of main purposes 
for which each individual model was designed (last column of Table 2). 

However, the considered models have much in common. The majority of the models take into account 
POP behaviour in several environmental compartments (except for four purely atmospheric models – 
HYSPLIT 4, ADOM-POP, ADEPT and the LOTOS model). The main environmental compartments 
included in all these models are the atmosphere, soil and water. Some models take into account 
vegetation (EVN-BETR, ELPOS, G-CIEMS, POPCYCLING-BALTIC, MSCE-POP) and sediments 
(EVN-BETR and UK-MODEL, ELPOS, GLOBO-POP, POPCYCLING-BALTIC, MSCE-POP). Two 
models (MEDIA and MSCE-POP) consider the exchange between the atmosphere and the 
cryosphere (sea ice and snow). Most of the models describe the same processes: gas/aerosol 
partitioning, deposition processes, exchange between different environmental compartments, and 
POP degradation in various environmental media. However, the participating models can differ 
substantially from one another in the degree of detail of the descriptions of these processes. To 
evaluate the compatibility of the results obtained by models of different types, it is important to 
compare model descriptions of the above processes. 

Most of the models are able to simulate the environmental behaviour of a large diversity of POPs. 
Such substances as PCBs, PAHs, HCHs, PCDD/Fs and HCB are included in the list of chemicals for 
most of the participating models. Among these substances, PCBs (in particular, PCB-153) are the 
most investigated chemicals for which a lot of information on physical-chemical properties and 
environmental pollution levels is available. This group of pollutants may be a good basis for the 
comparison of model descriptions of POP behaviour in the environment.  

All the models use similar sets of input information. The most important input parameters common for 
all the models are data on physical-chemical properties of the considered POPs and on their 
emissions. Maximum differences in the input parameters of different models are related to 
meteorological and geophysical information. It should be noted that, at least at the beginning of the 
intercomparison study, only the information on physical-chemical properties of substances is 
essential, since the comparison between the models can be performed for some conventional 
environmental conditions. At the next steps of the intercomparison study, the information on 
emissions and on measured environmental levels of POPs becomes necessary. 

In spite of considerable differences between output parameters of compared models, some of them 
can be obtained with the use of almost all of the models. These are deposition/exchange fluxes 
between environmental compartments, contents of POPs masses in these compartments (mass 
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balance calculations) and overall persistence and long-range transport potential for considered POPs. 
The comparison between these output parameters produced by different models under the same 
conventional environmental conditions is a useful exercise for harmonising outputs of different models 
used in the study. 

Below we present the program of the intercomparison study as a whole with a detailed description of 
its first stage (Chapter 2), an analysis of physical-chemical properties of PCB-153 used in different 
POP multicompartment models (Chapter 3) and a discussion on the results of computational 
experiments carried out at Stage I of the study (Chapter 4). The comparison between mass balances, 
environmental levels, overall persistence and long-range transport potentials of POPs as predicted by 
the participating models will be performed at subsequent stages of the intercomparison study. 
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Table 2.  Summary of model properties 

Model Type/ resolution Chemicals Media Processes Input Output 

HYSPLIT 4 Lagrangian, regional HCB, dioxin, PCBs 
and atrazine Atmosphere dispersion in the atmosphere, 

deposition, destruction  
phys-chem properties, 
emissions,  

depositions, source-to-receptor 
relationships 

EVN-BETR 
(European scale) 

dynamic box/5ºx5º, 
regional 

PCBs, PCDD/Fs, 
PAHs, Ocs, PBDEs 

air, veg., soil, 
water, sed. atmospheric transport, exchange 

phys-chem properties, 
emissions, air flow 
balances 

persistence, transport potential, 

UK-MODEL                 
(UK scale) 

dynamic, box model, 
regional (UK) 

PCBs, PCDD/Fs, 
PAHs, Ocs, PBDEs 

air, soil, water, 
sed. 

dynamic intermedia mass transfer 
(deposition, volatilization), gas-
particle partitioning, degradation,  

phys-chem properties, 
dynamic emissions 

concentrations, mass flows, 
persistence 

ELPOS 
box model, regional, 
parameterization close 
to EUSES 1.0 

109 substances 
(PCBs, PCDD/Fs, 
pecticides, industrial 
chemicals) 

Air, water, soil, 
sediments, 
vegetation 

intermedia mass transfer (deposition, 
volatilization), gas-particle 
partitioning (2 models), degradation, 
substance specific soil penetration 
depth 

phys-chem properties, 
emissions, 
environmental 
parameters 

overall persistence, CTD in air, 
CTD in water, mass percentages, 
stickiness 

ChemRange one-dimensional, steady-
state box model 

non-polar organic 
chemicals air, soil, water. 

degradation, transport in water and 
air, exchange between compartment, 
wet and dry deposition, partitioning, 
runoff from soil, leaf fall 

phys-chem properties,  
emissions, 
environmental 
parameters 

concentrations, mass fractions and 
mass flows, overall persistence,     
spatial range 

CliMoChem 
two-dimensional box 
model with temporal 
resolution 

non-polar organic 
chemicals air, soil, water. 

degradation, transport in water and 
air, exchange between compartment,  
wet and dry deposition, partitioning, 
runoff from soil, leaf fall 

phys-chem properties,  
emissions, 
environmental 
parameters 

concentrations, mass fractions 
and mass flows, persistence, 
spatial ranges, cold condensation 
potentials  

CAM/POPs gridded,  
regional/global PCBs air, soil, water gas/aerosol partitioning, transport 

exchange, deposition, degradation 

phys-chem properties,  
emissions, 
environmental 
parameters 

air concentrations and depositions 

G-CIEMS 

multi-box with geo-
referenced geographical 
resolution (10x10 km2), 
regional  

PCDD/Fs 
air, soil, rivers, 
coastal sea, 
vegetation 

transport, partitioning, deposition, 
degradations, runoff 

phys-chem properties, 
emissions, 
geographic/hydrological/
meteorological data 

gross input and output between 
target area and outer boundary for 
each transport pathway 

INERIS 

box model, regional, 
parameterization close 
to EUSES and 
ChemCan 

     

GLOBO-POP 

zonally averaged non-
steady state global 
multimedia fate and 
transport model 

HCHs, PCBs 

air, two soils, 
fresh and ocean 
water and 
sediments 

degradation, transport in water and 
air, exchange between compartment,  
wet and dry deposition, partitioning 

phys-chem properties, 
emissions, monthly 
averaged environmental 
parameters  

assessment of the long range 
transport behaviour of persistent 
organic chemicals 
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POPCYCLING-Baltic regional multimedia fate 
and transport model HCHs 

air, two soils, fresh 
and sea water and 
sediments, vegetation 

degradation, transport in water and 
air, exchange between compartment,  
wet and dry deposition, partitioning 

phys-chem properties, 
emissions, monthly 
averaged environmental 
parameters 

a quantitative understanding of the 
historical behavior of HCHs in 
Baltic region 

MEDIA gridded (2x2º), global HCHs air, soil, ocean, 
cryosphere 

transport in air and sea, deposition, 
exchange, degradation 

phys-chem properties, 
emissions, 
meteorological data 

fields of air concentrations 

ADOM-POP 
3D-Eulerian atmospheric 
transport and chemistry 
model 50x50 km 

PAHs (B[a]P) air 
atmospheric transport and diffusion, 
cloud processes, physico-chemical 
transformations, deposition 

phys-chem properties, 
meteorology, geophys. 
information, emissions 

deposition and concentration 
fields 

DEHM-POP 

3D-Euleraian 
atmospheric transport 
and chemistry model, 
northern hemisphere: 
150×150 km, EMEP: 
50×50 km 

α-HCH air, soil, water 
atmospheric advection and diffusion, 
deposition, air/surface gas 
exchange, degradation 

phys-chem properties, 
meteorological data, 
geophysical information, 
emissions 

deposition and concentration 
fields 

SimpleBox 

nested multimedia 
environmental fate model,
generic,  
five spatial scales: 
regional, continental and 
global (arctic, moderate 
and tropic geographic 
zones) 

more than 100 
organic 
substances  

air, fresh  and sea 
water, sediment,  soil, 
vegetation  

partitioning,  wet and dry deposition, 
intermedia transfer processes, 
degradation, advective and diffusive 
transport 

phys-chem properties, 
emissions, 
environmental 
parameters 

Overall persistence in the 
environment:  
• residence time at steady 

state ratio of inventory and 
input (or output)  

• clearance time (dynamic) 
Long-range transport potential: 
• transport out of regional 

scale as fraction of input (or 
output) at steady state 

ADEPT 3D atmospheric transport 
model for Europe 

organic 
pollutants atmosphere partitioning; transport;  

wet and dry deposition 
phys-chem properties, 
emissions concentrations, deposition fluxes 

The LOTOS model 

European domain, lowest 
2 km of atmosphere; 
chemistry based on 
ozone and aerosols; 
resolution: about 30x30 
km, every hour 

lindane atmosphere partitioning; transport;  
wet and dry deposition; 

phys-chem properties; 
analysed meteorological 
fields; emissions, 

deposition and concentration 
fields 

MSCE-POP 
EMEP: 50×50 km or 
150×150km, hemispheric:
2.5×2.5º 

PAHs, PCBs, 
PCDD/Fs,  
γ-HCH, HCB 

air, soil, water, veg., 
sed., cryosphere 

gas/aerosol partitioning, exchange, 
deposition, degradation 

phys-chem properties, 
meteorology, 
geophysical information, 
emissions 

deposition and concentration 
fields, media distribution, long-
term trends 
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   Chapter   2 
INTERCOMPARISON PROGRAMME 

The description of the programme on the intercomparison study of POP models is presented in this 
Chapter. Its first section contains a brief overview of the intercomparison programme in general. The 
second section is devoted to a more detailed description of the programme of Stage I of the 
intercomparison study. 

The study concerns a wide spectrum of models designed for simulating POP behaviour in the 
environment. These models can be spatially resolved or generic. Below, they are referred to as POP 
models. 

Objectives. The main objectives of the intercomparison study are: 

 to strengthen the exchange of scientific expertise between different groups working in the field 
of POP modelling;  

 to increase the transparency of existing POP models and their results: model concept, 
parameterisations, temporal and spatial resolution and output and uncertainties;  

 to harmonise the output parameters of POP models of different types and complexity for 
obtaining comparable results at different levels of regulatory activities;  

 to consider model approaches to the evaluation of new substances. 

Stages of the intercomparison. The model intercomparison study is performed in the following stages: 

Stage I. Comparison of descriptions of main processes determining POP behaviour in various 
environmental compartments. 

Stage II. Comparison of mass balance estimates and calculated deposition and concentration 
fields of POPs in different environmental compartments. Sensitivity study with respect 
to physical-chemical parameter values used in basic process descriptions and mass 
balance estimates. 

Stage III. Comparison of calculated overall environmental persistence and long-range transport 
potential for evaluation of new substances. 

At Stage I, model descriptions of the main processes determining POP fate in the environment 
(scavenging, partitioning, degradation etc.) are compared. This implies the comparison between the 
approaches to parameterisation of these processes by the models and between the models' 
operation. The latter is performed via relevant computational experiments. Details of Stage I are given 
below. 

At Stage II, the balance values are compared (PCB masses in different environmental compartments: 
atmosphere, soil, water, vegetation; masses of PCB degraded in these compartments; mass fluxes of 
PCB transported in/out of the specified domain; mass fluxes of PCB transported from one 
compartment to another; and PCB concentrations at each interface). The comparison is carried out on 
agreed conditions (e.g., land cover data, leaf area index, organic matter content in the soil, 
environmental temperature regime etc.) and with the use of input data on emissions with zero initial 
concentrations of PCBs in environmental media and, as optional, with initial concentrations for the 
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specified calculation domain (35°N – 70°N; 10°W – 30°E). Additionally, the comparison between 
spatial distribution patterns of depositions and PCBs concentrations in various environmental 
compartments as predicted by different models is performed; these characteristics can be also 
compared with monitoring data (optional). Sensitivity studies with respect to physical-chemical 
parameter values used in the process descriptions and mass balance estimates are carried out. The 
second intermediate report can be an output of this stage. 

At Stage III, model estimates of the long-range transport potential and the overall environmental 
persistence data on POPs are compared. Such a comparison can be performed for chemicals 
proposed below. The results of the study should be published in the final report including the results of 
all stages, conclusions and recommendations. 

Pollutants selected for the intercomparison: First priority: PCB-153. Second priority: B[a]P, lindane, 
PCB-28, PCB-180, as a new pollutant - PBDE (proposed by R. Farret ).  

Computational experiments with PCB-153 are agreed to be the subject of this intercomparison study. 
For other selected pollutants, it is proposed to carry out computational experiments on the voluntary 
basis. 

“Reference data set”: Taking into account recommendations of the first meeting, the internally 
consistent data sets of key physical-chemical properties and degradation rates of PCBs hereinafter 
referred to as “reference data sets” were proposed for model testing. Calculations within the sensitivity 
study with respect to physical-chemical parameters should be performed at Stage II with the help of 
these data sets. For models using “reference data sets” as own physical-chemical properties, 
alternative data sets based on individual data of some other participating models are proposed for this 
sensitivity study. 

Emission data: Officially reported emission data on PCBs are still incomplete in terms of their spatial 
and temporal coverage to satisfy the data requirements for the calculation experiments to be 
performed at Stage II. Therefore, consistent global atmospheric emission estimates presented by 
[Breivik et al. 2002] (see also www.nilu.no/projects/globalpcb/) have been chosen. The higher (or 
worst-case) emission estimate is to be applied, as this particular scenario appears to be more 
reasonable on the global scale [Wania and Daly, 2002; Meijer et al. 2003]. 

Time-schedule:  

Table 3. Time-table of the intercomparison study 

Stage Time period 

I.  Process descriptions  November 2002 – February 2004 

II.  Mass balance estimates and calculated deposition and concentration fields March 2004 –December 2004 

III.  Overall environmental persistence and long-range transport potential December 2004 – August 2005 
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Stage I 

Stage I is aimed at the comparison of descriptions of basic processes affecting POPs fate in the 
environment (listed below). This comparison is based on the analysis of process descriptions 
(approach and parameterisation) used in different POP models coupled with the analysis of the 
results of computational experiments carried out by the participating POP models. 

Basic processes. The following processes are considered: 

 Gas/particle partitioning of POPs in the atmosphere. 

 POP deposition from the atmosphere (wet deposition for gaseous and particulate phases and 
dry deposition of particulate phase onto forest, grass, bare soil, and water surfaces). 

 Gas exchange processes between the atmosphere and different types of underlying surface 
(soil, water, vegetation). 

 POP degradation in various environmental compartments (the atmosphere, soil, vegetation, 
water). 

Physical-chemical properties. Within the framework of Stage I, it was agreed to carry out 
computational experiments for the considered PCB congeners on the basis of physical-chemical data 
sets applied by the individual models. Physical-chemical parameters used in the description of the 
above processes were submitted by the participating models. This information is analysed in Chapter 
3 and Annex B. 

Computational experiments. The following computational experiments have been performed: 

 Calculations of POP gas/particle partitioning in the atmosphere (particulate fraction for a 
range of temperatures). 

 Calculations of dry deposition fluxes to agreed types of underlying surfaces (forest, grass, 
bare soil, seawater). 

 Calculations of wet deposition fluxes both for gaseous and particulate phases and total POP 
concentrations in precipitation. 

 Calculations of POP concentrations in different environmental media and/or gaseous fluxes 
from and to underlying surfaces (soil, water, vegetation) at given atmospheric concentrations. 

 Calculations of temporal trends characterising POP concentrations in the soil at the stages of 
their accumulation and clearance (optional additional experiment). 

 
The input data for modelling include several sets of given PCB air concentrations in different phases 
(if needed) and environmental conditions (averaged ambient temperatures, organic content in the 
atmospheric aerosol, TSP, precipitation intensity, mean wind velocity, etc.) relevant for each of the 
experiments.  

A more detailed description of the input data for computational experiments and the analysis of their 
results are presented in Chapter 4.  
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Chapter   3 
COMPARISON OF PHYSICAL-CHEMICAL PROPERTIES AND 
DEGRADATION RATES OF PCB-153 BETWEEN INDIVIDUAL 
MODELS 

This Chapter provides an overview of physical-chemical properties and degradation rates used in the 
participating models and in the “reference data set” of PCB-153. The latter is an agreed set of 
physical-chemical properties for model testing. Appropriate data on PCB-28 and PCB-180 are given in 
Annex B. Individual data sets have been presented by the following models: CAM/POPs (Canada), 
DEHM-POP (Denmark), G-CIEMS (Japan), EVN-BETR and UK-MODEL (UK), CliMoChem 
(Switzerland),  and MSCE-POP (EMEP). 

Model parameterization of the basic environmental processes (degradation in various media, 
partitioning between different phases, removal from the atmosphere, and gaseous exchange with 
underlying surfaces) considered at Stage I can be described with the help of the following physical-
chemical properties of PCBs: 

 Henry’s law constant (or air/water partition coefficient);  

 subcooled liquid vapour pressure;  

 octanol/water partition coefficient;  

 octanol/air partition coefficient; 

 organic carbon/water partition coefficient;  

 water solubility;  

 degradation rate constants in the environmental media. 

The comparison of these parameters base values and coefficients of their temperature dependencies 
for PCB-153 is made in the appropriate subsections (Similar comparison on PCB-28 and PCB-180 
can be found in Annex B). One can see that base values of some physical-chemical properties and/or 
coefficients of temperature dependencies) vary substantially between different models. The scattering 
of the values reported by the participants for each parameter can to some extent characterize its 
uncertainty. To evaluate the uncertainty, a number of statistical parameters (the maximum, the 
minimum, the arithmetic mean, the median and the geometric mean) are calculated. The plots 
comparing temperature dependencies of the considered parameters for PCB-153 are presented in 
Figs. 1-6 (for PCB-28 and PCB-180 – in Figs. B.1-B.12. in Annex B).  

The POP Model Intercomparison Study involves models that are fundamentally different in terms of 
overall modelling approach and objectives. This includes differences in process descriptions as well 
as variability in their spatial and temporal resolutions. Comparisons of the model results are therefore 
considered difficult without some sort of harmonisation of input parameters. In order to make the 
comparison of model outputs more easily to comprehend, it has therefore been decided to 
standardise certain common input parameters in Stage II of the model intercomparison. The data to 
be harmonised at follow-up stage include the information on physical-chemical properties (including 
degradation rates) as well as the emission estimates as these are input parameters that are common 
to all models. This Chapter contains information on reference data set of PCB-153 physical-chemical 
properties selected for the calculations within this intercomparison study. 



 20

Many studies report data on experimentally determined or theoretically derived physical-chemical 
properties of individual POPs, but it is difficult to judge which data in the literature that are the more 
reliable or accurate. However, vapour pressure, Henry’s law constant, water solubility, octanol/water 
and octanol/air partition coefficients should preferably adhere to thermodynamic constraints and be 
internally consistent [Beyer et al., 2002]. As reference sets for the calculation experiments at Stage II 
to be carried out for PCBs (153 with 28 and 180 as optional) we have chosen to rely on information 
presented by Li et al. [2003] as this comprehensive data set and compilation fulfill the criteria of 
internally consistency. For the recalculation of organic carbon/water partition coefficient from 
octanol/water coefficient, the values of coefficients of regression relation most frequently used by the 
models are proposed for the “reference data sets”. For the sake of simplicity, degradation rate 
constants in various environmental media are assumed seasonally independent. These values were 
taken from [Mackay et al. 1992].  

The “reference data sets” are prepared for the three PCB congeners. Proposed “reference data set” 
for PCB-153 is presented in Table 4 (data on other PCBs - see Table B.1. in Annex B).  

Table 4. “Reference data set” of  physical-chemical properties and degradation rates of  PCB-153* 

Description Numerical values Comments Ref. 

Air/water Henry’s law constant, H (Pa⋅m3/mol) 
H0 (T0), 

Pa⋅m3/mol 4.91E+00Temperature dependent:         
H = H0 exp ( - aH (1/T - 1/T0)) 
where T - temperature (K), H0 
 is the value at the reference 
temperature T0, and aH is a 
parameter of temperature 
dependence.  

aH 7851.7 

Coefficients are recalculated from the following temperature 
dependence: 
logH = logH(250C) - (ΔUaw + R · 298.15)/(ln(10) · R) · (1/T - 1/ 298.15) 
where: T - temperature; R - Universal Gas Constant; 
ΔUaw - internal energy of phase transfer, kJ/mol (for PCB-153: 62.8). 
H(250C) - Henry ’s law constant at 250C, Pa⋅m3/mol (PCB-153: 
19.8). 

Li    
et al., 
2003 

 

Air/water partition coefficient, Kaw (dimensionless) 

K0
AW (T0), 

dimen-
sionless 

2.09E-03 
Temperature dependent:          
Kaw = K0

aw exp ( - aKaw(1/T - 1/T0)) 
 where T - temperature (K), K0

AW is 
the value at the reference 
temperature T0, and aKaw is a 
parameter of temperature 
dependence. 

aKaw 7553.5 

Coefficients are recalculated from the following temperature 
dependence:  
log Kaw = logKaw(250C) - ΔUaw/(ln(10) · R) · (1/T - 1/298.15) 
where: T - temperature; R - Universal Gas Constant;  
ΔUaw - internal energy of phase transfer, kJ/mol (for PCB-153: 62.8).  
Kaw(250C) - dimensionless air/water partition coefficient at 250C, 
estimated from: Kaw(250C) = H(250C)/(R · 298.15)   

Li    
et al., 
2003 

 

Subcooled liquid vapour pressure,  pol (Pa) 

p0
OL (T0), 
Pa 8.82E-05 

Temperature dependent:       
pol = p0

ol exp ( - ap(1/T - 1/T0)) 
 where T - temperature (K), p0

ol is 
the value at the reference 
temperature T0, and ap is a 
parameter of temperature 
dependence. 

ap 10846.6 

Coefficients are recalculated from the following temperature 
dependence:  
logpol = logpol(250C) - (ΔUa + R · 298.15)/(ln(10)·R)· (1/T - 1/ 298.15)  
where: T - temperature; R - Universal Gas Constant;  
ΔUa - internal energy of phase transfer, kJ/mol (for PCB-153: 87.7). 
pol (250C) - vapour pressure at 250C, Pa (for PCB-153: 6.06E-4) 

Li    
et al., 
2003 

Octanol/water partition coefficient, Kow  (dimensionless) 

K0
ow (T0), 

dimen-
sionless 

1.45E+07
Temperature dependent:          
Kow = K0

OW exp (aKow(1/T - 1/T0))  
where T - temperature (K), K0

OW  
is the value at the reference 
temperature T0, and aKow is a 
parameter of temperature 
dependence. 

aKow 3740.7 

Coefficients are recalculated from the following temperature 
dependence:  
logKow = logKow(250C) - ΔUOW/(ln(10) · R) ·  (1/T - 1/ 298.15) 
where: T - temperature; R - Universal Gas Constant; 
ΔUOW - internal energy of phase transfer, kJ/mol (for PCB-153:-31.1). 
Kow(25oC) - octanol/water partition coefficient at 250C, 
dimensionless (for PCB-153: 7.44E+6)   

Li    
et al., 
2003 

Octanol/air partition coefficient, Koa (dimensionless) 

K0
oa (T0), 

dimen-
sionless 

2.05E+10
Temperature dependent:         
Koa = K0

oa exp (aKoa (1/T - 1/T0)) 
where T - temperature (K), K0

oa is 
the value at the reference 
temperature T0, and aKoa is a 
parameter of temperature 
dependence. 

aKoa 11294.2 

Coefficients are recalculated from the following temperature 
dependence:  
logKoa = logKoa(250C) - ΔUoa/(ln(10) · R) ·  (1/T - 1/ 298.15)  
where: T - temperature; R - Universal Gas Constant; 
ΔUoa - internal energy of phase transfer, kJ/mol (for PCB-153: -93.9). 
Koa(250C) - octanol/air partition coefficient at 250C, dimensionless 
(for PCB-153: 2.76E+9);   

Li    
et al., 
2003 
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Description Numerical values Comments Ref. 
Organic carbon/water partition coefficient, Koc (dimensionless) 

regc 0.41 Regression relation:   
Koc = regc Kow

b 
where regc and b are regression 
coefficients b 1 

Koc is calculated from Kow, where Kow is the temperature dependent 
octanol-water partitioning coefficient 

Karikhoff, 
1981 

Water solubility, SWL (mol/m3) 

Temperature independent SWL (T), 
mol/m3 1.80E-05

Values are calculated for T  = 283.15 with the help of the following 
temperature dependence:  
log SWL = logSWL(250C) - ΔUW/(ln(10) · R) ·  (1/T - 1/ 298.15)  
where: R - Universal Gas Constant; ΔUW - internal energy of phase 
transfer, kJ/mol (for PCB-153: 25.0). 
SWL(250C) - water solubility, mol/m3 at 250C (PCB-153: 3.07E-5);   

Li et 
al., 

2003 

Degradation rate constants, kd (1/s) 

Degradation in atmosphere:  
Temperature independent kair, 1/s 3.50E-08

Degradation rate constant in the air is conversed from half-life values, 
h (PCB-153: 5500):  kd = 0.693/ t1/2 
where kd is the first-order rate constant (s-1) and t1/2 is the half-life (s). 

Degradation in soil: 
Temperature independent ksoil, 1/s 3.50E-09

Degradation rate constant in soil is conversed from half-life values 
(PCB-153: 55000):  kd = 0.693/ t1/2 
where kd is the first-order rate constant (s-1) and t1/2 is the half-life (s). 

Degradation in water: 
Temperature independent kwater,1/s 3.50E-09

Degradation rate constant in water is conversed from half-life values 
(PCB-153: 55000):   kd = 0.693/ t1/2 
where kd is the first-order rate constant (s-1) and t1/2 is the half-life (s). 

Degradation in sediment: 
Temperature independent ksed, 1/s 3.50E-09

Degradation rate constant in sediment is conversed from half-life 
values (PCB-153: 55000):  kd = 0.693/ t1/2 
where kd is the first-order rate constant (s-1) and t1/2 is the half-life (s). 

Mackay 
et al, 
1992 

* - for the sake of comparability, the base values and coefficients of temperature dependences  of the considered parameters are given here at  
the temperature 283.15 K (T0) and  the way they were recalculated from original dependencies is specified in the field "Comments". 
 
The comparison of values of physical-chemical properties and degradation rates of PCB-153 used in 
data sets of the participating models and “reference data set” is also performed in this Chapter (for 
PCB-28 and PCB-180 similar comparison is presented in Annex B). Temperature dependencies of the 
considered parameters from “reference data set” are given in red in Figs. 1-6. Of note that G-CIEMS 
and SimpleBox models have done the calculations of  Stage I with the help of mentioned physical-
chemical properties from “reference data sets”. The exception is in the selection of Koc - Kow 
relationship by G-CIEMS. Besides individual/own data sets of EVN-BETR and UK-MODEL are 
extremely close to the "reference data sets". 

 
3.1. The Henry’s law constant and the air/water partition coefficient  

Relation between the air-water Henry’s law constant, (H or KH, Pa⋅m3/mol) and the air/water partition 
coefficient (Kaw, dimensionless) is as follows: 

 
RT
H

Kaw = , (1) 

where T - temperature, K; 
 R = 8.314 J/(mol⋅K) - universal gas constant.  

Coefficients Kaw and H are mainly used in the description of the gaseous exchange process between 
the atmosphere and soil, and between the atmosphere and water, as well as of wet deposition of the 
POP gaseous phase. Besides, EVN-BETR and UK-MODEL and CliMoChem models also use Kaw for 
the evaluation the octanol/air partition coefficient (Koa): 

 Koa = Kow /Kaw.          (2) 

Temperature dependence of Kaw and H is included practically in all participating models (except H 
value of EVN-BETR and UK-MODEL) (Table 5). Comparison of these dependencies for PCB-153 
(used in calculations at Stage I by the participating POP models and in “reference data set”) is given 
in Figs.1a and 1b.  
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Table 5. The Henry’s law constant  and the air/water partition coefficient of PCB-153 (data sets of the 
participating POP models)*                                                                                                                                                                       

Model Description  Numerical values Comments Reference 

H0, 

Pa⋅m3/mol 6.09E-01

aH 7865.6 

C
A

M
/P

O
P

s 

Temperature dependent:    
H = H0 exp ( - aH (1/T - 1/T0)) 
where T - temperature (0K), H0 is the 
value at the reference temperature 
T0, and a is a parameter of 
temperature dependence. 
Temperature dependent:        
Kaw = H / (R ⋅ T) T0, 0K 283.15 

Coefficient  aH of the exponential equation are 
recalculated from the coefficient of the following  
temperature dependence:  
H = H0⋅10 ( - 3416 (1/T - 1/T0)) 
with the help of the following  formula: 
aH = ln(10)⋅ 3416,      
It was obtained  from the following   temperature 
dependence: log(H/H(250C))= slop (1/T - 1/ 298) 
H(250C) - Henry ’s law constant at 250C, 
Pa⋅m3/mol (PCB-153: 2.43) 

Achman  
et al.,1993 

H0, 

Pa⋅m3/mol 4.91E+00

aH  7851.7 

S
im

pl
eB

ox
 

Temperature dependent:         
H = H0 exp ( - aH (1/T - 1/T0)) 
where T - temperature (K), H0 is the 
value at the reference temperature T0, 
and aH is a parameter of temperature 
dependence.  T0, 0K 283.15

Same to the “reference data set” Li et al., 2003

Temperature independent: H, 

Pa⋅m3/mol 19.8 Calculated as H = Vapour Pressure (Pa) /  
Water Solubility (mol/m3) at 25oC 

Kaw,  
dimen-

sionless
2.08E-03

aKaw  7553.5 

E
V

N
-B

E
TR

 a
nd

  
U

K
-M

O
D

E
L 

Temperature dependent: 
Kaw = K0

aw exp ( - aKaw(1/T - 1/T0)) 
where T - temperature (K), K0

aw is the 
value at the reference temperature T0, 
and aKaw is a parameter of temperature 
dependence. T0, 0K 283.15 

At 10oC, calculated as  
Kaw (T0) = 10 logKaw · a, 
a = exp[(ΔHvap / R) · (1 / T0 - 1 / T)].  
ΔHvap = 62.8 KJ/mol: Enthalpy of vaporisation 
(from water to air) 
here: aKaw = ΔHvap / R 

Li et al., 2003

K0
aw, 

dimen-
sionless

2.01E-03

aKaw 8540 

C
liM

oC
he

m
 

Temperature dependent:          
Kaw = K0

aw exp ( - aKaw(1/T - 1/T0)) 
where T - temperature (K), K0

aw is the 
value at the reference temperature T0, 
and aKaw is a parameter of temperature 
dependence. 

T0, 0K 283.15 

Kaw(T) = Kaw(Tref) exp(dHKaw/R(1/Tref - 1/T)) 
(dimensionless) 
T = temperature (283.15 K);  
Tref = reference temperature (298.15 K) 
Kaw(Tref)=Henry ’s law constant at Tref 
(dimensionless): PCB 153: 9.18E-3   
dHKaw = phase transfer enthalpy (J/mol): PCB 
153: 71000 
R = universal gas constant (8.3145 J/molK) 

Beyer at al., 
2002 

K0
aw, 

dimen-
sionless

2.01E-03

aKaw 8536 

D
E

H
M

-P
O

P
 Temperature dependent:          

Kaw = K0
aw exp ( - aKaw(1/T - 1/T0)) 

where T - temperature (K), K0
AW is the 

value at the reference temperature T0, 
and aKaw is a parameter of temperature 
dependence. T0, 0K  283.15 

Kaw(283.15) = K0
aw(298.15)exp(- aKaw(1/T-1/T0), 

where K0
aw(298.15) = 9.18E-3 for PCB 153 

Beyer at al., 
2002 

H0, 

Pa⋅m3/mol 3.781 

aH , K 8347 

M
S

C
E

-P
O

P
 

Temperature dependent:         
H = H0 exp ( - aH (1/T - 1/T0)) 
where T - temperature (K), H0 is the 
value at the reference temperature 
T0, and aH is a parameter of 
temperature dependence.  
Temperature dependent:        
Kaw = H / (R ⋅ T) 

T0, K 283.15 

Coefficients of the exponential equation are 
recalculated from the standard form of 
temperature dependence:  
logH = -A/T(K) + B  
with the help of the following  formulas:  
aH = ln(10)⋅ A,     H0 = 10 (-A/T0 + B); 
where A =  ΔHW /2.303R; 
B = logH298+ ΔHW /2.303R(298). 
H298  is Henry’s law constant (Pa⋅m3/mol) at 250C 
(for PCB-153: 16.48);  
ΔHW  is the enthalpy of volatilization from water, 
kJ/mol (for PCB-153: 69.4) 

Burkhard  
et al., 1985; 
Dunnivant  
et al., 1992 

 

* - for the sake of comparability, the base values and coefficients of temperature dependences  of the considered parameters are given here at  
the temperature 283.15 K (T0) and  the way they were recalculated from original dependencies is specified in the field "Comments". 

H0, 

Pa⋅m3/mol 4.91E+00

aH  7851.7 

G
-C

IE
M

S
 Temperature dependent:         

 H = H0 exp (- aH (1/T - 1/T0)) 
 where T - temperature (K), H0 is the 
value at the reference temperature T0, 
and aH is a parameter of temperature 
dependence.  T0, 0K 283.15

Same to the “reference data set”  
The  value aH can be put directly as input data. 
When the input data is not given, temperature 
dependence of vapour pressure is used as 
surrogate, assuming the temperature-
independent water solubility 

Li et al., 2003
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Fig. 1. Comparison of temperature dependencies of Henry’s law constant (H, Pa⋅m3/mol) and air/water partition 
coefficient (Kaw, dimensionless) of PCB-153.  

 
For the computations at Stage I, G-CIEMS and SimpleBox exploit temperature dependencies of 
Henry’s law constant and air/water partition coefficient of PCB-153 presented in “reference data set”. 
EVN-BETR and UK-MODEL also use one and the same temperature dependence of  Kaw  with  
“reference data set” and the constant value of  H calculated for 25 °C with the help of data from [Li et 
al., 2003]. CliMoChem and DEHM-POP models have performed calculation experiments with equal 
values of these parameters from [Beyer at al., 2002]. These models present maximum values  of  Kaw 
among all the models.  According to the data reported, there is similarity in temperature dependencies 
used in CliMoChem, DEHM-POP, MSCE-POP and “reference data set”. CAM/POPs  uses lower 
values of these parameters than other participating models. The difference in absolute values of H 
and Kaw calculated from various types of temperature dependencies, used by the participants in Stage 
I calculations, is rather large. To illustrate this statement, statistical parameters characterizing the 
scattering of the values of Henry’s law constant and air/water partition coefficient between all models 
are given in Table 6 for three arbitrary temperatures (-10°C, 10°C and 25°C) and for coefficients of 
temperature dependencies.  
 
Table 6.  Absolute values and statistical parameters of Henry’s law constant (H, Pa⋅m3/mol) and air/water 
partition coefficient (Kaw, dimensionless) of PCB-153 for three arbitrary temperatures (-10°C, 10°C and 25°C) 
and coefficients of temperature dependencies  

H, Pa⋅m3/mol Kaw, dimensionless  
-10°C 10°C 25°C aH -10°C 10°C 25°C aKaw 

CAM/POPs 7.37E-02 6.09E-01 2.46E+00 7865.6 3.37E-05 2.59E-04 9.94E-04 - 
G-CIEMS  5.97E-01 4.91E+00 1.98E+01 7851.7 2.75E-04** 2.09E-03** 8.00E-03** 7553.5 
SimpleBox 5.97E-01 4.91E+00 1.98E+01 7851.7 2.75E-04** 2.09E-03** 8.00E-03** 7553.5 
EVN-BETR and 
UK-MODEL   19.8 19.8 19.8 - 2.74E-04** 2.08E-03** 7.96E-03** 7553.5 

CliMoChem 4.44E-01* 4.73E+00 2.27E+01 - 2.03E-04 2.01E-03 9.17E-03* 8540* 
DEHM-POP 4.45E-01* 4.73E+00 2.27E+01 - 2.03E-04 2.01E-03 9.16E-03* 8536* 
MSCE-POP 4.02E-01 3.78E+00 1.67E+01 8347 1.84E-04 1.61E-03 6.72E-03 - 
“Reference 
data set” 5.97E-01 4.91E+00 1.98E+01 7851.7 2.75E-04** 2.09E-03** 8.00E-03** 7553.5 

min 7.37E-02 6.09E-01 2.46E+00 7851.7 3.37E-05 2.59E-04 9.94E-04 7553.5 
max 1.98E+01 1.98E+01 2.27E+01 8347.0 2.75E-04 2.09E-03 9.17E-03 8540.0 
arith. mean 2.87E+00 6.05E+00 1.80E+01 7953.5 2.15E-04 1.78E-03 7.25E-03 7881.7 
median 5.21E-01 4.82E+00 1.98E+01 7851.7 2.39E-04 2.05E-03 8.00E-03 7553.5 
geom. mean 6.30E-01 4.32E+00 1.55E+01 7951.2 1.86E-04 1.54E-03 6.24E-03 7868.4 
max/min 8 / 269*** 8 / 33*** 9 1.1 8 8 9 1.1 

*, **- difference in absolute values obtained from identical temperature dependencies can be explained by accuracy of coefficient 
recalculation. 
*** - the first value is calculated without the temperature independent value of H (EVN-BETR and UK-MODEL), the second value  is 
calculated taking it into account. 
 

There is a substantial difference between highest and lowest absolute values of H (CAM/POPs and 
EVN-BETR and UK-MODEL) both at -10°C and 10°C. These values differ from each other more than 
an order of magnitude. It can be explained by the fact that EVN-BETR and UK-MODEL use the 
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constant value of H calculated for 25 °C. That is why scattering of H values is going down with 
temperature increase. If not take into account this temperature independent value, max/min ratio for 
this parameter is equal to 8-9. Differences in absolute values of Kaw between G-CIEMS, SimpleBox, 
CliMoChem, DEHM-POP, MSCE-POP and “reference data set” are also not high. In this case 
scattering of both parameters values is slightly increasing with temperature. It is seen that median 
values of Henry’s law constant and air-water partition coefficient used in models is very close to those 
used in “reference data set”. 

Comparison of Henry’s law constant and air/water partition coefficient of PCB-28 and PCB-180 used 
in the participating models and “reference data sets” are presented in Fig. B.1 and B.2. in Annex B. 
There is also statistical  evaluation of  absolute values and coefficients of temperature dependencies 
in Table B.3 and B.4.  

It is seen that the difference in highest and lowest absolute values of H between all models is also 
very large for PCB-180. Similar to that for PCB-153, scattering is going down with temperature 
increase. But if not take into account temperature independent H value of PCB-180, max/min ratio for 
this parameter and for Kaw lies within factor 12-22. At that scattering of both parameters values is 
growing with temperature increase more substantial. 

Henry’s law constant and air/water partition coefficient values of PCB-28 used by all models are 
closer than those data on above two congeners. Difference in H values between all models  for PCB-
28 is much less than for other congeners. Scattering is going down with temperature. If not take into 
account temperature independent H value of PCB-28, max/min ratio for this parameter and for Kaw lies 
within factor 2. Scattering of both parameters values is going down with temperature increase.  
 

 
3.2. The subcooled liquid vapour pressure  
 
The value of subcooled liquid-vapour pressure (p0L, Pa) is used  in the modelling of the process of 
POP partitioning between its particulate and gaseous phase in the atmosphere in accordance with the 
Junge-Pankow adsorption model [Junge, 1977; Pankow, 1987]. Thus, in this cases the value of p0L 

determining the particle-bound fraction of a pollutant in air strongly influences such subsequent 
important processes as dry and wet particle deposition and degradation in air.  

CliMoChem and DEHM-POP models do not use subcooled liquid vapour pressure for model 
calculations. EVN-BETR and UK-MODEL assumes this parameter temperature-independent. Other 
models use temperature dependence of this parameter. The coefficients of temperature 
dependencies for PCB-153 are presented in Table 7.  

As seen from the Table, the participating models use two types of temperature dependence 
coefficients of pol which do not differ from each other very much. The first type of this dependence is 
taken from “reference data set” and it is also used by G-CIEMS and SimpleBox. The second one is 
utilised by CAM/POPs and MSCE-POP. Comparison of these temperature dependencies of pol is 
presented in Fig. 2. The “reference data set” shows slightly less values of this parameter.   
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Table 7. The subcooled liquid vapour pressure of PCB-153 (data sets of the participating POP models)* 

Model Description  Numerical values Comments Reference 

p0
ol, 

Pa 9.69E-05

ap 10995 

C
A

M
/ P

O
P

s Temperature dependent:       
 pol = p0

ol exp ( - ap(1/T - 1/T0)) 
 where T - temperature (K), p0

ol  is the 
value at the reference temperature T0,
and ap is a parameter of temperature 
dependence. 

T0, K 283.15 

Coefficients of the exponential equation are 
recalculated from the standard form of  temperature 
dependence:   
pol = 10 (m /T + b);   ap = ln(10) ⋅ m;   p0

ol = 10 (m/T0 + b) 
where T - temperature (0K); m = -4775: parameter 
of temperature dependence, and b = 12.85: 
parameter depended on molecular weight.  
It was obtained from the following original equation: 
log(pol ) =  -Q / (2.303 RT) + b 
where: T - temperature; R - Universal Gas Constant
Q - the heat of vaporisation (KJ/mol) 

Harner  
et al., 1996; 
Falconer  
et al., 1995

p0
ol,

Pa 8.82E-05

ap 10846.6

S
im

pl
eB

ox
 Temperature dependent:       

 pol = p0
ol exp ( - ap(1/T - 1/T0)) 

 where T - temperature (K), p0
ol is the 

value at the reference temperature T0,
and ap is a parameter of temperature 
dependence. T0, K 283.15 

Same to the “reference data set” Li et al., 
2003 

p0
ol,

Pa 8.82E-05

ap 10846.6

G
-C

IE
M

S
 Temperature dependent:       

pol = p0
ol exp ( - ap(1/T - 1/T0)) 

where T - temperature (K), p0
ol  is the 

value at the reference temperature T0,
and ap is a parameter of temperature 
dependence. T0, K 283.15 

Same to the “reference data set”  
 
In case of Koa value is assigned in input data, 
temperature dependence of vapor pressure is not 
used in calculation. 

Li et al., 
2003 

E
V

N
-B

E
TR

  
an

d 
 

U
K

-M
O

D
E
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Temperature independent:  pO, 
Pa 6.60E-04 T = 25oC Li et al., 

2003 

p0
ol, 

Pa 9.69E-05

ap 10995 

M
S

C
E

-P
O

P
 Temperature dependent:       

pol = p0
ol exp ( - ap(1/T - 1/T0)) 

where T - temperature (K), p0
ol  is the 

value at the reference temperature T0,
and ap is a parameter of temperature 
dependence. T0, K 283.15 

Coefficients of the exponential equation are 
recalculated from the standard form of  temperature 
dependence: log pol (Pa) = -4775/T(K) + 12.85 
with the help of the following  formulas:  
ap = ln(10)⋅ 4775,      
p0

ol = 10( -4775/T0 + 12.85) 

Falconer 
and 
Bidleman, 
1994 

 
* - for the sake of comparability, the base values and coefficients of temperature dependences of the considered parameters are given here at 
the temperature  283.15 K (T0) and  the way they were recalculated from original dependencies is specified in the field "Comments". 
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Fig. 2. Comparison of temperature dependencies of subcooled liquid vapour pressure of PCB-153 used in data 
sets of the participating POP models and in “reference data set” 
 
The dispersion of the subcooled liquid vapour pressure of PCB-153 can be characterized by the 
comparison of its absolute values at -10°C, 10°C and 25°C and coefficients of temperature 
dependence used by the participating models. Above mentioned values and corresponding statistical 
parameters are given in Table 8. 
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Table 8.  Absolute values, coefficients of temperature dependence and statistical parameters of subcooled liquid 
vapour pressure of PCB-153 for three arbitrary temperatures (-10°C,  10°C and 25°C) 

p0L, Pa  
-10°C 10°C 25°C 

ap 

CAM/POPs 5.07E-06 9.69E-05 6.84E-04 10995 
G-CIEMS  4.80E-06 8.82E-05 6.06E-04 10846.6 
SimpleBox 4.80E-06 8.82E-05 6.06E-04 10846.6 
EVN-BETR/UK-MODEL   6.60E-04 6.60E-04 6.60E-04 - 
MSCE-POP 5.07E-06 9.69E-05 6.84E-04 10995 
Reference data set 4.80E-06 8.82E-05 6.06E-04 10846.6 
min 4.80E-06 8.82E-05 6.06E-04 10846.6 
max 6.60E-04 6.60E-04 6.84E-04 10995.0 
arith. mean 1.14E-04 1.86E-04 6.41E-04 10906.0 
median 4.93E-06 9.26E-05 6.33E-04 10846.6 
geom. mean 1.11E-05 1.27E-04 6.40E-04 10905.7 
max/min 1.1 / 137.6* 1.1 / 7.5* 1.1 1.0 

* - the first value is calculated without the temperature independent value of p0L (EVN-BETR and UK-MODEL), the second value  is 
calculated taking it  into account 
 
If not take into account temperature independent value of subcooled liquid vapour pressure of PCB-
153 included in EVN-BETR and UK-MODEL, all the rest models use close temperature dependencies 
of pol. Scattering between its values at all considered temperatures (–10, 10 and 25 °C) is about 1.1. 
However, considering temperature independent value of pol of EVN-BETR and UK-MODEL, one can 
see that for all three temperatures the difference between maximum and minimum values increases 
up to several order of magnitude. For the first given temperature (-10 °C) it is rather high (max/min 
ratio equals to 138). At 10 °C, it is considerably smaller (max/min ratio equals to 7.5). For all models 
max/min ratio for coefficients of temperature dependence equals practically to 1.0. 

Comparison of subcooled liquid vapour pressure values of PCB-28 and PCB-180 used in the 
participating models and “reference data sets” are presented in Fig. B.3 and B.4 in Annex B. 
Statistical  evaluation of absolute values and coefficients of temperature dependencies is given in 
Table B.6 and B.7.  

For all three temperatures the difference in maximum and minimum values of pol between all models 
is less for PCB-28 than that for PCB-153 and PCB-180. If not taking into account temperature 
independent value of pol, max/min ratio for PCB-28 varies within factor 1.3. For PCB-180 max/min 
ratio of pol values lies within factor 7. 

 
 
3.3. The octanol/water partition coefficient 

The octanol/water partition coefficient (Kow, dimensionless) is used in the participating models for the 
estimation of the POP partitioning in the organic carbon/water system (Koc) on the basis of regression 
dependencies and of the partition coefficient in the octanol/air system (Koa) (Subsections 3.4 and 3.5). 
Thus, this parameter mainly influences on the description of the following processes: gas-particle 
partitioning in the atmosphere (in accordance with absorption model), gaseous exchange between the 
atmosphere and soil (partitioning in soil compartment), and gaseous exchange between the 
atmosphere and vegetation (partitioning among vegetation compartment). Kow is also included by 
CliMoChem models in the calculation of the water particle-bound fraction of a pollutant for modelling 
diffusion process from seawater to atmosphere. 

The most part of participating models (CAM/POPs, SimpleBox, G-CIEMS, EVN-BETR and UK-
MODEL CliMoChem and DEHM-POP) involve the octanol/water partition coefficient of the 
considered PCBs in the form of the temperature dependence. As usual the temperature 
dependencies of this parameter are equated by downward exponents with different values of Kow at 
reference temperature (for example at 10°C) as the pre-exponential multiplier and with the values of 
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the second - temperature coefficient of these dependencies defined with the help of the enthalpy or 
the internal energy of phase transfer. The exception is CAM/POPs model, in which the temperature 
dependence of Kow is recalculated from temperature dependencies of the Henry’s law constant and 
the octanol/air partition coefficient. MSCE-
POP model contents temperature 
independent values of Kow. These data 
together with coefficients of Kow  
temperature dependencies for PCB-153 
are presented in Table 9. 

Temperature dependencies of the 
octanol/water partition coefficient of PCB-
153 used in the calculations by the 
participating models and in “reference 
data set” are compared in Fig.3. 
 

Table 9. The octanol/water partition coefficient of PCB-153 (data sets of the participating POP models)* 

Model Description Numerical values Comments Reference

C
A

M
/ P

O
P

s Temperature dependent:   
Kow = Koa · H/RT 
where T - temperature (0K);  
R - Universal Gas Constant; H - 
Henry’s law constant; Koa - Octanol/air 
partition coefficient (dimensionless) 

- - These values are calculated with the help of 
temperature dependencies of H and Koa. 

This study

K0
ow (T0), 

dimensionless 1.45E+07

aKow 3740.7 

S
im

pl
eB

ox
 Temperature dependent:          

Kow = K0
ow exp (aKow (1/T - 1/T0))  

 where T - temperature (K), K0
ow  is the 

value at the reference temperature T0,  
and aKow is a parameter of temperature 
dependence. T0, K 283.15 

Same to the “reference data set” Li et al., 
2003 

K0
ow  (T0), 

dimensionless 1.45E+07

aKow 3740.7 

G
-C

IE
M

S
 Temperature dependent:          

Kow  = K0
ow  exp (aKow (1/T - 1/T0))  

 where T - temperature (K), K0
ow  is the 

value at the reference temperature T0, 
and aKow is a parameter of temperature 
dependence. T0, K 283.15 

Same to the “reference data set” Li et al., 
2003 

K0
ow, 

dimensionless 1.45E+07

aKow 3740.5 

E
V

N
-B

E
TR

 
an

d 
U

K
-

M
O

D
E

L 

Temperature dependent:          
Kow = K0

ow exp (aKow(1/T - 1/T0))  
 where T - temperature (K), K0

ow is the 
value at the reference temperature T0, 
and aKow is a parameter of   
temperature dependence. T0, K 283.15 

For 10oC, calculated as  
Kow (T0)  = 10 logKow ⋅ a,  
a = exp[(ΔHsol / R) ⋅ (1 / T0 - 1/T)]. 
ΔHsol = -31.1 KJ/mol: Enthalpy of solution 
(from octanol to water) 
here: aKow = ΔHsol /R 

Li et al., 
2003 

K0
ow, 

dimensionless 8.17E+06

aKow 2104.8 

C
liM

oC
he

m
 Temperature dependent:          

Kow = K0
ow  exp (aKow(1/T - 1/T0))  

 where T - temperature (K), K0
ow  is the 

value at the reference temperature T0, 
and aKow is a parameter of temperature 
dependence (-dH/R) 

T0, K 283.15 

Kow(T)=Kow(Tref)exp((dHKow/R)(1/Tref-1/T)) 
dimensionless 
T = temperature (283.15K); 
Tref = reference temperature (298.15 K) 
Kow(Tref) = Octanol/water partition 
coefficient at Tref PCB 153: 5.62E+6;  
dHKow = phase transfer enthalpy (J/mol) 
PCB 153: -17500 
R = universal gas constant  
(8.3145 J/mol K) 

Beyer 
et al., 
 2002 

K0
ow, 

dimensionless 8.17E+06

aKow 2102.4 

D
E

H
M

-P
O

P
 

 

Temperature dependent:          
Kow = K0

ow exp (aKow(1/T - 1/T0)) 
 where T - temperature (K), K0

ow is 
the value at the reference 
temperature T0, and aKow is a 
parameter of temperature 
dependence (-dH/R) 

T0, K 283.15 

Kow (283.15) = K0
ow(298.15) exp ( aKow (1/T - 

1/T0), 
where K0

ow (298.15) = 5.62E+6 for PCB 153 
aKow = dHkow/R 
dHKow = phase transfer enthalpy (J/mol) 
PCB 153: -17500 
R = universal gas constant (8.3145 J/mol K)

Beyer 
et al., 2002

M
S

C
E

-
P

O
P

 

Temperature independent  Kow, 
dimensionless 7.94E+6 log Kow = 6.9 

Mackay 
et al., v.1.,  

1992 
 

* - for the sake of comparability, the base values and coefficients of temperature dependences  of the considered parameters are given here 
for  the temperature  283.15 K (T0) and  the way they were recalculated from original dependencies is specified in the field "Comments". 
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Fig. 3. Comparison of temperature dependencies of logKow 
of PCB-153 used in the models and in “reference data set” 
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Comparison of the plots of temperature dependencies of the octanol/water partition coefficient of 
PCB-153 used in CAM/POPs, CliMoChem, DEHM-POP models  and in “reference data set”  (also in 
SimpleBox, G-CIEMS, and EVN-BETR/UK-MODEL) shows not substantial differences between 
values of log Kow used by the models (except temperature independent value presented by MSCE-
POP). To evaluate the scattering of Kow, the variability of this parameter values used by the 
participating models is determined at three fixed temperature (- 10°C, 10°C and 25°C). Absolute 
values, coefficients of temperature dependence and statistical parameters of octanol/water partition 
coefficient of PCB-153 for three arbitrary temperatures are given in Table 10. 

The difference between all models in terms of absolute values of octanol/water partition coefficient of 
PCB-153 used for modelling is not large for all considered temperatures (max/min ratios of Kow vary 
from 5 to 2). If not  take into account the temperature independent value of MSCE-POP, max/min ratio 
at -10°C comes down to 3. Besides, the difference between statistical parameters characterizing  the 
values averaged between models at three various temperatures (arithmetic and geometric means, 
and median) is not substantial (factor 3-4) within the temperature interval (-10 - 25°C). It is seen that 
the values of this parameter at all considered temperatures are the largest for “reference data set” 
including SimpleBox, G-CIEMS and EVN-BETR/UK-MODEL respectively. At the same time, 
CAM/POPs, CliMoChem, and DEHM-POP have close values between one another which are lower 
than the first ones. For all these models and “reference data set” scattering of this parameter at 25°C 
is minimum. For the models max/min ratio of coefficients of temperature dependences equals to 2.0. 
 
Table 10.  Absolute values,  coefficients of temperature dependence and statistical parameters of octanol/water 
partition coefficient of PCB-153 for three arbitrary temperatures (-10°C, 10°C and 25°C) 

Kow  
-10°C 10°C 25°C 

aKow 

CAM/POPs 1.72E+07 8.51E+06 5.42E+06 - 
SimpleBox 3.96E+07 1.45E+07 7.46E+06 3740.7* 
G-CIEMS 3.96E+07 1.45E+07 7.46E+06 3740.7* 
EVN-BETR/UK-MODEL   3.96E+07 1.45E+07 7.46E+06 3740.5* 
CliMoChem 1.44E+07 8.17E+06 5.62E+06 2104.8** 
DEHM-POP 1.44E+07 8.17E+06 5.62E+06 2102.4** 
MSCE-POP 7.94E+06 7.94E+06 7.94E+06 - 
Reference data set 3.96E+07 1.45E+07 7.46E+06 3740.7* 
min 7.94E+06 7.94E+06 5.42E+06 2102.4 
max 3.96E+07 1.45E+07 7.94E+06 3740.7 
arith. mean 2.59E+07 1.13E+07 6.93E+06 3085.8 
median 2.70E+07 1.13E+07 7.46E+06 3740.5 
geom. mean 2.16E+07 1.08E+07 6.86E+06 2971.3 
max/min 2.8/5.0*** 1.8/1.8*** 1.4/1.5*** 1.8 

*, ** - difference in absolute values obtained from identical temperature dependencies can be explained by accuracy of 
coefficient recalculation 
*** - the first value is calculated without the temperature independent value of Kow (MSCE-POP), the second value  is 
calculated taking it  into account 

 
 
Comparison of octanol/water partition coefficient values of PCB-28 and PCB-180 used in the 
participating models and “reference data sets” are presented in Fig. B.5 and B.6 in Annex B. 
Statistical  evaluation of absolute values and coefficients of temperature dependencies is given in 
Table B.9 and B.10.  

Differences  in absolute values of octanol/water partition coefficient between all models for PCB-28 
and PCB-180 are also not large. Max/min ratio of KOW values for PCB-28 varies  from 2 to 4; and for 
PCB-180 – from 2 to 3. If the temperature independent values of MSCE-POP are not  taken into 
account, max/min ratio for PCB-28 lies within factor 1.2 and for PCB-180 – within factor 1-3. For these 
congeners, KOW values are changing with temperature increase within factor 3-4 for considered 
interval of temperatures (-10-25ºC). Scattering of coefficients of temperature dependences among all 
models for PCB-28 lies within factors 1 and for PCB-180 – within factor 4. 
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3.4. The octanol/air partition coefficient 
 
The octanol/air partition coefficient (Koa, dimensionless) is used by EVN-BETR and UK-MODEL, G-
CIEMS and DEHM-POP in the description of POP gas-particle partitioning in the atmosphere as 
absorption from air into an octanol-like film of particle phase according to [Finizio et al.,1997; Falconer 
and Harner, 2000]. Besides, this parameter is included into descriptions of the  gaseous exchange 
between air and vegetation. It should be mentioned that EVN-BETR and UK-MODEL and CliMoChem 
models do not use Koa parameter straight as input information for modelling but recalculate it from Kow 
and Kaw. 

The participating models and “reference data set”  contain this parameter in the form of temperature 
dependence. Coefficients of these dependencies are presented in Table 11. 
 
 
Table 11. The octanol/air partition coefficient of PCB-153 (data sets of the participating POP models)* 
Model Description Numerical values Comments Reference

a -529-19.25 
logP 

C
A

M
/P

O
P

s Temperature dependent:          
Koa = 10 (a /T + b) 
where: T - temperature;  
P - liquid vapour pressure pol (Pa) b 8.2995-0.95 

logP 

These values are calculated with the help of 
temperature dependencies of pol 

Harner 
et al.,  

1996; 1998

K0
oa 

(T0), 
dimen-

sionless

2.05E+10 

aKoa 11294.2 S
im

pl
eB

ox
 

Temperature dependent:         
Koa = K0

oa exp (aKoa(1/T - 1/T0)) 
where T - temperature (K),  
K0

oa is the value at the 
reference temperature T0, 
and aKoa is a parameter of 
temperature dependence. T0, K 283.15 

Same to the “reference data set” Li et al., 
2003 

K0
oa (T0),

dimen-
sionless

2.05E+10 

aKoa 11294.2 

G
-C
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M

S
 

Temperature dependent:         
Koa = K0

oa exp (aKoa(1/T - 1/T0)) 
where T - temperature (K),  
K0

oa is the value at the reference 
temperature T0, 
and aKoa is a parameter of 
temperature dependence. T0, K 283.15 

Same to the “reference data set” 
Koa is used as optional only when the input value is 
given.  

Li et al., 
2003 
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oa (T0),
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sionless

6.97E+09 
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Temperature dependent:         
Koa = Kow / Kaw T0, K 283.15 

At 10oC, calculated as Koa = Kow / Kaw  

K0
oa (T0),

dimen-
sionless

2.74E+10 

aKoa 10636.8 

D
E

H
M

-P
O

P
 

 

Temperature dependent:         
Koa = K0

oa exp (aKoa(1/T - 1/T0)) 
where T - temperature (K),  
K0

oa is the value at the reference 
temperature T0, 
and aKoa is a parameter of 
temperature dependence. 

T0, K 283.15 

Koa(283.15) = K0
oa(298.15) exp (aKoa(1/T - 1/T0), 

where K0
oa (298.15) = 4.14E+9, 1.16E+8, 1.68E+10 

for PCB 153, 28 and 180 respectively 
aKoa = dHKoa/R 
dH Koa = phase transfer enthalpy (J/mol) 
PCB 153: -88400 
R = universal gas constant (8.3145 J/mol K) 

Beyer 
et al., 2002

K0
oa (T0),

dimen-
sionless

3.64E+10 

aKoa 10811 

M
S

C
E

-P
O

P
 Temperature dependent:         

Koa = K0
oa exp (aKoa(1/T - 1/T0)) 

where T - temperature (K), K0
oa 

 is the value at the reference 
temperature T0, and aKoa is a 
parameter of temperature 
dependence. T0, K 283.15 

Coefficients of the exponential equation are 
recalculated from the standard form of  temperature 
dependence:  
log Koa = 4695/T(K) – 6.02 
with the help of the following  formulas:  
ap = ln(10)⋅ 4695,      
K0

oa (T0) = 10( 4695/T0 – 6.02) 

Harner and 
Bidleman, 

1996 

 

* - for the sake of comparability, the base values and coefficients of temperature dependences  of the considered parameters are given here 
for  the temperature  283.15 K (T0) and  the way they were recalculated from original dependencies is specified in the field "Comments". 
 
Following the data submitted comparison of temperature dependencies of the octanol/air partition 
coefficient used by the models and in “reference data set” is presented in Fig. 4. 
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MSCE-POP has performed the calculations with 
the help of the highest values of octanol/air 
partition coefficient of PCB-153 among other 
participating models.  Describing equations of 
temperature dependence of Koa in different ways, 
CAM/POPs and DEHM-POP nevertheless use 
practically similar values of this parameters for 
PCB-153. The values of Koa calculated with 
“reference data set” (also SimpleBox, G-CIEMS) 
are somewhat lower than previous ones. EVN-
BETR/UK-MODEL   uses the lowest values of this 
parameter than other participating models.   

In order to characterize the spread of octanol/air partition coefficient of PCB-153, the comparison of its 
absolute values at three arbitrary temperatures (-10°C, 10°C and 25°C) between the participating 
models is made. Absolute values of Koa, coefficients of temperature dependencies and their statistical 
parameters are presented in Table 12. 
 
Table 12.  Absolute values, coefficients of temperature dependencies and statistical parameters of octanol/air 
partition coefficient of PCB-153 for three arbitrary temperatures (-10°C, 10°C and 25°C) 
 

Koa  
-10°C 10°C 25°C 

aKoa 

CAM/POPs 5.10E+11 3.29E+10 5.45E+09 - 
SimpleBox 4.25E+11 2.05E+10 2.76E+09 11294.2 
G-CIEMS 4.25E+11 2.05E+10 2.76E+09 11294.2 
EVN-BETR/UK-MODEL   1.45E+11 6.97E+09 9.37E+08 - 
DEHM-POP 4.76E+11 2.74E+10 4.14E+09 10636.8 
MSCE-POP 6.63E+11 3.64E+10 5.33E+09 10811 
Reference data set 4.25E+11 2.05E+10 2.76E+09 11294.2 
min 1.45E+11 6.97E+09 9.37E+08 10636.8 
max 6.63E+11 3.64E+10 5.45E+09 11294.2 
arith. mean 4.38E+11 2.36E+10 3.45E+09 11066.1 
mediana 4.25E+11 2.05E+10 2.76E+09 11294.2 
geom. mean 4.05E+11 2.13E+10 3.03E+09 11062.4 
max/min 5 5 6 1 

 
At all considered temperatures there is not a large difference in values of Koa obtained with the use of 
existing temperature dependencies. The difference between absolute values of this parameter used 
by the participants at the first two temperatures is smaller than it is at the last one (max/min ratios 
come up from 5 to 6).   Max/min ratio of coefficients of temperature dependences of Koa equals to 1.0. 
 
Comparison of octanol/air partition coefficient values of PCB-28 and PCB-180 used in the 
participating models and in “reference data sets” are presented in Fig. B.7 and B.8 in Annex B. 
Statistical  evaluation of absolute values and coefficients of temperature dependencies is given in 
Table B.12 and B.13.  

Differences  in absolute values of octanol/water partition coefficient between all models for PCB-28 
are less than that for PCB-153 and PCB-180. Max/min ratios between absolute values of Koa used by 
all models at the three considered temperatures range from 2 to 5 for PCB-28 and from 6 to 8 for 
PCB-180. Max/min ratio of coefficients of temperature dependences of Koa for these congeners 
equals practically to 1.0. 
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Fig. 4. Comparison of temperature dependencies of 
octanol/air partition coefficient of PCB-153 used in 
the participating POP models and in “reference data 
set” 
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3.5. The organic carbon/water partition coefficient  

The organic carbon/water partition coefficient (Koc, L/kg) strongly influences on the description of 
processes of POP sorption by soil and sediments. Partition coefficients in the “organic carbon-water” 
system selected by the participating models for modelling of PCB-153 are presented in Table 13. 

Table 13. The organic carbon/water partition coefficient of PCBs,  dm3/kg  (data sets of the participating POP 
models) 

Model Description Numerical values Comments Reference 

regc 0.41 
CAM/POPs 

Regresion relation:        
Koc = regc Kow

b  
where regc and b are 
regression coefficients b 1 

Koc is calculated from Kow,  
where Kow is the temperature dependent 
octanol-water artitioning coefficient 

Karickhoff,  1981 
Mackay, 1991  
Schnoor, 1996 

regc 0.41 
SimpleBox 

Regression relation:      
Koc = regc Kow b 
where regc and b are 
regression coefficients b 1 

Same to the “reference data set” 
Koc is calculated from Kow,  
where Kow is the temperature dependent 
octanol-water partition coefficient  

Karikhoff, 1981 

regc 1.26 
G-CIEMS 

Regresion relation:        
Koc = regc Kow b  
where regc and b are 
regression coefficients b 0.81 

 

 

regc 0.41 EVN-BETR 
and UK-
MODEL 

Regresion relation:        
Koc = regc Kow b  
where regc and b are 
regression coefficients b 1 

 

Karikhoff, 1981 

regc 0.35 
CliMoChem 

Regresion relation:        
Koc = regc   Kow b  
where regc and b are 
regression coefficients 

b 1 

Koc is calculated from Kow,  
where Kow is the temperature dependent 
octanol-water partition coefficient 

Seth et al., 1999 

regc 0.41 
DEHM-POP 

Regresion relation:        
Koc = regc Kow

 b  
where regc and b are 
regression coefficients b 1 

 

Mackay, 1999 

regc 0.41 
MSCE-POP 

Regresion relation:        
Koc = regc Kow

 b  
where regc and b are 
regression coefficients b 1 

 

Karikhoff, 1981 

 

 
All models use one and the same approach 
to estimate this parameter – recalculation 
from octanol/water partition coefficient with 
the use of simple regression relationships. 
It is seen that for determination of Koc, 
regression coefficient equals to 0.41 is 
most frequently used. G-CIEMS uses 
regression equation different from other 
models. Hence, final value of Koc is most 
substantially affected by the difference in 
Kow values. Temperature dependencies of 
organic carbon/water partition coefficient of 
PCB-153 used in the calculations by the 
participating models and in “reference data 
set” are compared in Fig.5. 

Values of Koc used in “reference data set” and also in EVN-BETR/UK-MODEL and SimpleBox models 
are the highest among all models practically within the whole considered temperature interval. For 
CAM/POPs, CliMoChem, and DEHM-POP (including MSCE-POP temperature independent value of 
Koc) its values differ from each other not substantially. Values of this parameter used in G-CIEMS are 
lower than those used in other models. Table 14 presents the range of absolute values of organic 
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Fig. 5. Comparison of temperature dependencies of organic 
carbon/water partition coefficient of PCB-153 used in the 
participating POP models and in “reference data set” 
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carbon/water partition coefficient of PCB-153 recalculated from Kow values taken at three arbitrary 
temperatures (-10°C, 10°C and 25°C). 

The difference between the highest and the lowest values of Koc used by all participating models is 
less than an order of magnitude (max/min ratio comes down from 9 to 7 for the considered 
temperatures). Although, in the case of Kow  at these temperatures the max/min ratio decreases from 
5 to 2. For models using one and the same approach to determination of Koc (all models except for G-
CIEMS), its values differ within factors of 2-5. 

 
Table 14.  Absolute values and statistical parameters of organic carbon/water partition coefficient of PCB-153 
for three arbitrary temperatures (-10°C, 10°C and 25°C). 
 

 Koc, dm3/kg 
 -10°C 10°C 25°C 
CAM/POPs 7.06E+06 3.50E+06 2.23E+06 
SimpleBox 1.62E+07 5.95E+06 3.06E+06 
G-CIEMS 1.80E+06 7.96E+05 4.65E+05 
EVN-BETR/UK-MODEL 1.62E+07 5.95E+06 3.06E+06 
CliMoChem 5.03E+06 2.86E+06 1.97E+06 
DEHM-POP 5.89E+06 3.35E+06 2.31E+06 
MSCE-POP 3.26E+06 3.26E+06 3.26E+06 
Reference data set 1.62E+07 5.95E+06 3.06E+06 
min 1.80E+06 7.96E+05 4.65E+05 
max 1.62E+07 5.95E+06 3.26E+06 
arith. mean 8.96E+06 3.95E+06 2.42E+06 
mediana 6.47E+06 3.42E+06 2.68E+06 
geom. mean 6.91E+06 3.41E+06 2.14E+06 
max/min 5.0/9.0 * 2.1/7.5* 1.7/7.0* 

* - the first value is calculated without the values of Koc used in G-CIEMS, the second value  is calculated taking it  into account. 
 
Comparison of organic carbon/water partition coefficient temperature dependencies of PCB-28 and 
PCB-180 used in the participating models and “reference data sets” are presented in Fig. B.9 and 
B.10 in Annex B. Statistical  evaluation of absolute values and coefficients of temperature 
dependencies is given in Table B.15 and B.16.  

Difference between the highest and the lowest values of organic carbon/water partition coefficient is 
less than an order of magnitude. For the considered temperature interval,  max/min ratios for PCB-28 
and PCB-180 come down from 4 to 2. 

 

3.6. Water solubility  

Solubility in water (Sw, mol/m3) is an important characteristic of a pollutant defining its behaviour in the 
atmosphere, precipitation, soils and water. The data on water solubility of PCB-153 used by EVN-
BETR/UK-MODEL, G-CIEMS and SimpleBox models which contain this parameter temperature 
independent are presented in Table 15. With the help of subcooled liquid-vapour pressure, this 
parameter can be used for estimation of Henry’s law constant if the latter is not available as input data. 
CAM/POPs, CliMoChem, DEHM-POP, and MSCE-POP do not include this parameter as input data in 
the calculations. Values of water solubility of PCB-153 used in the participating models and in 
“reference data set ” are of the same order. 
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Table 15.  Water solubility of PCB-153 (data sets of the participating POP models) 
 

Model Description  Numerical values Comments Reference 

G-CIEMS Temperature 
independent.  

SWL (T), 
mol/m3 1.80E-05 

Same to the “reference data set”  T  = 10 oC  
When Henry’s law constants is not given as 
input, water solubility is used to estimate  
Henry’s law constant 

Li et al., 2003 

SimpleBox  Temperature 
independent 

SWL (T), 
mol/m3 1.80E-05 Same to the “reference data set” 

T  = 10 oC Li et al., 2003 

EVN-BETR/ 
UK-MODEL 

Temperature 
independent 

SWL (T), 
mol/m3 3.07E-05 T = 25oC Li et al., 2003 

 

 
The data on water solubility of PCB-28 and PCB-180 used in EVN-BETR/UK-MODEL and SimpleBox 
models which contain this parameter temperature independent are given in Table B.17 in Annex B. 
Values of SWL used in EVN-BETR/UK-MODEL exceed those of  SimpleBox about 2 times. 

 
3.7.   Degradation rate constants of PCBs in the environmental media 
  
The multi-compartment models contain a different number of the environmental media included in 
their descriptions (See Chapter 2). The degradation process of POP in each medium is characterised 
by the values of its half-life (t1/2) or degradation rate constant (kd) which are connected with each 
other. Models CAM/POPs, G-CIEMS, EVN-BETR and UK-MODEL, CliMoChem and MSCE-POP use 
information on separate degradation rate constants (or half-lives) for the three environmental 
compartments (air, soil, and water). Degradation process in vegetation is considered by EVN-BETR, 
G-CIEMS and CliMoChem models. In EVN-BETR and UK-MODEL, degradation processes in 
sediment is also taken into account.  

The degradation process in the atmosphere is mainly considered as the gas-phase reaction of a 
pollutant with hydroxyl radicals and all other reactions are neglected. The temperature-dependent 
second order rate constants of this reaction are used by CAM/POPs, CliMoChem and MSCE-POP 
models. Values of the pre-exponential multiplier and coefficients of temperature dependence for PCB-
153 rate constant in the atmosphere are displayed in Table 16. No temperature dependence of 
degradation rate constants in air is used by EVN-BETR and UK-MODEL, SimpleBox and G-CIEMS. 

In all models except for CliMoChem degradation processes in other media than air are temperature 
independent. Degradation of POPs in soil, water, sediment and vegetation are described as a first-
order process. These data are also presented in Table 16. 
 
Table 16. Degradation rate constants (or half-lives) of PCB-153 in the environmental media (data sets of the 
participating POP models)* 
 

Model Description Numerical values Comments Reference 
k0

air (T0),
сm3/ 

(molec⋅s)
2.11E-13 

akair 1400 

C
A

M
/ P

O
P

s 

Degradation in atmosphere:  
Temperature dependent:       
kair = k0

air exp (-akair(1/T - 1/T0)) 
where T - temperature (K), k0

air 
is the value at the reference 
temperature T0, and akair is a 
parameter of temperature 
dependence 

T0, K 283.15 

Coefficients of the exponential equation are 
recalculated from the following temperature 
dependence:  
KOH  = KOH

0 exp(a(1/T0 – 1/T) 
where KOH

0 = 2.7E-13 is the value at  
the reference temperature T0 (298 K),  
a = 1400 is parameter of temperature 
dependence. 

This study 

k0
air (T0),
сm3/ 

(molec⋅s)
1.18E-13 

akair 1852.2 

C
liM

oC
he

m
 

Degradation in atmosphere:  
Temperature dependent:       
kair = k0

air exp (-akair(1/T - 1/T0)) 
where T - temperature (K),  
k0

air is the value at the 
reference temperature T0, and 
akair is a parameter of 
temperature dependence  T0, K 283.15 

kair(T) = kair(Tref) exp((-Eaair/R)(1/T - 1/T0)) 
T = temperature (283.15 K),  
T0 = reference temperature (298.15 K) 
kair(T0) = degradation rate constant at T0 (cm3/d), 
PCB 153: 1.42E-8; 
Eaai = activation energy (J/mol), PCB 153: 15400;  
R = universal gas constant (8.3145 J/mol K ) 
k0

air =degradation rate constant at 283.15 (cm3/d), 
PCB 153: 1.02E-08 
akair = Ea /R  

Beyer et al., 
2002 



 34

Model Description Numerical values Comments Reference 

k0
soil (T0),
1/s 6.16E-10 

aksoil 3608.2 

Degradation in soil: 
Temperature dependent:        
ksoil = k0

soilexp(- aksoil(1/T - 1/T0)) 
where T - temperature (K),  
k0

soil is the value at the 
reference temperature T0, and 
aksoil is a parameter of 
temperature dependence T0, K 283.15 

ksoil (T) = ksoil(Tref)exp((-Easoil/R)(1/T - 1/T0)) 
T = temperature (283.15 K),  
T0 = reference temperature (298.15 K) 
ksoil (T0) = degradation rate constant at T0 (1/d),  
PCB 153: 1.01E-4;  
Easoil = activation energy (J/mol) PCB 153: 30000  
R = universal gas constant (8.3145 J/mol K ) 
k0

soil = degradation rate constant at 283.15 (1/d),  
PCB 153: 5.32E-05 
aksoil = Easoil /R  

k0
water (T0), 

1/s 8.47E-10 

akwater 3608.2 

Degradation in water: 
Temperature dependent:        
kwater=k0

waterexp(-akwater(1/T-1/T0)
where T - temperature (K), 
k0water is the value at the 
reference temperature T0,  
and akwater is a parameter of 
temperature dependence T0, K 283.15 

kwater (T) = kwater (Tref) exp((-Eawater/R)(1/T - 1/T0)) 
T = temperature (283.15 K),  
T0 = reference temperature (298.15 K) 
kwater(T0) = degradation rate constant at T0 (1/d),  
PCB 153: 1.39E-4;  
Eawater=activation energy (J/mol), PCB 153: 30000 
R = universal gas constant (8.3145 J/mol K ) 
k0

water =degradation rate constant at 283.15  (1/d), 
PCB 153: 7.32E-05;  
akwater = Eawater/R 

k0veg  
(T0), 
1/s 

1.14E-07 

akveg 1852.2 

Degradation in vegetation**: 
Temperature dependent:        
kveg = k0

vegexp(-akveg(1/T - 1/T0)) 
 where T - temperature (K), 
k0

veg is the value at the 
reference temperature T0,  
and aksed is a parameter of 
temperature dependence 

T0, K 283.15 

kveg(T) = kveg(Tref) exp((-Eaveg/R)(1/T - 1/T0)) 
T = temperature (283.15 K),  
T0 = reference temperature (298.15 K) 
kveg(T0) = degradation rate constant at T0 (1/d), 
PCB 153: 1.37E-2;  
Eaveg = activation energy (J/mol), PCB 153: 15400 
R = universal gas constant (8.3145 J/mol K ) 
kveg (T0) = degradation rate constant at T0(1/d), 
PCB 153: 9.86E-03; 
akveg = Eaveg /R 

k0
air (T0), 
сm3/ 

(molec⋅s)
1.18E-13 

akair 1849.8 

Degradation in atmosphere:  
Temperature dependent:       
kair = k0

air exp(-akair (1/T -1/T0)) 
where T - temperature (K),  
k0

air is the value at the 
reference temperature T0,  
and akair is a parameter of 
temperature dependence 

T0, K 283.15 

Coefficients of the exponential equation are 
recalculated from the following temperature 
dependence: kair = A⋅ exp(-Ea/RT) 

with the help of the following  formulas:akair=Ea/R,  
k0

air = A⋅ exp(-Ea/RT0), where A = 8.12 E-11 is the 
pre-exponential multiplier value, сm3/(molec⋅ s); 
EA = 15380 is the activation energy of interaction 
with OH-radical in air, J/mol 

Beyer and 
Matthies,  

2001 

Degradation in soil: 
Temperature independent ksoil, 1/s 1.17E-09 

Degradation rate constant in soil is conversed 
from half-life values (PCB-153: 165000 hours): 
kd = 0.693/ t1/2,    where kd is the first-order rate 
constant (s-1) and t1/2 is the half-life (s). 

Sinkkonen 
and 

Paasivirta, 
2000 

M
S

C
E

-P
O

P
 

Degradation in water: 
Temperature independent 

kwater, 
1/s 1.6E-09 

Degradation rate constant in water is conversed 
from half-life values (PCB-153: 120000 hours): 
kd = 0.693/ t1/2,  where kd is the first-order rate 
constant (s-1) and t1/2 is the half-life (s). 

 

Degradation in atmosphere:  
Temperature independent kair, 1/s 3.50E-08 Same half-lives as in "reference data set" :  

PCB-153: 5500 hours 
Degradation in soil: 
Temperature independent ksoil,1/s 3.50E-09 Same half-lives as in "reference data set" :  

PCB-153: 55000 hours 

S
im

pl
eB

ox
 

Degradation in water: 
Temperature independent kwater,1/s 3.50E-09 Same half-lives as in "reference data set" :  

PCB-153: 55000 hours 

Mackay 
et al.,  
1992 

Degradation in atmosphere:  
Temperature independent kair,1/s 3.50E-08 Same half-lives as in "reference data set" :  

PCB-153: 5500 hours 
Degradation in soil: 
Temperature independent ksoil,1/s 3.50E-09 Same half-lives as in "reference data set" :  

PCB-153: 55000 hours 

G
-C

IE
M

S
 

Degradation in water: 
Temperature independent kwater,1/s 3.50E-09 Same half-lives as in "reference data set" : 

PCB-153: 55000 hours 

Mackay 
et al.,  
1992 

Degradation in atmosphere:  
Temperature independent kair,1/s 3.50E-08 Same half-lives as in "reference data set" :  

PCB-153: 5500 hours 
Degradation in soil: 
Temperature independent ksoil,1/s 3.50E-09 Same half-lives as in "reference data set" :  

PCB-153: 55000 hours 
Degradation in water: 
Temperature independent kwater,1/s 3.50E-09 Same half-lives as in "reference data set" :  

PCB-153: 55000 hours 
Degradation in sediment: 
Temperature independent ksed,1/s 3.50E-09 Same half-lives as in "reference data set" :  

PCB-153: 55000 hours 

E
V

N
-B

E
TR

 a
nd

  U
K
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D

E
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Degradation in vegetation: 
Temperature independent kveg,1/s 1.13E-08 PCB-153 half-life in vegetation: 17000 hours 

Mackay 
et al.,  
1992 

* - for the sake of comparability, the base values and coefficients of temperature dependences  of the considered parameters are given here 
for  the temperature  283.15 K (T0) and  the way they were recalculated from original dependencies is specified in the field "Comments". 

** - because of insufficient data on degradation rate constants in vegetation, the values are taken from atmospheric degradation  
[Möller, 2002] and multiplied with an average OH-radical concentration of 970000 1/cm3 [Beyer et al., 2002]. 
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The second-order rate constants of PCB-153 
degradation process in the air in the form of 
temperature dependencies are compared in Fig. 
6.  
Following the data reported, CliMoChem and 
MSCE-POP models use one and the same 
values of temperature dependent rate constants 
of PCB-153 degradation in the atmosphere. 
CAM/POPs provides the highest values. 

The comparison of temperature dependencies 
of second-order rate constants of PCB-28 and 
PCB-180 used in the participating models are 
presented in Fig. B.11 and B.12 in Annex B. 
CliMoChem and MSCE-POP models also use one and the same values of degradation rate constants 
in the atmosphere for PCB-28 and PCB-180. 

In the “reference data set” the rate constants of degradation processes in all environmental media are 
assumed temperature independent. For these purpose data on suggested half-life groups were taken 
from [Mackay et al. 1992] and conversed into the first-order degradation rate constants. In order to 
have possibility to compare values of degradation rate constant of PCB-153  used in all participating 
models and in the “reference data set”, the rate constants of the second order degradation process in 
air were yearly averaged for the models which keep this parameter temperature dependent. This 
calculation was made with the use of monthly averaged temperatures calculated on the basis of 
meteorological data for 1997, 1998 and 1999 in Europe. Then multiplying the second order rate 
constants by mean annual OH-radical concentration in the surface layer of 2 km depth at the latitude 
of 450N  (0.8·106 molec/cm3) [Yu Lu and Khall, 1991], the first order degradation rate constants were 
calculated for CAM/POPs,  CliMoChem, and MSCE-POP models. The results on PCB-153 are 
presented in Table 17 (for results on PCB-28 and PCB-180 see Tables B.19 and B.21 in Annex B). 
However, the usage of the mean annual OH-radical concentration for all the models which in reality 
include this parameter in different ways is rather rough assumption. For an example,  in CliMoChem it 
varies depending on the temperature and in  MSCE-POP - depending on the season. 

Table 17.  Monthly averaged temperatures calculated on the basis of meteorological data for 1997, 1998 and 
1999 in Europe and the yearly average  degradation rate constants of PCB-153 for the models which use 
temperature dependence of these parameters 
 

Temperatures, °C CAM/POPs MSCE-POP CliMoChem 
Month Over 

land 
Over 
sea Average air, 

cm3⋅molec-1⋅s-1 
air,  

cm3⋅molec-1⋅s-1
air,  

cm3⋅molec-1⋅s-1
soil, s-1 

(for Over land  temp)
sea, s-1 

(for Over sea  temp) 
veg., s-1 

(for aver. temp)
Jan 4 4 4 1.90E-13 1.02E-13 1.03E-13 4.67E-10 6.43E-10 9.89E-08 
Feb 4 3 4 1.90E-13 1.02E-13 1.03E-13 4.67E-10 6.13E-10 9.89E-08 
Mar 7 5 6 1.97E-13 1.07E-13 1.08E-13 5.37E-10 6.74E-10 1.04E-07 
Apr 11 6 9 2.07E-13 1.15E-13 1.16E-13 6.44E-10 7.06E-10 1.11E-07 
May 17 10 13 2.22E-13 1.26E-13 1.27E-13 8.37E-10 8.47E-10 1.22E-07 
Jun 21 14 17 2.38E-13 1.38E-13 1.38E-13 9.92E-10 1.01E-09 1.33E-07 
Jul 22 16 19 2.46E-13 1.44E-13 1.45E-13 1.03E-09 1.10E-09 1.39E-07 
Aug 22 16 19 2.46E-13 1.44E-13 1.45E-13 1.03E-09 1.10E-09 1.39E-07 
Sep 18 13 15 2.30E-13 1.32E-13 1.32E-13 8.74E-10 9.68E-10 1.28E-07 
Oct 14 10 12 2.18E-13 1.24E-13 1.24E-13 7.35E-10 8.47E-10 1.19E-07 
Nov 10 7 9 2.07E-13 1.15E-13 1.16E-13 6.16E-10 7.39E-10 1.11E-07 
Dec 6 5 6 1.97E-13 1.07E-13 1.08E-13 5.13E-10 6.74E-10 1.04E-07 
Averaged second-order 
rate constants,  
cm3⋅molec-1⋅s-1 

2.16E-13 1.22E-13 1.22E-13 - - - 

Averaged first-order rate 
constants, s-1 1.72E-07 9.73E-08 9.78E-08 7.29E-10 8.27E-10 1.18E-07 
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The rate constants of the first order degradation process in soil, sea and vegetation used in 
CliMoChem model which keeps these parameters temperature dependent were yearly averaged. This 
calculation was also made with the use of monthly averaged temperatures calculated on the basis of 
meteorological data for 1997, 1998 and 1999 in Europe. 

To illustrate the dispersion of absolute values of the first-order degradation rate constants of PCB-153 
in the atmosphere and in other media used in the participating models and in the “reference data set”, 
statistical treatment of these parameters is made and some statistics are given in Table 18. 
 
Table 18.  Absolute values and statistical parameters of degradation rate constants of first order (PCB-153) 
 

 kair s-1 ksoil, s-1 kwater, s-1 ksediment, s-1 kveg, s-1 
CAM/POPs 1.72E-07 - - -  
CliMoChem 9.78E-08 7.29E-10 8.27E-10 - 1.18E-07 
MSCE-POP 9.73E-08 1.17E-09 1.60E-09 - - 
SimpleBox 3.50E-08 3.50E-09 3.50E-09 - - 
G-CIEMS 3.50E-08 3.50E-09 3.50E-09 - - 
EVN-BETR/UK-MODEL   3.50E-08 3.50E-09 3.50E-09 3.50E-09 1.13E-08 
Reference data set 3.50E-08 3.50E-09 3.50E-09 3.50E-09 - 
min 3.50E-08 7.29E-10 8.27E-10 - - 
max 1.72E-07 3.50E-09 3.50E-09 - - 
arith. mean 7.25E-08 2.65E-09 2.74E-09 - - 
median 3.50E-08 3.50E-09 3.50E-09 - - 
geom.mean 5.89E-08 2.24E-09 2.42E-09 - - 
max/min 4.9 4.8 4.2 1.0 10.4 

 
There is a large difference in absolute values of degradation rate constant of PCB-153 (s-1) between 
the models which are using and not using its temperature dependencies of degradation rate 
constants. It is exemplified by the differences in highest and lowest values of these parameters for 
degradation processes in air, soil, and water, sediments and vegetation. Max/min ratios for 
degradation processes in air, soil, and water vary within factor of 4-5. The difference between 
temperature dependent values of degradation rate constant of PCB-153 in air is within a factor of 2. 
EVN-BETR and UK-MODEL, SimpleBox, G-CIEMS and the “reference data set” contain one and the 
same values of temperature independent rate constants taken from [Mackay et al. 1992]. The 
difference of degradation rate constant in  vegetation between EVN-BETR and UK-MODEL and 
CliMoChem models (max/min ratio) is around 10. Degradation in sediments is considered in EVN-
BETR and UK-MODEL only. 

Statistical evaluation of absolute values of the first-order degradation rate constants of PCB-28 and 
PCB-180 in the atmosphere and in other media used in the participating models and in the “reference 
data set” are presented in Table B.20 and B.22 in Annex B. 

Among all media the largest difference in the values of first-order rate constants between the models 
for PCB-28 is observed for the degradation in water and for PCB-180 - for the degradation in soil. 
Max/min ratios of degradation rate constant values in air, soil and water for PCB-28 vary from 2 to 12; 
and for PCB-180 – from 3 to10. Max/min ratio of rate constants for degradation in vegetation between 
CliMoChem and EVN-BETR and UK-MODEL for PCB-28 equals to 7 and for PCB-180 it is around 6. 
Degradation in sediments is considered in EVN-BETR and UK-MODEL only.  

Difference in temperature dependent values of degradation rate constant in air between CAM/POPs, 
CliMoChem and MSCE-POP models for PCB-180 is within factor 2. In CliMoChem and MSCE-POP 
models these values for PCB-28 are equal.  
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Chapter   4 
COMPARISON OF PROCESS PARAMETERIZATIONS AND 
RESULTS OF COMPUTATIONAL EXPERIMENTS FOR PCB-153 

This Chapter is devoted to the analysis of model approaches to the description of main processes 
determining PCBs behaviour in the environment. These are gas/particle partitioning, dry deposition of 
particulate phase,  wet deposition, gaseous exchange between the atmosphere and different types of 
underlying surface (soil, water, vegetation) and degradation processes. The comparison of the results 
of calculation experiments obtained by different models is presented here together with brief 
description of model approaches to the parameterization of the considered processes used in the 
participating models. More detailed description of these approaches is presented in Annex C. An 
overview of descriptions of degradation processes used for PCB modelling is given above in Chapter 
3. The presentation in this Chapter concerns mainly PCB-153 (substance of the first priority), 
appropriate data on other considered pollutants (PCB-28 and PCB-180) are presented in Annexes D 
and E. The exposition in subsequent Sections devoted to each of the above processes (except for 
degradation) has one and the same structure which goes as follows. 

First, we present short summary of the descriptions of the considered process submitted by 
participants (at present descriptions of considered processes is available for seven models: EVN-
BETR and UK-MODEL, CliMoChem, G-CIEMS, DEHM-POP, SimpleBox, CAM/POPs and MSCE-
POP).  

Second, the description of input data used for calculation experiments with PCB – 153 on each basic 
process is presented. The input data for modelling include several sets of given air concentrations in 
different phases (if needed) and environmental conditions (averaged ambient temperatures, organic 
content in the atmospheric aerosol, TSP, precipitation intensity, mean wind velocity,  etc.) relevant for 
each experiment. 

Third, the intercomparison of results of computation experiment carried out by the participating 
models is presented. This analysis consists of two parts. The first part concerns the comparison of 
obtained absolute values and some statistical parameters for each experiment included in this 
process. The second is devoted to the pairwise comparison of the model output. The set of statistical 
parameters used for the comparison is different for different processes. 

 

4.1. Gas/particle partitioning 

4.1.1. Model approaches 

Basically, there exist two approaches to model evaluation of the fraction of particulate phase of a 
pollutant in the atmosphere. The first is based on the Junge-Pankow adsorption model [Junge, 1977; 
Pankow, 1987]. In this case POP fraction ϕ adsorbed on the atmospheric aerosol particles is 
calculated using vapor pressure of the subcooled liquid pol: 
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where c is the constant depending on thermodynamic parameters of adsorption process and on properties of 
aerosol particle surface; 
θ   is the specific surface of aerosol particles, m2/m3.  

This approach is used in SimpleBox, CAM/POPs and MSCE-POP models. In all these models the 
temperature dependence of pol is taken into account. Besides, CAM/POPs model additionally uses 
12-bin structure of sulphate aerosol for calculations of gas/aerosol partitioning. 

The second is based on absorption model of gas/aerosol partitioning [Finizio et al., 1997; Falconer 
and Harner, 2000]. Under this approach the fraction of POPs absorbed by organic matter of aerosol 
particles is calculated with the use of particle/gas partitioning coefficient KPA defined via octanol/air 
partitioning coefficient Koa: 

 
)1( +⋅

⋅
=

TSPK
TSPK

PA

PAϕ  (4) 

Here ϕ is the fraction of compound sorbed to particles, KPA is the gas-particle partitioning coefficient, 
and TSP is the total suspended particle concentration. KPA is calculated using different regression 
relations via Koa, in particular [Falconer and Harner, 2000]: 

,91.11logloglog −+= omoarPA fKmK           (5) 

where mr - constant expected to have a value close to +1 for equilibrium partitioning; 
Koa - octanol-air partition coefficient; 

 fom - fraction of organic matter in the particles. 

This approach is used in DEHM-POP and experimental version of MSCE-POP.  

To calculate gas-particle partitioning coefficient CliMoChem used another equation taken from [Finizio 
et al. 1997]: 

 KPA = Koa
0.55 ⋅ 10 –8.23                 (6) 

EVN-BETR and UK-MODEL and G-CIEMS calculated this coefficient with the help of equations (7) 
and (8), respectively: 

KPA = 3.5 · Koa                   (7) 

KPA = y·Koa / (ρ ⋅1000),               (8) 

where y is the organic matter mass fraction, and ρ is the density of aerosol particles. 

Below the results of calculations of ϕ for different environmental conditions carried out by the above 
seven models are analyzed. 

 

4.1.2. Input data  

Nine sets of input data (different ambient temperatures in the range from − 12º C to 32º C) are 
proposed for modelling experiments with PCB-153.  
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Table 19. Input data for computation experiments with PCB-153 describing gas/particle partitioning 

N Experi-
ment 1 

Experi-
ment 2 

Experi-
ment 3 

Experi-
ment 4 

Experi-
ment 5 

Experi-
ment 6 

Experi-
ment 7 

Experi-
ment 8 

Experi-
ment 9 

Averaged ambient 
temperature, C  -12 -5 0 6 10 15 20 26 32 

Total Suspended 
Matter, TSP, μg/m3 30 30 30 30 30 30 30 49 66 

Organic content in the 
aerosol, % 20 20 20 20 20 20 20 20 20 

Output of computation experiments describing gas/particle partitioning process is PCB particulate 
fraction in the atmosphere.  

 
4.1.3. Comparison of the results 

This section contains the analysis of the results of experiments on the calculations of particulate 
fraction ϕ of the considered pollutants obtained by the participating models. Here we present 
numerical results for the first priority substance (PCB-153) only. The corresponding results for 
substances of the second priority (PCB-28 and PCB-180) can be found in Annexes D and E. 

The analysis is performed into two stages. At the first stage we present an analysis of the values of 
calculated fractions of particulate phase and characterize the spread in these values between models 
in each of the experiments. At the second stage we analyze pairwise differences between 
participating models using the regression analysis. 

Analysis of the experiments. Here we use the following statistical parameters for each experiment: 

 the value mϕ of fractions of particulate phase averaged between participating models; 

 the value of square deviation σϕ between results obtained by different models; 

First of the above parameters illustrates the level of particulate phase fraction calculated by all 
considered models. The second parameter characterizes the dispersion of this fraction between the 
models.  

Calculation results for PCB-153 together with mϕ and σϕ  are presented in Table 20. In Table 21 short 
comments to the calculations made by participants can be found. For two models (G-CIEMS and 
MSCE-POP) two versions of calculations are presented. Namely, for G-CIEMS calculations of gas-
particle partitioning using molecular weight only (G-CEIMS 1) and using absorption scheme (G-
CIEMS 2) were carried out. For MSCE-POP model calculations based on the adsorption (based on pol 
values; MSCE-POP 1) and absorption (based on Koa values; MSCE-POP 2) schemes are presented. 
The comparison of calculated fractions of the particulate phase is illustrated also by the plot below. 

Table 20. Calculation results: fractions of particulate phase of PCB-153 calculated by models and statistical 
parameters used for evaluation 

G-CIEMS MSCE-POP Exp.
No T (°C) 

EVN-BETR 
and       

UK-MODEL 

DEHM-   
POP 1 2 

CAM/POPs
1 2 

CliMoChem  SimpleBox* mϕ σϕ 

1 -12 0.93 0.83 0.96 0.78 0.94 0.874 0.869 0.163 0.978 0.81 0.25 
2 -5 0.75 0.62 0.89 0.53 0.85 0.698 0.693 0.098 0.939 0.67 0.25 
3 0 0.68 0.44 0.79 0.35 0.73 0.522 0.519 0.068 0.882 0.55 0.25 
4 6 0.46 0.26 0.61 0.18 0.53 0.315 0.315 0.044 0.765 0.39 0.23 
5 10 0.33 0.17 0.48 0.11 0.39 0.208 0.21 0.033 0.656 0.29 0.20 
6 15 0.19 0.095 0.32 0.058 0.24 0.118 0.121 0.023 0.500 0.19 0.15 
7 20 0.11 0.053 0.21 0.031 0.14 0.065 0.068 0.017 0.349 0.12 0.11 
8 26 0.086 0.042 0.12 0.014 0.12 0.032 0.053 0.018 - 0.06 0.04 
9 32 0.057 0.029 0.063 0.007 0.078 0.016 0.036 0.017 - 0.04 0.03 

* - only 7 experiments for Simple Box 
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Table 21. Comments 

Model assumptions Models Physical-chemical 
data set Other Comments 

CAM/POPs Own  

equation (3); 
c is 0.172 Pa·m [Pankow, 1987; Falconer et al., 1994; Bidleman 
et al., 1998] 
Additional input data of 12 size-bin structure is applied on the 
TSP in the experiment  

SimpleBox “Reference” 

equation (3); 
JungeConst = 0.172 Pa·m by default; 
PL = liquid-phase vapor pressure at ambient temperature  
T (Pa) = PL (25C) · exp((H0

vap/8.314) ⋅ (1/298 - 1/T)) 
H0

vap = Enthalpy of vaporization (J/mol) = ΔUaw in “reference data 
set”; 
SimpleBox takes specific aerosol surface as input; calculations 
done only for 'standard' aerosol characteristics (TSP 30 mg/m3; 
foc 20%), with aerosol surface set to 1.5·10-4 m2/m3  

Adsorption approach 

MSCE-POP 1 Own  
current version – equation (3); 
Assumed that c = 0.172 Pa·m [Junge, 1977] for background 
aerosol and θ  = 1.5·10-4 m2/m3 [Whitby, 1978]. 

EVN-BETR and  
UK-MODEL Own  

equation (7); 
own dataset of EVN-BETR and UK-MODEL is extremely close to 
the "reference dataset"; Koa was calculated from Kow /Kaw 

CliMoChem Own equations (4) and (6);  Koa was calculated from Kow /Kaw 
DEHM-POP Own equations (4) and (5) 
G-CIEMS 2 “Reference” equation (8) 

Absorption approach 

MSCE-POP 2 Own  experimental version – equations (4) and (5); 

Other G-CIEMS 1 “Reference” Gas/particle  partitioning is calculated from only molecular weight 
(for preliminary assessment purpose) 

 

The plot of dependence of ϕ on T calculated by 
participating models is presented in Fig. 7. 

It is seen that practically all models (except 
CliMoChem) closely describe temperature 
dependence of particulate fraction. For the lower 
temperatures, values of fraction of particulate 
phase of PCB-153 calculated by CliMoChem are 
much lower than ones calculated by other 
participating models. Considering results of the 
first seven of the experiments, the highest 
results of this parameter are obtained by 
SimpleBox model.  

We recall that the experiments differ mainly by 
ambient air temperature T (and some other 
parameters, see Section 4.1.2). For each temperature within the considered interval of temperatures 
(-12°C - 32°C), square deviation σϕ between different model calculations (see last column in Table 20) 
do not exceed the averaged value of particulate phase fractions. It is testify that all models give close 
enough results in terms of absolute values.  

Pairwise comparison of model results. Here the analysis of pairwise differences between calculation 
results obtained by different models by means of the regression analysis is presented. Namely, the 
relation between calculated fractions ϕT

1 and ϕT
2 obtained by each two models for different values of 

temperature T is supposed to be: 

 ,1212
1

12
2 ω+β+ϕα=ϕ TT  (9) 

where α12 and β12 are regression coefficients; 

 ω12 is the random component of the regression relation (“white noise”). 
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For evaluation of closeness of calculated results obtained by models, we shall use regression 
coefficients α12 and β12 (characterizing a non-random component of the regression relation), the 
residual square deviation, that is, square deviation σres

12 of ω12 (characterizing the magnitude of 
random component) and the correlation coefficient r12.  

Table 22 contains the values of regression coefficients α and β calculated for all pairs of models. The 
differences between the models are explained mainly by scaling coefficients α ranging from 0.13 to 
3.78. For the most part of the models (not including CliMoChem results), α varies far less (from 0.71 
to 1.15). Coefficients β are not very large for all pairs of models (lying in the range from – 0.13 to 
0.48). This is a numerical expression of the fact that shapes of curves expressing temperature 
dependencies of ϕ (Fig. 7) are similar for these models.  

 
Table 22. Coefficients of regression dependence between the models (α / β) 

 DEHM-POP G-CIEMS 1 G-CIEMS 2 CAM/POPs MSCE-POP1 MSCE-POP2 CliMoChem SimpleBox*
EVN-BETR and 

UK-MODEL 
0.87 / –0.07 1.03 / 0.08 0.81 / –0.09 1.02 / 0.04 0.96 / –0.07 0.94 / –0.05 0.14 / 0.00 0.75 / 0.36 

DEHM-POP – 1.11 / 0.18 0.94 / –0.04 1.11 / 0.13 1.09 / 0.01 1.06 / 0.02 0.17 / 0.01 0.73 / 0.47 
G-CIEMS 1 – – 0.73 / –0.13 0.97 / –0.03 0.89 / –0.12 0.87 / –0.11 0.13 / -0.01 0.81 / 0.23 
G-CIEMS 2 – – – 1.15 / 0.18 1.14 / 0.06 1.11 / 0.07 0.18 / 0.01 0.73 / 0.51 
CAM/POPs – – – – 0.93 / –0.10 0.91 / –0.08 0.14 / -0.01 0.75 / 0.31 

MSCE-POP 1 – – – – – 0.98 / 0.01 0.15 / 0.01 0.71 / 0.44 
MSCE-POP 2 – – – – – – 0.16 / 0.00 0.72 / 0.44 
CliMoChem – – – – – – – 3.78 / 0.48 

* - by 7 experiments only 

This fact is once more confirmed by calculated correlation coefficients (Table 23) which is very high 
for all pairs of models (from 0.83 to 1.00). 

Table 23. Correlation coefficients σ 

 DEHM-POP G-CIEMS 1 G-CIEMS 2 CAM/POPs MSCE-POP 1 MSCE-POP 2 CliMoChem SimpleBox*
EVN-BETR and 
UK-MODEL 0.98 0.99 0.96 1.00 0.99 0.99 0.93 0.97 

DEHM-POP – 0.94 1.00 0.97 1.00 1.00 0.98 0.91 
G-CIEMS 1 – – 0.91 0.99 0.96 0.96 0.87 0.99 
G-CIEMS 2 – – – 0.94 0.99 0.99 0.99 0.87 
CAM/POPs – – – – 0.98 0.98 0.91 0.98 
MSCE-POP 1 – – – – – 1.00 0.97 0.93 
MSCE-POP 2 – – – – – – 0.97 0.93 
CliMoChem – – – – – – – 0.83 

* - by 7 experiments only 

Thus, all models describe temperature dependence of the fraction of particulate phase of PCB-153 in 
the atmosphere similarly. The difference of model results can be explained by difference in base 
values of Koa or pol since the change of these values leads to scaling of calculated values of ϕ. 

To assess the reliability of comparative analysis given above calculations of pairwise residual square 
deviation σ were done (Table 24).  
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Table 24. Residual square deviation, σ 

DEHM-POP G-CIEMS 1 G-CIEMS 2 CAM/POPs MSCE-POP 1 MSCE-POP 2 CliMoChem SimpleBox*
EVN-BETR and  
UK-MODEL 0.167 0.157 0.214 0.075 0.124 0.130 0.050 0.146 

DEHM-POP – 0.321 0.063 0.237 0.069 0.056 0.027 0.245 
G-CIEMS 1 – – 0.312 0.105 0.236 0.244 0.068 0.084 
G-CIEMS 2 – – – 0.309 0.139 0.126 0.017 0.286 
CAM/POPs – – – – 0.161 0.167 0.058 0.112 
MSCE-POP 1 – – – – – 0.018 0.036 0.216 
MSCE-POP 2 – – – – – – 0.035 0.216 
CliMoChem – – – – – – – 0.320 

* - by 7 experiments only 

It is seen that the values of σ range from 0.017 to 0.32. This testify the possibility of usage regression 
analysis for evaluation of the difference between model calculations. Maximum values of the random 
component are characteristic of the comparisons between G-CIEMS 1 and G-CIEMS 2, between G-
CIEMS 1 and DEHM-POP, between EVN-BETR and UK-MODEL and G-CIEMS 2, between  
CAM/POPs and G-CIEMS 2, between G-CIEMS 1 and MSCE-POP and between SimpleBox and 
following models:  DEHM-POP, G-CIEMS 2, MSCE-POP and CliMoChem. 

The results obtained for PCB-180 are similar to the results on PCB-153. Values of fraction of 
particulate phase of PCB-180 calculated by CliMoChem are much lower than ones calculated by other 
participating models. We remark also that taking into account the real dispersion of TSP in the 
atmosphere can essentially affect the calculations (see plots of temperature dependence of ϕ for 
PCB-180 in Annex E). Correlation coefficients for all models vary from 0.75 to 1.00. 

Results on PCB-28 (Annex D) to some extent differ from the results on above two congeners. The 
highest values of this parameter are obtained by SimpleBox model. Fractions of particulate phase 
calculated by EVN-BETR and UK model are also larger than those calculated by DEHM-POP,  
CliMoChem and MSCE-POP. The results obtained by other models are close to one another. 
Correlation coefficients for all models vary from 0.98 to 1.00. 

 

4.2. Dry deposition of the particulate phase 

4.2.1. Model approaches 

Dry deposition velocity vd is used in all models for the description of dry deposition flux of the 
particulate phase to different types of underlying surface: 

 ,partddep CvF ⋅=           (10) 

where Fdep is the deposition flux of POP particulate phase to a given type of underlying surface; 

 Cpart is the concentration of POP particulate phase in the atmosphere. 

The differences between models in the description of this process lie in the method of calculation of 
deposition velocity. SimpleBox, EVN-BETR and UK-MODEL and G-CIEMS models use one and the 
same value of dry deposition velocity for all considered types of underlying surfaces. CliMoChem 
model takes into account the dependence of dry deposition velocity on underlying surface type and its 
seasonal variations. DEHM-POP, CAM/POPs and MSCE-POP models calculate dry deposition 
velocity to different types of underlying surface on the basis of current meteorological conditions (such 
as the friction velocity, the Monin-Obukhov length and the roughness parameter). Due to high 
scattering of dry deposition velocity values used by the participating models (see Table 25), large 
range of calculated values of dry deposition flux takes place.  
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Table 25.  Dry deposition velocity, m/s 

DEHM-POP MSCE-POP Type of 
underlying 

surface 

EVN-BETR  
and        

UK-MODEL Min Max Aver 
G-CIEMS CAM/ 

POPs Min Max Aver 
CliMoChem SimpleBox

Grass 0.003 0.0003 0.0194 0.0100 0.0025 0.0042 0.0007 0.0023 0.0015 0.000647 0.001 

Forest 0.003 0.0058 0.0172 0.0117 0.0025 0.0750 0.0005 0.0175 0.0090 0.0005 (conif) 
0.00518 (decid) 0.001 

Bare soil 0.003 0.0003 0.0250 0.0125 0.0025 0.0039 0.0007 0.0023 0.0015 0.003009 0.001 

Seawater 0.003 0.0002 0.0128 0.0064 0.0025 0.0017 0.0001 0.0010 0.0006 0.003009 0.001 

 

Below we compare ranges of calculated values of dry deposition flux obtained by all participating 
models. 

 

4.2.2. Input data 

The following four sets of input data are proposed for modelling experiments with PCB-153. 

Table 26.  Input data for computation experiments with PCB-153 describing dry deposition of particulate phase 

N Experiment 1 Experiment 2 Experiment 3 Experiment 4 
Type of underlying surfaces Grass Forest Bare soil Seawater 
Mean wind velocity, m/sec 4 4 4 4 
Air concentration of particulate phase, ng/m3 1 1 1 1 

 
Output: calculated PCB dry deposition fluxes to grass, forest, bare soil, and seawater, ng/m2/h. 

4.2.3. Comparison of the results 

The results of calculation of particulate dry deposition flux for PCB-153 were presented by seven 
models: EVN-BETR and UK-MODEL, DEHM-POP, G-CIEMS, CliMoChem, SimpleBox, CAM/POPs 
and MSCE-POP. According to descriptions of dry deposition accepted in these models 
parameterizations of the flux are one and the same for all PCB congeners so that the results concern 
also congeners PCB-28 and PCB-180. 

Three of the seven participated models (EVN-BETR and UK-MODEL, SimpleBox and G-CIEMS) do 
not distinguish different types of underlying surface in calculation of particulate dry deposition fluxes. 
For two models (DEHM-POP and MSCE-POP) range 
of calculated values depending on environmental 
parameters not included into the formulation of 
calculation experiment is presented. 

The plot of calculation results for the particulate dry 
deposition flux to different type of underlying surface 
are presented in Fig. 8. Of note that mean deposition 
flux to forest (10.23 ng/m2/h ) given in the plot for 
CliMoChem model was calculated for the sake of 
comparison as arithmetic mean of fluxes to coniferous 
and deciduous forest obtained by the model 
(presented in the plot as bars). The corresponding 
numerical values are given in Table 27. 
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Since there is large dispersion in the values of the deposition flux calculated by different models (See 
Table 27) we do not use statistical parameters for determining average levels of dry deposition flux 
but restrict ourselves by comparison of the values themselves. The additional reason for such an 
approach is that in two models from seven the range of calculated values of deposition flux are given 
and it is reasonable to include these ranges into consideration instead of comparison of mean values 
only. Short comments to the calculations made by participants can be found in Table 28. 

Table 27.   Particulate dry deposition flux from the atmosphere to different types of underlying surface, ng/m2/h  

DEHM-POP MSCE-POP Type of 
underlying 

surface 

EVN-BETR  
and        

UK-MODEL Min Max Aver* 
G-CIEMS CAM/POPs

Min Max Aver* 
CliMoChem SimpleBox

Grass 11 0.93 70 36 9 15 2.52 8.28 5.40 2.33 3.6 

Forest 11 20.9 62 42 9 270 1.80 63.00 32.40 
1.80**   

18.65*** 3.6 

Bare soil 11 0.93 90 45 9 14 2.52 8.28 5.40 10.83 3.6 

Seawater 11 0.76 46 23 9 6.1 0.36 3.60 1.98 10.83 3.6 

* - calculated as arithmetic mean between minimum and maximum; 
**-for coniferous forest; 
*** - for deciduous forest. 
 
Table 28. Comments 

Models Comments 

EVN-BETR and  
UK-MODEL  

Independent on underlying surface type; 
Calculations are made for all considered PCB congeners together 

SimpleBox 

Independent on underlying surface type;  
SimpleBox works with one single deposition velocity (10-3 m/s) of aerosol particles, regardless character of 
aerosol or surface.  
Calculations are made for all considered PCB congeners together; 
No TSP used in model. Assumed that 'standard' specific aerosol surface of 0.00015 m2/m3 corresponds with 
TSP 30 mg/m3, so that   
Drydep flux = drydep velocity ·TSP = 0.001 m/s ·30 mg/m3 ·1000 μg/mg ·3600 s/hr = 108000 μg/m2/hr 

G-CIEMS Independent on underlying surface type;  
Calculations are made for all considered PCB congeners together 

CAM/POPs Dependent on underlying surface type ; 
Calculations are made for all considered PCB congeners together 

CliMoChem 
Dependent on underlying surface type ;  
Calculations are made for all considered PCB congeners together; 
Flux = dry particle deposition velocity * air concentration of particulate phase 

DEHM-POP Dependent on underlying surface type ;  
Calculations are made for all considered PCB congeners together 

MSCE-POP  Dependent on underlying surface type ;  
Calculations are made for all considered PCB congeners together 

 

Taking into account all calculated values, it is seen that the values of dry deposition flux for different 
models are mostly of the same order. The lowest value of the flux to grass is obtained by CliMoChem 
model. The flux to forest calculated by CAM/POPs model is essentially larger than that calculated by 
other models. The max/min value of fluxes to bare soil calculated by all participating models is within 
a factor of 13. Mean values of the flux to seawater calculated by MSCE-POP model are lower than 
values obtained by all other models. In general, the largest discrepancy of calculated fluxes to 
different types of underlying surface takes place for forest: maximum (CAM/POPs) and minimum 
(CliMoChem for coniferous forest) calculated values differ 150 times. 

To evaluate the similarity between models we use correlation coefficients where appropriate (that is, 
between models where depositions to different types of underlying surface differ from one another). 
These correlation coefficients are presented in Table 29. 
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Table 29. Correlation coefficients  

CAM/POPs MSCE-POP CliMoChem 
DEHM-POP 0.40 0.47 0.01 
CAM/POPs - 1.00 0.25 
MSCE-POP - - 0.21 

 

The correlation coefficients between mean values of particulate dry deposition flux to different types of 
underlying surface calculated by DEHM-POP and MSCE-POP models and by DEHM-POP and 
CAM/POPs models are equal to 0.47 and 0.40, respectively. Correlation between CAM/POPs and 
MSCE-POP model is very high. Correlation between CliMoChem (taking into account the average 
value of the flux to forest) and the above three models is poor. 

Values of average dry deposition flux for different models agree mostly within an order of magnitude.  
The type of underlying surface essentially affects deposition fluxes. For models distinguishing different 
types of underlying surface the best correlation is for CAM/POPs and MSCE-POP.  

 

4.3. Wet deposition 

4.3.1. Model approaches 

All participating models use similar approach to the description of wet scavenging of POPs based on 
the calculation of separate washout for particulate and gaseous phases of a pollutant. Total 
dimensionless washout ratio WT is determined by the Eq. (11): 

 WT = WG (1 - φ) + WPφ,   (11) 

where WG  is the washout ratio of the gas phase; 
WP  is the washout ratio of a substance associated with aerosol particles; 

 φ  is the substance fraction associated with aerosol particles. 
Under such approach the concentration of the phase i (gaseous or particulate) in precipitation is 
expressed as 

 Cp,i = Wi · Ca,i,                          (12)
                 
  

where Cp,i - concentration of the phase i in precipitation; 
 Wi  - value of washout ratio for the phase i; 
 Ca,i - concentration of the phase i in air. 

For the description of gaseous phase scavenging with precipitation, the instantaneous equilibrium 
between the gaseous phase in the air and the dissolved phase in precipitation is assumed. For 
calculations of washout or scavenging ratio for gaseous phase, all the models use the inverse relation 
of dimensionless Henry’s law constant taken in the form of  temperature dependence.  

For the description of particle bound phase scavenging with precipitation, the constant washout or 
scavenging ratio (W or Q, dimensionless) determined experimentally or estimated theoretically is used 
in MSCE-POP, EVN-BETR and UK-MODEL, DEHM-POP, G-CIEMS and CliMoChem models. The 
differences between model descriptions is mostly determined by the difference of washout or 
scavenging ratio values used for the calculation of particulate phase scavenging. Values of this 
parameter are given in Table 30.   
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Table 30. Scavenging ratio (washout ratio) for the particle phase of PCB-153 
 

Model Description and comments Numerical values Reference 

G-CIEMS 
Fixed scavenging ratio for atmospheric 
particles. Scavenging ratio is one and the 
same over all land and water surfaces. 

10,000-200,000, 
depending on the case 

 

Rain Scavenging ratio 200000 EVN-BETR and 
UK-MODEL Snow Scavenging Ratio 1000000 

This study 

CliMoChem 
scavenging ratio: the air volume scavenged by 
the falling rain is scavratio-times greater than 
the rainwater volume 

200000 Mackay and Paterson, 1991 

Λbc is the below cloud scavenging coefficient 100000 DEHM-POP 
Λc is the in cloud scavenging coefficient 700000 

Christensen, 1997 

MSCE-POP Washout ratio for the particle phase 150000 Sweetman and Jones 2000 
 

 
The scattering of scavenging ratio (or washout ratio) is rather large. For these models, its values vary 
from 10000 to 700000. The DEHM-POP model uses constant scavenging ratios but makes distinction 
between in-cloud and below-cloud scavenging. Besides in this model, description of wet deposition 
process is dependent on height of precipitation formation. The EVN-BETR and UK-MODEL use 
constant scavenging ratios for rain and snow scavenging separately.  

To calculate the particulate wet deposition flux, CAM/POPs includes the value of scavenging rate (in 
s-1) dependent on mean particle/drop collection efficiency and do not use the value of scavenging 
ratio. Besides, this model uses 12-bin structure of Sulphate aerosol for calculations of particulate 
phase scavenging. In CAM/POPs rain and snow scavenging are also considered separately. In 
SimpleBox model aerosol washout of a pollutant is determined with the help of constant value of 
aerosol collection efficiency, which varies greatly with the size of the particles and depends also on 
the chemical. 

Below the results of model calculations of PCB-153 concentration in precipitation for different 
environmental conditions made by six models (EVN-BETR and UK-MODEL, G-CIEMS, CAM/POPs,  
SimpleBox, CliMoChem and MSCE-POP) are presented. As it will be seen, the variability of 
approaches to calculation of the scavenging ratio lead to essential differences in model calculations of 
concentrations in precipitation. 

4.3.2. Input data 

Six sets of input data are proposed for modelling experiments with PCB-153. 

Table 31. Input data for computation experiments with PCB-153 describing wet deposition  

N Experiment 
1 

Experiment 
2 

Experiment 
3 

Experiment 
4 

Experiment 
5 

Experiment 
6 

Precipitation intensity, 
mm/hour 1 1 1 10 10 10 

Precipitation height, m 1000 1000 1000 1000 1000 1000 
Average ambient 
temperature, ºC -1 3 15 -1 3 15 

Air concentration, 
gaseous phase, pg/m3 7 7.3 33.7 7 7.3 33.7 

Air concentration, 
particulate phase, pg/m3 5.3 4.8 1.5 5.3 4.8 1.5 

Output: calculated wet deposition fluxes, ng/m2/hour and total (dissolved+particulate) concentrations 
of PCB in precipitation, pg/l. 
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4.3.3. Comparison of the results 

Numerical results of experiments on calculations of concentration in precipitation and wet deposition 
fluxes obtained by the participating models and their analysis are presented in this Section for PCB-
153. The corresponding results for other substances can be found in Annexes D and E. 

Analysis of the experiments. Similar to the case of gas/particle partitioning process, we use the 
following statistical parameters for each experiment: 

 m is the average concentration in precipitation calculated by participating models; 

 σ is the square deviation of results obtained by different models; 

Since additional experiments on wet deposition (last three experiments) were made only by three 
participating models, statistical processing is performed for the calculation results of the first three 
experiments. It should be mentioned that results of Experiments 4, 5 and 6 calculated by G-CIEMS, 
MSCE-POP and SimpleBox show the same concentration in precipitation as in Experiments 1, 2, and 
3, respectively.  Fluxes between Experiments 1, 2, 3 and Experiments 4, 5, 6 differ ten times in 
accordance with the different values of precipitation intensity given (See Table 31). Calculated values 
of concentration in precipitation for PCB-153 together with m and σ are presented in Table 32. 
Comparison of absolute values of calculated wet deposition fluxes for PCB-153 and  the above 
mentioned statistical parameters for each experiment are given  in Table 33. Short comments to the 
calculations can be found in Table 34. 

For the first two of the experiments, square deviation σϕ between different model calculations of 
concentration in precipitation and wet deposition flux (see last column in Tables 32 and 33) do not 
exceed the averaged value of these parameters. In the third experiment square deviation to some 
extent overdraws the average value of both parameters.  It corresponds to the fact that in the first two 
experiments calculated values of concentrations in precipitation vary within a factor of six whereas for 
the last experiment the difference between maximum and minimum values is equal to 14. The lowest 
values of this parameter is obtained by MSCE-POP model. Considering absolute values of wet 
deposition flux, it is seen that max/min ratio lies within an order of magnitude for the first two 
experiments and comes up to 36 times for the highest temperature. The highest values of wet 
deposition flux are  calculated by CAM/POPs model, and the lowest ones – by CliMoChem model. 
Since for high temperatures the calculated fraction of gaseous phase of PCB-153 in the atmosphere 
is high enough (about 80% on the average, see the description of gas/particle partitioning), the 
maximum dispersion of calculated results between models take place for that temperature in which 
pollutant presents in the atmosphere mostly in the gaseous phase. 

Table 32.   Calculation results: total (dissolved + particulate) concentrations of PCB-153 in precipitation, pg/l 

No T 
(°C) 

EVN-BETR 
and UK 
model 

G-CIEMS CAM/POPs MSCE-POP CliMoChem SimpleBox m σ 

1 -1 1870 1070 3042 808 2325 1094 1702 870 
2 3 1510 967 2130 729 4424 984 1791 1384 
3 15 1480 310 3262 237 1263 338 1148 1165 

 

Table 33.   Calculation results: wet deposition flux of PCB-153, ng/m2/hour  

No T 
(°C) 

EVN-BETR 
and UK 
model 

G-CIEMS CAM/POPs MSCE-POP CliMoChem SimpleBox m σ 

1 -1 1.870 1.070 3.042 0.808 0.313 1.094 1.366 0.964 
2 3 1.510 0.967 2.130 0.729 0.283 0.984 1.100 0.643 
3 15 1.480 0.310 3.262 0.237 0.091 0.338 0.953 1.237 
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Table 34. Comments 

Models Physical-chemical 
data set Comments 

EVN-BETR 
and         

UK-MODEL  
Own 

Fugacity approach;      Dair-surface = Q · Surface Area · Particles in air fraction · KQA · UR · Zair 
In the case of deposition in vegetation, the percentage of rain interception due to vegetation is taken 
into account.   UR - rain rate = 8.84 x 10-5 m/h;  

SimpleBox “Reference” 

Concentration in air adjusted by setting emission to air. 
Wet deposition flux (mol/m2/s) = (GasWashout (m/s) + AerosolWashout (m/s)) · CONCair (mol/m3) 
GasWashout = RAINrate (m/s) ·  FRgas (-) / Kh (-) 
AerosolWashout = RAINrate (m/s) ·  (1-FRgas (-)) · COLLECTeff (-) 
RAINrate = precipitation intensity from input set 
FRgas = fraction of substance in gas phase = 1 - FRaerosol 
Kh = dimensionless Henry's Law Constant at ambient temperature = Kh(25C) · exp((H0

vap-H0
sol)/8.314)

· (1/298-1/T)) 
H0

vap, H0
sol = Enthalpy of vaporization, dissolution in water = ΔUa, ΔUW from reference data set 

COLLECTeff = aerosol collection efficiency = 2⋅105 m3(air)/m3(rain) by default 
CONCair = total PCB concentration in air (mol/m3)  

CAM/POPs Own Dependent on aerosol size distribution:  
a typical 12 size-bin structure of  Sulphate Aerosol as additional input data in this experiment 

CliMoChem Own 

surface fraction of  grass, coniferous forest and decideous forest of the vegetation area: 0.63; 0.17; 
0.2 [Möller, 2002] fraction of rain falling on grass, coniferous forest and decideous forest: 0.068, 0.35, 
0.193 [Wania et al., 2001]; 
Wet gaseous deposition flux = 1/kAW temperature dependent  ·  rainfall velocity  ·  air concentration 
gaseous phase 
Wet particle deposition flux = wet deposition velocity  ·  air concentration particulate phase  
(the rain fraction falling on vegetation and vegetation covered soil was considered when calculating 
the flux to these compartments)  

MSCE-POP Own 
Equation (12); 
Washout ratio for the gaseous phase Wg  = 1/K’H  is calculated with the help of  temperature 
dependent dimensionless Henry’s law constant; washout ratio for particulate phase determined 
experimentally is used. 

G-CIEMS “Reference” 
F = Rain·Cair /H +(TSP/ρ)·Q·Cparticle,  where F is total mass flux by this process, Rain is rain rate, Cair is 
gaseous concentration of chemical, H is Henry’s law constant, TSP is particulate concentration, ρ is 
density of particles, Q is scavenging ratio of particles, and Cparticle is volumetric chemical concentration 
in particles. 

 
Pairwise comparison of the models. Let us proceed with pairwise comparison of calculation results 
obtained by different models. Such comparison was made only for the values of concentrations in 
precipitation since the values of wet deposition fluxes are proportional to the concentrations practically 
in all models’ results (except for CliMoChem). As in the 
case of gas/aerosol partitioning, the relation between 
calculated concentrations in precipitation c1 and c2 
obtained by compared models for different environmental 
conditions (for first three experiments only) is described by 
the equation (9). 

Below brief analysis of the correlation coefficient r12 of the 
compared models, regression coefficients α12 and β12 and 
residual square deviation σres

12 is given. 

Correlation coefficients for concentration in precipitation 
calculated by the models is presented in Table 35. The 
comparison of calculated values of concentrations in 
precipitation is also displayed in Fig. 9.  

 

Table 35. Correlation coefficients for concentration in precipitation 

G-CIEMS CAM/POPs MSCE-POP CliMoChem SimpleBox 
EVN-BETR and UK model 0.66 0.27 0.66 -0.12 0.67 
G-CIEMS - -0.55 1.00 0.67 1.00 
CAM/POPs - - -0.55 -0.99 -0.54 
MSCE-POP - - - 0.67 1.00 
CliMoChem - - - - 0.66 
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Fig. 9. Concentration in precipitation 
calculated by different models for different 
values of ambient temperatures, pg/l  
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Most close results are obtained by G-CIEMS and SimpleBox, by G-CIEMS and MSCE-POP models 
and by MSCE-POP and SimpleBox models (correlation coefficient in all cases is equal to 1.00). The 
values of concentrations in precipitation obtained by the rest three models are essentially higher. 
Temperature dependence of concentrations in precipitation obtained by EVN-BETR and UK-MODEL 
and G-CIEMS, by  EVN-BETR and UK-MODEL and MSCE-POP are close but with some shift. 
Results of CliMoChem are also well correlated with G-CIEMS, MSCE-POP and SimpleBox models. 
No correlation is observed between CAM/POPs and all other models and between EVN-BETR and 
UK-MODEL and  CliMoChem model. 

Regression coefficients α12 and β12 (characterizing a non-random component of the regression 
relation) are presented in Table 36. 
 
Table 36. Coefficients of regression dependence between the models (α / β)  for concentration in precipitation 

 G-CIEMS CAM/POPs MSCE-POP CliMoChem SimpleBox 
EVN-BETR and UK 
model 

1.250 / -1242 0.738 / 1616 0.941 / -933 -0.871/ 4082 1.253 / -1225 

G-CIEMS – -0.801 / 3438 0.750 / 4 2.616 / 624 0.992 / 30 

CAM/POPs – – -0.282 / 1385 -2.649 / 10117 -0.369 / 1844 

MSCE-POP – – – 3.475 / 616 1.322 / 24 

CliMoChem – – – – 0.169 / 355 
Mean concentration in 
precipitation 782 2811 591 2671 805 

 

The differences between the models is determined by scaling coefficient α, which varies within a very 
wide range from –0.87 to 3.48. However, it is seen that this coefficients are very close to 1 for the 
most part of considered pairs of models (range from 0.8 to 1.3). Coefficients β  are small enough 
compared with mean values of concentrations in precipitation for the most part of model pairs also 
(see last line in Table 36). The highest values of this parameter is obtained for the comparison of 
results of CAM/POPs and CliMoChem models. The lowest values of /β/  are observed for the results 
of the following pair of models: MSCE-POP and G-CIEMS. Taking into account both these regression 
coefficients’ values, G-CIEMS and MSCE-POP,  G-CIEMS and SimpleBox, and MSCE-POP and 
SimpleBox show the most close results in the experiments of wet deposition process. 

Pairwise residual square deviation σ presented in Table 37 (characterizing the magnitude of random 
component ω12) is allowed to reveal the reliability of comparative analysis given above. 

Table 37. Residual square deviation, σ for concentration in precipitation 

G-CIEMS CAM/POPs MSCE-POP CliMoChem SimpleBox 
EVN-BETR and 
UK model 439 818 329 2259 432 

G-CIEMS - 709 1 1687 6 
CAM/POPs - - 366 345 486 
MSCE-POP - - - 1692 4 
CliMoChem - - - - 433 

 

Values of σ vary within wide range from 1 to 2259. The highest values of the random component are 
characteristic of the comparisons between CliMoChem and EVN-BETR and UK-MODEL,  between 
CliMoChem and G-CIEMS, between CliMoChem and MSCE-POP. The lowest values are obtained for 
G-CIEMS and MSCE-POP,  G-CIEMS and SimpleBox, and MSCE-POP and SimpleBox. 

The results of calculation experiments with PCB-28 and PCB-180  (see Annexes D and E) show also 
large dispersion between the absolute values of concentrations in precipitation and wet deposition 
fluxes calculated by different models. For PCB-28 there is a good correlation between results of 
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MSCE-POP, ClimoChem and SimpleBox (correlation coefficient is equal to 1). Calculated 
concentrations of PCB-180 in precipitation are also well correlated between these three models 
(correlation coefficient vary from 0.91 to 1) and between CAM/POPs and EVN-BETR and UK model 
(correlation coefficient is equal to 0.76). 

For better understanding of model approaches to the description of wet deposition process, sensitivity 
study with respect to model descriptions and their parameterizations is reasonable. Special attention 
is to be paid for the description of wet scavenging of gaseous phase of POPs. 

 
4.4. Gaseous exchange between atmosphere and soil 

4.4.1. Model approaches 

Within theory of intermedia diffusion, there exists a large diversity of approaches to the description of 
atmosphere/soil gaseous exchange. Here we present just very rough classification of similarities and 
distinctions of approaches used; details can be found in Table  41 and Annex C. 

Gaseous exchange between atmosphere and soil is described by all participating models using 
resistance analogy but with some peculiarities. Processes of redistribution between different phases in 
soil are taken into account practically in all models (except for CAM/POPs, in which  diffusion to low 
soil layers is considered). EVN-BETR and UK-MODEL implements fugacity approach for description 
of gaseous exchange between the atmosphere and soil compartments using three different diffusion 
transport velocity values for soil air-phase, soil water-phase and soil air boundary layer diffusion. In 
addition to dry gaseous deposition and revolatilization,  in CliMoChem model process of bioturbation 
is also considered. This model takes also into consideration the percentage of vegetation coverage of 
soil. For the description of pollutant absorption from gas phase by soil and its volatilization from soil, 
SimpleBox uses two overall air-soil mass transfer coefficients (gas and soil-referenced) calculated 
considering processes of advection, diffusion and degradation. G-CIEMS also exploits two thin-film 
theory of intermedia diffusion (with restricted diffusion for soil-side mass transfer) using two mass 
transfer coefficients calculated with the help of molecular diffusivity and effective diffusion. For the 
calculation of atmosphere/soil flux, in MSCE-POP model three different resistances (turbulent air 
sublayer, laminar surface air sublayer and  surface soil resistances) and effective diffusion coefficients 
are used. In addition, processes of vertical diffusion and advection with water flux and degradation of 
the pollutant in soil are considered in this model. The rest two models (DEHM-POP and CAM/POPs) 
evaluate air/soil exchange flux also using effective diffusion coefficients. 

The difference between model approaches to the description of air/soil exchange is also in the 
number and thickness of considered soil layers. EVN-BETR and UK-MODEL, DEHM-POP, G-CIEMS, 
CliMoChem and SimpleBox  model use one vertical layer in soil compartment which thickness varies 
from 5 to 15 cm. CAM/POPs uses three layers (5 cm altogether), and in MSCE-POP multi-layer 
approach (20 cm altogether) is used. Thus, all models consider different depth of soil compartment 
which varies from 5 to 20 cm. 

Below the results of calculation experiments on air/soil exchange obtained by seven models are 
compared. Two models (G-CIEMS and MSCE-POP) presented two versions of calculations each (see 
below). 

Since accumulation and clearance processes in soil require large time (decades), investigation of 
accumulation/clearance dynamics of POPs in soil is of importance. This investigation is exemplified by 
calculation experiments made by CAM/POPs, EVN-BETR and UK model, SimpleBox and MSCE-POP 
models in the end of this section. 
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4.4.2. Input data 

Four sets of input data are proposed for modelling experiments with PCB-153. 

Table 38.  Input data for computation experiments with PCB-153 describing air/soil exchange 

N Experiment 1 Experiment 2 Experiment  3 Experiment 4 
Averaged ambient temperature, ºC 10 10.9 12.9 13.9 
Air concentration, gaseous phase,  pg/m3 0.8 5.5 6.8 2.8 
Bulk soil density, kg/m3 1210 1080 890 1360 
Volumetric water content in soil, % 20.6 41.4 26.4 16.8 
Volumetric air content in soil, % 20 20 20 20 
Fraction of organic carbon in soil, % 7.1 17.7 12.3 4 

 
Output: calculation of  PCB-153 soil concentrations, ng/g and gaseous fluxes from and to soil and/or 
net gaseous flux to soil, ng/m2/d. 

 

4.4.3. Comparison of the results 

Here we present numerical results of calculations of soil concentrations and net gaseous flux to soil 
obtained by the participating models and their analysis for PCB-153. The corresponding results for 
other substances can be found in Annexes D and E. 

Similar to the cases of gas/particle partitioning and wet deposition, the analysis is performed into two 
stages. At the first stage we present an analysis of the calculated concentrations and net gaseous 
fluxes to soil and characterize the dispersion in these values in each experiment. At the second stage 
we analyze pairwise differences between participating models using the regression analysis. In 
addition the analysis of accumulation and clearance processes calculated by four models 
(CAM/POPs, EVN-BETR and UK model, SimpleBox and MSCE-POP) is performed. 

Analysis of the experiments. Here we use the following statistical parameters for each experiment: 

 m is the average soil concentrations for participating models; 

 σ is the square deviation; 

EVN-BETR and UK model, SimpleBox, and DEHM-POP models have made calculations on these 
experiments using steady-state approach. CliMoChem and CAM/POPs models have obtained results 
for  equilibrium state. For G-CIEMS model two versions of calculations are presented: for steady-state 
(G-CIEMS 1) and at equilibrium using interim  
calculation parameters of the model (G-CIEMS 2). 
For MSCE-POP model two calculation versions are 
presented as well: steady-state calculations (MSCE-
POP 1) and calculations from dynamic model 
(MSCE-POP 2). In the latter case calculations for 60 
year period with air concentration roughly simulating 
the trend of PCB air concentrations and additional 
two years with constant air concentrations equal to 
that specified in the input data. In this case soil 
concentrations in the end of calculation period were 
used for comparison. Fig. 10 illustrates air 
concentration trend used in calculations for 
Experiment 1. 
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Fig. 10. Air concentration trend used for 
calculations for MSCE-POP model (MSCE-POP 
2) for Experiment 1 
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Calculation results for PCB-153 soil concentrations together with m and σ  are presented in Table 39. 
Net gaseous fluxes to soil of PCB-153 calculated by the models and statistical parameters used for its 
evaluation are given in Table 40. Table 41 contains appropriate comments to the calculations made 
by each model.  

The analysis of the results submitted by participants shows that there is rather large differences 
between calculated both soil concentrations values and net gaseous flux values. It is confirmed by the 
fact that square deviation values exceed the average values in both cases. For calculated soil 
concentrations, results obtained by SimpleBox model are essentially lower than other ones. The 
comparison of calculated net gaseous fluxes  shows that calculations of CAM/POPs differ from other 
model results in several order of magnitude. Below we analyze pairwise differences between 
participating models. 

 

Table 39.   Calculation results: soil concentrations of PCB-153 (ng/g) calculated by models and statistical 
parameters used for evaluation 

G-CIEMS MSCE-POP 
No 

Air 
conc, 
pg/m3 

EVN-BETR 
and       

UK-MODEL 

DEHM-
POP 

1 2 

CAM/   
POPs 

1 2 
CliMoChem SimpleBox m σ 

1 0.8 0.0020 0.4635 0.0071 0.0831 0.5719 0.0184 0.1047 0.0822 0.0001 0.15 0.21 
2 5.5 0.0138 7.6195 0.0652 1.3089 8.6991 0.1454 0.8284 0.9207 0.0013 2.18 3.43 
3 6.8 0.0177 6.3204 0.0652 0.9334 6.4227 0.2045 1.1675 1.0491 0.0015 1.80 2.63 
4 2.8 0.0042 1.3987 0.0123 0.1140 0.7934 0.0518 0.2951 0.0962 0.0003 0.31 0.48 

 
Table 40.   Calculation results: net gaseous flux to soil, of PCB-153 (ng/m2/d) calculated by models and 
statistical parameters used for evaluation 

G-CIEMS MSCE-POP 
No 

Air 
conc, 
pg/m3 

EVN-BETR 
and        

UK-MODEL 1 2 

CAM/ 
POPs 

1 2 

CliMo 
Chem SimpleBox m* σ ∗ 

1 0.8 8.19E-04 3.71E-04 0.0 3.51E-13 2.98E-02 8.96E-03 0.0 7.16E-02 1.86E-02 2.83E-02 
2 5.5 5.81E-03 1.66E-03 0.0 5.01E-12 2.29E-01 1.57E-01 0.0 4.95E-01 1.48E-01 1.95E-01 
3 6.8 7.66E-03 2.56E-03 0.0 2.06E-12 2.54E-01 8.23E-02 0.0 6.08E-01 1.59E-01 2.40E-01 
4 2.8 3.16E-03 1.49E-03 0.0 3.94E-13 7.66E-02 -7.14E-02 0.0 2.48E-01 4.29E-02 1.11E-01 

* - statistical parameters are calculated for models using steady-state and dynamic approaches. 

 
Table 41. Comments 

Models 
Physical-
chemical 
data set 

Numbers of 
layers  in soil 
compartment 

Thickness of 
considered 
soil layers, 

cm 

Comments 

E
V

N
-B

E
TR

 a
nd

  K
-M

O
D

E
L 

Own 1 10 

Steady-state 
Fugacity approach 
Redistribution between different phases in soil 
Individual/own dataset extremely close to the reference dataset; 
The flux was calculated as Gaseous flux = Dair-soil · Fugacity (Pa)   
Dair-soil = (Soil Area · Zair) / [(Zair / (MTCas · Zair + MTCsw · Zwater)) + 1 / MTCsabl]  
Soil Area = 8.36⋅ 1012 m2 
MTCas :   soil air-phase diffusion transport velocity = 0.04 m/h   
MTCsw :   soil water-phase diffusion transport velocity = 1 ⋅ 10-5 m/h   
MTCsabl : soil air boundary layer transport velocity = 1 m/h   

 



 53

 

Models 
Physical-
chemical 
data set 

Numbers of 
layers  in soil 
compartment 

Thickness of 
considered 
soil layers, 

cm 

Comments 
S

im
pl

eB
ox

 

“Reference” 1 5 

Steady-state 
Redistribution between different phases in soil and other processes; 
Concentration in air adjusted by setting emission to air. 
Transport between air and soil entirely by gas exchange. Other exchange mechanisms 
"switched off"; vegetation "switched off".  
Transport across air-soil interface calculated by two-resistance model. Air side: film 
diffusion; soil side: steady-state penetration into  half-infitite poreous medium with 
homogeneous degradation.     
Calculated concentration in soil is bulk, wet concentration in ng PCB per g of wet soil; 
concentration on dry weight basis added.  
Absorption from gas phase by soil (mol/m2/s) = FRgas (-)· kas(gas) (m/s) · CONCair (mol/m3) 
Volatilization from soil (mol/m2/s) = kas(soil) (m/s) · CONCsoil (mol/m3)  
kas(gas) = overall gas-referenced air-soil mass transfer coefficient = kas.air · kas.soil / 
(kas.air · (Kh/Ksw) + kas.soil)      
kas(soil) = overall soil-referenced air-soil mass transfer coefficient = kas.air · kas.soil / 
(kas.air + kas.soil/(Kh/Ksw) )      
kas.air (m/s) = partial mass transfer coefficient for air-side of the air-soil interface =  
1.05 ⋅ 10-3 m/s by default       
kas.soil (m/s) = partial mass transfer coefficient for soil-side of the air-soil interface =  
Veff + Deff / PENdepth       
PENdepth (m) = penetration depth of PCB in soil = Veff + SQRT(Veff^2 + 4·KDEG·Deff) / 
2·KDEG 
Veff (m/s) = effective (water+solids) downward advection of PCB into soil  
Deff (m2/s) = effective (gas+water+solid) diffusion coefficient of PCB in soil  
KDEG (s-1) = first-order degradation rate constant of PCB in soil   
Kh (-) = dimensionless air-water equilibrium constant    
Ksw (-) = dimensionless soil-water equilibrium constant    

C
A

M
/P

O
P

s 

Own 3 5 (0-1,  1-3, 
3-5) 

Equilibrium; 
Diffusion to low soil layers; 
Two transfer processes: the chemical transfer between deep soil layers and surface soil, 
and the exchange of the chemical vapour between the soil surface and the atmosphere.   

C
liM

oC
he

m
 

Own 1 10 

Equilibrium; 
The concentrations are at steady-state; 
Redistribution between different phases in soil 
Dry gaseous deposition; 
Revolatilization; 
Bioturbation; 
Dry gaseous deposition flux=diffusion rate air to bare soil · (1-particle bound fraction in 
air) ·concentration in air · air volume/(bare soil volume/ thickness of soil layer) 
Revolatilization flux = diffusion rate bare soil to air · steady state concentration in bare 
soil · bare soil volume/(bare soil volume/thickness of soil layer) 
(Model Geometry: box lenght: 100000 m; box width: 100000 m; fraction of bare soil area 
to total area: 0.0345) 

M
S

C
E

-P
O

P
  

1 Steady-state; 

M
S

C
E

-P
O

P
 

2 

Own 7 

20 
(0.1,  
0.3,  
0.6, 
1 
2 
5 

11) Dynamic 

Redistribution between different phases in soil; 
Vertical diffusion and advection with water flux;  
Degradation of the pollutant. 
Gaseous exchange with the atmosphere parameterized using three- 
resistances approach (turbulent air sublayer, laminar surface air 
sublayer and  surface soil resistances ). Amosphere/soil flux is 
calculated as follows: 

,
sba

g
s

g
ag

dry rrr
CC

F
++

−
=  

G
-C

IE
M

S
 1

 

1 5 

Steady-state  
Redistribution between different phases in soil 
Diffusion to low soil layers and other processes 

G
-C

IE
M

S
 2

 “Reference”

1 5 
Equilibrium; 
Redistribution between different phases in soil 
Diffusion to low soil layers and other processes 

D
E

H
M

-P
O

P
 

Own 1 15 

Steady-state 
Redistribution between different phases in soil 
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Pairwise comparison of the models. As in the case of gas/aerosol partitioning, the relation between 
calculated soil concentrations c1 and c2 obtained by compared models for different environmental 
conditions (including air concentration values) is expressed by the equation (9). 

Below brief analysis of the correlation coefficient r12 of the compared models, regression coefficients 
α12 and β12 and residual square deviation σres

12 is given. 

In spite of the fact that numerical values of soil concentrations are highly different, the variations of the 
corresponding numerical values caused by change of environmental conditions between different 
experiments are similarly described by models. This can be seen from values of pairwise correlation 
coefficients varying in the range from 0.85 to almost 1 (Table 42).  

Table 42. Correlation coefficients for soil concentrations 

 DEHM-POP G-CIEMS 1 G-CIEMS 2 CAM/ POPs MSCE-POP 
1 

MSCE-POP   
2 CliMoChem SimpleBox

EVN-BETR and 
UK-MODEL 0.93 0.98 0.89 0.90 1.00 1.00 0.99 0.99 

DEHM-POP - 0.99 0.99 0.99 0.90 0.90 0.96 0.97 
G-CIEMS 1 - - 0.97 0.97 0.95 0.95 0.99 0.99 
G-CIEMS 2 - - - 1.00 0.85 0.85 0.94 0.93 
CAM/POPs - - - - 0.86 0.86 0.95 0.94 
MSCE-POP 1 - - - - - 1.00 0.97 0.98 
MSCE-POP 2 - - - - - - 0.97 0.98 
CliMoChem - - - - - - - 1.00 

 
For net gaseous flux (Table 43), the best correlation is observed between SimpleBox and EVN-BETR 
and UK-MODEL, between MSCE-POP 1 and SimpleBox, between EVN-BETR and UK-MODEL and  
MSCE-POP 1, and between MSCE-POP 2  and CAM/POPs models. It is also seen that results of G-
CIEMS 1 are well correlated with data of  EVN-BETR and UK-MODEL, MSCE-POP 1, and 
SimpleBox. There is no correlation between G-CIEMS 1 and two models: MSCE-POP 2 and 
CAM/POPs. 

Table 43. Correlation coefficients for net gaseous flux to soil of PCB-153* 

 G-CIEMS 1 CAM/POPs MSCE-POP 1 MSCE-POP 2 SimpleBox 
EVN-BETR and 
UK-MODEL 0.96 0.63 0.97 0.63 1.00 
G-CIEMS 1 - 0.41 0.87 0.38 0.94 
CAM/POPs - - 0.77 0.91 0.68 
MSCE-POP 1 - - - 0.79 0.99 
MSCE-POP 2 - - - - 0.67 

* - statistical parameters are calculated for models using steady-state and dynamic approaches. 

Table 44 contains the values of regression coefficients α and β  calculated  for all pairs of models in 
terms of soil concentrations. It is seen that coefficients β  are small enough compared with mean 
values of soil concentrations for all pairs of models (see last line in Table 44) and the differences 
between the models are explained mainly by scaling coefficient α. The latter varies in a very wide 
range (0.0002 - 486.145). The smallest value (0.0002) is characteristic for regression between DEHM-
POP and SimpleBox and for regression between CAM/POPs and SimpleBox.  The highest value 
(486.145) is obtained for regression between EVN-BETR and UK-MODEL and CAM/POPs. Pairs of 
models: G-CIEMS 2 and CliMoChem,  MSCE-POP 2 and CliMoChem, and DEHM-POP and  
CAM/POPs show close results (regression coefficients α are close enough to 1).  

Table 45 contains the values of regression coefficients α and β  calculated  for all pairs of models in 
terms of net gaseous fluxes to soil. 
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Table 44. Coefficients of regression dependence between the models (α / β)  for soil concentrations 
 DEHM-POP G-CIEMS 1 G-CIEMS 2 CAM/POPs MSCE-POP 1 MSCE-POP 2 CliMoChem SimpleBox

EVN-BETR 
and               
UK-MODEL 

439.672 / 
-0.189 

4.153/ 
-0.002 

71.840/ 
-0.067 

486.145/ 
-0.455 

11.284/ 
-0.001 

64.380/ 
-0.007 

68.067/ 
-0.104 

0.091 / 
-0.00005 

DEHM-POP – 0.009/ 
0.002 0.170/ -0.063 1.142/ 

-0.391 
0.022/ 
0.019 

0.124/ 
0.108 

0.141 / 
-0.021 

0.0002 / 
0.0001 

G-CIEMS 1 – – 18.380/ 
-0.079 

123.634 / 
-0.512 

2.539/ 
0.010 

14.479/ 
0.056 

16.085 / 
-0.066 

0.021 / 
0.00001 

G-CIEMS 2 – – – 6.685/ 
0.045 

0.119/ 
0.033 

0.676 / 
0.186 

0.799 / 
0.050 

0.001 / 
0.0002 

CAM/POPs – – – – 0.018/ 
0.031 

0.103 / 
0.176 

0.121/ 
0.040 

0.0002 / 
0.0002 

MSCE-POP 1 – – – – – 5.706/ 
-0.0004 

5.912 / 
-0.084 

0.008 / 
-0.00003 

MSCE-POP 2 –      1.036 / 
-0.083 

0.001 / 
-0.00003 

CliMoChem –       0.001 / 
0.0001 

Mean soil 
concentration 3.9505 0.0375 0.6099 4.1218 0.1050 0.5989 0.5371 0.0008 

 
Table 45. Coefficients of regression dependence between the models (α / β)  for net gaseous flux to soil of PCB-153* 

 G-CIEMS 1 CAM/POPs MSCE-POP 1 MSCE-POP 2 SimpleBox 
EVN-BETR and 
UK-MODEL 

0.29 / 2.68E-
04 4.57E-10 / -3.97E-14 35.99 / -0.01 20.46 / -0.05 80.46 / 0.005 

G-CIEMS 1 – 1.01E-09 / 4.26E-13 107.21 / -0.02 41.17 / -0.02 252.85 / -0.03 
CAM/POPs – – 3.90E+10 / 0.07 4.07E+10 / -0.04 7.50E+10 / 0.21 
MSCE-POP 1 – – – 0.69 / -0.06 2.15 / 0.04 
MSCE-POP 2 – – – – 1.67 / 0.28 

* - statistical parameters are calculated for models using steady-state and dynamic approaches. 

 

The difference between the participating models in values of scaling coefficient α is even more 
essential for net gaseous fluxes than for concentrations. The best α value (that means the most close 
to 1 among others) is equal to 1.7 and is characteristic for regression between MSCE-POP 2 and 
SimpleBox models. 

To assess the reliability of comparative analysis given above calculations of pairwise residual square 
deviation σ  were done (Table 46 and 47).  

 
Table 46. Residual square deviation (σ) for soil concentrations 

 DEHM-POP G-CIEMS 1 G-CIEMS 2 CAM/POPs MSCE-POP 1 MSCE-POP 2 CliMoChem SimpleBox
EVN-BETR and
UK-MODEL 2.182 0.012 0.486 3.098 0.012 0.072 0.142 0.0001 

DEHM-POP - 0.009 0.142 0.820 0.063 0.361 0.240 0.0003 
G-CIEMS 1 - - 0.269 1.633 0.044 0.254 0.104 0.0001 
G-CIEMS 2 - - - 0.171 0.078 0.449 0.313 0.0004 
CAM/POPs - - - - 0.075 0.432 0.293 0.0004 
MSCE-POP 1 - - - - - 0.001 0.214 0.0002 
MSCE-POP 2 - - - - - - 0.215 0.0002 
CliMoChem - - - - - - - 0.0001 

 
Table 47. Residual square deviation (σ ) for net gaseous flux to soil of PCB-153 

 DEHM-POP G-CIEMS 1 G-CIEMS 2 CAM/POPs SimpleBox 
EVN-BETR and UK-
MODEL 4.46E-04 2.95E-12 0.04 0.13 0.03 

G-CIEMS 1 - 3.45E-12 0.09 0.16 0.14 
CAM/POPs - - 0.12 0.07 0.31 
MSCE-POP 1 - - - 0.10 0.07 
MSCE-POP 2 - - - - 0.31 
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It is seen that the values of residual square deviation for soil concentrations lye within the interval 
0.0001 - 2.182. The highest value is obtained for the regression between EVN-BETR and UK-MODEL 
and  DEHM-POP models. For models’ results of calculated net gaseous flux,  σ  ranges from  3.45E-
12 to 0.31. 

In the cases of PCB-28 and PCB-180 results ( Annexes D and E),  there is also a large difference in 
absolute values both for calculated soil concentrations and net gaseous fluxes. Correlation 
coefficients for soil concentration of PCB-28 vary in the range from 0.93 to almost 1 between all pairs 
of models; for net gaseous flux good correlation is observed between SimpleBox and EVN-BETR and 
UK-MODEL models. Results on soil concentrations and net gaseous fluxes of PCB-180 are well 
correlated for all model pairs (correlation coefficients range from 0.87 to 1.00 and from 0.85 to 1.00, 
respectively). 

Accumulation/clearance dynamics of POPs in soil. The aim of this subsection is to analyze model 
descriptions of long-term processes of accumulation of selected PCB congeners in soil and clearance 
of soil compartment at emission termination. To do this, modelling of air/soil exchange with constant 
air concentration for a sufficiently long period were carried out by CAM/POPs, MSCE-POP, EVN-
BETR and UK model, and SimpleBox models using first set of data presented above. In CliMoChem 
trend  was not calculated as it takes way longer than 120 months to reach steady state in this model. 

The period under simulation was split into two periods. During the first period (accumulation) air 
concentrations are kept at the level defined in the corresponding input data set and initial data are 
assumed to be zero. Soil concentrations obtained in the end of the first period were used as initial 
data for the second period (clearance). During this period air concentrations are set to zero.  

Figs. 11, 12, 13 and 14 show the results of the experiment obtained by CAM/POPs, MSCE-POP, 
EVN-BETR and UK model, and SimpleBox models, respectively. 
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Fig. 11. Long-term trends of accumulation and 
clearance obtained by CAM/POPs model 

Fig. 12. Long-term trends of accumulation and 
clearance obtained by MSCE-POP model 
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Fig. 13. Long-term trends of accumulation and clearance 
obtained by EVN-BETR and UK-MODEL model 

Fig. 14. Long-term trends of accumulation and 
clearance obtained by SimpleBox  model 
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Together with calculated soil concentrations bi-exponential approximation of accumulation and 
clearance is also shown in the plots. At the accumulation stage this approximation has the form: 

 2121 ,)1()1( 21 λλλλ >−+−= −− tt
soil eCeCC  

where t is the time, months; 

 λ1 and λ2 are exchange rate constants, month-1; 
 C1 and C2 are constants determining shares of concentrations involved in fast/slow process. 

Such form of the dependence of soil concentrations on time is characteristic of a process with two 
characteristic times of exchange: fast exchange characteristic time T1/2

1 = ln(2)/λ1 and slow exchange 
characteristic time T1/2

2 = ln(2)/λ2. At the clearance stage time dependence of soil concentrations has 
the form: 

 2121 ,21 λλλλ >+= −− tt
soil eCeCC  

where t is the time (months); 

 λ1 and λ2 are exchange rate constants, month-1; 
 C1 and C2 are constants determining shares of concentrations involved in fast/slow process. 

with the same interpretation of λ1 and λ2. 

The values of parameters obtained by the approximation with corresponding characteristic times are 
shown in Table 48. As seen from the plots in Figs. 11–14, bi-exponential approximation well explains 
the trends of soil concentrations both at accumulation and clearance phases. 

Table 48. Parameters of multi-exponential approximation 
EVN-BETR and UK 

model CAM/POPs SimpleBox MSCE-POP  

Slow Fast Slow Fast Slow Fast Slow Fast 

λ 8.70E-03 8.70E-03 5.90E-03 9.75E-02 3.21E-03 3.21E-03 2.84E-03 1.73E-02 Accumulati
on phase T1/2, years 6.64 6.64 9.79 0.59 18.00 17.99 20.37 3.35 

λ 9.30E-03 9.61E-03 4.03E-03 1.00E-02 3.25E-03 3.25E-03 3.27E-03 1.00E-02 Clearance 
phase T1/2, years 6.21 6.01 14.32 5.78 17.79 17.78 17.68 5.78 

 
The analysis of calculated characteristic times for all considered models shows that these models can 
be divided into two groups. First group (EVN-BETR and UK model and SimpleBox) are characterized 
by very close characteristic times for fast and slow exponentials. In essence, these models realize 
mono-exponential trends of POP soil contamination. Also, for these two models characteristic times of 
accumulation and clearance are very close to each other. The predicted characteristic times differ 
three times between these two models (6.6 against 18 years). 

Another two models (CAM/POPs and MSCE-POP) demonstrate the presence of both fast and slow  
exponents in soil concentration trends at accumulation and clearance phases. The characteristic 
times for slow exponential vary between 10 and 20 years depending on model. The characteristic 
times for fast exponential (fast exchange) vary between 0.6 and 5.8 years. 

The results obtained for PCB-28 and PCB-180 are similar and can be found in Annexes D and E. 

Thus, there is much similarity in the description of processes of POP accumulation and clearance 
processes. However, the parameterization of these processes are subject to further clarification. 
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4.5. Gaseous exchange between atmosphere and water 

4.5.1. Model approaches 

Similar to the previous section, in the participating models the description of atmosphere/water 
gaseous exchange are based on two-film model of intermedia diffusion. Detailed descriptions of this 
process used in the models can be found in Table 53 and Annex C. 

There also exists a large diversity of approaches for the evaluation of transfer velocities at air/water 
interface. In CliMoChem model diffusion rates - air to water and water to air are calculated using air-
over-water and in-water transfer velocities taken from [Mackay and Paterson, 1991] and then dry 
gaseous deposition and revolatilization  fluxes are evaluated using these velocities. For the 
description of air-water diffusion with the help of fugacity approach, EVN-BETR and UK-MODEL also 
use constant values of air-water transport velocities. In G-CIEMS air-side and water-side mass 
transfer coefficient are calculated as the ratio of molecular diffusivity and diffusion path length for air 
and water. Other participating models use mass transfer velocities, which are dependent on the 
values of wind speed. Thus, in DEHM-POP model exchange velocities dependent on the wind speed 
are calculated on the basis of the two-film layer resistance method. In CAM/POPs model the results 
by [Mackay et al., 1983; Schwarzenbach et al., 1993] are used for calculations of mass transfer 
velocities. In SimpleBox model absorption from gas phase by water and volatilization from water are 
calculated with the help of mass transfer coefficients also dependent on the wind speed value. In 
MSCE-POP model transfer velocities are also dependent on the values of wind speed. In addition, 
foaming process and expansion of sea area due to wave disturbance are taken into account in this 
model (see [Strukov, 2001]).  

Of note that, EVN-BETR and UK-MODEL, SimpleBox and CAM/POPs models consider gaseous 
exchange between the atmosphere and freshwater. Other participating models take in consideration 
seawater compartment. Suspended particulate matter in water compartment is considered in 
SimpleBox and CliMoChem models. For all models, depth of considered water layers varies in very 
wide range (3-4600 metres). 

Below the results of calculation experiments on air/soil exchange obtained by seven models are 
compared. 
 

4.5.2. Input data 

Four sets of input data are proposed for modelling experiments with PCB-153. 

Table 49.   Input data for calculation experiments with PCB-153 describing air/water exchange 
N Experiment 1 Experiment 2 Experiment 3 Experiment 4 
Average ambient temperature, ºC 10 13.9 0 25 
Air concentration, gaseous 
phase,  pg/m3 14.3 3.8 2.5 23 

Mean wind velocity, m/sec 5 3.25 6 2 

 

Output: calculation of  PCB-153 water concentrations, pg/l and  gaseous fluxes from and to water 
and/or net gaseous flux to water, ng/m2/d; 
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4.5.3. Comparison of the results 

Numerical results of calculations of water concentrations and gaseous flux to water obtained by 
participating models and their analysis are presented for PCB-153 in this Subsection. The 
corresponding results for PCB-28 and PCB-180 can be found in Annexes D and E. 

The analysis is also performed into two stages. At the first stage we present an analysis of the 
calculated concentrations and gaseous fluxes to water and characterize the dispersion in these values 
in each experiment. At the second stage we analyze pairwise differences between participating 
models using the regression analysis.  

Analysis of the experiments. For evaluation of results obtained by the participating models, we use 
the following statistical parameters for each experiment: 

 m is the average water concentrations or average gaseous flux to water for participating models; 
 σ is the square deviation; 

Calculated values of water concentrations for PCB-153 together with m and σ are presented in Table 
50. Comparison of absolute values of calculated gaseous flux to water for PCB-153 and  the above 
mentioned statistical parameters for each experiment are given  in Table 52. Short comments to the 
calculations made by participants can be found in Table 53. CAM/POPs model has made calculations 
on these experiments using dynamic approach. Other participating models used steady-state 
approach.  

If compare the absolute values of calculated water concentrations presented in Table 50, it is seen 
that there is a large dispersion of water concentration values calculated by the participating models. 
Results of CliMoChem model differ from other models’ results more than order of magnitude. This 
difference leads to significant bias of averaged values of water concentrations to the maximum values 
obtained by this model. For each experiment, square deviation σϕ between different model 
calculations (see last column in Table 50) substantially exceed the averaged value of water 
concentrations.  

Table 50. Calculation results: water concentrations of PCB-153 (pg/l) calculated by all participating models 
and statistical parameters used for evaluation 

N EVN-BETR and 
UK-MODEL CAM/POPs DEHM-POP CliMoChem G-CIEMS SimpleBox MSCE-POP m σ 

1 5.56 8.40 7.10 8497.85 30.15 20.30 7.90 1225 3207 
2 0.98 24.00 1.25 1514.86 7.44 3.09 1.44 222 570 
3 3.11 4.8 3.74 4103.52 5.92 5.88 3.76 590 1549 
4 2.10 3.0 2.51 2995.49 32.47 6.14 3.09 435 1129 

 
In Table 51 similar statistical evaluation is presented for a group of participating models, which 
obtained close results of water concentration values of PCB-153. Differences in their calculated 
absolute values are within an order of magnitude. At that it can be seen that m values become more 
indicative for their comparison. In two cases (experiments 1 and 3), square deviation σϕ between 
different results (see last column in Table 51) do not exceed the averaged values of water 
concentration. For other experiments, the deviations are more remarkable. 

 
Table 51. Calculation results: statistical evaluation of PCB-153 water concentrations (pg/l) calculated by 
models having results of the same order 

N EVN-BETR and 
UK-MODEL CAM/POPs DEHM-POP G-CIEMS SimpleBox MSCE-POP m σ 

1 5.56 8.40 7.10 30.15 20.30 7.90 13.2 9.8 
2 0.98 24.00 1.25 7.44 3.09 1.44 6.4 9.0 
3 3.11 4.8 3.74 5.92 5.88 3.76 4.5 1.2 
4 2.10 3.0 2.51 32.47 6.14 3.09 8.2 12.0 
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Considering results of calculations of gaseous flux to water (See Table 52), we can observe much 
better agreement for this parameter than for water concentration results between all models 
calculations. Square deviation σϕ presented in last column of Table 52 do not exceed the averaged 
value of fluxes. It testifies that all models give rather close results on calculation of gaseous fluxes to 
water in terms of absolute values. 

 

Table 52. Calculation results: Gaseous flux to water of PCB-153 calculated by all participating models and 
statistical parameters used for evaluation, ng/m2/d 

N EVN-BETR and     
UK-MODEL CAM/POPs CliMoChem G-CIEMS SimpleBox MSCE-POP m  σ  

1 2.60 2.08 0.86 1.02 4.59 2.25 2.2 1.3 
2 0.56 0.62 0.21 0.25 0.74 0.54 0.5 0.2 
3 0.66 0.40 0.17 0.20 1.12 0.42 0.5 0.4 
4 1.71 1.49 0.86 1.10 1.95 2.24 1.6 0.5 

 

 
Table 53. Comments 

Models 
Physical-
chemical 
data set 

Depth of 
considered 
water layer, 

metres 

Comments 

EVN-BETR 
and         

UK-MODEL  
Own 20 

Steady-state approach; 
Freshwater; 
Individual/own dataset extremely close to the reference dataset; 
The flux was calculated as Gaseous flux = Dair-water · Fugacity (Pa) 
Dair-water = Water Area / [(1 / (MTCasa · Zair) + (1 / (MTCass · 0.8·Zwater))] 
Fresh water area = 1.7⋅1011 m2 
MTCasa : Air side air-water transport velocity = 30 m/h 
MTCass : water side air-water transport velocity = 0.03 m/h  

SimpleBox “Reference” 3 

Steady-state approach; 
Freshwater; 
Inclusion of suspended particulate matter; 
Transport between air and water entirely by gas exchange. Other exchange mechanisms 
"switched off". 
Concentration in air adjusted by setting emission to air. 
Transport across air-water interface calculated by classical double film diffusion model. 
Absorption from gas phase by water (mol/m2/s) = FRgas (-)· kaw(gas) (m/s) · CONCair 
(mol/m3) 
Volatilization from water (mol/m2/s) = FRwater (-)· kaw(water) (m/s) · CONCwater 
(mol/m3) 
kaw(gas) = overall gas-referenced air-water mass transfer coefficient = kaw.air · 
kaw.water / (kaw.air · Kh + kaw.water)  
kaw(soil) = overall water-referenced air-water mass transfer coefficient = 
kaw.air·kaw.water / (kaw.air + kaw.water/Kh) 
Kh = dimensionless air-water equilibrium constant  
kaw.air = partial mass transfer coefficient for air-side of the air-water interface (m/s) 
             = 0.01 · (0.3 + 0.2 · WINDspeed) · (0.018/Molweight)^(0.67 · 0.5) 
kaw.water = partial mass transfer coefficient for water-side of the air-water interface (m/s) 
                 = 0.01 · (0.0004 + 0.00004 · WINDspeed^2) · (0.032/Molweight)^(0.5 · 0.5) 
WINDspeed = mean wind velocity from input set 
Molweight = molecular weight PCB-congener 

CAM/POPs Own Surface 
water 

Dynamic approach; 
Freshwater 

CliMoChem Own 200 

Steady-state approach; 
Seawater; 
Inclusion of suspended particulate matter; 
Only dry gaseous deposition, revolatilization and degradation in water were considered 
(Model Geometry: box lenght: 100000 m; box width: 100000 m; fraction of water area to 
total area: 0.7162) 
Dry gaseous deposition flux=diffusion rate air to water* concentration in air*volume 
air/(water volume*depth of water layer) 
Revolatilization flux = (diffusion rate water to air+degradation rate) * steady state 
concentration in water * water volume/(water volume/depth of water layer) 

 



 61

 

Models 
Physical-
chemical 
data set 

Depth of 
considered 
water layer, 

metres 

Comments 

MSCE-POP  Own 4600 
(15 layers)  

Steady-state approach; 
Seawater; 
POP flux through the sea surface: 

)/)1)(()(/( 2210 fHRdHRgazz hKDcTKcF
⋅

=
+−−= αδαα μ  

Dμ = 5.14⋅10-10 - molecular diffusion coefficient in water, m2/s; 
δ0 =  4⋅10-5   - surface molecular layer depth at zero wind speed, m; 

fh
⋅

= 8⋅10-3  -  foam settling rate on the sea surface, m/s; 
α1   - coefficient of surface sea area expansion due to wave disturbance; 
α2  - coefficient describes the relative sea surface area covered with foam at strong wind; 
 α1   and  α2  are dependent on wind speed absolute value near the surface; 

G-CIEMS  “Reference” 20 Steady-state approach;    Seawater 
DEHM-POP Own 75 Steady-state approach;    Seawater  

 

Pairwise comparison of model results. The analysis of pairwise differences between calculation 
results obtained by all models is performed with the help of regression equation (9). Below brief 
analysis of the correlation coefficient r12 of the compared models, regression coefficients α12 and β12 
and residual square deviation σres

12 is given. 

Pairwise correlation coefficients for water concentrations calculated by all participating models are 
presented in Table 54. It is seen that their values varies in the very wide range from -0.50 to almost 1. 
At that, there is no correlation between CAM/POPs and all other models. Results of G-CIEMS model 
are poor correlated with other models also. However, in spite of the fact that absolute values of water 
concentrations of EVN-BETR and UK-MODEL, DEHM-POP, CliMoChem,  SimpleBox and MSCE-
POP differ from each other substantially, the variations of the corresponding numerical values caused 
by change of environmental conditions between different experiments are similarly described by them. 
Correlation coefficient for these models is very close to 1. 

Table 54. Correlation coefficients for water concentrations 

CAM/POPs DEHM-POP CliMoChem G-CIEMS SimpleBox MSCE-POP 
EVN-BETR and 
UK-MODEL -0.48 1.00 0.99 0.46 0.95 0.99 

CAM/POPs - -0.44 -0.41 -0.50 -0.29 -0.44 
DEHM-POP - - 1.00 0.46 0.96 0.99 
CliMoChem - - - 0.50 0.98 1.00 
G-CIEMS - - - - 0.59 0.54 
SimpleBox - - - - - 0.98 

 
Correlation coefficients for values of gaseous flux to water calculated by all models range from 0.73 to 
1 (See Table 55). It is evident that results of all participating models well correlated with each other in 
describing air–water gaseous exchange fluxes. Most close results are obtained between EVN-BETR 
and UK-MODEL and CAM/POPs,  between G-CIEMS and CliMoChem, between G-CIEMS and 
MSCE-POP models and between MSCE-POP and CliMoChem models (correlation coefficient is all 
cases is equal to 1.00).  

 
Table 55. Correlation coefficients for gaseous flux to water 

CAM/POPs CliMoChem G-CIEMS SimpleBox MSCE-POP 
EVN-BETR and 
UK-MODEL 0.99 0.92 0.90 0.96 0.92 

CAM/POPs - 0.95 0.93 0.92 0.95 
CliMoChem - - 1.00 0.77 1.00 
G-CIEMS - - - 0.73 1.00 
SimpleBox - - - - 0.78 
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For further evaluation of closeness of calculated results obtained by models, regression coefficients 
α12 and β12  and the residual square deviation, σres

12 are used below.  

Values of regression coefficients α and β for water concentrations calculated for all pairs of models 
are given in Table 56. It is seen that maximum values of coefficients α and β  are characteristic for the 
comparison of CliMoChem  with other models (α: -129.469 -  1531.35; β: -220.42 – 5579.09) . It is 
obvious since absolute values of this model’ s results differ substantially from others. For the rest of 
pairs of the models, α varies far less (from –2.33 to 3.76). /β/ varies not very much in comparison with 
mean values of water concentrations (lying in the range from –2.20 to 26.53).   

 
Table 56. Coefficients of regression dependence between the models (α / β)  for water concentrations 

 CAM/POPs DEHM-POP CliMoChem G-CIEMS SimpleBox MSCE-POP 
EVN-BETR and 
UK-MODEL 

-2.33 / 16.89 1.29 / -0.13 1531.35 / -220.42 3.35 / 9.15 3.76 / -2.20 1.40 / -0.05 

CAM/POPs – -0.12 / 4.81 -129.469 / 5579.09 -0.75 / 26.53 -0.24 / 11.21 -0.13 / 5.31 

DEHM-POP – – 1193.26 / -77.47 2.62 / 9.44 2.96 / -1.95 1.09 / 0.08 

CliMoChem – – – 0.002 / 8.90 0.003 / -1.91 0.001 / 0.14 

G-CIEMS – – – – 0.32 / 2.74  0.10 / 2.06 

SimpleBox – – – – – 0.35 / 0.98 
Mean concentration 
in water 10.05 3.65 4277.93 19.00 8.85 4.05 

 

Coefficients of regression dependence between the models (α  and β)  for gaseous flux to water are 
presented in Table 57. One can see that in this case the difference between the participating models 
in α and β values is much less than for water concentrations.  For all models  α varies not 
substantially (from 0.37 to 3.47), and β ranges from -0.28 to 0.42. The closest results (α values are 
close to 1 and /β / values are comparable with mean values of fluxes) are obtained by the following 
pairs of models:  CAM/POPs and EVN-BETR and UK-MODEL; G-CIEMS and CliMoChem; MSCE-
POP and  EVN-BETR and UK-MODEL; MSCE-POP and CAM/POPs. 

 
Table 57. Coefficients of regression dependence between the models (α / β)  for gaseous flux to water 

 CAM/POPs CliMoChem G-CIEMS SimpleBox MSCE-POP 
EVN-BETR and 
UK-MODEL 

0.80 / 0.05 0.37 / 0.01 0.45 / 0.02 1.72 / -0.28 0.98 / 0.01 

CAM/POPs – 0.47 / -0.02 0.57 / -0.02 2.04 / -0.24 1.24 / -0.06 

CliMoChem – – 1.25 / -0.01 3.47 / 0.28 2.63 / -0.02 

G-CIEMS – – – 2.62 / 0.42 2.10 / 0.01 

SimpleBox – – – – 0.46 / 0.40 
Mean gaseous 
flux to water 1.15 0.53 0.64 2.10 1.36 

 
Calculations of pairwise residual square deviation σ given in Table 58 and 59 allow to assess the 
reliability of comparative analysis given above. 

 
Table 58. Residual square deviation, σ  for water concentrations 

CAM/POPs DEHM-POP CliMoChem G-CIEMS SimpleBox MSCE-POP 
EVN-BETR and 
UK-MODEL 14.58 0.20 537.54 21.96 4.29 0.61 
CAM/POPs - 3.92 4744.96 21.35 12.86 4.28 
DEHM-POP - - 326.00 21.92 3.78 0.49 
CliMoChem - - - 21.43 2.96 0.26 
G-CIEMS - - - - 10.82 3.99 
SimpleBox - - - - - 0.97 
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Table 59. Residual square deviation, σ  for gaseous flux to water 

CAM/POPs CliMoChem G-CIEMS SimpleBox MSCE-POP 
EVN-BETR and 
UK-MODEL 0.23 0.26 0.37 0.86 0.68 
CAM/POPs - 0.21 0.32 1.20 0.55 
CliMoChem - - 0.06 1.90 0.01 
G-CIEMS - - - 2.05 0.13 
SimpleBox - - - - 1.11 

 
It is seen that the values of residual square deviation are maximum for the comparison of water 
concentrations calculated by CliMoChem with those obtained by other models. For the rest of the 
model pairs σ   lies within the interval 0.2 - 21.96. For results of calculations of gaseous flux to water, 
σ  ranges from  0.01 to 2.05. 

For PCB-28 (See Annex D), a difference in absolute values of calculated water concentrations is also 
large. However, max/min ratio of values of PCB-28 gaseous fluxes to water lies within factor 3-5 only. 
The results obtained for PCB-180 are similar to the results on PCB-153 and can be found in Annex E. 
All models (except for DEHM-POP) similarly describe the variations of water concentration values for 
both congeners caused by change of environmental conditions between different experiments 
(correlation coefficient is very close 1). Correlation coefficients for values of gaseous flux to water of 
PCB-28 and PCB-180 calculated by all models range from 0.84 to 1 and from 0.93 to 1.00, 
respectively.  

4.6. Gaseous exchange between atmosphere and vegetation 

4.6.1. Model approaches 

Similar to the descriptions of other gaseous exchange processes considered above, in the 
participating models atmosphere/vegetation gaseous exchange is also described with the help of 
theory of intermedia diffusion. Detailed descriptions of this process used in the models can be found 
in Table 63 and Annex C. 

Not all models include vegetation as environmental media for calculations. In description of gaseous 
exchange between vegetation and atmosphere on the basis of fugacity approach, EVN-BETR and 
UK-MODEL use constant values of air-vegetation transport velocities. In SimpleBox model absorption 
from gas phase by plant and volatilization from plant are calculated with the help of constant value of 
mass transfer coefficient. In CliMoChem models fluxes between atmosphere and vegetation are 
calculated via atmosphere/vegetation diffusion rates. These rates are supposed to be dependent on 
climatic zones. In CliMoChem three types of vegetation are considered: grass, coniferous forest and 
deciduous forest. MSCE-POP describes air/vegetation exchange on the basis of resistance analogy. 
At that mass transfer coefficient is assumed to be directly proportional to Koa value. Similar to 
CliMoChem in MSCE-POP grass, coniferous forest and deciduous forest are treated separately. 
Models G-CIEMS and CAM/POPs use description of air/vegetation exchange similar to that for air/soil 
but with another parameter values. The model DEHM-POP does not include vegetation compartment. 

At present calculation experiments with vegetation are made by EVN-BETR and UK-MODEL, 
SimpleBox and MSCE-POP. The comparison of the results of calculation experiments are presented 
below. 
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4.6.2. Input data 

Four sets of input data are proposed for modelling experiments with PCB-153.  

Table 60.   Input data for calculation experiments with PCB-153 describing air/vegetation exchange 

N Experiment 1 Experiment 2 Experiment 3 Experiment 4 
Type of vegetation compartment: Grass Grass Grass Grass 
Average ambient temperature, ºC 5 25 11 18 
Air concentration, gaseous phase,  pg/m3 6 19 3 14 
Mean wind velocity, m/sec 4 4 4 4 

 
Output: calculation of PCB-153 concentration in vegetation, ng/g dry weight and  gaseous fluxes from 
and to vegetation and/or net gaseous flux to vegetation, ng/m2/d; 

 
4.6.3. Comparison of the results 

Numerical results of experiments on calculations of concentration in vegetation and net gaseous flux 
to vegetation obtained by participating models and their analysis are presented in this Section for 
PCB-153. The corresponding results for other substances can be found in Annexes D and E. 

Since optional experiments on gaseous exchange between atmosphere and vegetation were made by 
three participating models only, such statistical parameters as the average concentration in vegetation 
and net gaseous flux to vegetation and square deviation of these results can not be useful in the 
analisis of results. It is more reasonable to make comparison of the absolute values themselves. 
Calculated values of concentration in vegetation for PCB-153 are presented in Table 61. Comparison 
of absolute values of calculated net gaseous flux to vegetation for PCB-153 are given  in Table 62. 
Short comments to the calculations can be found in Table 63.  

It is seen that dispersion of absolute values of concentrations in vegetation calculated by the models 
is rather large. The difference between maximum and minimum values of  this parameter varies within 
wide range from 3 to 10. Comparing the results on net deposition flux calculations, we can see that in 
EVN-BETR and UK-MODEL volatilization flux from vegetation exceed flux from air to vegetation for all 
four experiments (that is re-emissions from plant takes place) in contrary to MSCE-POP and 
SimpleBox models.  At that the difference in absolute values is very large. However, for the last two 
models, absolute values are very close to each other. 

 
Table 61. Calculation results: concentrations of PCB-153 in vegetation calculated by models, ng/g d.w  

N Air concentration, 
pg/m3 

EVN-BETR and 
UK-MODEL SimpleBox * MSCE-POP 

Experiment 1 6 0.220 0.401 0.104 
Experiment 2 19 0.050 0.483 0.252 
Experiment 3 3 0.053 0.159 0.050 
Experiment 4 14 0.089 0.529 0.217 

 
* - ng/g wet weight. 
 
Table 62. Calculation results: net gaseous flux of  PCB-153 to vegetation calculated by models, ng/m2/d  

N Air concentration, 
pg/m3 

EVN-BETR and 
UK-MODEL SimpleBox MSCE-POP 

Experiment 1 6 -0.07 0.40 0.33 
Experiment 2 19 -0.03 0.82 0.81 
Experiment 3 3 -0.02 0.18 0.16 
Experiment 4 14 -0.0004 0.71 0.70 
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Table 63. Comments 

Models 
Physical-
chemical 
data set 

LAI, m2/m2 Comments 

EVN-BETR 
and        

UK-MODEL 
Own 4 

Steady-state approach; 
Individual/own dataset extremely close to the reference dataset; 
The flux was calculated as Gaseous flux = Dair-veg · Fugacity (Pa) 
Dair-veg = 1/((1/(Veg Area · Veg_airMTC · Zveg)) + (1/(Veg Area·Air_VegMTC · Zair))) 
Veg_area: Vegetation area = 8⋅1012 m2  
Veg_airMTC: Vegetation side air-vegetation transport velocity = 10.8 m/h 
Air_VegMTC : Air side air-vegetation transport velocity = 9 m/h 

SimpleBox “Reference” 3.9 

Steady-state approach; 
SimpleBox works with (wet) bulk vegetation densities (900 kg/m3 by default); 
concentrations in vegetation expressed on wet weight basis. 
Specific amount of plant material given in SimpleBox as mass per unit area (1.2 kg/m2 by 
default).   
Fluxes to and from vegetation expressed per unit leaf area.  
Absorption from gas phase by plant (mol/m2/s) = FRgas (-) · kav(gas) (m/s) · CONCair 
(mol/m3)  
Volatilization from plant (mol/m2/s) = kav(gas) (m/s) / Kva (-) · CONCair (mol/m3) 
kav(gas) = overall gas-referenced air-plant mass transfer coefficient = 10-3 m/s by default 
Kva = dimensionless vegetation-air euqilibrium constant 

MSCE-POP Own 1 

Steady-state approach 

),/(1
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where  g
aC  - air concentration of a pollutant; 

 CV - concentration in the vegetation of a given type; 
 Kva - bioconcentration factor (BCF); 
 Rtot - total resistance to the gaseous exchange given by the formula. 

,/ kaRR Vatot +=  
where Ra - aerodynamic resistance of turbulent atmospheric layer; 
 k - mass transfer coefficient, m/s; 
 aV - specific surface area of vegetation, m2/m3 (assumed value is 8000, see 
[Duyzer and van Oss, 1997]) 

 

The comparison of calculated values of concentrations in vegetation is also displayed in Fig. 15. 
Calculation results of Simple Box and MSCE-POP models show very close character of variability of  
concentration values in dependence with variability of input data for each experiments. For these 
models’ result on calculation of net gaseous fluxes, we can see the same tendency. 
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Fig.15. The comparison of calculated values of concentrations in vegetation 

Correlation coefficients for concentration in vegetation and net gaseous flux calculated by the models 
are presented in Tables 64 and 65.  

Table 64. Correlation coefficients for concentrations in vegetation 

SimpleBox MSCE-POP 
EVN-BETR and 
UK-MODEL 0.15 -0.30 

SimpleBox – 0.88 
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Table 65. Correlation coefficients for net gaseous flux 

SimpleBox MSCE-POP 
EVN-BETR and 
UK-MODEL 0.27 0.34 

SimpleBox – 1.00 
 

According to the values of pairwise correlation coefficients for both parameters, only two models 
SimpleBox and MSCE-POP describe tendency of gaseous exchange variability similarly. Correlation 
coefficients for concentrations and fluxes are equal to 0.88 and 1.0, respectively. It is evident that 
results of EVN-BETR and UK-MODEL are not correlated with other models. 

The values of coefficients α and β  calculated  for the regression between SimpleBox and MSCE-POP 
models in values of calculated concentration in vegetation and net gaseous flux are presented in 
Table 66 and 67. 

Table 66. Coefficients of regression dependence between the models (α / β)  for concentrations in vegetation 

 SimpleBox 
MSCE-POP 0.51 / -0.044 

 
Table 67. Coefficients of regression dependence between the models (α / β)  for net gaseous flux 

 SimpleBox 
MSCE-POP 1.04 / -0.045 

 

Considering concentration in vegetation, the differences between these models is determined by 
scaling coefficient α, which totals to 0.51 in this case. However, it is seen that α  is very close to 1 for 
net gaseous flux results. Coefficients β  are small enough in both cases compared with mean values 
of concentrations and fluxes. 

For results on PCB-28 and PCB-180 (see Annexes D and E), a dispersion in absolute values of 
concentrations in vegetation and net deposition fluxes calculated for all experiments by three 
participating models is also large. However, values of PCB-180 concentrations are closer to each 
other than results for PCB-28. Thus, the differences between maximum and minimum values of  this 
parameter calculated by the participating models vary within ranges from 3 to 7 and from 13 to 41, 
respectively. The difference in absolute values of fluxes of both congeners are more substantial than  
the dispersion of their concentrations. Correlation coefficients for PCB-180 concentration in vegetation 
vary in the range from 0.63 to 1.00 between all pairs of models; for PCB-28 a good correlation is 
observed between SimpleBox and EVN-BETR and UK-MODEL and between SimpleBox and MSCE-
POP models. Results on net gaseous fluxes of PCB-28 and PCB-180 are well correlated for 
SimpleBox and MSCE-POP models. 
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Conclusions 
 
At the preliminary stage of POP models intercomparison study short descriptions of 13 models were 
submitted by participants. On the basis of these descriptions a short summary of model types 
participating in the intercomparison study with indication of model type, spatial and temporal 
resolution, environmental media used, and processes taken into account was compiled. This analysis 
was used for the determination of the intercomparison procedure at Stage I. 

Stage I of the intercomparison study of POP models was aimed at the comparison of: 

• modelling approaches to the description of main processes determining POP fate in the 
environment, namely: 

− gas/particle partitioning in the atmosphere; 

− dry deposition; 

− wet deposition; 

− gaseous exchange between the atmosphere and different types of underlying surface (soil, 
seawater, vegetation); 

− degradation; 

• values of physical-chemical parameters used for modelling; 

• results of calculation experiments on the above processes carried out by participating models. 

Values of physical-chemical parameters used by participants for the Stage I calculations strongly 
affect the results of calculation experiments. Comparison of physical-chemical parameters used in 
participating models and statistical processing of these data is made. Physical-chemical data sets of 
individual models are compared also with “reference data sets”, which will be used at follow-up Stage 
II within sensitivity study with respect to basic processes. Thus, analysis of physical-chemical 
parameters of PCB-153, PCB-28 and PCB-180 shows the following: 

• Henry’s law constant and air-water partition coefficient : 

− All models use temperature dependent Henry’s law constant and air-water partition coefficient 
(except H value of EVN-BETR and UK-MODEL). Differences in absolute values of Henry’s 
law constant between all models are very large for PCB-153 and PCB-180. These values 
differ from each other more than an order of magnitude. Difference in H values for PCB-28 is 
much less than for other congeners. Scattering is going down with temperature. 

− If temperature independent H values of EVN-BETR and UK-MODEL are not taken into 
account, max/min ratio of H and Kaw values for PCB-153 varies within factor 8-9; for PCB-28 -  
within factor 1-2; and for PCB-180 - within factor 12-22. 

• Subcooled liquid vapour pressure: 

− All models use temperature dependent subcooled liquid vapour pressure (except EVN-BETR 
and UK-MODEL). Differences in absolute values of pol between all models are more 
substantial for PCB-153 and PCB-180 than that for PCB-28. 

− For PCB-153 and PCB-28 there is a high similarity between the values of subcooled liquid 
vapour pressure presented by models using temperature dependence of this parameter 
(max/min ratio is about 1.1 and 1.3, respectively). For PCB-180 max/min ratio of pol values 
lies within factor 7. 

• Octanol/water partition coefficient: 
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− Difference  in absolute values of octanol/water partition coefficient between all models is not 
large. Max/min ratio of Kow values for PCB-153 varies from 2 to 5; for PCB-28 - from 2 to 4; 
and for PCB-180 – from 2 to 3. If not  take into account the temperature independent value of 
MSCE-POP, max/min ratio for all considered congeners to a variable degree comes down. 

− This parameter is changing with temperature within factor 3-4 for considered interval of 
temperatures (-10-25ºC). 

− Scattering of coefficients of temperature dependences among all models lies within factors 1 
– 4. 

• Octanol/air partition coefficient: 

− There is a large similarity in values of octanol/air partition coefficient obtained with the use of 
existing temperature dependencies.   

− Max/min ratios between absolute values of Koa used by all participants at different 
temperatures range from 5 to 6 for PCB-153; from 2 to 5 for PCB-28 and from 6 to 8 for PCB-
180. 

− Max/min ratio of coefficients of temperature dependences of Koa for the considered congeners 
equals practically to 1.0. 

• Organic carbon/water partition coefficient: 

− Difference between the highest and the lowest values of organic carbon/water partition 
coefficient is less than an order of magnitude. For the considered temperature interval,  
max/min ratio for PCB-153 comes down from 9 to 7. 

− For models using close values of regression coefficients  for recalculation of Koc from Kow (all 
models except for G-CIEMS), its values differ within factors of 2-5 for PCB-153; and within 
factors 2-4 for PCB-28 and PCB-180. 

• Water solubility: 

− Values of water solubility used in EVN-BETR and UK-MODEL, SimpleBox and G-CIEMS 
models are of the same order. Other models do not use this parameter directly. 

• Degradation: 

− There is a large difference in absolute values of first order rate constant for the considered 
media between the models. For all media max/min ratios for PCB-153 vary within the range of 
4-10; for PCB-28 – within the range of 2-12; and for PCB-180 – within the range of 3-10.  

− Degradation in air, soil and water is considered in all models. Max/min ratios for PCB-153 
vary from 4 to 5; for PCB-28 – from 2 to 12; and for PCB-180 – from 3 to10.  

− Degradation in vegetation is included in CliMoChem and EVN-BETR and UK-MODEL. 
Difference of rate constants between the models (max/min ratio) for PCB-153 is around 10; 
for PCB-28 it equals to 7 and for PCB-180 it is around 6. Degradation in sediments is 
considered in EVN-BETR and UK-MODEL only.  

− Temperature dependence of rate constant for degradation in air are considered in 
CAM/POPs, CliMoChem and MSCE-POP models. The difference between temperature 
dependent values for the considered congeners is within factors 1-2.  

− Degradation in other media than air is temperature dependent in CliMoChem model only. 

In order to analyze similarities and distinctions in model descriptions and parameterisations of the 
above listed processes and to find out “hot spots” in modelling, a number of calculation experiments 
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with PCB-153 (first priority) and  PCB-28 and PCB-180 (second priority) were carried out by the 
participating models. The analysis of the results of these experiments revealed that: 

• Gas/particle partitioning: 

− For the description of gas/particle partitioning, the models mostly use adsorption and 
absorption approaches. There is not a large difference in values of particulate fraction 
calculated by both methods.  

− Tendency in variability of calculated particulate fraction of PCB-153 with temperature is 
described by all models rather closely and the difference in its absolute values is not 
substantial. The difference of model results can be explained by the difference in Koa or pol 
values used.  Correlation coefficients for PCB-153 are very high for all pairs of models (from 
0.83 to 1.00). The main difference between models is determined by scaling factors (from 
0.13 to 3.78). 

− The results obtained for PCB-180 and PCB-28 are similar to the results on PCB-153. 
Dispersion of their absolute values are not large. Correlation coefficients between all pairs of 
models for PCB-180 vary from 0.75 to 1.00; and for PCB-28 - from 0.98 to 1.00. 

• Dry deposition of the particulate phase: 

− The difference between models in the description of this process lies in different methods of 
calculation of deposition velocity used by the participating models. A large dispersion in 
calculated values of dry deposition flux is mainly explained by the high scattering of dry 
deposition velocity values used. The type of underlying surface essentially affects deposition 
fluxes. According to descriptions of dry deposition accepted in the participating  models, 
parameterizations of the flux are one and the same for all PCB congeners. 

− The values of dry deposition flux for different models are mostly of the same order. A 
discrepancy in calculated deposition fluxes comes up to an order of magnitude for models 
distinguishing different types of underlying surface. The largest discrepancy of calculated 
fluxes to different types of underlying surface takes place for forest: maximum and minimum 
calculated values differ 150 times. For models distinguishing different types of underlying 
surface the best correlation is observed for CAM/POPs and MSCE-POP. 

• Wet deposition: 

− All models use the inverse dimensionless Henry’s law constant for the calculations of washout 
or scavenging ratio of gaseous phase. A difference in this parameter values used by the 
models affects the calculation results. The scattering of constant values of scavenging ratio 
(or washout ratio) used by the most part of participating models for the description of wet 
deposition of particle bound phase is rather large. CAM/POPs and SimpleBox do not include 
scavenging ratio in their parameterizations and use the values of aerosol collection efficiency 
to evaluate scavenging or washout rate of a pollutant. 

− There is a large difference between model calculations made for experiments on wet 
deposition process. Values of PCB-153 concentrations in precipitation vary within a factor 6-
14.  Max/min ratio of absolute values of wet deposition flux lies within an order of magnitude 
for the first two experiments and comes up to 36 times for the highest temperature. For PCB-
153, the best correlations are obtained between G-CIEMS and SimpleBox, between G-
CIEMS and MSCE-POP models and between MSCE-POP and SimpleBox models 
(correlation coefficient is all cases is equal to 1.00). Taking into account regression 
coefficients’ values also, these models show the closest results in the experiments of wet 
deposition process. 
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− The results of calculation experiments with PCB-28 and PCB-180  show also a large 
dispersion between the absolute values of concentrations in precipitation and wet deposition 
fluxes calculated by different models. For PCB-28 there is a good correlation between results 
of MSCE-POP, ClimoChem and SimpleBox (correlation coefficient is equal to 1). Calculated 
concentrations of PCB-180 in precipitation are also well correlated between these three 
models (correlation coefficient vary from 0.91 to 1) and between CAM/POPs and EVN-BETR 
and UK model (correlation coefficient is equal to 0.76). 

• Gaseous exchange between atmosphere and soil 

− All models use one and the same philosophy for the description of atmosphere/soil gaseous 
exchange – resistance analogy. The difference between model approaches to the description 
of air/soil exchange is mostly determined by the variability of mass transfer coefficient or 
diffusion transport velocity values used by the models. The difference between models is also 
in the number and thickness of considered soil layers. 

−  There is rather large difference in absolute values both for calculated soil concentrations and 
net gaseous flux of PCB-153. However, all models similarly describe the variations of soil 
concentration values caused by change of environmental conditions between different 
experiments. Correlation coefficients vary within the range from 0.85 to almost 1. Results on 
net gaseous flux of PCB-153 are also well correlated for the most part of model pairs except 
for pairs between G-CIEMS 1 and two models: MSCE-POP 2  and CAM/POPs. 

− For PCB-28 and PCB-180,  a large difference in absolute values also takes place both for 
calculated soil concentrations and net gaseous flux. Correlation coefficients for soil 
concentration of PCB-28 vary within the range from 0.93 to almost 1 between all pairs of 
models; for net gaseous flux, a good correlation is observed between SimpleBox and EVN-
BETR and UK-MODEL models . Results on soil concentrations and net gaseous fluxes of 
PCB-180 are well correlated for all model pairs (correlation coefficients range from 0.87 to 
1.00 and from 0.85 to 1.00, respectively). 

− Within the optional experiment on POP accumulation and clearance dynamics in soil, the 
analysis of calculated characteristic times for four considered models shows that these 
models can be divided into two groups. First group (EVN-BETR and UK model and 
SimpleBox) are characterized by very close characteristic times for fast and slow 
exponentials. In essence, these models realize mono-exponential trends of POP soil 
contamination. Another two models (CAM/POPs and MSCE-POP) demonstrate the presence 
of both fast and slow exponents in soil concentration trends at accumulation and clearance 
phases. 

• Gaseous exchange between atmosphere and water: 

− The description of atmosphere/water gaseous exchange in all models is based on two-film 
model of intermedia diffusion. There exist a large diversity of approaches to the evaluation of 
transfer velocities at air/water interface. 

− For results on PCB-153, a dispersion in absolute values of water concentrations obtained by 
all models is large. However, EVN-BETR and UK-MODEL, DEHM-POP, CliMoChem, 
SimpleBox and MSCE-POP similarly describe the variations of water concentration values 
caused by change of environmental conditions between different experiments. Correlation 
coefficient for these models is very close to 1. For calculated PCB-153 gaseous fluxes to 
water, a better agreement between all models calculations is observed than for water 
concentration results. Correlation coefficients for values of gaseous flux to water calculated by 
all models range from 0.73 to 1. It is evident that results of all models are well correlated with 
each other describing air –water gaseous exchange fluxes. 
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− For PCB-28, a difference in absolute values of calculated water concentrations is also large. 
However, max/min ratio of values of PCB-28 gaseous fluxes to water lies within factor 3-5 
only. The results obtained for PCB-180 are similar to the results on PCB-153. The most part 
of models similarly describe the variations of water concentration values for both congeners 
caused by change of environmental conditions between different experiments (correlation 
coefficient is very close 1). Correlation coefficients for values of gaseous flux to water of PCB-
28 and PCB-180 calculated by all models range from 0.84 to 1 and from 0.93 to 1.00, 
respectively.  

• Gaseous exchange between atmosphere and vegetation (optional): 

− Atmosphere/vegetation gaseous exchange is described in all models with the help of theory 
of intermedia diffusion. Not all models include vegetation as environmental media for 
calculations. The difference between models is determined by the difference of mass transfer 
coefficient or diffusion transport velocity values used. 

− A dispersion of absolute values of PCB-153 concentrations in vegetation and net deposition 
flux calculated for all experiments by three participating models is large. The difference 
between maximum and minimum values of concentrations varies within wide range from 3 to 
10. Absolute values of PCB-153 fluxes are very close to each other in MSCE-POP and 
SimpleBox models. In addition, Simple Box and MSCE-POP models show very close 
character of variability of both calculated parameters in dependence with variability of input 
data for each experiment. 

− A difference in absolute values of concentrations in vegetation and net deposition fluxes 
calculated for all experiments is also large both for PCB-28 and PCB-180. However, values of 
PCB-180 concentrations obtained by the models are closer to each other than results for 
PCB-28. The difference in absolute values of fluxes of both congeners are more substantial 
than the dispersion of their concentrations. Correlation coefficients for PCB-180 concentration 
in vegetation vary within the range from 0.63 to 1.00 between all pairs of models; for PCB-28 
a good correlation is observed between SimpleBox and EVN-BETR and UK-MODEL and 
between SimpleBox and MSCE-POP models. Results on net gaseous fluxes of PCB-28 and 
PCB-180 are well correlated for SimpleBox and MSCE-POP models. 

On the basis of the analysis of physical-chemical properties and of the results of calculation 
experiments, it was found that maximum differences in model output absolute values takes place for 
deposition processes (dry deposition of particles and wet deposition), and gaseous exchange 
processes with underlying surfaces. It is seems reasonable to carry out sensitivity study for their 
model descriptions at the next stages of model intercomparison. 

The results obtained at Stage I of the POP model intercomparison study show that all the participating 
models are able to simulate main processes determining POP fate in the environment. However, our 
current understanding of POP behaviour  is still incomplete and needs further improvement. 
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