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AIR QUALITY ASSESSMENT STUDIES_ AND SURVEILLANCE PROGRAMMES

1 INTRODUCTION

The Norwegian Institute for Air Research {(NILU) has on
contract with the State Pollution Control Authority, under -
taken several comprehensive studies of the air pollution

situation in Norwegian cities.

The main objectives of these studies were to provide

- information on the level of air pollution

to which the public 1is exposed:

- a basis for development of strategies to reduce

alr pollution

- a planning instrument (basis) for estimating
environmental impact of further development in the

region.

Such studies include the following elements

- area and land use description

-~ emission inventories

= air quality measurements

= meterological measurements

- development and use of dispersion models

- evalution of the effects of pollution

The efforts put into each of these elements depend on the

characteristics of the study area.



2 AREA AND LAND USE DESCRIPTION

The characteristics of the geographical area to be studied,
affect the selection of the appropriate assessment programme
to a great extent. Therefore the area must be carefully

examined and be documented.

The main items are:
- the designation of the area (name, district,

o PRFE ©FfF e .ow)s

- the boundaries and size.
= the geographical and topographical
characteristics, including:

- the geographical location of the area, e.g.
location near or at a coast with specific
meteorological conditions, and the average
height above sea level.

- the relief (valleys, hills, flat terrain,
forests, lakes, agglomeration of the high
rise buildings etc.).

- the population, industry, traffic and their spatial
distribution.

= the energy production and consumption patterns.

- other kinds of land use within the area, e.g. farm
land, recreation areas.

- the surrounding areas and their characteristics
which may be of importance as far as they may

Lnfluence the pollution inside the assessment

area.

3 EMISSION_ _DATA

Air pollution emission inventories for selected pollutants
have to be established for the area. The emission inventory
vields a spesific vear of reference, supplemented by
additional statistical data, providing the basis for emission

forecasts.



Emission inventories are generally composed of three
categories of emitters: point, line and area sources. In the
most detailed inventories, a large fraction of the total

emission 1is represented by the point/line source data base.
Thus the comprehensive inventory contains many data items for

a large number of individual emitters.

In all emissions inventories, a distinction must be made
between the principal air pollutants of concern. Generally,
SOZ, oxides of nitrogen (NOX), carbo n monoxide (Cco), hydro-

carbons, and particulates are included.

Other important air pollutants are formed in the athmosphere
by chemical and photochemical reactions. The precursors for
these pollutants should be included in the emission inven-

tories (NOX, HC, Cl1, and others).

Consideration of specific hazardous pollutants (e.g. asbestos,
fluorides, vinyl chloride) is important in land use planning
and should also be considered with equally high resolution.
The emission 1i1nventory should be devided into source

categories:

= household and small consumers
based upon: energy consumption rates, type
of heating, population distribution, number
of dwellings per unit area, use of fuel oils,
emission factors etc.

- automative transportation
based upon: number of motor vehicles,
traffic pattern, special emission factors
for specific components for the relevant
type of vehicles, (passenger, cars,
trucks, buses..) traffic density
variations (annual, diurnal) for each

unit area etc.....



- industry

based upon: emission measurements, fuel
consumption, type of processes, production
rate, time variation etc...

- electricity generation {power plants)
based upon: fuel consumption, fuel type,
emission factors, sulfur and ash content
in fuel, emission control systems
efficliency etc....

- incineration
based upon: type of furnace, emission control
system, emission measurements etc....

- miscellaneous

The establishment of emission factors are essential for the

reference emisson inventory, and for enabling emission fore-

casts.

Emission factors relate emissions of a specific source
category (without emission controls) to an actual release
rate. The concept and use of emission factors is absolutely

necessary in compiling a comprehensive baseline inventory and
is also essential in forecasting air quality, where measured
emission data are not availlable. Emission factors can also be
developed for processes to be constructed at some future time

for use in forecasting emissions.

The emission inventory data also has to include information
about stack heights, gas flow rates, exit gas temperatures

(heat output) etc.....

The spatial and time resolution (details required) in
establishing an emission inventory is based upon the
objectives of the study and the use that will be made of the
data. Usually all sourcecategories should be broken down to a
grid size of at 1least 1 km x 1 km. The location of large
point sources should be specified more precise for dispersion

modelling purpose and monitoring programme design.



& AIR QUALITY MEASUREMENTS

A thorough and accurate record of air quality 1s oHF
fundamental importance in a survey. This should include
information on the variations and fluctuations in pollutant
concentrations with respect to time and space. Time con-
siderations include diurnal, seasonal, and annual trends and
patterns, while spatial factors involve comparisons of
pollutant concentrations on the basis of their horizontal and
vertical distribution. In large studies, it is desirable to
use an air sampling network in and around the area of
interest. The design of such a network will depend on
avallable resources; however, its configuration should take

into account the sources, receptors, and local climatology.

Ailr quality models are particularly useful in both the design

and augmentation of such networks. If data are used in the
regulatory process, it must be shown that the data are
representative and relevant to the problem . In such circum-
stances, air quality simulation models provide a method of

testing the relevance of the monitored data.

The amount of data to be gathered and the detail and accuracy
required 1is often not only dependent on the number needed for
assessment but is also influenced by the final goals of the

study.

The measurement system needed to determine the existing
ambient alr quality can be combined with the expected
surveillance system needed at a later stage. Just as there 1is
a wide range of possible monitoring systems for application to
different monitoring requirements, there is also a range of
possibilities for assessment and surveillance of existing air

quality.

The adir _pollution components to be studied are dependent of

the activity of the specific area, and upon air pollution



impact concern or regulations {(air quality standards etc...).
Both primary (SOZ' NOX, HC, particles etc.) and secondary
(O0zone, NOz, SO4 etc..) pollutants should be considered.

The choice of the means of data collection is determined to a
large extent by the space and time resolution that is needed.
The choice of the time and space resolution of the measurement
system is also determined by the resolution of the effects

that will be usefully examined.

The desian of the monitoring programme should provide a basis

for the data analysis and presentation, where information
should be available to answer specific questions concerning

the existing air quality of the region.
As a minimum the following information should be supplied:

- mean daily concentrations for all the pollutants
concerned

- diurnal variation of these concentrations

- the frequency distribution of the concentrations

- maximum values (hourly, daily)

- the major source areas responsible for the

concentrations found at the receptor points.

The data can be collected using measurements at fixed
monitoring stations, measurements made using mobile sampling
or remote sensing or a combination of these techniques. In
addition, model calculations have to be performed to study the
reliability and representativeness of air quality data, and to
give a total picture of the spatial concentration distribution
of the area. For this purpose also meteorological data are

needed.

5 METEOROLOGICAL AND CLIMATOLOGICAL DATA

Concentrations of air pollutants vary in space and time,

partly because of the uneven distribution of sources, but also



because of meteorological conditions, which vary from hour to
hour and from day to day. Special attention must therefore be

given to the meteorological/climatological data requirements.

An  important first steps in the development of a monitoring
programme is to make an inventory of existing meteorological
observing stations in the survey area. Although such an
inventory will be helpful, it should not automatically Dbe
accepted as the basis for an air quality assessment study. The
station sites where usually selected because of their
relevance to synoptic weather forecasting, to aviation, or

perhaps to agriculture, but not necessarily to air pollution.

In the design of a meteorological climatological data system
for an air quality assessment study one of the criteria to be
considered 1s the meso-meteorology of the region. Particularly
when synoptic-scale winds are light and skies are clear, the
mesoscale circulations can have a major affect on air quality.
The existence of meso-meteorological wind fields can often Dbe

estimated by:

= careful examination of topographic maps and
aerial photographs and

- study of published wind roses.

The presence QF a coast-line, valley or escarpment is an
indication that mesoscale winds may occur. Site 1inspections
may help to confirm the existence of such flows. Because most
mesoscale circulations show a day-night reversal, the wind
roses are most informative when they have been prepared

separately for daylight and night-time hours.

The following meteorologial observations may be useful:

wind speed and direction measured along meteorological

towers (of at least 10 m). The number of measurement
stations should be sufficient to determine the wind
field within the study area, and should be located

relative to sources and topography so that they can be
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used to estimate transport and diffusion. Winds at
some elevation above the study area should be
available (television tower, radisonde, geostrophic

wind ....)

Air temperature should be measured to provide

horizontal and vertical gradients.

Turbulence measurements are essential to estimate the
dispersion of air pollutants. This can be accomplished
by measuring 3-component wind speed fluctuation, wind
direction fluctuations and vertical stability
(vertical temperature gradient and wind speed) or by
measuring vertical temperature gradient and wind speed
only. Also indirect but less accurate methods for
estimating turbulence from other climatological data

are available.

Relative humidity should be measured to explain

visibility and humid plumes.

Precipitation amounts, intensity and chemical

composition should be available to estimate wet

deposition.

Yertical temperature and wind profiles data and mixing
heights should be collected at least once at daytime
and once during the night. Alternatively data along a
tall televison tower could provide parts of this

information to estimate mixing heights.

6 AIR QUALITY OISPERSION MODELS

Air quality models are essential tools in establishing the
mathematical connection between emmission and alr quality,

through the use of meteoroligical dispersion data and know-
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ledge of physical and chemical reactions in the atmosphere.
The fundamental problem is to calculate air concentrations of

one or more species as a function of time and space.

The ability to perform diffusion calculations depends on the
availability of appropriate input data, representative disper-
sion parameters and sufficient meteorological information
relevant to the diffusion process. The following <check 1list
gives a survey of the data necessary to perform calculations,
which also 1s in accordance with the above specified data in

the assessment programme.

Emission and source data:

- source location, i.e. geographical coordinates

- source dimensions, 1.e. height and exit diameter

= exhaust gas exit temperature

=] mass flow rate of air pollutant from the source

= volumetric flow rate of the total exhaust gas

- time dependence of pollutant emission rate, 1.e.
duration, frequency as well as diurnal and seasonal

dependence, i1f applicable

Transport and dispersion (meteorological) data:

- average wind direction

- average wind speed

- description of turbulent structure of the
atmosphere

- mixing height (height of inversion lavyer)

- ambient air temperature (for plume rise
calculations)

- jJoint frequency distribution of at least
the first three meteorological parameters

- vertical and horizontal dispersion parameters
representative of characteristic turbulence

situations.



The

type

and complexity of the air quality model to be

will depend upon:

Figure

developing,

source characteristics
type of pollutants to be estimated (primary.

inert, secondary, gas, particles

size of the area (space and time scaling)
topographical features (complexity of
avallable computers

economy

terrain)
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used

indicate the modules or elements to be considered in

adjusting or applying air pollution

model in a specific area.

dispersion

ATMOSPHERE MEASUREMENT | PRE- PROCESSED MODELS
reality input data DATA simulation
: EMISSION DATA EMISSION
EMISSIONS ekl aix.g,2.0 EMISSION MODEL b=
WIND WIND RO
- L 1
|
g | | TOPOGRAPHY | | ]
]
DISPERSION, L DIFFUSION
TRANSFORMATION, DIFFUSION Kix,yz,t) | _|DIFFUSION MODEL | _|
; T
ol CEFEETICN PARAMETER Tx, 0y 0z |
measured I
]
ADDITIONAL ME- TRANSFORMATION H={ TRANSFORMATION
L{ TEOROLOGICAL and DEPOSITION land DEPOSITION |-
INFORMATION sinks and sources ) |MODELS
‘measured and i
observed :
(
!
POLLUTION POLLUTION DATA L ESTIMATED
CONCENTRATION measured and ~ CONCENTRATION =~
observed Clix,y,z, t)
| | l
Figur 1: The elements in air pollution dispersion model simulation.
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Several types of air pollution dispersion models are avail-
able, and several of these have also been developed and
applied in various assessment studies and surveillance pro-
grammes at NILU. In principal, these source oriented models
can be devided into deterministic models and statistical

models.

Deterministic models calculate concentrations from emission-
inventories and meteorological data with mathematical
equations describing the relevant physical processes.

Statistical models estimate concentrations from empirical
statistical relationships between air quality and meteorology.
Emission data are not neccessarily needed in this case, and
these models are thus not well suited for long term planning.
For short term forecast used in operational air quality
control programmes, these models have, however, been widely

used.

Most deterministic models are based upon various solutions of

the diffusion equation.

The steady state models have been most widely applied. Some of
these are:
- gaussian point source models for estimating impact
from single point sources, verified from numerxous

measurement programmes

- multiple source gayssian models for point and area

sources in urban areas

- simple area source models based upon a input/-

output (flux) consideration where concentrations

are inversely proportional to the wind speed.

Time dependent models are usually more demanding than steady

state models. All variables can be functions of time and the
concentration output is also calculated depending on time.

Some of these models available are:
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- box models for urban areas has been developed to

estimate the flux of pollutants advected across
boundaries of boxes taking into account sources,

dispersion, deposition, transformation etc.

- grid models usually solve the diffusion equation

numerically in an Eulerian gridded space. A large
number of grid models exist for solving different
specific problems, also including photochemical

reactions in the atmosphere.

- lagrangian (puff trajectory) models advert puffs of
pollutants along the wind trajectory and estimate
diffusion, transformation and deposition during

the course.

Several other air quality models could be mentioned, however,
it is belived that when a set of source oriented models are to
be established for an alr quality assessment programme, they

will be within the families mentioned above.

For the optimal use of air quality data in estimating single
source contributions and verifying model performances it 1is

recommended also to use receptor oriented statistical models.

The principle in applying the two types of models is indicated

in Figure 2
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AlR
Ea QUALITY
(estimated)

RELATIVE
CONTRI-

EIRQUALITY

SOURCES

Figure 2: The combined used of source oriented air pollution dispersion
models and statistical receptor models, form the basis for
evaluating source contributions and air quality data control.

7 EFFECT ASSESSMENT

Area-wide air pollution surveys are 1initiated because a
problem is thought to exist, which implies the existence of an
undesirable effect, such as reduced visibility, haze,
irritation of the eyes or respiratory tract, obnoxious odors,
damage to vegetation, livestock, property, or health, or other
unwanted effects. An air pollution survey, therefore, must
seek to identify and evaluate the undesirable effects and
relate them to air guality and source. In this manner, the
cause-and-effect relationships are clarified and there exists
a basis for development of a rational control and abatement of

the problem.

Health studies are difficult and usually expensive to carry

out. Air quality data can, however, be compared with air
quality standards, e.g. those proposed by the World Health
Organization, but this procedure only gives an indication of
potential hazards. Epidemiological studies have been carried
out also at NILU to investigate air pollution effects on the

population.
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Complaint studies can be undertaken in a simple manner,

directed to a central "office"” where records are kept. These
data could then be analyzed statistically by number, type,

location etc.. and related to air quality data.

Odor mapping has also been achieved in various ways, by

expert panels or expert individuals.

Yegetation damage has been mapped using photographic
techniques, by expert surveillance and collection of samples
for analysis. Mapping of lichens, fungus and moss has also

been indicative for potential air pollution impact.

Material damage {atmospheric corrosion) has been studied in

several atmospheric field testing programmes. Network designs
for standardized testing and evaluation of the impact of air
pollution on the corrosion rate of various materials and
coatings have been developed at NILU as part of air quality

assessment studies.

8 POPULATION EXPOSURE ESTIMATES

ALr quality data (from measurement programmes and air quality
dispersion models) and population statistics can be used to
estimate the exposure of specific pollution componds to humans
or specified organs in humans (e.g. lead to blood). Such
estimates have been carried out for the inhalation exposure of
SO2 and NOx to the total population in the Nordic capitals.
Annual average concentration of lead in blood in a population

of southern Norway, has also been estimated.

The exposure commitment methods used, emphasized that exposure
commitment is a combined measure of the concentration and
duration of pollutants presence in a specified environmental

medium:
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o0

E = [ clt)dt
[e]

An important input 1is thus the 1living pattern of the
population, and knowledge of both outdoor and indoor air
Quality. Air quality also has to be known in streets, cars,
in working atmospheres etc.... It is believed at the moment,
that these methods will be of importance in future evaluations
of air quality health impact assessments. However, at present

there i1s a lack of dose/response data available.
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NORWEGIAN INSTITUTE FOR AIR RESEARCH

PRESENTATION AND PAST EXPERIENCE

The Norwegian Institute for Air Research (NILU) was founded in
1969 by the Royal Norwegian Council for Scientific and
Industrial Research {NTNF) to carry out research, to advise
Norwegian authorities and to servie private industries in all
aspects of air pollution. Part of the budget is forwarded by
NTNF, but most of it 1is being obtained through consulting

services and assignments.

The total staff numbers, more that 90, including research

scientists, university graduates and technical personnel.

The main fields of activity include:

- Air quality measurements

- Air pollution modelling

- Site studies

= Atmospheric corrosion

- Emission inventories

- Instrumentation and chemical analyses

= Meteorological measurements and analyses

= Photochemical reaction in the atmosphere

With special emphasis on:

- Dispersion of air pollution from industrial
sources

- Air pollution from motor vehicles

- Long range transport of air pollution

- Acid precipitation

- Atmospheric corrosion testing and evaluation

= Advanced laboratory for organic compounds
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NILU intimately collaborates with:

- The Norwegian Meteorological Institute for meteo-
rological information and trajectories

- Institutt for energiteknikk (IFE) for neutron
activation analysis and x-ray fluorescence
spectroscopy

- Other NTNF institutes, specialised laboratories and
industries for environmental effects and abatement

techniques.

To be able to supply the highest degree of quality and
advanced techniques, NILU maintains extensive chemical and
instrument laboratories for evaluation of samples, calibration
and development of new instruments, as well as computer
facilities for data quality control, data storage, statistical

data analyses and dispersion model calculations.

To supplement the measurements at ground stations with data
for the dispersion of pollutants and for rapid surveying of
large areas, NILU has a twin engine research aircraft (Piper

Navajo) fully instrumented with:

- Two filter sampling system for aerosol and reactive
gases

- Particle light scattering detector

- Condensation nuclei counter

= Recording instruments for gaseous air pollutants

- Sensors for turbulence, humidity and free air
temperature with facilities available for remote
sensing equipment.

- Single channel recorders

- Complete data logging equipment which enable data

processing immediately after landing

Through its wide range of activities NILU has developed a
series of new instruments and improved existing instruments

for efficient and reliable data collection and testing.
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Through funds from the Royal Norwegian Council for Scientific
and Industrial Research, NILU has been able to carry out

extensive research programmes.

NILU has carried out a large number of assignments both in
Norway and abroad. Some of the more significant projects are

described below.



COUNTRY

Europe

Europe

Greece

Switzerland

England

Norway

Norway

Norway

Norway

NILU undertakes 70-80 air pollution projects each year.

MAJOR ASSIGNMENTS

Below

are mentioned the most relevant projects from the latest years.

Long Range Transport
of Air Pollutants

The European Moni-
toring and
Evaluation Programme
(EMEP)

Environmental
impact in the
metropolitan
aera of Athens

Air Quality
modelling and
assessment

Plume Dispersion
Studies

Norwegian Monitoring
System

Site studies for
power plants

Investigation of
photochemical
oxidants from petro-

chemical industries

Air pollution from
road traffic

SERVICES RENDERED

Planning,development of methods,
data evaluation and central co-
ordination of the programme

Planning, development of methods,
data evaluation co-ordination
and quality control of chemical
measurement programme

Planning of monitoring
programme and model
calculations

Model calculations and
identification of sources

Measurements with the NILU
aircraft

Air Quality Studies in more
50 cities and communities

Meteorological and dispersion
studies concerning site studies
of nuclear-, coal-, and oil-

find power stations

Measurements and modelling of
photochemical oxidants and
their precursors in the
atmosphere

Measurement and modelling of
pollution (HC,NOx,S02 and
particulates)

CLIENT

0ECD and 11
particip-
ating countries

UN, Economic
Commission for

Europe

United Nations
UNDP /WHO
project
GRE/GEPOO1

Hoffman -
La Roche

Central
Electricity
Research
Laboratory

State Pollu-
tion Control
Authority

Ministry of
Environment

and the Norw.
Water Resources
and Electricity
Board

Ministry of
Environment
and private
industries

Ministry of
Environment,
communities
and Road

Directorate

1971=
1977

1977

1975

1975

1976

1971

1974~
1977

1974-
1977

1975

24



Norway

Norway

Norway

Norway

North Sea

Norway

Norway

Norway

Sweden

Spain

Norway

Arctic

Spain

Model studies

Ambient air study
from major
industries

Emissions from

power stations

Atmospheric
corrosion

Gas dispersion from
the Bravo blowout

Environmental
impact at Mongstad

Air Quality
Slagentangen

Bamble
investigations

Tracer experiments
and air quality
assessment

Meteorological
dispersion study

Tracer experiments

Air pollution
transport studies

Environmental
impact

Development of air pollution
models for major Norwegian
cities

Planning, instrumentation,
measurements. DOevelopment of

aera~ and single source models

Evaluation of effects on health
and environment from power
stations

Measurement and modelling
of meteorological and corrosion
parameters in southern Norway

Measurements (aircraft), and
modelling of gas cloud from
Bravo blowout in North Sea

relative to explosive limits

Meteorological programme,
dispersion calculations and
air quality measurements at
petrochemical complex Mongstad

Measurements and calculations
of air quality around oil re-
finering at Slagentangen

Air quality studies prior to
operation of petrochemical

complex at Rafnes

Problem identification
in the surroundings of an
aluminium plant

The potensial impact at
ground level from the
Teruel power plant

To estimate diffuse
leakages from petrochemical

factories

Extensive research programme
to investigate the transport
of pollutants to the Arctic

Estimated environmental
impact at a planned power plant

Royal Norwegian 1975~

Council for 1976
Scientific
Research (NTNF}
Communities, 1971-
in cooperation 1977
with private
industries
NTNF and 1974-
Institute for 1975
Atomic Energy
NTNF and 1976~
private and on
industries
1977
Norsk Hydro 1972-
1977
Ministry of 1971
Environment and
1977
Industries 1975~
1977
Granges 1977-
Aluminium 1980
Ecopol 1979-
1980
Local indu- 1979-
stries and 1981
control board
British 1980-
Petroleum(BP) 1985
INYPSA 1981
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Norway

Sweden

Nordic

countries

Norway

Norway

Norway

Norway

Iceland

Basic assessment and

surveillance
programmes

Tracer field
studies

Field
studies

Assessment of air
quality around
Aluminium smelters

Chemical and

photochemical
modelling

Epidemiological
study

Waste incinerators

Impact at electro-
chemical industries

Emissions, air quality and
modelling for establishment of
surveillance methologies in
Sarpsborg, Bergen, Mo, Drammen

To estimate diffuse leakages
at petrochemical industries

Mesoscale meteorologial
dispersion experiment in the
Malmg - Copenhagen area

Measurements and evalutions of
organic and other pollutions
included effect studies

Studies of the formation of
haze 1 Telemark

Interview investigations and
Pb-blood probing in various
areas.

Impact of waste conbustions
i several communities

Environmental impact
statements for Fe-Si and
Al-smelters

Pollution 1981-
control and on
authorities

"MUST" 1984

Swedish envi-
ronmental
protection board

Nordic org. 1984
for applied

research

Aluminium 1980~
industries 1984
State 1981-
Pollution 1984
Control

authorities/

Norsk Hydro

Ministry of 1979-
Environment 1980
Local 1981~
authorities and so
Local 1979-
industries 198S
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NILU
SEPTEMBER 1981

NILU MODELLING EXPERIENCE

Gaussian type point source models

The NILU Gaussian type dispersion models. (1) have been applied
for several purposes. Input parameters have been examined through
meteorological measurement programs (2,3) literature surveys (4),
and with the use of SF6—tracer techniques (5,6). Several verifi-
cation experiments have also been undertaken (7). These models
are capable of estimating maximum ground level concentrations
(lhr-average) stack height requirements, average concentration

distributions for specified periods of time.

The models have frequently been applied to power plant site
studies (8).

Multiple source Gaussian model (KILDER)

A multiple source Gaussian type air quality model for point- and
area sources is also available at NILU. This model has been
applied for studies in urban areas and for evaluating the environ-
mental impact of emissions from industrial complexes. It was

tested on a data base from Frankfurt (9).

Sea breeze fumigation model

A sea breeze fumigation model based upon Gaussian formulation

of dispersion and modelling of the build up of an unstable
surface layer as a function of distance from the shore line, has
been applied to several power plant sites. A brief description
is available in ref. 1. A modification of this model was applied

to the build up of unstable surface layers over land in Spain (L0
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Dispersion model for inter regional air pollution problems

The time variation in concentration in three levels is considered
by describing: a) advection, b) vertical exchange, c¢) horizontal
diffusion, d) chemical reactions, e) emission from natural and
antropogenic sources (ll1). Dry deposition and exchange with the
surroundings are incorporated as boundary conditions. The model
is composed by subroutines describing the different processes.
The procedures has been applied to mesoscale, non stationary

phenomena.

Numerjical transport/diffusion models

Different numerical solution schemes have been applied for solving
the continuity equation in complex nonstationary meteorological
situations (12). The models were first developed for the Oslo

area (13). Photochemical reaction schemes have also been incorpo-
rated into these models and applied to an industrial area of

southern Norway (14).

Other model activities

NILU also have experience in heavy gas dispersion modelling (15),
the modelling of long range transport of air pollutants (16),
chemical reactions in the atmosphere (14) and dry deposition.

The US EPA UNAMAP modelling package is also available on the NILU
computer, and has been applied to different problems. Models for
the emissions from automobile traffie and the dispersion in street

canyons have also been developed at NILU.
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NILU computer facilities

Since 1970, all computations have been carried out at the computer
centre Blindern-Kjeller (RBK). The centre was from September 1981
equipped with a CDC Cyber 170/730 computer with 512k 60-bits word
core storage, extended to 1024k in 1982. In addition, there is a

number of disk and magnetic tape stations, equipment for computer

graphics, plotting etc.

In 1981 NILU was equipped with a NORD ND-100 computer with 512 byte
core storage, disk and tape stations. The computer acts mainly as a
local computer and partly as a terminal to the RBK computer centre.
The combination of a medium-size local computer connected to one of
the largest computer centres in Norway provides the institute with

a fast and large datahandling and calculation capability.
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THE EFFECT OF CHLORINE ON THE FORMATION OF PHOTOCHEMICAL
OXIDANTS IN SOUTHERN TELEMARK. NORWAY

By @ystein Hov
Norwegian Institute for Air Research, Box 130,

N-2001 Lillestrom, Norway.

Key words: Ozone, peroxyacetylnitrate, chlorine, petro-

chemical industry, plume model, measurements.

ABSTRACT

Hourly average concentrations of up to 15 ppbv of PAN was
measured during the summer 1982 a few kilometers downwind of
the chemical industries in Southern Telemark, Norway, in sea
breeze situations. The 03/PAN ratio was as low as 13 by volume
for the highest PAN concentrations. The chemical industries

are emitters of, among other gases, Cl NOX, SOZ' and hydro-

carbons. A model for the chemistry andzdilution of the plume
from the main industrial complex is described. The emission of
Clz seems to be the cause of the photochemical activity. The
release of atomic chlorine through the rapid photodissociation
of Cl2 is calculated to give maximvum hydroxyl concentration
close downwind of the main industrial complex where also the
peak concentrations of SO2 and NOx are found, giving rise to
rapid nitric acid and sulphate formation. A reduction in the
NOx emissions would increase the photochemical activity, while
it is calcu lated that reducing the Clz emissions would reduce
the formation of photochemical oxidants. It is shown that PAN

is a much better indicator of the photochemical activity than

03.
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DIURNAL VARIATIONS OF OZONE AND OTHER
POLLUTANTS IN AN URBAN AREA

QvsTeIN Hov, IVAR S. A. IsakSEN and Ei1GiL HESSTVEDT
Institute of Geophysics, University of Oslo, Oslo, Norway

(First received 10 February 1977 and in final form 4 July 1978)

Abstract - A theoretical model is used to describe the diurnal variations of primary and secondary pollutants,
with emphasis on ozone. This is done for an urban basin with anthropogenic sources of nitrogen oxides and
hydrocarbons. We propose a scheme for the decomposition of aromatic compounds. According to this
scheme, each aromatic molecule gives rise to six transfers of NO to NO, without consumption of odd oxygen.
It is concluded that it is not 2 good approximation to represent urban hydrocarbon emissions by one single
species, neither in short term (a few hours) nor multiday simulations. Species with both high and low
reactivity ought to be included. We show that the nocturnal minimum in ozone often observed in urban
areas, is mainly induced by gas chemistry. It is not a good approximation to omit the chemical development
during the night-time in a theoretical analysis of urban photochemical pollution. Such an omission
introduces errors also in the day-time chemistry. Application of constant dissociation rate coefficients over
the day gives rise to false moming and evening ozone maxima.

Computer Modeling Studies of the Impact of Vehicle Exhaust Emission Controls on
Photochemical Air Pollution Formation in the United Kingdom

Richard G. Derwent® and Qystein Hov'
Environmental and Medical Sciences Division, Atomic Energy Research Establishment, Harwell, Oxtordshire, England

m Numerical simulation techniques are applied to the for-
mation of photochemical air pollutants in the London region
from emissions of NO, CO, SO, CHj,, and 35 organic hydro-
carbon and oxygenated species. The model gives a realistic
simulation of the observed production of ozone, peroxyacetyl
nitrate (PAN), peroxyproprionyl nitrate (PPN), and sulfate
aerosol during photochemical episodes. The relative effects
of reducing hydrocarbon and nitrogen oxide emissions have
been investigated, and hydrocarbon control appears to offer
much greater potential for reducing secondary pollution for-
mation in the London region. The controls of vehicle exhaust
emissions required or proposed in the United Nations Eco-
nomic Commission for Europe (ECE) Regulations should
markedly reduce ozone and PAN formation in the London
region.
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ONE-DIMENSIONAL VERTICAL MODEL FOR OZONE AND
OTHER GASES IN THE ATMOSPHERIC BOUNDARY
LAYER

@vysTEIN Hov
Norwegian Institute for Air Research, Box 130, N-2001 Lillestr¢m, Norway

(First received 29 December 1981 and received for publication 22 July 1982)

Abstract—A vertical eddy diffusion coefficient profile for mass transport in the atmospheric boundary layer.
is established on the basis of a calculation where the equations of motion and the thermodynamic energy
equation are solved. A one-dimensional vertical model for the chemical turnover is then developed. It is
assumed that the turbulent mass transport is equal to the product of the vertical mean concentration gradient
and the vertical eddy diffusion coefficient for mass transport. About 40 chemical species are calculated in the
model, and about 90 chemical reactions are involved. A log-linear grid is introduced. with close spacing near
the ground and coarser towards the free troposphere. The diurnal cycle of ozone in an atmospheric boundary
layer with strong convective mixing during the day and a shallow layer under the influence of mechanical
stress at night, is computed and compares well with observations. It is found that in polluted air, depletion of
ozone close to the ground through reaction with NO prevents ozone from reaching the ground and be
removed by deposition. The concentration of hydroxyl has a marked gradient with height, with maximum in
the layers where nitrogen oxides, hydrocarbons and sulphur dioxide are emitted. Nitrogen dioxide. suiphur
dioxide and the hydrocarbons (ethane, n-butane, ethylene, propylene and m-xylene) accumulate throughout
the night in the shallow nocturnal layer. .
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EVALUATION OF AIR POLLUTION IN OSLO
A SUMMARY

1 BACKGROUND INFORMATION

This project was undertaken in 1979 as a co-operative effort be-
tween the health authorities in Oslo and the State Pollution
Control Authority in Norway (SFT).

The purpose was to quantify the population exposure to air pol-
lution to provide data for an evaluation of health effects. The
project was carried out by the Norwegian Institute for Air Research
(NILU) with support from a project group with members from SFT, the
Health Board of Oslo, and the Technological Institute of Norway
(STI). Further, the Transport Economical Institute (T@I), Oslo
Community, Institute of Geophysics, University of Oslo, and siv.ing.
S.E. Riise have participated in the work.

The project was financed by SFT. Additional financial support was
provided by NILU in resolving problems with calculation methods.

2 REPORTS

The results from the project have been previously published by
NILU in the following reports (in Norwegian):

"Beregning av sprednings- og eksponeringsforhold for visse luft-
forurensningskomponenter i Oslo" ("Calculation of dispersion and
exposure conditions for some air pollution components in Oslo",
NILU OR 8/82). The results are given and discussed in the report.
The input data and some results are given in appendix under

separate cover.

The data on emissions are given in a separate report "Utslipp av
luftforurensninger i Oslo-omrddet 1979" ("Emission of air pol-
lutants in Oslo 1979", NILU OR 10/82).
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3 PURPOSE OF THE INVESTIGATION

- Map pollution distributions with different averaging times
for concentration values that may be compared with air quality

standards or guidelines,®

- Describe frequency distribution of air pollution concentrations

in different parts of the area.

- Calculate the number of people exposed to doses higher than

given values.

- Give the relative contribution to pollution concentration from

vehicular traffic.

- Calculate the expected reduction in ambient concentrations as
a result of 20%, 50% and 90% reduction in traffic emissions.

The investigation was carried out for the following air pollutants

and averaging times:

802 (1 hour, 24 hours and half year)
Particulate matter/soot (1 hour, 24 hours and half year)
NO2 (1 hour, 24 hours and half year)
Co (1 hour, 8 hours)

Lead (inorganic) (3 months)

Benzene (1 year)

Ozone (1 hour)

® Tha applied air quality guidelines (concentration values) are specified

by SFT on basis of the SFT-report No. 38, "Air pollution. Effects on health
and environment", and on the U.S. federal air quality standard for lead.
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4 METHODS AND INPUT DATA

Emission data and data for dispersion conditions (meteorological

data) were used for calculations of concentration distributions.

Figure 1 shows a map of the area for calculations. In calculating
the population exposure, only the inhabitants of Oslo were con-
sidered and the population distribution is shown in Figure 2.

To calculate one-hour average doses, the distribution of peovle
travelling, staying in their homes, or at work for each hour of

the day was considered.

4.1 Emissions

The mass emissions of each pollutant for the Oslo area for 1979
were used. The following sources were included in the emission

survey:

- vehicular traffic

- 0il combustion

~ industrial processes

~ other sources, including incineration, aircraft at
Fornebu airport, Oslo harbour, consumption of coke, wood,
coal, distribution of gasoline, and use of solvents.

M " 2 g a
The emissions are given for each km~, as shown in Figure 1,

and for each of the major sources.

Calculations of emission were based on:

- number of km driven in each km2 by vehicles using diesel oil and
by vehicles using gasoline. The emission factors giving average
amount of emission per km driven were provided by STI.
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- data on consumption of different kind of oils for each kmz. For

large sources a resolution of 100 m x 100 m was used.
- data from SFT on emissions from industrial processes.

- data on traffic density at Fornebu airport and in Oslo harbour.

Emissions from thirteen large furnaces and boilers, and from
about 120 streets were treated separately. Table 1 shows the
average total emissions from the different sources in the Oslo

area.

4.2 Data on dispersion

In 1970-71, NILU made an extensive survey of the dispersion condi-
tions in Oslo, with emphasis on the conditions during pollution
episodes. Data from this survey is used in the calculations of
ambient concentrations. Ten episodes were used to estimate highest

hourly and daily concentrations.

Dispersion conditions and frequency of episodes vary from year to
year. Only a few episodes, and even no episodes with extremely bad
dispersion conditions, were observed during the winter of 1970-1971.
To account for this, stronger inversion than observed was assumed
in calculation of maximum hourly and daily concentrations. Wind
measurements from Valle Hovin were used in the calculation of long

term average concentrations.

4.3 Dispersion calculations

Concentrations in streets with high traffic density were calculated
using a method that has been previously validated in Oslo. To calcu-
late concentrations downwind of single sources, a plume dispersion
formula was used describing the growth of plumes under different

dispersion conditions.

Long term average concentrations were calculated for the mid-point
in each km2, as shown in Figure 1. The contributions from point

’ 2 e
sources and area sources in each km~ are additive.
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Table 1: Average hourly emisstons of air pollutants in Oslo, 1979.

Unit: kg/h.
802 Part./soot co HC NOx Local Benzene
(as NOQ)
Winter
0il combustion]520 e n* 20 290 LS n
Vehicle
traffic 40 140 6400 440 390 P 34
Other sources {190 140 1200 540 100 0.8 12
Sum 750 390 7600 1000 780 8.4 46
Summer
0il combustion! 320 60 n 10 170 - n
Vehicle
traffic 40 120 5500 400 380 5 <)9t
Other sources 90 40 300 440 50 0. 3
Sum 450 220 5800 850 600 /% 34

*n: negligible.




52

Air pollution accumulation in the Oslo area during episodes have
to be considered under conditions of stagnating wind to estimate
the highest concentrations. The highest concentration wvalues, as

a result of data from 10 selected days, are referred to as maximum
concentrations in Oslo. If the emission survey used is reasonably

accurate, higher concentrations will be very seldom recorded.

5 RESULTS

5.1 Pollution maps

A number of maps have been drawn for Oslo, showing pollution con-
centrations for different averaging times extending from 1 hour
to 6 months. Two figures are selected as examples. The SO2 con-
centrations, shown in Figure 3, demonstrate the dispersion of
pollutants mainly from area sources (e.g., domestic heating)..

Dispersion of lead, originating mainly from vehicular traffic, is
shown in Figure 4. The results are based on a content of lead in
gasoline of 0.4 g/l. The allowable lead content in Norway will be
reduced after 1 February 1983 to below 0.15 g/l1. Thus, it can

be expected that the concentration values will be reduced accor-

dingly.

In order to use the results to improve the living environment

in Oslo, the local authorities wanted to know the levels of
pollution in individual streets. Concentrations in street canyons
were calculated for about 120 blocks with high traffic density and
buildings on both sides. Concentrations can also be high in streets
with buildings on one side, or even lacking buildings, but then
high traffic density is necessary (e.g., E6, E18, Ringveien).

The highest concentrations occur in street canyons in the urban

centre with buildings on both sides.
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For particulate matter/socot (24-h and 6-month averages), NO
(1-h and 6-month) and CO (1-h and 8-h values) it was found
that one or several of the guidelines were exceeded by a factor of

2

two in many street canyons. As an example, a map for 8-h average
CO values is shown in Figure 5.

Tables 2 and 3 show a simplified view of the highest wvalues

occurring on the pollution maps presented in the main report.
These values may be compared with the air quality guidelines.

Table 2: Calculated maximum long term comcentrations.

Component, Standard Calc.max.value Extension
averaging pg/m? x ug/m3
time Sl
SOZ,H year 40-60 70 Area
Part/soot.,
& year 40-60 40 Area
Noz,ﬁ year 75 40 Area
Lead,3 mo. 15 140 Area
= Local (industry and
2.5 street canyons) ’

x: Air quality standards.

Table 3: Calculated maximum short term concentrations.

Component, . Standard Calc.max.vaiue Extension
averaging Hg/m? ug/m?3
time )
502,24h 100-150 300 Area
Part./soot,’
lzhourxr. 100-150 150 Area
N02,24h 100-150 90 Area
Cco,8h 10 000 7 000 Area

25 000 Local (street canyon)
so, ,lh 300 Area
23;3'(§°°t 400 Smaller area
1 héur
Noz,lh 200-350 180 Area

500 Local (street canyon)

CO, 1h 25 000 15 000 - Area

45-60 000 Local (street canyon)
03,1h 100-200 200 Suburbs




About 4000 persons living
-exposed to maximum hourly

given for NOZ'

High ozone concentrations
Oslo as a result of local

or
NO
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working near street canyons may be

‘concentrations within the range

over eastern Norway will be reduced over

emissions of NO. New formation of

oxidants as a result of emissions from Oslo may in some episodes

expose a few thousand people (10.000-50.000) to higher ozone levels

than specified by the guidelines.

6 EFFECT OF REDUCED EMISSION FROM CARS IN OSLO ON THE MAXIMUM

LEVEL OF EXPOSURE FOR PARTICULATE MATTER/SOQT, NOx, CO, LEAD

AND BENZENE

The following effects can be expected:

a) Reduction of emission from each vehicle will result in

corresponding pollutant concentration reduction in the streets

with high traffic density. A 50% reduction is necessary for

CO concentrations to meet the guidelines in these streets.

b) Traffic regulations may be used to improve the pollution

situations in single streets. Improved flow of the traffic

will also reduce total emissions.

c) In episodes,

20-90% reduction in the emissions from motor

vehicles should give the following average reduction in the

pollution levels over

2- 8%
10-44%
18~82%
12=33%
11=57%
19-85%
L7=76%

reduction
reduction
reduction
reduction
reduction
reduction

reduction

in
in
in
in
in
in

in

the

the
the
the
the
the
the
the

central area:

802 concentrations
particle/soot values
CO concentrations

HC concentration
NOx concentration
lead concentration

benzene concentration.
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s b RELIABILITY OF THE CALCULATIONS

Estimation of wvertical exchange of pollution is probably the most
important source of uncertainty in the calculations. The
uncertainty in the vertical exchange is particularly important when
the relative contributions from car traffic (emission close to the
ground) and from home heating (emission above the roof level) are
evaluated. The assumptions applied in this study should be tested
by tracer experiments.

Data from the literature may be used for guidance on the expected
uncertainty. Often the uncertainty in calculated average concen-

trations is estimated to be lower than 20% for long term average

values, and to about 25% for daily mean values during shorter

episodes.

The calculated exposure levels for the Oslo population will most
probably occur. Type and frequency of different pollution episodes
will vary from one year to another, and the maximum values are
therefore difficult to gquantify. Uncertainties may be reduced by

improved data from further measurements.
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DIOXIDE ANALYSIS

7247-468-9

SVOVELOIOKSIO

LUFTFORURENSNINGER. HOLMESTRANDTUNNELEN MAI - JULT 1983.

HOVEDRAPPORT T267-471-9
LILLESTROM 198¢ 857 IS

LUFTFORURENSN. UTSLIPPSKARTL. HOLMESTRANO

VEGSJEFEN I VESTFOLD, VEGOIREKTORATET

PRIS KR 90 APEN - KAN BESTILLES FRA NILU

AIR POLLUTION. HOLMESTRANDTUNNELEN MAY - JULY 1983

LUFTFORURENSNINGER. HOLMESTRANOTUNNELEN MAL - JULL 198).
SAMMENDRAGSRAPPORT T247-4672-7
LILLESTRYM 1384 27 S

LUFTFORURENSN. UTSLIPPSKARTL. HOLMESTRAND

VEGSJEFEN [ VESTFOLDO, VEGDIREKTORATET
PRIS XR 20 APEN - KAN BESTILLES FRA NILY
AIR POLLUTION. HOLMESTRANDTUNNELEN MAY - JULY 1983
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SPREONINGSFORHOLO VED DALEN FABRIKKER, BREVIK 7247-478-6
LILLESTROM 198% 43 S

SPREDONINGSFORH, MILJIGPAVIRKNING AVFALLSFORSBR. BREVIK

A/S NORCEM

PRIS KR 20 BESTILLES GJENNOM OPPDRAGSGIVER

DISPERCION CONDITIONS AT DALEN FABRIKKER, TELEMARK

BLY OG BENZEN I BENSIN 1982 7247-480-8
LILLESTROM 1984 13 8

BLY BENZEN BENSIN

STATENS FORURENSNINGSTILSYN

PRIS KR 20 APEN - KAN BESTILLES FRA NILU

LEAD AND BENZENE IN PETROL 1982

RUTINEOVERVAKING AV LUFTFORURENSNING. DATARAPPORY. KORROSJONSMALINGER
1982 0G 1983 T267-484-0
LILLESTROM 1984

STATENS FORURENSNINGSTILSYN

FORSLAG TIL PROGRAM FOR METEOROLOGISKE MALINGER I FORBINDELSE MEOD
PROVEAGGREGAT FOR VINDKRAFT 7247-485-9
LILLESTRIM 1984 244 S

VIND ENERGI MALEPROGRAM FRAYA

NVE, STATSKRAFTVERKENE/E-DIREKTORATET

PRIS KR 20 APEN - KAN BESTILLES FRA NILU

PROPOSAL FOR METEOROLOGICAL MEASUREMENTS AT A POTENSIAL SITE FOR WINOD
POWER AT FRAYA

KORROSJIONSMALINGER I LAKKERINGSVERKSTED NIC. B. SANDBERG A/S

LILLEHAMMER T267-487-5
LILLESTROM 198%¢ CIEE

KORR.PROVING INORE MILJH LASNINGSMIDLER LILLEHAMMER

NIC. B. SANDBERG A/S

PRIS KR 10 BESTILLES GJENNOM OPPDRAGSGIVER

ATMOSPHERIC CORROSION MEASUREMENTS IN A PAINT SPRAYING WORKSHOP

RUTINEOVERVAKING AV LUFTFORURENSNINGER &. KVARTAL 1983 7247-4690-5
LILLESTROM 198+¢ 319 .S

LUFTKVALITET SYOVELOQOKSIDER PARTIKLER
MILJOVERNDEPARTEMENTET/STATENS FORURENSNINGSTILSYN

PRIS KR 30 APEN - KAN BESTILLES FRA NILU

AIR QUALITY MONITORING IN NORWAY. RESULTS FROM THE PERIOD OCTOBER-
DECEMBER 1983

ATMOSFARISK KORROSJON PX GRUNN AV SALTSYREPAVIRKNING 7247-496-8
LILLESTROM 1984 A S

SALTSYRE ATMOS . KORROSJON UTSLIPP

STATENS FORURENSNINGSTILSYN

PRIS KR J0 APEN - KAN BESTILLES FRA NILU

ATMOSPHERIC CORROSION CAUSED BY HYDRO CHLORID ACID EMISSION

OISPERSION CALCULATIONS OF EMISSIONS FROM THE FUTURE EXPANDED OIL
REFINERY AT MONGSTAD i 7247-4685-6
LILLESTREM 198¢ 3T S
SPREONINGSBER. SKORSTEINSHOAYOE OLJERAFFINERI MONGSTAO
STATOIL

KAN IKKE UTLEVERES

EMHISSIUN AND LONG RANGE TRANSPORT OF TRACE ELEMENTS IN

EUROPE 1247-453-0
LILLESTROM 198¢ 31 8

UTSLIPP LANGTRANSPORT METALLER

PRIS KR 30 APEN - KAN BESTILLES FRA NILU

ENKEL MODELL FOR BEREGNING AV NO2 - KONSENTRASJIONEN VED

GATER 7267-464-6
LILLESTROM 1934 18 §

LUFTFORURENSN. TRAFIKKFORUREN. MODELLER

NORDISK MINISTERRAD

PRIS KR 20 APEN - KAN BESTILLES FRA NILU

A SIMPLE MODEL FOR CALCULATING STREET LEVEL NO2 CONCENTRATIONS IN
ALR

BAKGRUNNSVERDIER FOR CO 0G NO2 I TRAFIKKERTE GATER T267-4665-3
LILLESTROM 1984 1y 8 o

LUFTFORURENSN., BAKGRUNNSFORUR.

NORDISK MINISTERRAD

PRIS KR 20 APEN - KAN BESTILLES FRA NILU

BACKGROUND AIR POLLUTION LEVELS OF CO AND NO2 IN CITY STREETS

EMISSION SOURCES IN THE SOVIET UNION 7267-413-5
LILLESTROM 1984 219 .8
uTsLiep LUFTFORURENSN. SOVIET

BRITISH PETROLEUM LTD.
PRIS KR 20 APEN - KAN BESTILLES FRA NILU
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BRUK AV BASISK SILICAGEL FOR HPLC-FRAKSJIONERING AV ORGANISKE

FORBINDELSER I LUFTPROVER 1267-470-0
LILLESTROM 1984 6. 'S

PARTIKLER PAH ANALYSEMETODER

NILU

PRIS KR "10 APEN - KAN BESTILLES FRA NILU

APPLICATION OF BASIC SILICAGEL FOR HPLC-FRACTIONATION OF ORGANIC
COMPOUNOS [N AIR SAMPLES

BEARBEIDELSE AV LUFTKVALITETSOATA NEORE TELEMARK 1.12.82 -

30.11.83 T267-474-)
LILLESTROM 1984 13

LUFTKVALITET METEORQL.DATA

STATENS FORURENSNINGSTILEIYN, KONTROLLSEKSJIONEN NEDRE TE LEMARK

PRIS KR 20 BESTILLES GJENNOM OPPDRAGSGIVER

PROCESSING OF AIR QUALITY OATA NEDRE TELEMARK 01.12.1982-30.1%,.1983.

SPREONING AV TUNG GASS. UTORAG AV MALEDATA FRA THORNEY ISLAND

FORSBKENE, FASE t T267-475-1
LILLESTROM 1984 ag S

TUNGE GASSER SPREDNINGSFORS. THORNEY ISLAND

PRIS KR 70 APEN - KAN BESTILLES FRA NILU

DISPERSION OF HEAVY GAS. SELECTED MEASUREMENT DATA FRON THORNEY
ISLAND TRIALS, PHASE 1.

HAVSALTAVSETNINGER MALT MED NILUS NEDB@RSAMLER 06

AEROSOLFELLE 7247-481-6
LILLESTROM 1984 86 S

THRRAVSETNING KQRROSJON SJOSALT

PRIS KR 70 APEN - KAN BESTILLES FRA NILU

SEASALT DEPOSITIONS MEASURED WITH NILUS PRECIPITATION COLLECTORS
AND AERQSOL TRAP.

RESPIRATORY ILULNESS AND AIR POLLUTION T267-4682-4%

LILLESTREM 198¢ 68 S

LUFTFORURENSN. HELSEEFFEKTER

NILU

PRIS KR 60 APEN - KAN BESTILLES FRA NILU

METEQROLOGI 0G LUFTKVALITET VED NILU, LILLESTROM, 1.9.82-

281284 T2647-486-7
LILLESTRIM 19856 120 §

METEOROL.DATA LUFTKVALITET MALEPROGRAM LILLESTREM

NILU

PRIS KR 90 APEN - KAN BESTILLES FRA NILU

METEOROLOGY AND AIR QUALITY AT NILU LILLESTROM, 1 SEPT. 1982-
28 FEB. 198)]

EMISSION FACTORS OF ATMOSPHERIC ELEMENTS
LILLESTROM 1984

ATMGSPHERIC TRACE ELEMENTS FROM NATURAL AND ANTHROPOGENIC SOURCES
LILLESTROM 1984

THE SEVENTH INTERCOMPARISON OF ANALYTICAL METHODS WITHIN THE EMEP
LILLESTROM 1984 44 S
PRIS KR 40 BESTILLES GJENNOM OPPORAGSGIVER

SUMMARY REPORT FROM THE CHEMICAL CO-ORDINATING CENTRE FOR THE
SECOND PHASE OF EMEP

LILLESTROM 198¢ 120 S

PRIS XR 90 BESTILLES GJENNOM OPPDRAGSGIVER

A METHOD FOR INJECTION OF LARGE SOLVENT AMOUNTS (100 UL) IN
CAPILLARY GAS CHROMATOGRAPHY. 6.NORSKE SYMPOSIUM 1 KROMATOGRAFI,
8.-10.JANUAR 1984

LILLESTREM 198¢

THE CONNECTION OF RETE!N/ION GAPS WITH CAPILLARY COLUMNS BY MHIGH
TEMPERATURE CERAMIC GLUES-AN EASY WAY TO AVOID PEAK SPLITTING.
6§ .NORSKE SYMPOSIUM 1 KROMATOGRAFI, 8.-10.JANUAR 198¢

LILLESTROM 1984

GASSKROMATOGRAFI [ FREMTIOEN.

SEMINAR I GASSKROMATOGRAFI, NORSK KJEMISK SELSKAP, FAGGRUPPE FOR
ANALYTISK KJEMI. 0SLO 26.9.83. o

LILLESTROM 1984

ANALYSE AV LUFTPRUVER VED NILU.

SEMINAR I GASSKROMATOGRAFI, NORSK KJEMISK SELSKAP, FAGGRUPPE FOR
ANALYTISK KJEMI. 0OSLO 28.9.83.

LILLESTROM 1984

OBSERVATIONS OF PHOTOCHEMICAL OXIDANTS IN CONNECTION WITH LONG
RANGE TRANSPORT. WORKSHOP. SWEDISH ENVIRONMENTAL RESEARCH
INSTITUTE, GQTEVORG 29.2-2.3.198%¢.

LILLESTROM 198¢
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AUTOMOTIVE EMISSION FACTORS: AN INDIRECT MEASUREMENT METHOD APPLIED
TO POLYCYCLIC AROMATIC HYDROCARBON AND LEAD EMISSIONS. 77TH APCA
ANNUAL MEETING AND EXHIBITION. SAN FRANSISCO, JUNE 24-29, 1984,
LILLESTROM 1984

\

PAH-NIVA I BOLIGOMRADER RUNDT ALUMINIUMVERK.
PAH-SYMPOSIUM VED SORIA MORIA KONFERANSESENTER, 2-3.MAI 1984%.
LILLESTROM 1984

LUFTKVALITET I OMRADENE NAR ALUMINIUMINDUSTRIEN.
REN LUFT KONFERANSE 1984. BERGEN 9-11. MAI 198¢.
LILLESTRYOM 138¢

FORURENSNING FRA BRENNING AV NATURGASS PA OLJEFELTENE I NORDSJBEN.
REN LUFT KONFERANSE 1984. BERGEN 9-11. MAI 1984.
LILLESTRIM 1984

NATURAL VEGETATION AS INDICATOR OF TRANSBOUNDARY AIR POLLUTION FROM
THE SOVIET UNION TO NORWAY. 2ND EUROP. CONF. ON CHEM. AND ENVIRONMENT:
AIR POLLUTION AFFECTING PLANTS. LINDAU, FRG, MAY 21-24, 1984.
LILLESTREM 1984

LUFTFORURENSNINGER I ARKTIS.
REN LUFT KONFERANSE 1984. BERGEN 9-11. MAIL 1984%.
LILLESTROM 1984

ARCTIC GROUND MEASUREMENTS OF S02 AND S04 AND THE LARGE SCALE
ATMOSPHERIC FLOW DURING POLLUTION EPISODES.

THIRD SYMPOSIUM ON ARCTIC AIR CHEMISTRY. TORONTO 7-9 MAY 1984.
LILLESTREM 198¢

THE CHEMICAL COMPOSITION OF THE ARCTIC AEROSOL MEASURED IN WINTER
AND SUMMER 1983.

THIRD SYMPOSIUM ON ARCTIC AIR CHEMISTRY. TORONTO 7-8 MAY 1984.
CILLESTROM 198¢

AIRCRAFT MEASUREMENTS OF AIR POLLUTION IN THE NORWEGIAN ARCTIC.
THIRO SYMPOSIUM ON ARCTIC AIR CHEMISTRY. TORONTO 7-9 MAY 1984.
LILLESTRYOM 1384

THE LONG RANGE TRANSPORT OF POLYCLORINATED HYODRQCARBONS TO THE ARCTIC.
THIRD SYMPOSIUM ON ARCTIC AIR CHEMISTRY. TORONTO 7-9 MAY 198¢.
LILLESTROM 198¢

THE ATMOSPHERIC SIGNIFICANCE OF LIQUID PHASE OXIDATION OF S02 TO
SULPHATE BY 03 AND H202. THIRO EUROPEAN SYMPOSIUM ON PHYSICO-CHEMICAL
BEHAVIOUR OF ATMOSPHERIC POLLUTANTS. VARESE, [TALY 10-12 APRIL 198¢.
LILLESTROM 1984

LANGTRANSPORT AV LUFTFORURENSNINGER TIL ARKTISKE OMRADER SETT PA
BAKGRUNN AV DEN STORSKALA ATMOSFARISKE SIRKULASJION.

X{V NORDISKE METEOROLOGMNATE. TROMS® 25-29. JUNI 1984.

LILLESTKROM 1984

SELECTIVE DETERMINATION AND IDENTIFICATION OF TETRACHLORODIBENZO-P-
OTOXINS IN STACK GASSES USING HYDROXYL NEGATIVE ION CHEMICAL IONI-
ZATION MASS SPECTROMETRY. V INTERNAT. SYMP. GENT, BELGIA 14-18.5.8¢.
LILLESTRGM 1984

APPLICATIOr OF CLUSTER ANALYSIS TO IDENTIFY SOURCES OF AIRBORNE
POLYCYCLIC AROMATIC HYDROCARBONS. 77TH APCA ANNUAL MEETING AND
EXHIBITION. SAN FRANSISCO JUNE 26-29, 1984,

LILLESTRGBM 13984

THE 1983 EAST AND SOUTHERN AFRICAN ENVIRONMENTAL CHEMISTRY WORKSHOP.
HARARE, ZIMBABWE 5-10 DESEMBER 1903.
LILLESTROM 198¢

NOTATER FRA ADVANCE STUDY INSTITUTE ON CHEMISTRY OF MULTIPHASE
ATMOSPHERIC SYSTEMS, 26.9-8.10.1983 PA KORFU.
LILLESTROM 198%

WORKSHOP ON THE EVALUATION AND ASSESSMENT OF THE NATURE, MAGNITUDE AND
GEOGRAPHICAL EXTENT OF EFFECTS OF PHOTOCHEMICAL OXIDANTS ON HUMAN
HEALTH... SNV, GRTEBORG 29.2.-2.3.1984%.

LILLESTROM 198¢
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CHEMOMETRIC SPRING SCHOOL, LEEODS, 9.13. APRIL 1984,
LILLESTROM 1984

KALIBRERINGSMETODER FOR SPORMENGDER AV LETTE HYOROKARBONER I UTELUFT:
BESOK VED AERE HARWELL 12-15.3.198%.
LILLESTRIM 1984

REISE TIL SPANIA I TIDSROMMET 11-18.MARS 1984,
LILLESTREM 1984

SYMPUOSIUM ON HEAVY GAS DISPERSION TRIALS ON THORNEY I[SLAND
SHEFFIELD 3-S5S.APRIL 1984,
LILLESTROM 1984

RAPPORT FRA MOTE I CCMS 2-5.APRIL 198¢ I MILANO.
LILLESTROM 1984

PLANLEGGING AV ALUMINIUMVERK VED AKUREYRI. 8ESYK I ISLAND
26-28.APRIL 1984.
LILLESTROM 198¢

2ND EUROPEAN CONFERENCE ON CHEMISTRY AND :-THE ENVIRONMENT: AIR
POLLUTANTS AFFECTING PLANTS. LINDAU, VEST-TYSKLAND, 21-24.MAI 1984,
LILLESTROM 198¢

RAPPORT FRA REISE I CANADA 0G USA 5-16.MAI 1984,
LILLESTROM 1398¢

THIRD EUROPEAN SYMPOSIUM ON "PHYSICO-CHEMICAL BEHAVIOUR OF
ATMOSPHERIC POLLUTANTS™ AT VILLA PONTI, VARESE., ITALY, 10-12.APRIL
1984 (COST 61A-BIS).

LILLESTROM 1984

REFERAY FRA DET 77. ARLIGE M@TE I “AIR POLLUTION CONTROL ASSOCIATION"
I SAN FRANCISCO, CALIFORNIA, 24-29.JUNT 198¢.

LILLESTREM 1984

PHOTOCHEMICAL OXIDANTS IN THE TROPOSPHERE: A MOUNTING MENACE.

AMBIO, VOL.13, 61-87 (198¢).

OXIDANT FORMATION OESCRIBED I[N A THREE LEVEL GRIND.

INT.TECHNICAL MEETING ON AIR POLLUTION MODELING AND ITS APPLICATION.
13. ILE OES EMBIEZ, 198¢. PROC. N.Y., PLENUM, 198%4. S$.583-802.
MODELLING OF THE LONG-RANGE TRANSPORT OF PEROXYACETYLNITRATE TO

SCANDINAVIA.

J.ATMOS.CHEM., VOL.1, 187-202 {198¢%)

NORGES ROLLE [ KLIMAFORSKNINGEN.

AFTENPOSTEN 30.MAI 1984.

ORGANIC GASES IN THE NORWEGIAN ARCTIC.

GEOPHYSICAL RESEARCH LETTERS, VOL.11, 425-428 (1984).

OZONE I[N THE TROPOSPHERE: HIGH LEVEL POLLUTION.
AMBIO, VOL.13, 73-79 (1984)

REGIONAL MODEL FOR OXIDANTS: THE NORWEGIAN LAGRANGIAN LONG-RANGE
TRANSPORT MODEL WITH ATHMOSPHERIC BOUNDARY LAYER CHEMISTRY.

EPA-QECD INTERNAT. CONF.ON LONG-RANGE TRANSPORT MODELS FOR PHOTOCHEM.
OXTDANTS ANO THEIR PRECURSORS.1983.PROC. EPA 1984. S$.94-127.

STREET CANYON CONCENTRATIONS OF NITROGEN DIOXIDE IN OSLO. MEASUREMENTS
AND MODEL CALCULATIONS.

ENVIRON. SCI. TECHNOL., VOL.18, 82-87 (1984).
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i IVERSEN T STATIC INITIALIZATION OF PRIMITIVE EQUATION MODELS ON A BOUNDED,
NORDENG T E EXTRATROPICAL REGION.

TELLUS, VOL.J6A, 21-29 (1984).

/ IVERSEN T ON THE ATMOSPHERIC TRANSPORT OF POLLUTION TO THE ARCTIC.
GEOPHYSICAL RESEARCH LETTERS, VOL.11, 457-480 (1984).
/ JORANGER € AIR POLLUTION STUDIES IN THE NORWEGIAN ARCTIC.
OTTAR B

GEOPHYSICAL RESEARCH LETTERS, VOL.11, 365-168 (1984).

/ KIRSCHMER P LARGE SAMPLE INJECTION METHOD FOR CAPILLARY GC USING A COMMERCIAL
OEHME M THERMODESORPTION UNIT AS INJECTION DEVICE.

J. OF HIGH RESQLUTION CHROMATOGR. & CHROMATOGR. COMMUNICATIONS,
vOL.7, 306-211 (1984).

/ OTTAR 8 LONG RANGE TRANSPORYT OF AIR POLLUTANTS ANO ACID PRECIPITATION.
OOVLAND H
SEMB A
AIR POLLUTION AND PLANT LIFE. ED. BY M. TRESHOW. N.Y., WILEY,
MBIery IS —sThlyrs 5

/ OTTAR 8 SOURCES OF NI, P8 AND ZN DURING THE ARCTIC EPISODE IN MARCH 1983.
PACYNA J M
GEOPHYSICAL RESEARCH' LETTERS, VOL.11, &41-444 (1984).
/ PACYNA J M EMISSION AND LONG-RANGE TRANSPORT OF TRACE ELEMENTS IN EUROPE.

SEMB A
HANSSEN J E :
TELLUS, VOL.368, 163-178 (198%).

/ PACYNA J M EMISSION SOURCES OF ATMOSPHERIC TRACE ELEMENTS IN EUROPE.
NEWSLETTER FROM THE FAO EUROPEAN COOPERATIVE NETWORK ON TRACE ELEMENTS
JRO ISSUE, 1984, S.97-107.

/ PACYNA J M ESTIMATION OF THE ATMOSPHERIC EMISSIONS OF TRACE ELEMENTS FROM
ANTHROPOGENIC SOURCES IN EUROPE.
ATMOS. EMVIRON., VOL.18, &1-50 (198¢}.

/ *RAMDAHL T AMBIENT IMPACT OF RESIDENTIAL WOOD COMBUSTION IN ELVERUM, NORWAY.

SCHJOLDAGER )

*CURRIE L A
HANSSEN J E

*MALLER M
*ALFHEIM I
SCIENCE OF THE TOTAL ENVIRONMENT, VOL.36, 81-90 (1984).
/ SCHJIOLOAGER ) PHOTOCHEMICAL OXIDANTS IN NORTHWESTERN EUROPE, 1976-1979. A PILOT
OOVLAND H STUDY.

tGRENNFELT P
*SALTBONES J
- EPA-OECD INTERNAT. CONF. ON LONG-RANGE TRANSPORT MODELS FOR PHOTOCHEM.
OXIDANTS ANO THEIR PRECURSORS.19831.PROC. EPA 1984, S.4139-473.

/ SEMB A MAJOR IONS IN SPITSBERGEN SNOW SAMPLES.
*BRAKKAN R a
JUORANGER E

GEOPHYSICAL RESEARCH LETTERS, VOL. 11, ¢45-448 (1884).
/ SIVERTSEN 8 ESTIMATION OF OIFFUSE HYDROCARBON LEAKAGES FROM PETROCHEMICAL
FACTORIES.

INT. TECHNICAL MEETING ON AIR POLLUTION MODELING AND ITS APPLICATION.
13. ILE DES EMBIEZ, 1984. PRDC. N.Y.., PLENUM, 1984, $.693-708,

/ STRAY H SELECTIVE DETERMINATION OF SUBSTITUTED PAM IN AEROSOLS USING LIQUID
MANY S CO2-EXTRACTIOIN, HPLC PREFRACTIONATION ON CHEMICALLY ADIVATED SILICA,
MIKALSEN A AND HRGC COMBINED WITH NEGATIVE ION MASS SPECTROMETRY.

OEHME M

). OF HIGH RES(LUTION CHROMATOGR. & CHROMATOGR. COMMUNICATIONS,
vOoL.7, 74-82 (1986},
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