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SlMHARY 

The processing of mineral resources at high temperatures, such as coal and 

oil combustion in electric power stations and industrial plants, roasting 

and smelting of ores in non-ferrous metal smelters and ferrous foundries, 

refuse incineration, and kiln operations in ceaent plants, results in 

releases of volatile elements to the atmosphere. Some of these elements, 

e.g. As, Cd, and Pb have been widely studied due to the serious health 

concern associated with them. Their emissions are becoming known, 

particularly in Europe. Once emitted to the atmosphere, trace elements can 

be transported within air masses and deposited in remote areas. A part of 

trace elements is accu■ulated in cultivated and uncultivated soils leading 

to various undesirable effects, e.g. gradual change in the trace element 

cheaistry of terrestrial ecosysteas, and uptake of trace eleaents in various 

food chains. The atmospheric deposition of trace elements is well 

illustrated by changes of their concentrations in samples of various moss 

species. 

Some chlorinated hydrocarbons are toxic chemicals of potential concern 

because of their stability and their accumulation in soil and the biosphere. 

Emitted mainly during and after the application of pesticides, chlorinated 

hydrocarbons can stay in the air for months or even years. They are then 

subject to atmospheric transport and sink processes. Apart of dry and wet 

deposition, some chlorinated hydrocarbons undergo photodegradation in the 

atmosphere, and the reaction products are sometimes less desirable than the 

parent compounds, e.g. photodieldrin is more toxic than dieldrin. There is a 

large body of data on the concentrations of chlorinated hydrocarbons in 

biota, particularly for DDT and its metabolites. Many pesticides are 

bioavailable in soil and plants. The lipophilic chlorinated hydrocarbons are 

examples for water insoluble compounds which are largely sorbed by plants 

from the soil air or the pesticide-enriched air near the soil surface. 

There is a need to iaprove our understanding of the role of indirect changes 

of trace metal cycles resulting from changing biogeochemical processes. More 

complete knowledge of the environmental pathways for chlorinated hydro 

carbons may aid in the assessment of potentially harmful effects. 
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SOURCES AND ATHOSPHERIC TRANSPORT OF TOXIC TRACE ELEHENTS 
AND CHLORINATED HYCROCARBONS AND THEIR HIGRATIDN THROUGH 

INDIVIIJJAL ENVIRONHENTAL HEDIA 

INTROWCTION 

Atmospheric transport and deposition of pollutants over long distances has 

received attention particularly in connection with the acid rain problem, 

and more recently, the photochemical oxidants and ozone formation. 

There is little doubt, however, that atmospheric transport may also be an 

important pathway for the dispersion of other environmental contaminants. 

This may be of concern when accumulation in soil and biota can result in the 

buildup potentially toxic concentration levels, which is a function of the 

character and the recipient as much as of the actual input. 

However, while the level of contamination of heavy metals and halogenated 

hydrocarbons in various biota have been extensively studied, quantitative 

data on the emissions, concentration levels in air, and ecosystem accumu 

lation and transfer, has not yet been systematically related. It is the 

purpose of this report to examine available data, in order to see if there 

is a basis for such a systematic approach to describe the environaental 

cycle of two classes of environmental contaminants, the heavy metals and the 

chlorinated hydrocarbons. 
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PART I: TRACE ELEHENTS 

1 EHISSIONS OF HEAVY HETALS AND OTHER TRACE ELEHENTS 

The concentration of so-called "anomalously enriched elements• in the 

ataosphere is mainly due to the volatility of these elements at the high 

temperatures of fossil-fuel combustion, and a variety of other high-tempe 

rature industrial processes. Particularly important in this connection is 

the extraction of non-ferrous metals from sulphides. Estimates of the emis 

sions of the various trace eleaents froa different eaission source 

categories in Europe have been estimated by Pacyna (1985a) and are 

suamarized in Table 1, while the estimates for all countries are presented 

in Table 2. 

It is seen that fossil fuel combustion, particularly solid fuel burned in 

theraoelectric power plants, is an important source of emissions of many 

elements. The elements Be, Co, Mo, Sb and Se are emitted chiefly from com 

bustion of coal, while Ni and V are released mainly from oil combustion. 

However, metallurgical industries, particularly extraction of zinc, lead, 

copper and nickel, and the recycling of scrapmetal, are the largest emitters 

of Cd, and As. Lead additives in petrol amounted to 60-70\ of the Pb emis 

sions to the atmosphere, but the use of lead additives is gradually being 

phased out in many European countries. 

There are four factors that affect the amounts of the trace element dis 

charge: (1) impurities in fuels, ores, and other raw materials, (2) physi 

cal-cheaical properties of trace elements, (3) production technology 

employed, and (4) effectiveness of emission control devices. 

The ranges of concentrations of trace eleaent impurities in coals, gasoline 

and fuel oils used in Europe and the Soviet Union in 1979 are shown in 

Fig.1. In some single fields of coal or crude oil, the trace element concen 

trations can be even higher. As an example, the content of arsenic in some 

Polish and Czechoslovakian brown coals aay be between 500 and 1200 ppm. 
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Bituminous coal is more contaminated than the other types, while lignite has 

the lowest amounts of impurities (Pacyna, 1980). However, to obtain an equal 

aaount of electrical energy from the different types of coal, one needs to 

burn much more lignite than bituminous coal due to the low heat value of 

lignite. Thus, the trace eleaent emission factors for bituminous coal are 

actually lower than those for lignite. The limited information available 

indicates that approximately 30\ of the trace metals in crude oils are re 

tained in residual fuel oil and asphalt (Smith et al., 1975). Generally, the 

most contaminated crude oils are those from the Middle East and Venezuela 

(Pacyna, 1982) while crudes from the Far East (Singapore, Indonesia, Africa 

(Algeria, Gabon, Nigeria), and North America are the lowest in impurities. 

The trace element concentrations in selected industrial materials are shown 

in Fig. 2. 

The physical-chemical properties of the trace elements play a very 

significant role in their aobilization. Several processes, such as coal and 

oil combustion in electrical power stations and industrial plants, roasting 

and s■elting of ores in non-ferrous metal smelters, melting operations in 

ferrous foundries, refuse incineration and kiln operations in cement plants, 

all employ high (110008C) temperatures. The higher the temperature, the 

larger the emissions of volatile elements. The combustion temperature 

directly affects the volatilization of trace elements in a furnace, their 

condensation on fine particles in the flue gas stream and their atmospheric 

transport. 

The type of production technology and the type and effectiveness of air 

pollution control, are the key factors affecting the Cd and As emissions, 

particularly from non-ferrous metal smelters. The zinc-cadmium and copper 

nickel smelters are the major sources of atmospheric Cd and As, respec 

tively. Generally two types of technology are used in the European zinc 

plants: pyrometallurgical and electro■etallurgical processes. The first type 

of plants employs thermal smelting in an imperial smelting furnace (ISF 

process) or a retort furnace (mainly vertical retort -VR). The major source 

of Cd in the Zn smelter operations is sintering of ore concentrates fro■
roasters at high temperatures. Some European ISF smelters include equipment 

for the scavenging of Cd volatilized in the sintering stage. The consumption 

of fuel, both inside and outside retorts, or inside blast furnaces, results 
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in a major volume of process gas containing Cd and other heavy metals. The 

emission factors for the Cd from pyrometallurgical zinc plants reported in 

the literature vary from 5.8 g x t-1zn produced (UBA, 1982) to 500 g x t-1zn 

produced (Pacyna, 1983). This large difference is probably due to differen 

ces in the effectiveness of control devices in various plants in Europe. 

E■ission of airborne pollutants from electrolytic process for zinc produc 

tion is negligible. At present, four of the 18 primary zinc plants within 

the European Economic Community use ISF (ca 20\ of the Zn production), and 

one VR (ca 6\ of the Zn production). More than 70\ of the Zn production in 

Eastern Europe comes from smelters with thermal smelting. 

Smelting and converting processes in copper-nickel s■elters are also impor 

tant sources of As e■ission. Thermal saelting technologies, including rever 

beratory smelting, flash smelting (the INCO and OUTOKUMPU processes), and 

other continuous smelting processes emit much more pollutants than hydro 

metallurgical techniques. About 90\ of all copper is presently produced by 

the thermal processes (Barbour et al., 1978). 

The amounts of trace elements passing through control devices depend on the 

tendency of various ele■ents to concentrate on fine particles, and the 

effectiveness of the control devices to capture these particles. As an 

example, the penetration of several metals through a Venturi wet scrubber 

and an electrostatic precipitator, installed on a coal-fired unit, is 

presented in Table 3 (Ondov, et al., 1979). Fig. 3 suaarizes some average 

collection efficiencies (and penetrations) of control equipment installed in 

various European countries. 

Many applications of the emission estimates in Tables 1 and 2 require them 

to be spatially distributed. The spatial distributions of all trace ele■ents 
considered in Tables 1 and 2 are available in a 150 km x 150 ka net grid for 

Europe. An example for the V emissions is presented in Fig. 4. 

Among the metals and metalloids of concern for their potentially harmful 

effects in the environment, mercury is unique for a number of reasons. 

Estimates of global emissions of mercury to the atmosphere are variable and 
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necessarily imprecise because of the uncertainty about natural emission 

rates. Recent estimates of global emissions from natural sources are on the 

order of 2700 (Pacyna, 1985b) to 6000 (Fitzgerald et al., 1984) tons/y. 

The worldwide production of mercury is around 9000 t y-1• Major usage 

includes caustic soda and chlorine manufacturing, electrical equipment, 

instruments, paints, and a variety of other special uses. It has been 

estimated for the us that about 20\ of this a■ount escapes to the air, while 

49\ is deposited in landfills, etc. Only 8\ is recycled (Harris and 

Hohenemser, 1978). In addition to this amount come emissions from cement 

production, ferrous and non-ferrous metallurgy, and combustion of fossil 

fuels. On a worldwide basis, these emissions were estimated by Harris and 

Hohenemser to 1780 t y-1 The anthropogenic emissions of mercury to the 

atmosphere in Europe in 1979 are presented in Table 4 (Pacyna, 1985c). 

It is of interest to compare the anthropogenic emissions of the most 

important trace elements: As, Cd, Pb, and Hg in Europe to the metal releases 

from man-made sources in USA and the USSR and fro■ natural sources, shown in 

Fig. 5. The trace metal emissions fro■ sources in the Soviet Union have been 

estimated at the Norwegian Institute for Air Research (NILU, 1984) while the 

nu■bers for USA come from various us EPA reports (e.g., us EPA, 1977; US 

EPA, 1979). The data for natural sources in Fig. 5 are taken from a 

literature review by Pacyna (1985b, 1986), except for the Hg emissions, 

given by NAS (1978). The natural fluxes of As and Hg emission contribute 

very significantly to the total releases of these metals. The latter element 

is discharged mainly from natural sources, such as evasion of gaseous 

mercury fro■ soils and vegetation, as well as from the ocean, and other 

water bodies. The predominant source of natural As and Cd appears to be 

volcanoes, but the natural Cd and Pb contributions to the total emissions of 

the metals are less significant than the contributions for As and Hg. 

The total anthropogenic e■issions of the elements in Europe, USA and USSR, 

are divided into source categories in Fig. 6. 
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2 aEHICAL SPECIATION OF As, Cd, Pb N4D Hg FROH HIGH-TEHPERATURE PROCESSES 

There is a very limited information in the literature on the chemical speci 

ation of metals emitted into the atmosphere. Inorganic forms of arsenic 

dominate in the air over emission areas. Major chemical species of arsenic 

and other discussed elements evolved during high-temperature processes are 

presented in Table 5. Trivalent arsenic is the most co•on form of the 

metal. Air samples containing arsenic from smelters or coal-fired power 

plants, consist largely of trivalent arsenic both in the vapor and parti 

culate states. This is very important due to a general rule, that inorganic 

arsenic exibits greater toxicity than organic arsenic compounds, and the 

trivalent state more so than the other states. Methylated forms of arsenic 

are probably of minor significance. 

Cadmium and its oxide are the predominant chemical forms of this metal emit 

ted fros all the sources considered in this paper. These two forms seem to 

be the ■ost toxic cadmium speciations, together with cadmium chloride (found 

in releases from refuse incineration). The chemical forms of lead from auto 

mobiles were studied by TerHaar and Bayard (1971). Lead chlorides and bro 

mides are converted to basic carbonates and sulphate in the atmosphere. The 

mercury from industries and power plants consists partly of eleaental 

mercury and partly of oxidized forms. Very little information is available 

with respect to say which volatile compound dominates the evasion process, 

but it seems that reactive (or oxidized) forms are more abundant in 

emissions from combustion processes. 

Mercury species other than elemental Hg (Hg(O)) and (CH3)2Hg can also con 

tribute. Seiler (SNV, 1983) suggests, that Hg emitted as dimethyl mercury is 

subject to relatively fast degradation to elemental mercury taking place in 

the air. Brosset (1981a) concludes, that Hg(O) is mobilized to the atmo 

sphere, where it is subjected to atmospheric oxidation processes to yield 

water soluble forms, subsequently scavenged by wet or dry deposition. 

Considering the volatility of the As, Cd, Pb and Hg compounds in Table 5, 

As(O), As o, Asel , elemental Cd (Cd(O)), and CdC1
2 

are volatile, PbC12 is 
2 3 3 

intermediate, and CdO, elemental lead (Pb(O)) and PbO are rather nonvolatile 

(Gerstle and Albrinck, 1982). The volatile species would be in the vapor 
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state during the high-temperature processes, whereas the nonvolatile 

compounds would continue to be emitted largely as fly ash, even at the 

higher teaperature. 

3 ATHOSPHERIC TRANSPORT 

The relationship between the concentration of a volatile metal and the 

particle size, in high-temperature processes has already been mentioned, 

when discussing emissions from coal combustion. The volatilization-con 

densation model relates the bulk concentration of the particles to their 

diameter, matrix composition, surface layer thickness, and flue gas con 

centrations. Investigations of surface layer coaposition suggest that the 

outermost layer on the surface of emitted ashes is often composed of H
2
so

4
, 

which permits surface condensation of several elements. The condensation 

takes place on fine particles, preferably in the 0.1 to 1.0 µm diameter 

range. Additionally, the presence of sulphuric acid on some particle 

surfaces may be the causative agent in post-combustion crystal formation of 

aetal and/or auonillll sulphates, but how this affects the physico-chemical 

fora of the trace elements has not been studied. 

Saall particles from high-temperature processes, are very easily transported 

by air masses over long distances. Several studies in the surroundings of 

copper and lead saelters in Poland (Glowiak et al., 1977; Kubacka et al., 

1977; Pacyna et al., 1981) have been carried out to assess the •1ocal 

deposition• of trace elements. It was found that ca 11\ of the trace element 

releases was deposited in the emission area. Pacyna et al., (1984a) have 

studied the long range transport of several trace elements in Europe. Based 

on the literature (OECD, 1979), they have inferred the local deposition to 

be 5\ of the metal emissions from all sources. Locally, a substantially 

higher deposition may take place, depending upon distance, topography and 

meteorological conditions. 

A major portion of the As, Cd, and Pb emissions from high-temperature 

sources with tall stacks is therefore transported over long distances. The 

metal behaviour during the transport depends on the particle size-distri 

bution, sink processes and meteorological conditions, such as, the turbulent 

vertical rate of air exchange. 
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Rahn (1976) has compiled information on mass-median diameters of several 

trace eleaents (Fig. 7). Trace elements are removed fro■ the atmosphere by 

dry deposition (sedimentation, interception and impaction) and by wet 

(precipitation) deposition (rainout, washout). The loss of particles to the 

surface by interception and impaction is frequently described in terms of 

dry deposition velocity, which is the ratio between the deposition rate per 

unit area, and the ambient concentration at a fixed reference height above 

the surface. The dry deposition velocity of particles is strongly dependent 

on particle size, wind velocity, and surface characteristics. Both 

theoretical considerations and field experiments show that the deposition 

velocity is small for particles with aerodynamic diameter less than 1 pm, 

typically less than 10-3 a/s for grassland, snow, and water surfaces. 

Forests, however, represent a potentially larger sink, because of the larger 

surface area and roughness height. The actual deposition velocity for 

forested areas is not known. Soae wind tunnel experiments can be interpreted 

to indicate deposition velocities up to 10-2 m/s, but such extrapolations 

are highly speculative. Moreover, consideration of the interactions between 

forest elements with the atmospheric boundary layer indicates that there 

should be large spatial variations in the actual deposition (Wiman, 1984; 

Wiman and Agren, 1985). 

Precipitation scavenging of trace elements can be expected to occur by the 

same mechanism as the scavenging of sulphate aerosol. The fine particles are 

incorporated in cloud or fog droplets as cloud condensating nuclei, and 

incorporated in the falling hydrometers. The scavenging ratio, which is the 

ratio of the concentration of the element in the precipitation, to the 

concentration of the same element in the precipitation forming air mass, is 

largely a measure of the liquid air content in the precipitating clouds 

(Scott, 1978). A large body of measurements show that this ratio is 

frequently around 1 ■3/ml. 

For mercury, the problems are of a different nature. The specification of 

mercury emitted from various sources, including re-emission of mercury from 

soil and vegetation, is not well known. It has been suggested that elemental 

mercury may be converted to water-soluble mercury (II) compounds in the 

atmosphere, e.g. by reaction with oxidants or radicals, (Brosset, 1981a), 
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but this has only been proposed on the basis of circumstantial evidence. 

Presumably, the reverse reaction may also be possible. Elemental mercury is 

practically insoluble in water, and is not affected by precipitation. Uptake 

by absorption in plants is possible, but quantitative information is lacking 

(Browne and Fang, 1978). The molecular mercury (II) compounds are quite 

water-soluble, and should also readily be absorbed in vegetation or into 

water bodies. 

4 HEASUREHENTS OF TRACE ELEHENTS IN AIR AND PRECIPITATION AND VERIFICATION 
OF EHISSION ESTIHATES 

Trace elements associated with aerosols can be sampled on air filters and 

analysed with suitable instrumental analysis methods, such as atomic absorp 

tion spectroscopy, neutron activation analysis or particle-induced x-ray 

emission spectroscopy (PIXE). Data are available for a handful of sites in 

Scandinavia and in Northern Europe, mostly for sampling periods of up to one 

year at irregular intervals from about 1971. Some relevant data are given in 

Table 6. 

Two conclusions can be drawn from these data: (1) the trace element 

composition of the atmospheric aerosol is remarkably unifora as noted by 

Peirson et al. (1974), and (2) the concentration decreases only with a 

factor of 3-10 fro■ the source regions to Southern Scandinavia. There 

appears also to be a certain decrease in the concentrations for some 

eleaents during the period 1972-1985, although this is difficult to quantify 

on the basis of this rather irregular set of data. 

Measurements of trace elements in precipitation is aore difficult because of 

the generally low concentrations. Contamination may be a problem, unless 

special precautions are taken. In most cases, unfiltered samples have been 

analysed by atomic absorption or neutron activation analysis. Cawse (1974) 

found that Al, Se, and Fe were sparingly (8-20\) soluble, as compared with 

75-90\ of Ca, As, Zn, and Pb, and 50-75\ of V, Cr, Mn, Cr, Ni, Cu, Sb and 

Cs. Some relevant concentration measurements are given in Table 7. 
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Measurements of Pb, Cd and Zn in precipitation samples from Norwegian 

background stations show decreasing values for Pb and Zn through the period 

1976-1983 (SFT, 1984). No clear trend was found for Cd. 

The amount of mercury collected on aerosol filters is only 5-10\ of the 

total mercury concentration in ambient air. Adsorption by amalgamation on 

silver or gold metal gives concentrations of gaseous mercury in the range 
3 2-10 ng/m (Thrane, 1978; Hanssen et al., 1980; Brosset, 1981b). Moreover, 

the concentrations of gaseous mercury in air is not correlated with any of 

the other anomalously enriched trace elements in air. Chemical speciation of 

gaseous mercury compounds in air has been carried out in connection with the 

KHM project (Vattenfall, 1983), and the results are discussed by Brosset 

(1981b, 1983), and by Lindqvist et al. (1985). The chemical speciation is 

important in connection with precipitation scavenging. The concentration of 

mercury in precipitation is ~100 ng/1 (Brosset, 1981b). 

Emission estimates from Tables 1 and 2 and the information on the atmo 

spheric transport from a chapter 4 of this report have been used in various 

models to calculate trace element concentrations and deposition rates at 

remote areas over the land and sea. The calculated concentrations and depo 

sition rates were then verified by measurements. 

The eaission data from Tables 1 and 2 have been used together with the trace 

element emission survey for the USSR to explain the origin of the arctic 

aerosol. Pacyna et al. (1985a) applied them in a trajectory model to study 

source-receptor relationships for trace elements in the Norwegian Arctic. 

The As, Cd, Pb and V concentrations calculated on the basis of emission 

survey were generally higher than those measured by 36, 75, 80 and 37\, 

respectively. Considering the uncertainties involved, this shows a 

reasonably good agreement between estimates and measurements. Lowenthal and 

Rahn (1985) used the emission survey in Tables 1 and 2 to explain the origin 

of sulphates and trace elements at Barrow, Alaska, while Heidam (1985) did a 

similar study for Greenland. 

The emission data from this work were also used to study the long-range 

transport of pollutants to remote areas of Scandinavia. Pacyna et al. (1984) 

and Pacyna et al. (1985b) related emission estimates to ambient concentra- 
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tions measured at Birkenes (southern Norway), Rorvik (southern Sweden) and 

Virolahti (southern Finland). Estimated concentrations of As, V and Pb were 

lower than measured but within a factor of two. The differences between pre 

dictions and measurements for Pb and V at the Scandinavian sites were partly 

explained by eaissions from local combustion of residual oil and gasoline. 

Sector statistics was also applied to relate the emission data to average 

sectoral concentrations for the whole periode of measurements. With this 

method, a group of elements including As and V was used to differentiate 

between contributions from emission in eastern and western Europe to the 

concentrations measured at remote receptors. 

Recently, Amundsen et al. (1986) have related the trace element concentra 

tions at Birkenes, measured in 1985 to the emission estimates shown earlier 

in this report. They found that the main difference between the results from 

the 1978-1979 measurements at this station reported by Pacyna et al. (1984) 

and their data is due to a significant decrease of the contribution of some 

elements from Western Europe to Southern Norway. At the same tiae the input 

from Eastern Europe has not been changed. 

Ross and Granat (1986) have been studying the deposition of atmospheric 

trace elements in northern Sweden and concluded that long-range transport 

from anthropogenic sources in Europe is a main contributor. They related the 

Cd, cu, Mn, Pb and Zn emissions from Tables 1 and 2 to the emissions of s 
(Eliassen and Saltbones, 1983) and compared them to the metal to S ratios 

measured in the northern Swedish snowpack. An excellent agreement was 

obtained for both Pb (6\ relative difference) and Cd (16\). 

Hansson et al. (1983) applied the multivariate statistical method SIMCA to 

determine the origin of aerosols measured in southern Sweden. They found 

their results in a good agreement with the emission estimates from this 

report. Martinsson et al. (1984) also used this inventory to assess the con 

tribution of European emissions to the southern Scandinavian aerosol. 

Dulac et al. (1985) and Gomes et al. (1985) used emission data from Tables 1 

and 2 to support their findings on the atmospehric pathways of trace 

elements to the western Mediterranean Sea. 
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Recently, a few papers appeared in the literature on the significance of 

atmospheric deposition of trace elements to the Baltic Sea. Andrea and 

Froelich (1984), studying the As, Sb, and Ge biogeochemistry in the Baltic 

Sea, used the information on eaissions of the above elements from Tables 1 

and 2 for the countries which represent the source regions for air pollu 

tants to the Baltic: Belgiua, Denaark, Finland, German Democratic Republic, 

Federal Republic of Germany, Ireland, the Netherlands, Norway, Poland, 

Sweden and the UK (Rodhe et al., 1980). On the basis of this information 

they calculated that 11.6\ of the As emissions is deposited in the Baltic 

and can be compared to ca 6\ for each of the elements Pb and V. In an 

independent study, Pacyna (1985d), using the saae emission survey and a 

recent computations of atmospheric annual input of trace elements to the 

North Sea at Water Research Centre (WRC, 1984), estimated that another 6\ of 

each Pb and As emitted from anthropogenic sources in Europe is deposited in 

the North Sea. 

Most recently the data from Tables 1 and 2 were used by Schneider (1986) to 

support his findings on source characterization for ataospheric trace metals 

over the Kiel Bight. He •easured the trace element concentrations in the 

area of the Kiel Bight and postulated on the basis of statistical aethods, 

characteristic ratios for the anthropogenic portion of any element relative 

to Zn as a reference eleaent. Then these ratios were compared with the 

corresponding ratios for emissions in the Federal Republic of Germany as 

reported in Table 2. The coaparison of the data revealed a very good 

relationship between emission characteristics and atmospheric concentrations 

with only 6\ relative difference for Pb and 22\ for Cd. 

5 CONCENTRATIONS OF TRACE ELEHENTS IN VEGETATION, SOIL AND SURFACE WATER 

Determination of the concentration of trace elements in samples of various 

moss species, particularly Hylocomium splendens, Pleurozium schreberii, or 

Hypnum cupressiforme, is an elegant measure of the deposition from the atmo 

sphere. Basically, the moss' content gives an integrated value of the depo 

sition during the last 2-4 years. Correlation with values of the deposition 

obtained from precipitation gauges may be used to transfer the moss concen 

trations to absolute deposition values (Fig. 8). Since the commonly sampled 
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species grow in sheltered locations, dry deposition measured by this method 

is limited to the gravitational settling of relatively coarse particles (d< 

10 µm). Extensive moss sampling survey data are available for Sweden, 

Denmark, Finland and Norway. In 1985, moss samples were collected simultane 

ously in all four Nordic countries. The results will be available later this 

year. 

Samples of peat from ombrotrophic bogs (Hvatum et al., 1983), have been used 

to show that the deposition of the trace elements is a relatively recent 

phenomenon. The concentration, e.g. of lead and cadmium, is 10-50 times 

higher in the surface layer than in the underlying peat, and 3-10 times 

higher than in brown coal and other fossil fuels which now constitute the 

main source of energy in Europe. The accumulated amounts of lead, cadmium 

and zinc in the upper layers of ombrotrophic bogs correspond to> 250 years ~ 
of deposition at the current level. 

Vegetation samples other than moss generally have lower concentration 

levels, mainly because of the shorter accumulation time for vascular plants 

and the leaves of deciduous trees, and higher primary production in the case 

of agricultural crops. Absorption from falling precipitation onto leaf sur 

faces is the most important uptake process, in addition to dry deposition 

and root uptake, (Hansen and Tjell, 1981). For organogenic soils, trace 

element concentrations due to accumulated deposits are as pronounced as in 

ombrotropic soils. This is amply illustrated by the analysis of samples from 

the humus layer forest podsoils (Allen and Steinnes, 1980). 

For mineral soils, the situation depends on the chemical composition of the 

parent material, and contributions from pesticides and fertilizers in the 

case of cultivated soils. Summaries of the trace element concentrations in 

soils have been given by Bowen (1966).This very general information suggests 

that, over a sufficiently long time period the concentrations of several 

trace elements may be significantly increased by atmospheric deposition. 

This increase is comparable to the increases of some trace element 

concentrations from application of municipal sewage sludge and from cadmium 

in commercial phosphate fertilizer. 
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These considerations refer to cultivated soil with a tillage depth of 20-30 

cm. Forest and mountain soils are generally much more affected, because of 

the importance of the surface soil in nutrient recycling, and because many 

areas in Norway and Sweden have extremely thin soil cover over granitic 

bedrock. Most of the deposited trace elements are accumulated in the soil. 

Lead, zinc, and cadmium in surface water show concentrations about 1/10th or 

less of the concentration in precipitation. Lake sediments give an inte 

resting chronology of trace elements which is largely derived from allochto 

nous material such as leaves and humus brought into the lake. It is possible 

to quantify the deposition in lake sediments, which depend on the character 

of the surrounding land and the deposition fro■ the atmosphere. No quanti 

tative cause-effect relationships have been established. 

The above information on the level of trace elements in various environ 

mental medias is used to study the element transfers along terrestial and 

aquatic food-chains. These transfers are represented as compartmental 

sequences with transfer factors or concentration ratios expressing the 

relationships at steady state. These have been particularly developed and 

applied to the behaviour of the radionuclides in the environment, for 

example, transfers along the soil-pasture grass-cow-milk-man food-chain. The 

details of the model depend on the availability of data. The aquatic models 

often proceed in one step from water to aquatic organism with use of the 

concentration factor. Linear systems models may also be formulated to 

describe food-chain transfers. The interlinking transfer rate constants must 

be evaluated. The solution then gives the concentration variations as a 

function of time. 
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PART II: CHLORINATED HYDROCARBONS 

1 PRODUCTION AND APPLICATIONS OF CHLORINATED HYDROCARBONS 

Chlorination is one of the basic processes in synthetic organic chemistry. 

It is used in the production of intermediates, and for final products. 

Chlorinated products are often chemically more stable, have lower volati 

lity, higher dielectric constants, and may posess other advantages in 

specialized drugs and pesticides. However, only few of the many thousand 

registered chlorinated organic compounds merit consideration on the basis of 

production volumes and potential bioaccumulation and other possible harmful 

effects. These are mainly pesticides, industrial chemicals and undesirable 

byproducts from the manufacturing or decomposition of chlorinated compounds. 

Table 8 lists some of the compounds and their field of application. 

The uncritical, large-scale use of the insecticide DDT, preceeded the 

general environmental movement in the 1960's and ?O's. As the many dis 

advantages became obvious, DDT was gradually replaced with less persistent 

and more efficient pesticides. Legal restrictions against the use of DDT as 

an insecticide were adopted in many countries, including USA and many 

European countries in the 1970's. DDT continues to be used, however, in many 

developing countries where it has proven difficult to find suitable substi 

tutes for malaria and other pest control. Persistent chlorinated hydrocar 

bons still in use as insecticides include, inter alia, toxaphene, chlordane, 

and lindane . 

2 SOURCES OF CHLORINATED HYDROCARBONS 

The main source of chlorinated hydrocarbons in the air is the application of 

pesticides to increase food and forest production. There are several ways 

for pesticides to enter the atmosphere. 
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2.1 SPRAY APPLICATION 

The major injection of pesticides into the air takes place during the 

spraying of agricultural crops. The pesticide spray is disseminated into the 

atmosphere in the form of finely divided droplets or particles of optimum 

size for maximum control of insects or weeds. This is not always achieved 

and the spray usually consists of droplets or particles with a wide range of 

sizes. In addition, the liquid carriers may evaporate under certain condi 

tions, changing the particle size. The influence of drop size on spray drift 

is shown in Fig. 9, based on studies by Furmidge (1963). 

The parameters affecting the quantity of pesticide that reaches a target 

include particle size distribution, amount of material sprayed, physical 

chemical properties of the pesticide as well as height at which the material 

is released, wind speed, and atmospheric turbulence. 

Cunningham (1962) has reported that more than 40\ of the original aqueous 

drop is lost by evaporation before the droplets have fallen 11 m; a very 

important problem, especially in summer heat. Sometimes evaporation supres 

sants are added to water-pesticide mixtures to diminish the vaporization 

losses. 

2.2 VOLATILIZATION FROM CROPS AND SOILS 

Evaporation of pesticide compounds may continue after treating agricultural 

soils and plant foliage. This adds to the above described releases during 

spray application and is believed to account for almost 90\ of the pesticide 

contamination in the air (Lewis and Lee, 1976). For example, DDT is lost 

from soil mainly due to evaporation, and the loss is most intensive ilDllledia 

tely after application. Fixation of DDT to soil with high organic content is 

very strong, and it is not unusual to find that concentraton levels of DDT 

in soils are virtually unchanged for several years after application (e.g. 

Kveseth et al., 1979). 

There are several factors influencing the evaporation. The fixation is 

stronger for dry soils, and increases with content of organic matter and 
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clay minerals. Water increases the vapor pressure of the pesticide by 

competing for adsorption sites. Thus, the mass flow of water moving to the 

surface of the soil during evaporation contributes to the greater pesticide 

evaporation from wet than dry soils. Other factors include temperature and 

humidity of the air, and wind velocity. Pesticides may also be released into 

the atmosphere when a field is plowed for the next crop. 

Pesticides evaporate also from plant surfaces. Pesticide sprays are depo 

sited predominantly on the foliage, and the total surface area of the 

foliage is often many times that of the soil surface. The pesticides do not 

penetrate deeply into the leaf surface, and as a result they are exposed to 

volatilization, dislocation by rain, and photooxidation. One interesting 

difference of pesticide evaporation from crops and soils is that increased 

air humidity slightly decreases the former process and increases the latter 

one. 

2.3 EVAPORATION FROM WATER 

Surface waters, such as rivers, lakes and oceans, are the main sinks for the 

majority of air pollutants, among them the pesticides. After deposition, 

much of the pesticidal material is bound to sediments and only a small part 

is in a true solution. 

The evaporative loss of pesticides from water surfaces is limited to com 

pounds with a moderate vapor pressure and a low solubility. The most 

commonly studied pesticide in this respect is DDT. 

2.4 MANUFACTURING PROCESSES 

The production of pesticides is also a likely source of pesticide emissions 

to the atmosphere. Production of the various products involves the use of 

many flammable solvents, and occasional fires have been reported (Lewis and 

Lee, 1976) causing a threat to nearby residents due to pesticide penetration 

into residential areas. 
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2.5 STATISTICAL INFORMATION ON THE PRODUCTION AND USE OF PESTICIDES 

CONSIDERED IN THIS REPORT 

There is rather limited information on the use of various pesticides contai 

ning chlorinated hydrocarbons in the literature. Lindane (purified 1-isomer 

of hexachlorocyclohexane-1-HCH) is widely used in various parts of the world 

(Mathys, 1984 - personal communication), however, statistical information on 

its application is scarse. FAO statistics (1979) shows that huge amount of 

HCH have been used by the countries during the last decade. India used ca 

7.7x104 t technical HCH during 1975-1977 (Tanabe et al., 1982). Technical 

HCH consists roughly of 70\ a-HCH, 7% p-HCH, 13\ 1-HCH, 5\ a-HCH and 5\ of 

other impurities (Tatsukawa et al., 1972; Baumann et al., 1980). According 

to Jalees and Vemuri (1980), pesticides, including HCH, are likely to be 

used on an increasing scale in India in the future to improve the agri 

cultural crop yield and for the eradication of diseases. Wang (1981) informs 

about the production and use of HCH in China over a long period. An amount 

of 2x104 t of technical HCH is produced annually in the Shenyang Chemical 

Plant alone (Anonymous, 1981). Japan used 5x105 t of technical HCH from 1948 

to 1970. Although, accurate data on the world production and use of HCH are 

not yet available, it is safe to assume that the major consumption areas of 

HCH are concentrated in the northern hemispehre, especially on the Asian 

Continent. The above presented numbers for India, China and Japan should be 

considered together with the consumption of HCH in the Soviet Union. Komarov 

(1980) indicated that it is huge, but no statistics are available. 

Olafson (1978) reported a large consumption of lindane in eastern Australia 

where it has been applied in the sugar cane growing regions adjacent to the 

Great Barrier Reef. 

Lindane is also used in Europe. In Poland, lindane is used as a fungicide 

(the mixture includes among others 20\ pure 1-HCH and 2.5\ of Hg) and to 

control many soil pesticides, as reported by Janicki (1976). He also sugges 

ted that 1-HCH is used in Poland to keep parking lots, airports, roads and 

railways clean of insects. Janicki (1976) indicates that 2.9x103 t of 1-HCH 

is used for these purposes in the United Kingdom. This amount seems to be 

overestimated when comparing with the agriculture application of 1-HCH. In 
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Norway, 6.6 t of lindane was used in 1982 and the 1-HCH content was not less 

than 99% according to Paulsen (1984, personal information). About 9 t of 

lindane was used in Denmark in 1981 (Kemikaliekontrollen, 1982) and 6 tin 

Sweden in the same year (Bekampningsmedel, 1982). In Finland, lindane is 

used as an agriculture insecticide and a forest pesticide (Tiittanen and 

Blomquist, 1982). The first application consumed 7.3 t lindane, with only 

49 kg of the active ingredients, in 1981. Of three forest pesticides in use, 

one is applied for the protection of unbarked timber against insect 

infestations and the two others are used to protect planted pine seedlings 

against the large pine weevil, Hylobius abietis. All three contain lindane 

as the active ingredient. The amount used in 1981 was 24.6 t pesticides 

containing 4.9 t lindane and these values have not changed significantly 

from year to year. No information exists on this lindane application in 

other countries. 

In the EPPO (European and Mediterranean Plant Protection Organization) area 

lindane is widely used for desinfection of empty storage rooms (Mathys, 

1984), however, no numbers are available. 

The application of toxaphene and chlordane is far less than the use of 

lindane. 

Toxaphene is manufactured by chlorination of di-terpenes, and is a mixture 

of many different chemical compounds. Its main application was the control 

of insects in cotton in the USA. Its use in Europe has been very limited. 

The same applies to chlordane which again is a complex mixture of 

chlorinated cyclodiene-like compounds. 

Polychlorinated biphenyls (PCB's) are produced by chlorination of biphenyls. 

However, of the accumulated world production of 1-1.5x106 t, it is estimated 

that only a small part has been released to the environment. Most of the PCB 

is still in use, with large transformer and electric condensers as the most 

important ureservoirs•. If possible, these amounts are regenerated for 

further use, rather than destructed. Destruction by incineration requires 

combustion temperatures in excess of 1200-14006C and long residence time in 

the combustion zone. Production of PCB's in Europe has been of the order of 

15000-20000 kg/a from 1970-1980. EEC recouendation limits the use to 

•closed systems". 
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3 PHYSICAL FORH OF CHLORINATED HYIROCARBONS IN THE ATHOSPHERE 

The physical form of the pesticides in the atmosphere depends upon their 

residence time in the atmosphere, chemical and physical properties (e.g., 

surface tension, vapor pressure and photoreactivity) environmental factors 

(e.g. temperature, humidity, wind turbulence) and on the nature and concen 

tration of airborne particles. 

There is very little published information on the physical form of pesti 

cides in the atmosphere. This lack of data is largely due to a bias intro 

duced by poor sampling techniques. Many of the early measurements indicated 

that chlorinated hydrocarbons as pesticide residues in the atmosphere 

existed predominantly in the form of suspended particulate matter (e.g., 

Tabor 1965; Antommaria et al., 1965). Later, with the progress made in the 

sampling techniques, it was found, that several pesticides are present in 

significant amounts in the vapor state (e.g., Bjorklund et al., 1970). 

Beyermann and Erkrich (1974) indicated that the mean quantity of gaseous 

lindane in the air over Mainz, West Germany, was twice as large as the 

fraction associated with particles. The vaporization loss of pesticides from 

soil and vegetation suggest that, most likely all of the airborne residues 

of lindane are in the vapor phase. A part of these gaseous molecules is 

adsorbed onto suspended particles, and this sorption process is 

the surface properties of the particle. If the particle 

adsorption will be determined by the water solubility of the 

depending on 

is wet, the 

pesticide. 

Since the concentrations of chlorinated hydrocarbons are present in ng x m-3 

or pg x m-3 and the concentrations of suspended particles in µg x m-3 the 

adsorption becomes low. As suggested by Lewis and Lee (1976), highly 

carbonaceous material, such as that emitted from coal-burning stacks adsorbs 

more polychlorinated hydrocarbons than silicate particles, such as airborne 

soil. Thus, during the transport of anthropogenic pollutants a part of the 

gaseous pesticides will be adsorbed on the particles, particularly those 

with a diameter lower than 2.0 µm, but for the more volatile pesticides most 

of the material may be in the gas phase. 
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4 LONG-RANGE TRANSPORT OF CHLORINATED HYDROCARBONS HIHTIN THE AIR HASSES 

There is an evidence in the literature on the long-range transport of 

chlorinated hydrocarbons within the air masses, starting with the work by 

Cohen and Pinkerton in 1966 on the translocation of pesticides by air trans 

port and rain-out. Global transport via the atmosphere was considered to be 

the only explanation for the presence of pesticides in Antarctica (Peterle, 

1968), Barbados (Risenbrough et al., 1968; Seba and Prospero, 1971; Bidleman 

et al., 1981) and in the air over the North Atlantic as far as 2000 km from 

the U.S. coast (Harvey and Steinhauer, 1974). DDT and HCH found in the North 

Pacific have been transported from the Asian continent by the westerly 

winds, as concluded by Tanabe and Tatsukawa (1980). 

Several mechanisms of long-range transport of chlorinated hydrocarbons have 

been postulated (e.g., Pooler, 1971; Woodwell et al., 1971). The primary 

mechanism suggested is turbulent diffusion which depends on wind vectors, 

temperature and topography. Gaseous compounds also undergo the simultaneous 

process of molecular diffusion, but this is much less significant than 

turbulent diffusion under most meteorological conditions (Lewis and Lee, 

1976). Pooler (1971) studied global circulation problems and found that they 

play a major role in the long-range transport of airborne pesticide 

residues. His simplified schematic diagram of the hemispheric circulation 

pattern is shown in Fig. 10. The mean meridional circulation is the dominant 

feature in the subtropics, between equator and 30° latitude. The equatorward 

flow is present at low altitudes in the tropical easterlies, and a 

compensating poleward flow aloft. As indicated in Fig. 10, the subsidence in 

the subtropical high pressure zones at ca. 30° latitude completes the 

circulation. The level flows from the northern and southern hemispheres meet 

in the intertropical convergence zone, where the principal exchange of air 

masses takes place. Poleward of this intertropical zone, the eddy transport 

by migratory high and low pressure systems, dominates the circulation at 

higher altitudes. Pooler (1971) indicated that the mean feature of flow at 

higher latitudes is the eastward motion of the air at all levels, except 

high in the stratosphere. Thus, the parcel of air may circulate for a long 

time before it leaves the latitude of origin, and compounds with a long 

residence time in the atmosphere may be transported over very long distan 

ces. This applies to many of the chlorinated hydrocarbons. For example, 
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Atkins and Eggleton (1970) estimated the residence time of lindane to be 17 

weeks. Atlas and Giam (1981) calculated the residence time of PCB to be 189 

days. 

5 REHOVAL PROCESSES 

Chlorinated hydrocarbons are removed from the air by various physical and 

chemical processes. The former group of processes includes removal by preci 

pitation and dry deposition. Atkins and Eggleton (1970) studied the removal 

of lindane, dieldrin and DDT from the atmosphere and found a weekly removal 

of lindane of 2.5 per cent by precipitation and 3.3 per cent by dry deposi 

tion. The wet removal of dieldrin and DDT was 0.1 and 0.4 per cent, respec 

tively, and dry deposition accounted for 3.5 and 3.4 per cent per week. 

The deposition velocities of individual chlorinated hydrocarbons differ by 

1-2 orders of magnitude, even at the same sampling site (Bidleman and 

Christensen, 1979). Mc Clure (1976) observed an increase of the dry deposi 

tion velocity (Vd) of PCBs from 0.3 to 3.0 cm x s-1 with wind speed for 

particles > 1.0 µmin diameter. For submicron particles (< 1.0 µmin dia.) 

this effect is not important (e.g., Sehmel and Sutter, 1974). About 20-30\ 

of the polycyclic aromatic hydrocarbons in the atmosphere is concentrated on 

the> 1.0 µm dia. particles (Bidleman and Christensen, 1979). Because of the 

much higher deposition velocities of large particles (Sehmel and Sutter, 

1974) the flux of high-molecular weight organics might be expected to be 

large-particle dominated and hence greatly influenced by wind speed. Other 

important parameters in this respect include ambient temperature and changes 

in the atmospheric particulate load. Bidleman and Christensen (1979) conclu 

ded that higher ambient temperatures would be expected to reduce the adsorp 

tion of organics to aerosols and to increase their re-volatilization. Gene 

rally, higher values of Vd were found for the less volatile organic com 

pounds, reflecting a greater degree of attachment to aerosols. 
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The wet deposition process is often characterized by washout ratios (µg x 

m-3 in rain per µg x m-3 in air). For polychlorinated hydrocarbons these 

ratios are generally low (1.5 x 103 for hexachlorobenzene (HCB), 1-5 x 104 

for HCH). However, Bidleman and Christensen (1979) found that measured 

washout ratios were significantly higher than those calculated from the 

equilibrium partitioning of the organic compounds between air and water. 

They suggested that while PCB and DDT in the atmosphere are partitioned 

between the vapor and particle phases, they are removed during precipitation 

by washout or rainout of particles and not by vapor dissolution in 

raindrops. Similar conclusions for PCB wet removal were forwarded by Murphy 

and Rzeszutko (1977) and Slinn et al. (1978). 

Along a few chemical processes leading to the removal of chlorinated hydro 

carbons from the atmosphere, photodegradation is the only mechanism that may 

compete with physical removal processes. The hydroxy radical plays a major 

role in the photodegradation of chlorinated hydrocarbons in the atmosphere. 

It can react with the various pesticides to form peroxides, epoxides and 

ketones. Ozone, singlet state oxygen and atomic oxygen also react with 

various organic compounds. 

So far, most of the investigations have been performed in the condensed or 

adsorbed phases of organic compounds, beginning with the photodegradation 

studies of synthetic pesticide by Wichmann et al. (1946) who discussed the 

decomposition and volatility of DDT. Later the information on the vapor 

phase photolysis of pesticides appeared in the literature (e.g., Nagl et 

al., 1970; Crosby and Moilanen, 1974). Sometimes the products of photo 

degradation of pesticides in the air are less desirable than the parent com 

pounds. For example, photodieldrin is more toxic than dieldrin. Many organa 

chlorine pesticides resist photolysis as they resist metabolism (Lewis and 

Lee, 1976). Others loose their chlorine only slowly. One of the most photo 

sensitive pesticides is chlordane (Baker and Applegate, 1974). Lindane is 

slightly less photosensitive than chlordane. 
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6 HEASUREHENTS OF CHLORINATED HYæOCARBONS IN THE AIR 

Concentrations of various chlorinated hydrocarbons in the arctic air have 

been measured during the 5-year program at NILU funded by British Petroleum 

(Pacyna et al., 1986). Mean concentrations and concentration ranges mesured 

at Ny Alesund and Bjørnøya are shown in Table 9 and 10, respectively. It is 

interesting to note the very significant decrease of the a-HCH concentra 

tions at both stations and the increase of the 1-HCH concentrations after 

Fall 1982. Since most of the air pollution at NYA and BJ0 during the summer 

fall season is related to emissions in Europe (Pacyna et al., 1985c), it can 

be suggested that changes in the a- and 1-HCH concentrations at both 

stations are due to the use of more purified HCH as an insecticide in 

Europe. Thus, less a-HCH isomer seems to be mixed with more 1-HCH in order 

to produce and apply pesticides in the European countries after 1982. 

However, this suggestion is not confirmed due to the lack of statistical 

information. 

The mean concentrations in Tables 9 and 10 are based on episodic con 

centrations measured during extensive campaigns. The strongest episode was 

observed during the periode March 6-13 in 1983 when the air masses were 

carrying pollutants emitted from sources in the northern Soviet Union 

(Pacyna et al., 1985c). This explains the highest concentrations of 1-HCH, 

and 5-PCB, at NYA and BJO in Winter/Spring 1983. 

The concentration ratio of 1- to a-HCH seems to be a useful tool to distin 

guish between sources of air pollutants measured in the Arctic. Ratios of 1- 

to a-HCH ranging from 1:4 to 1:1 were found for the NEuropeanN air pollu 

tants, 1:10 to 1:7 for North America and 1:10 to less than 1:100 for the 

Soviet Union. These ratios were higher in the winter/spring than in the 

summer/fall seasons indicating that isomerization of 1-HCH to a-HCH is more 

efficient in the summer/fall season. 

The hydrocarbon concentrations at NYA and BJ0 in Tables 9 and 10 can be com- 

pared with the concentrations measured in other parts of the world. Some 

data for a- and rHCH and HCB in the urban air, the air over the areas with 

enhanced use of pesticides and in clean air (Antarctica) are presented in 
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Table 11. All these concentrations were measured before the first BP 

measurement campaign in Fall 1982, and represent mean values for the winter 

and summer seasons. 

The «-HCH concentrations in the Arctic are at the same level as concentra 

tions measured in the USA. The concentrations in Lillestrøm, Southern 

Norway, were measured in May 1981 and are in the range observed at NYA and 

BJO in Falle 1982. However, the 1- to «-HCH ratio is 1:3 for LillestrØa, 

indicating a contribution of lindane fro• European or local sources. 

Concentration ratios ranging from 1:17 to 1:8, were observed in the air over 

the Northwest Pacific and the western coast of India (Tanabe et al., 1982), 

suggesting the use of pesticides of a composition different from that in 

Europe. 

The concentrations measured in the air over the Antarctic Ocean are low and 

it is difficult to speculate on their origin. 

The HCB concentrations in Table 9, 10 and 11 are very similar indicating a 

very even distribution of UCB over the world. There is not only similarity 

in the geographical distribution of the HCB concentrations but in seasonal 

variations as well. 

7 HEASUREHENTS OF CHLORINATED HYCROCARBONS IN SOIL. BIOTA, #ATER BODIES AND 
SEDIHENTS 

There is a large body of data on the concentrations of chlorinated hydro 

carbons in biota, particularly for DDT and its aetabolites, which have been 

extensively studied. Although much research has been conducted on insecti 

cides, fungicides, and herbicides, insufficient information is available to 

assess food chain risk of chlorinated hydrocarbons. 

Many pesticides are bioavailable in soil and plants. DDT and lindane in 

ingested soil were absorbed by sheep and stored in their fat (e.g. Harrison 

et al., 1970). PCB's and other compounds were absorbed and stored in fat of 
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cattle (e.g. Kienholz, 1980), cow's milk (Bergh and Peoples, 1977), and fat 

of swine (Hansen et al., 1981). In general, PCB residues in fat reached 

5-fold levels in dry feed (Chaney, 1984). 

The lipophilic chlorinated hydrocarbons represent the case for water 

insoluble compounds which are largely sorbed by plants from the soil air or 

the pesticide-enriched air near the soil surface. Beall and Nash (1971) 

developed a method to discriminate between movement of chlorinated hydro 

carbons through the plant vascular system (uptake-translocation) vs. vapor 

phase movement. They found that soybean shoots were contaminated by soil 

applied dieldrin, endrin, and heptachlor largely by uptake-translocation. 

Vapor transport predominated for DDT, and was equal to uptake-translocation 

for endrin. Using this method, Fries and Marrow (1981) found PCB's reached 

shoots via vapor transport. 

Root crops are especially susceptible to contamination by the vapor-trans 

port route. Carrots have a lipid-rich epidermal layer (the "peel") which 

serves as a sink for volatile hydrocarbons. Depending on the water solubi 

lity and vapor pressure of the individual compound, it may reside nearly 

exclusively in the peel layer of carrots, or penetrate the storage root 

several mm (e.g. Lichtenstein et al., 1964). The level of chlorinated 

hydrocarbons in carrot is sharply reduced by increased organic matter in 

soil, which adsorbs the lipophilic compounds and keeps them from being 

released to the soil solution or soil air (e.g. Filanow et al., 1976). 

Other root crops are much less effective in accumulating chlorinated hydro 

carbons in their edible roots, possibly because the surface of the peel is 

lower in lipids (e.g. Moza et al., 1979). 

Following the restrictions on the use of DDT and PCB's after 1970 there has 

been a general decrease and then a levelling out of the levels of DDT and 

PCB's in monitored species. The concentration levels in soils and sediments 

have not changed. Chlorinated hydrocarbons are strongly adsorbed onto the 

organic fractions of soils, particularly under dry conditions. Thus, the 

elvel of PCB's in soil from Sweden show seasonal variations which are corre 

lated with runoff intensity. It is not clear whether this is due to material 

dissolved in the water, or adsorbed to soil particles. Oxidation of 
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sedi■ents in lakes, and in the sea, ■ay be another important mechanism of 

transfer of chlorinated hydrocarbons to the water and eventually to the 

atmosphere. Larsson and Sodergren (1982) have studied the PCBs transport 

routes in the aquatic environment. They suggested very efficient transport 

of PCBs from sediments to the water and fish. 

CONCLUDING REHARKS 

Burning of fossil fuels, and various other high-temperature processes, lead 

to increased mobilisation of a number of trace elements which are volatile 

at high temperatures. Several of these elements are toxic, and therefore 

undesirable, e.g. lead, cadmiu■, arsenic. They are present mainly as aerosol 

particles with a diameter less than 1 ~•, and are mainly deposited by preci 

pitation. Accumulation in cultivated and uncultivated soil leads to a 

gradual change in the trace element chemistry of terrestrial ecosystems 

which is undesirable in the long term. Undesirable effects are already 

apparent in the form of high cad■iWI concentrations in the kidneys of wild 

herbiuores in Sweden and Norway. However, the sources of trace element 

e■issions in Europe are relatively well known, and can be used to quantify 

contributions to the deposition through the use of long-range atmospheric 

transport models. Decreases in the observed concentrations in air, preci 

pitation, and ■oss sa■ples following reductions in the lead content of 

gasoline, and improved eaission controls, suggest that this approach will 

serve to pinpoint eaissions which must be reduced in order to achieve 

defined target loadings. 

The situation is much more complicated for mercury. After bans on the use of 

alkylated mercury for seed dressing, and in the paper and pulp industry, 

atmospheric mercury has become a major source of mercury in freshwater eco 

systems, which has reached undesirable concentration levels, particularly in 

acidified lakes. Although reviewed by Lindqvist et al. (1985) the knowledge 

of the atmospheric mercury cycle remains inco■plete, both with regard to the 

role {and chemical speciation} of anthropogenic emission and the possibility 

of chemical transformations in the atmosphere. This is because only a minor 

fraction of the mercury in the air is available for precipitation scavenging 
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and it is not known precisely which mechanisms 

Therefore, both the chemical speciation at 

transformation reactions should be studied. 

determine this fraction. 

the source, and atmospheric 

Chlorinated hydrocarbons are another group of toxic chemicals of potential 

concern because of their stability and their accumulation in soil and the 

biosphere. It seems that a major ecological disaster was averted by the ban 

on the use of DDT around 1970, but the decrease in the concentrations in 

biota has been slow for DDT, and even slower for polychlorinated biphenyls. 

North American studies suggest that atmospheric dispersion and precipitation 

is an important pathway for PCB in the Great Lakes area, and a similar 

situation could exist in Scandinavia, although this has not been 

substantiated. There is good reason to follow the development closely, 

because PCB's are still produced in Europe, and most of the PCB's produced 

are still in use in electrical equipment. 

Moreover, other chlorinated hydrocarbons are being introduced which may also 

constitute environmental hazards. More complete knowledge of the environ 

mental pathways for DDT and PCB may aid in the assessment of potentially 

harmful effects. 

More volatile chlorinated hydrocarbons, such as hexachlorobenzene and the 

hexachlorocyclohexanes, are ubiquitous in the atmosphere, and have been 

detected both in southern Norway and at Spitsbergen at comparable concentra 

tion levels. 

Hexachlorobenzene is formed by thermal reactions with chlorine and hydro 

carbons, or by incomplete combustion of chlorinated hydrocarbons. As such, 

it is of interest as an indicator of incomplete combustion, e.g. in 

incinerators, which may also be a source of the more toxic chlorinated 

dibenzodioxines and dibenzofuranes. Atmospheric decomposition by reaction 

with ozone or hydroxyl radicals may be an important sink process for some 

chlorinated hydrocarbons. 



35 

REFERENCES 

Allen, R.O. and Steinnes, E. (1980) Contribution from long-range atmospheric 
transport to the heavy metal pollution of surface soil. In: Proc. 
Ecological Impact of Acid Precipitation Conf., Sandefjord, Norway. 
Ed. by D. DrablØs and A. Tollan. 

Amundsen, C.E., Hanssen, J.E., Rambeck, J.P., Semb, A., and Steinnes, E. 
(1986) Long-range transport of trace elements to Southern Norway studied 
by J.N.A.A. of air filters. In: Proc. Modern Trends in Activation Analysis 
Conf., Copenhagen, Denmark. 

Andreae, M.O. and Froelich, P.N. (1984) Arsenic, antimony and germanium 
biogeochemistry in the Baltic Sea. Tellus, 368, 101-117. 

Anonymous (1981) Pesticides in China. Konqetsu no Noyaku (Monthly Review of 
Pesticide), 114-116 (in Japanese). 

Antommaria, P., Corn, M., and De Maio, L. (1965) Airborne particulates in 
Pittsburgh: association with p,p-DDT. Science, 150, 1476. 

Atkins, D.H.F. and Eggleton, A.E.J. (1970) Studies of atmospheric washout 
and deposition of gamma-BHC, dieldrin and p,p-DDT using radio-labelled 
pesticides. In: Proc. Svmp. Nuclear Techniques Environ. Poll., Salzburg. 
Viennea, International Atomic Energy Agency (AERE-R 6528 1AEA/SM-142/32). 

Atlas, E. and Giam, C.S. (1981) Global transport of organic pollutants: 
Ambient concentrations in the remote marine atmosphere. Science, 211, 163. 

Baker, R.D. and Applegate, H.G. (1974) Effects of ultraviolet radiation on 
the persistence of pesticides. Texas J. Sci,, 15., 1-4, 53. 

Barbour, A.K., Castle, J.F., and Woods, S.E. (1978) Production of 
non-ferrous metals. In: Industrial Air Pollution Handbook, Ed. by A. 
Parker. London, McGraw-Hill, pp. 419-493. 

Baumann, K., Angerer, J., Heinrich, R., and Lehnert, G. (1980) Occupational 
exposures of hexachlorocyclohexane. 1. Body burden of HCH isomers. Int. 
Arch. Occup. Environ. Health, 47, 119-127. 

Beall, M.L., Jr. and Nash, R.G. (1971) Organochlorine insecticide residues 
in soybean plant tops: Root vs. vapor sorption. Agron. J., 63, 460-464. 

Bekampningsmedel (1982) The use of pesticides in Sweden, Stockholm. (In 
Swedish.) 



36 

Bergh, A.K. and Peoples, R.S. (1977) Distribution of polychlorinated 
biphenyls in a municipal wastewater treatment plant and environs. Sci. 
Total Environ.,!, 197-204. 

Beyermann, K. and Erkrich, W. (1974) Differentiation of aerosol - bound and 
gaseous fractions of insecticides in air. Z. Anal. Chem., 269, 279. 

Bidleaan, T.F. (1981) Interlaboratory analysis of high molecular weight 
organochlorines in ambient air. Atmos. Environ., ll, 619-624. 

Bidleman, T.F. and Christensen, E.J. (1979) Atmospheric removal processes 
for high molecular weight organochlorines. J. Geophys. Res., 84, 
7857-7862. 

Bidleman, T.F., Christensen, E.J., Billings, W.N., and Leonard, R. (1981) 
Atmospheric transport of organochlorines in the North Atlantic gyre. ;L_ 
Marine Res., 39, 443-464. 

Billings, W.N. and Bidleman, T.F. (1983) High volume collection of 
chlorinated hydrocarbons in urban air using three solid adsorbents. Atmos. 
Environ., 1l, 383-391. 

Bjorklund, J., Compton, B., and Zweig, G. (1970) Development of methods for 
collection and analysis of airborne pesticides. Durham, N.C. u.s. 
Department of Health, Education and Welfare. 

Bowen, H.J.M. (1966) Trace Elements in Biochemistry. Acad. Press, New York, 
N.Y., 241 pp. 

Brosset, c. (1981a) The mercury cycle. Water, Air, and Soil Pallut., .li., 
253-255. 

Brosset, C. (1981b) Measurements of mercury in air and in natural waters. 
Vallingby, Sweden. The Swedish State Power Board (in Swedish) (KHM 05). 

Brosset, C. (1983) Emissions of mercury compounds with flue gas. 
Vallingby, Sweden. The Swedish State Power Board (in Swedish) (KHM 76). 

Browne, C.L. and Fang, S.C. (1978) Uptake of mercury vapor by wheat: An 
assimilation model. Plant Physiol,, il, 430-433. 

Cawse, P.A. (1974) A survey of atmospheric trace elements in the U.K. 
(1972-73). Harwell, England. U.K. Atomic Energy Authority. 



37 

Cawse, P.A. (1981) Trace elements in the atmosphere of the U.K. - Paper 
given at ESNA meeting, Aberdeen. 

Chaney, R.L. (1984) Potential effects of sludge-borned heavy metals and 
toxic organics on soils, plants, and animals, and related regulatory 
guidelines. In: Proc. American Health Organization Workshop on the 
Internat. Transportation, Utilization or Disposal of Sewage Sludge. 

Cohen, J.M. and Pinkerton, C. (1966) Widespread translocation of pesticides 
by air transport and rain-out. In: Organic Pesticides in the Environment. 
Ed. by R.F. Bould. Washington D.C., American Chemical Society. (Adv. Chem. 
Sci. 60) p. 163. 

Crosby, D.G. and Moilanen, K.W. (1974) Vapor-phase photocomposition of 
aldrin and dieldrin. Arch. Environ. Contain. Toxicol., 1, 62. 

Cunningham, R.T., Brann, J.L., Jr., and Fleming, G.A. (1962) Factors 
affecting the evaporation of water from droplets in airblast sprayings. L 
Econ. Entomol., 55, 192. 

Dulac, F., Buat-Menard, P., Martin, D., Dutot, A.L., Bergametti, G., Delmas, 
R., and Ezat, U. (1985) Atmospheric pathways of trace metals to the 
Western Mediterranean Sea. In: Proc. Int. Cont. Heavy Metals in the 
Environment, Athens, Greece. Edinburgh, CEP Consultants. 

Eliassen, A. and Saltbones, J. (1983) Modelling of long-range transport of 
sulphur over Europe: a two year model run and some model experiments. 
Atmos. Environ., 1l, 1457-1473. 

FAO (1979) 1978 Production Year Book. Rome, Food and Agriculture 
Organization, pp. 245. 

Filonow, A.B., Jacobs, L.W., and Mortland, M.M. (1976) Fate of 
polybrominated biphenyls (PBB's) in soils. Retention of hexabromobiphenyl 
in four Michigan soils. J. Agr. Food Chem., il, 1201-1204. 

Fitzgerald, W.F., Gill, G.A., and Kim, J.P. (1984) An equatorial Pacific 
Ocean source of atmospheric mercury, Science, 224, 597-599. 

Fries, G.F. and Marrow, G.S. (1981) Chlorobiphenyl movement from soil to 
soybean plants. J. Agr. Food Chem., il, 757-759. 

Furmidge, G.G.L. (1983) The Application of Flying-Spot Scanning to Particle 
Size Analysis in the Formulation of Pesticides. Analyst, 88, 686. 



38 

Gerstle, R.W. and Albrinck, D.N. (1982) Atmospheric emissions of metals from 
sewage sludge incineration. J. Air Poll. Contr. Ass., 32, 1113-1123. 

Glowiak, B.J., Palczynski, R.J., and Pacyna, J.M. (1977) Environmental lead 
and mercury in the area of a copper smelter. New York, U.S. ERDA, 
Health and Safety Laboratory (Environmental Quarterly Report HASL-321). 

Gomes, L., Bergametti, G., and Dutot, A.L. (1985) The atmospheric emissions 
of an industrial area (Fos/sur/Mer, France) and their implications for the 
heavy metal cycles in the western Meditterranean Sea. In: Proc. Int. Conf. 
Heavy Metals in the Environment, Athens, Greece. Edinburgh, 
CEP Consultants. 

Grahn, 0. and Rosen, K. (1983) Deposition och transport av metaller i några 
sura avrinningsområden i sydvastra, mellersta och norra Sverige. 
Solna, Statens Naturvårdsverk. 

Granat, L. (1982) Opublicerade uppgifter om tungmetalldeposition. 

Hansen, J.A. and Tjell, J.C. (1981) Guidelines and sludge utilization 
practice in Scandinavia. In: Proc. Utilization of Sewage Sludge on Land, 
Medmenham, England. 

Hansen, L.G., Washko, P.K., Tuinstra, L.G.M.T., Dorn, S.B., and Hinesly, 
T.D. (1981) Polychlorinated biphenyl, pesticide, and heavy metal residues 
in swine foraging on sewage sludge amended soils. J. Agr. Food Chem., 
29, 1012-1017. 

Hanssen, J.E., Ramback, J.P., Semb, A., and Steinnes, E. (1980) Atmospheric 
deposition of trace elements in Norway. In: Proc. Ecological Impact of 
Acid Precipitation Conf., Sandefjord, Norway. Ed. by D. DrablØs and 
A. Tollan. 

Hansson, H.-C., Martinsson, B.G., and Lannefors, H.O. (1983) Long-range 
aerosol transport in southern Sweden: an example of multivariate 
statistical evaluation methodology. In: Outdoor Environmental Studies 
Using Particle Induced X-ray Emission Analysis, Ph.D. thesis, University 
of Lund, Sweden. 

Harris, R.C. and Hohenemser, C. (1978) Mercury. Measuring and managing the 
risk. Environment, 20, 25-36. 

Harrison, D.L., Mol, J.C.M., and Healy, W.B. (1970) DDT residues in sheep 
from the ingestion of soil. N. z. J. Agr. Res., li, 664-672. 

Harvey, G.R. and Steinhauer, W.G. (1974) Atmospheric transport of 
polychlorobiphenyls to the North Atlantic. Atmos, Environ.,~. 777. 



39 

Heidam, N.Z. (1985) Crustal enrichments in the arctic aerosol. Atmos. 
Environ., .12., 2083-2097. 

Heinrichs, H. and Mayer, R. (1977) Distribution and cycling of major and 
trace elements in two Central European forest ecosystems. 
J. Environmental oualitv. i, 402-407. 

Hovmand, M.F. (1979) Atmospheric heavy-metal deposition on land and sea. In: 
International Council for Exploration of the Sea, 67th meeting, Warsaw. 

Hvatum, O.Ø., BØlviken, B. and Steinnes, E. (1983) Heavy Metals in Norwegian 
Ombrotrophic Bogs. In: Environmental Biogeochemistrv. Ed. by R. Hallberg. 
Stockholm (Ecol. Bull., 35) pp. 351-356. 

Jalees, K. and Veauri R. (1980) Pesticide pollution in India. Int. J. 
Environ. Stud., li, 49-554. 

Janicki, K. (1976) Pestycydy, gleba, cztowiek. Warszawa, Wiedza Powszechna, 
pp. 1-152 (in Polish). 

Kemikaliekontrollen (1982) Statistiske oplysninger vedrørende forbrug og 
salg af bekæapelsesmidler for 1981. Lyngby (in Danish). 

Kienholz, E.W. (1980) Effect of toxic chemicals present in sewage sludge on 
animal health. In: Sludge-Health Risks of Land Application. G. Bitton et 
al. (eds.) Ann Arbor, MI. Ann Arbor Science Publ., pp. 153-171. 

Komarov, B. (1980) The destruction of nature in the Soviet Union. New York, 
Sharpe Inc. 

Kubacka, J., Pacyna, J.M., and Palczynski, R.J. (1977) Chemical composition 
of metalloferrous dust discharged from stacks of the copper smelters. 
Scientific Papers of Environmental Protection Engineering Institute, 
Technical University of Wroclaw, Wroclaw, Poland. 

Kveseth, N.J., Bjerk, J.E., Fimreite, N., and Stenersen, J. (1979) Residues 
of DDT in a Norwegian fruit-growing district two and four years after the 
termination of DDT usage. Arch, Eny. Contam. Toxicol., ~, 201-212. 

Lannefors, H., Hansson, H.-c., and Granat, L. (1982) Background aerosol 
composition in Southern Sweden - 14 micro and macro constituents measured 
in seven particle size intervals at one site during one year. In: 
Aoolications of Particle Induced X-ray Emission Analysis to Ambient 
Aerosol Studies. Ph. D. thesis, University of Lund, Sweden. 
Ed. by J. Lannefors. 



40 

Larsson, P., and Sodergren, A. (1982) Hur transporteras persistenta, 
organiska amnen i miljon? In: Forekomst och effekter av persistenta 
orqaniska amnen i milion. Ed. by N. Johansson. Solna, Statens 
Naturvårdsverk (SNV PM 1552). 

Lewis, R.G. and Lee, R.E.Jr. (1976) Air pollution from pesticides: soures, 
occurance and dispersion. In: Air Pollution from Pesticides and 
Agricultural Processes. Ed. by Robert E. Lee, Jr. Cleveland, OH, CRC 
Press, pp. 5-50. 

Lichtenstein, E.P., Myrdal, G.R., and Schulz, K.R. (1964) Effect of 
formulation and mode of application of aldrin on the loss of aldrin and 
its epoxide from soils and their translocation into carrots. 
J. Econ. Entomol., 57, 133-136. 

Lindquist, O., Jernelov, A., Johansson, K., and Rodhe, H. (1983) Mercury 
pollution of Swedish lakes. Global and local sources. Solna, Sweden. 
Swedish Environmental Protection Board. 

Lindquist, o., Jernelov, A., Johansson, K., and Rodhe, H. (1985) Mercury in 
Swedish Environment. Global and Local Sources. In: Proc. Mercury in 
the Environment Workshop, Gothenburg, Sweden. 

Lowenthal, O.H. and Rahn, K.A. (1985) Regional sources of pollution aerosol 
at Barrow, Alaska during Winter 1979-80 as deduced from elemental tracers. 
Atmos. Environ., 12., 2011-2024. 

Martinsson, B.G., Hansson, H.-c., and Lannefors, H.O. (1984) Southern 
Scandinavian aerosol composition and elemental size distribution 
characteristics dependence on air-mass history. Atmos. Environ., ll, 
2167-2182. 

Mathys, G. (1984) The use of lindane in the countries of European and 
Mediterranean Plant Protection Organization. Private couunication. 

McClure, V.E. (1976) Transport of heavy chlorinated hydrocarbons in the 
atmosphere. Environ. Sci. Technol., 10, 1223. 

Maza, P., Schuenert, I., Klftn, W., and Korte, F. (1979) Studies wit~4 2,4',5-trichlorobiphenyl- cand 2,2', 4,4',6-pentachlorobiphenyl- C in 
carrots, sugar beets and soil. J. Aqr. Food Chem., 21, 1120-1124. 

Murphy, T.J. and Rzeszutko, C.P. (1977) Precipitation inputs of PCBs to Lake 
Michigan. J. Great Lakes Res., 1, 305. 

Nagl, H.G., Klein, W., and Korte, F. (1970) Uber das Reaktionsverhalten von 
Dieldrin in Losung und in der Gasphase. Tetrahedron, 26, 5319. 



41 

National Academy of Sciences (1978) An Assessment of Mercury in the 
Environment. Washington, D.C., National Academy of Sciences, National 
Research Council, Committee om Medical and Biological Effects on 
Environmental Pollutants. 

NILU (1984) Emission sources in the Soviet Union. 
Lillestrøm, Norwegian Institute for Air Research (NILU TR 4/84). 

OECD (1979) The OECD Programme on Long Range Transport of Air Pollutants. 
Measurements and Findings, Second Edition. Paris, Organization for 
Economic Co-operation and Development. 

Oehme, M. and Ottar, B. (1984) The long-range transport of polychlorinated 
hydrocarbons to the Arctic. Geophys. Res. Lett., 11, 1133-1136. 

Olafson, R.W. (1978) Effect of agricultural activity on levels of 
organochlorine pesticides in hard corals, fish and mulluscs from the Great 
Barrier Reef. Mar. Environ. Res., 1, 87-107. 

Ondov, J.M., Ragaini, R.C., and Bierman, A.H. (1979) Elemental emissions 
from a coal-fired power plant. Comparison of a venturi wet scrubber system 
with a cold-side electrostatic precipitator. Environ. Sci. Techno!., 11, 
588-601. 

Pacyna, J.M. (1980) Coal fired power plants as a source of environmental 
contamination by trace metals and radionuclides. Habilitation thesis. 
Technical University of Wroclaw, Poland. 

Pacyna, J.M. (1982) Trace element emissions from coal- and oil-power plants 
in Europe. Methodology of calculations. 
Lillestrøm, Norwegian Institute for Air Research (NILU TR 5/82). 

Pacyna, J.M. (1983) Trace element emission from anthropogenic sources in 
Europe. Lillestrøm, Norwegian Institute for Air Research (NILU TR 10/82). 

Pacyna, J.M. (1985a) Spatial distr~bution of the As, Cd, Cu, Pb, V and Zn 
emissions in Europe within a 1.5 grid net. Lillestrøm, Norwegian 
Institute for Air Research (NILU OR 60/85). 

Pacyna, J.M. (1985b) Atmospheric emissions of As, Cd, Pb and Hg from high 
temperature processes in power generation and industry, and their 
atmospheric transport. In: Heavy Metal Cycling. Ed. by T.C. Hutchinson. 
Toronto, SCOPE Publ. 

Pacyna, J.M. (1985c) Anthropogenic emissions of mercury in Europe in 1979. 
Presented at the "Mercury Workshop•, Gothenburg, Sweden. 



42 

Pacyna, J.M. (1985d) Anthropogenic emissions of trace elements in Europe and 
their atmospheric transport. Presented at CONCAWE Meeting, 12th June 1985, 
Oslo, Norway. Lillestrøm, Norwegian Institute for Air Research 
(NILU F 18/85). 

Pacyna, J.M. (1986) Emission factors of atmospheric elements. In: Toxic 
Metals in the Atmosphere. Ed. by Nriagu, J.O. and Davidson, C.I. New York, 
John Wiley & Sons, pp. 1-32. 

Pacyna, J.M., Zwozdziak, A., Zwozdziak, J., Matyniak, Z., Kuklinski, A., and 
Kmiec, G. (1981) Zagadnienia ochrony powietrza atmosferycznego dla stanu 
istniejacego i persektywicznego na obszarze pilotowym wojewodztwa 
legnickiego. (Air pollution problems caused by the LGOM copper smelter 
complex - present situation and perspectives.) Wroclaw, Poland Technical 
University of Wroclaw (Report SPR 14-81) (in Polish). 

Pacyna, J.M., Semb, A., and Hanssen, J.E. (1984) Emission and long-range 
transport of trace elements in Europe. Tellus, 368, 163-178. 

Pacyna, J.M., Ottar, B., Tomza, U., and Maenhaut, W. (1985a) Long-range 
transport of trace elements to Ny Alesund, Spitsbergen, Atmos, Environ., 
ll, 857-865. 

Pacyna, J.M., Ottar, B., Hanssen, J.E., and Kemp, K. (1985b) The chemical 
composition of aerosols measured in southern Scandinavia. Lillestrøm, 
Norwegian Institute for Air Research (NILU OR 66/84). 

Pacyna, J.M., Vitols, V., and Hanssen, J.E. (1985c) Chemical composition of 
aerosols at BP Project ground stations. Lillestrøm, Norwegian Institute 
for Air Research (NILU OR 64/85). 

Pacyna, J.M., Oehme, M., and Ottar, B. (1986) Organic air pollutants in the 
Norwegian Arctic. Lillestrøm, Norwegian Institute for Air Research (NILU 
OR 19/86). 

Paulsen, J. (1984) The sales of lindane in Norway - private communication 
from Landbruksdepartementets Giftnemnd, As - NLH. 

Peirson, O.H., Cawse, P.A., and Cambray, R.S. (1974) Chemical uniformity of 
airborne particulate material, and a maritime effect. Nature, 251, 
675-679. 

Peterle, T.J. (1968) DDT in antarctic snow. Nature. ill, 620. 

Pooler, F. J.r (1971) Atmospheric transport and dispersion of pesticides. 
In: Proc. 162nd Natl, Meet, Am, Chem. Soc., Washington D.C. 



43 

Rahn, K.A. (1976) The chemical composition of the atmospheric aerosol. 
Technical Report. Kongston, R.I., Graduate School of Oceanography, 
University of Rhode Island. 

Risebrough, R.W., Huget, R.J., Griffin, J.J., and Goldberg, E.D. (1968) 
Pesticides: transatlantic movements in the northeast trades. Science, 159, 
1233. 

Rodhe, H., Soderlund, R., and Ekstedt, J. (1980) Deposition of airborne 
pollutants on the Baltic. Ambio, 1, 168-173. 

Rosen, K. (1982) Supply, loss and distribution of nitrients in three 
coniferous forest watersheds in central Sweden. Uppsala, Sveriges 
lantbruksuniversitet. (Rapporter i skogsekoklogi och skoglig marklåra, 
41.) 

Ross, H.B. and Granat, L. (1986) Deposition of atmospheric trace aetals in 
northern Sweden as aeasured in snowpack; 1984. Tellus (in press). 

Schneider, B. (1986) Source characterization for atmospheric trace metals 
over Kiel Bright. Atmos. Environ. (submitted for publication). 

Scott, B.C. (1978) Parameterization of sulphate reaoval by precipitation. 
J. Appl. Meteorol., ll, 1375. 

Seba, D.B. and Prospero, J.M. (1971) Pesticides in the lower atmosphere of 
the northern equatorial Atlantic ocean. Atmos. Environ.,~, 1043. 

Sehmel, G.A. and Sutter, S.L. (1974) Particle deposition rates on a water 
surface as a function of particle diameter and air velocity. J. Rech. 
Ataos., III, 911. 

Semb, A. (1978) Deposition of trace elements from the atmosphere in Norway. 
As, Norway, SNSF Project {SNSF FR 13/78). 

SFT (1984) Overvåking av langtransportert forurenset luft og nedbør. Oslo, 
Norway, Statens forurensningstilsyn (SFT rapport 162/84) (in Norwegian). 

Slinn, W.G.N., Hasse, L., Hicks, B.B., Hogan, A.W., Lal, D., Liss, P.S., 
Munnich, K.O., Sehmel, G.A., and Vittori, 0. (1978) Some aspects of the 
transfer of atmospheric trace cnstitutents past the air-sea interface. 
Atmos. Environ., il, 2205. 

Saith, J.C., Ferguson, T.L., and Carson, B.L. (1975) Metals in new and used 
petroleum products and by-products. Quantities and consequences. In: The 
Role of Trace Metals in Petroleum. Ed. by T.F. Yen. Ann Arbor, Ann Arbor 
Press, pp. 123-148. 



44 

Tabor, E.C. (1965) Pesticides in urban atmosphere. J. Air Poll. Contr. Ass., 
li, 415. 

Tanabe, S. and Tatsukawa, R. (1980) Chlorinated hydrocarbons in the North 
Pacific and Indian Oceans. J. Oceanogr. Soc. Japan, 36, 217-226. 

Tanabe, S., Tatsukawa, R., Kawano, M., and Hidaka, H. (1982) Global 
distribution and atmospheric transport of chlorinated hydrocarbons: HCH 
(BHC) isomers and DDT compounds in the Western Pacific, Eastern Indian and 
Antarctic Oceans. J. Oceanogr. Soc. Japan, J!, 137-148. 

Tatsukawa, R., Wakimoto, T., and Ogawa, T. (1972) BHC residues in the 
environment. In: Environmental Toxicology of Pesticides. Ed. by F. 
Matsumara, C.M. Boush and T. Misato. New York, Academic Press. pp. 
229-238. 

Ter Haar, G.L. and Bayard, M.A. (1971) Composition of airborne lead 
particles. Nature, 216, 553-554. 

Thrane, K.E. (1978) Background levels in air of lead, cadmium, mercury and 
some chlorinated hydrocarbons measured in South Norway. Atmos. Environm., 
ll, 1155-1161. 

Tiittanen, K. and Blomquist, H. (1982) Sales of pesticides in Finland in 
1981. Kemia - Kemi, 7-8, 528-530. 

Umweltbundesamt (1982) Anhorung zu Cadmium; Protokoll der sackverstandigen 
anhorung. Berlin. 

US Environmental Protection Agency (1977) Control Techniques for Lead Air 
Emissions. Research Triangle Park, N.C. (EPA-450/2-77-012). 

US Environmental Protection Agency (1979) Sources of Atmospheric Cadmium. By 
Coleman, R. et al. Research Triangle Park, N.C. (EPA-450/5-79-006). 

Vattenfall (1983) KHM. Kolets halso- och miljoeffekter. Vallingby, Sweden. 
The Swedish State Power Board (in Swedish.) 

Wang, D. (1981) The status of pesticides in China and their future. J. Pest. 
Sci., i, 397-399. 

Wichman, H.J., Patterson, W.I., Clifford, P.A., Klein, A.K., and Claborn, 
H.V. (1946) Decomposition and volatility of DDT and some derivatives. ;L._ 
Assoc. Off. Agric. Chem., 29, 218. 



45 

Wiman, B.L.B. (1984) Aerosol dynamics in coniferous forests, Ph.D. thesis, 
University of Lund, Sweden. 

Wiman, B.L.B. and Agren, G.I. (1985) Aerosol depletion and deposition in 
forests - a model analysis, Atmos. Environ., .11, 335-347. 

Woodwell, G.M., Craig, P.P., and Johnson, H.A. (1971) DDT in the biosphere: 
Where does it go? Science, ill, 1101-1107. 

Water Research Centre (1984) The quantities of some heavy metals entering 
the North Sea. Stevenage, U.K. (WRC Rept. 205). 



46 

s:: .,-◄
Cl) 
Q. 
0 
M = µl 

s:: . ,-◄
Ul 
+I s:: 
Cl) 
El 
Q) .... 
Q) 

Q) 
tJ 
I'd 
M 
+I 

1M 
0 

s:: 
0 •.-◄
Ul 
Ul .,-◄
~ 

= ..,..,.0 0 000 000000 0 
N ..- N cn \0 0 0 C0 \0Mll'lll'IC0M 0 

M C0 ll'I ..,. Il') C0 .... \O\O..-NC0N 0 - - ..,. N C0 N Oll'I 0 ..,. - C0 

> 00 cn 0 
00 .... 0 
\0 C0 ll'I 
N .,.. ..,. 
.,.. N M 

QJ ll'I C0 N M N U> 0 
til Il') .... - M N 

..-N 0 > ..,. 

.Q N• .... 0 0 
til N ll'I 0 C0 - .... - M 

.Q C0NN00 000 ll'I r--0•\0\0 0 ø. M ll'I \0 0 cn Il') C0 ll'I ll'I C0 \0 0 ..,. 0 
.,.. \0 lt'I M 0 N C0 • M\OC0 r-- 0 -- . .... cn r-- O • M 

r-- .... - N - 
•"4 Or--ll'IOO 0 oor-- 0 z C0\0r--M,q< • ..... r-- 0 

ll'>•MM\O .... M 0 
• r-- ........ \0 .... 

0 NM 0 
::E Il'> en ll'I 

M..,. C0 

= .-cc, N ll'I o• 0 
::E .... r-- cn r-- r-- - 0 

OM N r-- - \0 -- ..,. r-- - - 
= r-- C0 0 N 000 .... 00 r-- 0 c., r--MO cn ll'I ,qo N \0 .... \0 r-- 0 

M O ll'I - C0 ..... I"'- N ll'I 
.- N.,.. r-- - Il') .... 

1-4 \00 OM M 0 c., O"I C0 0 Il') \0 0 
.... ll'I ..,. \0 cn -- Il') C0 - - 

0 r-- ..,. ..,. 0 
t.) C0 .... 0 

r-- N 0 .... N 

"' .-Lt")lt"I.-.- Il') 0 C0 N - C0 ..,. r-- ll'I 0 c., 0ll'INM N r-- Il'> C0 N.,.. 0 -- Nll'I M - 
QJ ..-cn 0 
OJ NN ll'I 

U> ••o inoo - \0 0 < C0 cn ..,. N .- 0 - M 0 
NM N Ø'I M .... M 

N ..,. 
M 

N = M = QJ 

- te 0 te ..,. 0 N Il') 
te •"4 ........ • .... •"4 .... = te . .c ~ "' QJ .... U> ~ .... 0 .... a = U> ~~ "' ~ "' •"4 •"4 u 
0, 0 0 = QJ u ~ QJ M ~ ~ .,◄u •"4 .c s .,◄ a 11) Ei QJ M u .... 
.0. -~ Ei = '0 s = QJ = C. a u, 0 ~ I "' .... •"4 ~ '0 0, ~ & a = u I M u ~ M QJ u 0 "' a. 1-1 0 .c = QJ I I QJ QJ = QJ M 

0 QJ u a QJ C. u '0 = C. u '0 ~ •"4 ~ C. g; .c: 0 = >, C. = "' C. = "' II) "' M = ~~ U •"4 "' 1-1 0•,◄ QJ '0 0 .... QJ QJ.C:-.l~ ..:i ~ U> .... = CUUN..:I = C., N ..:I - II) C. = II) < > ::,,o 0 .... s 0 = = II) QJ = ... = '0 0 II) C•,◄.-N M U.-NM 0~ 0 
& "' 0 

0 = 0 "' .... M QJ M QJ .c: QJ = ... 
t.)1-t3l:t:):£Q.o\O\O\O til r-- r-- r-- .... g; c.. u .... 

..- N M • Ln \0 r-- C0Ø'I Q..-N M --- ~ 

II) 
QJ 
II) 
0 
0, 
M = C. 

..... 
C. 

"' 1-1 u 
II) 



47 

U'l 
Q) u ,... 
::, 
0 
U'l 

U'l 
+l 
C: 
Q) 
El 
Q) ~ 
Q) 

Q) u 
"' ,... 
+l 
"-'I 
0 
C: 
0 .... 
U'l 
U'l .... 
El 
taJ 

M N r-N "'"'"' CXI .- CXI MOO M "' CXI .- • _.., OM NØ' - 0 "' "' 0 N "' •en in • M .- N I N "' r- M M r- u-, N 0 - - N 0 • - 0 r- - 
s:: NO SON "" '° 0 r-- '° "' - 0 • MOr- CXI Ll"l "' • ""'° 0 • - C0 M C0 0 
N r--r--MN M 0 SON. C0NC0 '° MNSO C0N M - in. in "' C0 C0 - "' 0 M r-- r-- '° r-- •-r-- 1.Q.-N N •o - r-- SON M "' N • 0 - 0 .. - N\O - •M -· M - M N 0 - N C0 

> MN =- M \Q "" C0 in NN "' 0 "' N en ON C0 0 M MO Ø'N •= 0 0 
•in 00 • "' '° M \0 Nr-- CXI 0 "' in r-- \Ø r- '° \Q r-- OM - '° r- - MO 

in "' r-- "' in in M Ø' NM M "' - "' "' ... .., N '° M 0 - •N 0 r-- "' N N 0 M - - - N • - - M 

cu in in•r-O C0 - 0 .. \0 ... '° "' N 0 .... Ø'\ .. \D - 00 I.ON en 
0 •-en= M • CO•\ØM .M - • r-- - r-- .-MQin 0 in 0 \Q r-- 00 - - .-N • in N M -- N M N - • M 

.Q ·- "'"" C0 N NM...-in\Ø • • M N 0 - r-- "° • 0000 M \Q 
en 

o- or-- \Q N .. 0 a.n Ø'\ .. C""'I I 0 \Q "' 0 M 0 N • oosoo 0 "" 00 - - - MN• - • - CXI • CXI 
M 

.Q • M\Ø •1.0 M .-in.CXIMCXIO \Qin r-- ,., CXI in r-- • 0 ,., 0 N CXI M -o 
Po, ,., MCXIMN "" N•cao OCXIO ""\Q N 0 \Q NNM r-- CXI CXI • en N 00 - en en N r-- r-- 1.Øin0MMCXIM . ,., • CXI "" in C0 ll"l N 0 - CXI o• ,., 0 .-("l"')N.- -oNcn - \Q "' N • -ll"l N - - M ON M - ,., • - N - .... N .. .-.-N "" r-- ,., Ø'MMN o.no- \Q M r- CXI 0 M - r- • "' • "" 0 z en CXI C0 en r-- CXI MO ..... r-- \0 MSOON '° "" "' M - N ll"l r- - "' CXI - 0 .-MN'IIP - NO'\ in ON -- ,., ,., \Q M ll"l M NO CXI N 0 - • - \0 \Q - 
0 - \Q "" N • \Q r--. -o..a o • NC0 0 N r- N M 0 "' -in r- 0 1.0•0 :E N N • ,., 

\D '° - "° ,., - "' M N - "" '° - "" N 0 CXI 

s:: -N M CXI N r-- O'\ N N•.nO CXI Ll"l M "" "' 0 • NN ""'° "' N r-- N 0 :E CXI - -- M ocn ,., "". '° I Nll"l •ON "" r-- r-- NN r- M r-- "' 0 - '° Nr-- -- •o - <:nN 0 "" ·- - CXI 0 - - r-- - N - \Q - r-- - 
- - .n• CXI M cxi-N•I.Ø.nO Nll"lll"l N \Q '° r-- "' CXI • SO - "' - "' 0 .. ,., • r-- CXI "' - • en • r-- N SO I •NO - M - M \Q M • - CXI "" • 0 "' -= "' r-- -so•Nso -- oo• ,., 0 r-- 0 - M - • CXI 0 = -- - ,.,_. 

N.- M - CXI N CXI • 
::, - •M C0 ,., CXISOO\ONll"l<:n • Mll"lll"l SOM "' "° "" r-- "° r-- in 0 r--•O u r-- ,., - C0N M • in r""- Ll"l l,t') 0 - -=o in- NN '° M -NM C0 C0 N 0 -..a N M N•Mll"l ll"l l,t') ,., - M N "" N ·"" "" N ll"l - - \0 l,t') - 
M 

l,t') 8 ~ -- 011')11') cg Mr-- CXI \0 -ll"lll"lO-r--cn...-ll"l 0 r-- r-- ·"" '° 0 u cc 0-, ll"l - 0\ N "" r-- "' ,., -ll"lll"l.SON-r--0\ ••• MOO\O 
N\O - r-- -o ll"l - - ,., ON - \0"" - - - .-N.-Q'I - N - - r-- - cc - 

0 ,., Nll"l r-- \0 M M M CC -or--•cc CCOCC\O -o- _.., ll"lO..- COMO u Nll"l •cc NNOO r,i .- N r-- ll"l ,., ll"l - \0 \0 ,., MM ,., . •O -- - ,., - - '° - -o N 
"' - \0 ... r-,.., en,.,"" '°cc,., CXI - ........ r-- NM• 0\ - r- 0 _..., -o u Ll"> \0 N NCO ,., . cg ..., ... 0 ...-N -- - CXI ""'° N - N - N - M - 
cu .- N in ·- .-N •r-cnN\O -cc ,., rn N rn • "' - en - 0 CXI en 
CD . . . . I 

000 - .., oo-•MOO 000 > cc >NOO >- "" •O >O - ll"l 

rn ........ o NSO r-- r- cc M•O •MNMCC r-- I.Q r-- ll"lN r-- .- N • •••o ,< ,., • \0 ll"l cc NN M.n.-Mr-- Cl'\ M -ll"l ,., 0 • \0 \0 '° ,., a, 
M - .-N - ,., \Q ,., - 0 --ON - • 

n:I 0. 0. .... cu Cll 
.i .w a::a:: "' 

, 
s:: n:I U) "' "' cu > ·"' "' s:: a:: n:I a 0 cu cu - a:: n:I ........ "' Cll n:I~ QI&< .. n:I ~ - ;:.: > M ~ r••--- ... ~ "' "' ~ n:I n:I M., n:I = ta.l ·"'4 •.-4 ::, M O M a:: CU a:: a:: cu >, a:: a:: M >,"' 0,•.-4 = cu >N "'~ .Q a:: M•.-4 n:1..C: n:I n:1 U n:I n:I u M n:I n:I >, cu n:I a:: = a:: a:: cu N cu .. QI U) l!I~ 

n:1.,I 0\0,U S~ C a a Cll n:l~~~..c: 31 n:I .i n:l•.-4'0.,1,l,(g:.,i O cu n:1 .arn~~cua::a::n:1 M M cu "' cu cu n:I .i M~ M S n:I CU·.-4 1-<en,.-4 o,:,c:.,i 
~::1Cll::SNCU•"'4M Cll Cll M = u i.,.,i cu 0 0 0 0 0. 31 31 ::, en a:: = = 0 ,< ,< a:i a:i u Q 11,o 11,o '-' '-' '-' = ............ z z Po. Po. a:: en en en E-- :::, :::, >< ~ E-- 

>, 
M 
.i 
a:: ::, 
0 u 
cu 
..c: 
.i 

'M 
0 
.i 
M 
n:I 
0. 

= n:I 
Cll ~ 0. ~ 0 

"' M • = M rn ta.I 

"' cu >, cu 
>, M ..C: - a, .i "' > ,lo( >, 

I ~ 
a:: a:: .... 0 rn .... .. > .. 



48 

Table 3: Penetration, in\, of elements contained in particles emitted from 
a venturi wet scrubber and an ESP-equipped coal-fired generating 
unit (0ndov et al., 1979). 

Element Penetration range Element Penetration range 
ESP Venturi ESP Venturi 

As 4.3-11.5 2.5-7.5 Sb 3.1-7.7 3.0-6.6 
Be 0.5-0.9 Se 3.8-8.1 10 - 21 
Cd 3.3-8.8 V 1.6-3.7 0.5-1.1 
Co 1.2-3.2 0.06-2.1 w 3.1-7.2 1.7-3.5 
Cr 1.2-12.1 0.6-36 Zn 2.3-6.3 0.3-8.5 
Mo 1.8-6.8 0.9-2.2 Zr 0.5-1.6 0.05-0. 14 
Mn 0.3-1.6 0.07-4.6 
Pb 2.2-5.5 

Table 4: Anthropo?enic emi~fions of total mercury to the air in Europe in 
1979. Unit: ton a . 

Mining and Industrial Fossil fuel Refuse Total 
Country smelting processes combustion incineration 

Albania 0.4 1. 4 
Austria 1. 2 0.5 1. 7 
Belgium 1. 3 3.6 6.8 0.2 11. 9 
Bulgaria 0.6 0.6 6.7 7.9 
Czechoslovakia 0.1 1. 9 14.0 16.0 
Denmark 0. 1 0. 7 1.0 1. 8 
Finland 0.6 0.7 0.7 2.0 
France 1. 3 7.9 5.2 1. 9 16.3 
German Dem.Rep. 0.2 2.6 20.9 23.7 
German Fed.Rep. 1. 7 4.2 16.3 8. 1 30.3 
Greece 0. 1 0.2 1. 4 1. 7 
Hungary 0. 7 2.7 3.4 
Italy 0.8 7.5 3.6 1.0 12.9 
Netherlands 0.6 0.2 1.2 1 . 1 3. 1 
Norway 0.3 0.4 0. 7 
Poland 1 . 1 2.6 36.6 40.3 
Portugal 0.2 0.2 0.4 
Romania 0.1 4.0 11. 9 16.0 
Spain 0.9 2.8 3.8 7.5 
Sweden 0.4 2.3 0.4 1.0 4. 1 
Turkey 0.2 3.6 3.8 
USSR 4.2 13.8 65. 1 83. 1 
United Kingdom 0.5 0.7 12.8 5.8 19.8 
Yugoslavia 0.6 0. 7 3.9 5.2 

Europe 16.6 57.9 219.4 20.1 324 
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Table 5: Major chemical species evolved during fossil fuel combustion and 
industrial processes. 

Process ÅS Cd Pb Hg 

Coal combustion Ås (o l, ÅS2 03 
Cd (o l, CdO PbCl2 , PbO, gaseous Hg 

ÅS2 SJ CdS PbS, 

Pb 

Oil combustion ÅS ( 0), ÅS2 03 
Cd ( o), CdO PbO gaseous Hg 

Organic arsines 

Non-ferrous metal Ås2 03 
CdO, CdS PbO, PbS04 

production PbO.PbS04 

Iron and steel CdO PbO 

manufacturing 

Refuse incineration As(ol, As2 o3 , Cd ( 0), CdO, Pb( 0), PbO, gaseous Hg 

AsCl3 CdCl2 PbC12 
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Table 8: Main groups of pesticides. 

Chlorinated Organophosphates Carbamates 
hydrocarbons 

DDT Methyl parathion Carbaryl 
Aldrin Parathion Zectran 
Dieldrin Malathion 
Endrin Diazinon 
Heptachlor Fenthion 
Chlordane TEPP 
Lindane Azinphosmethyl 
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Table 9: Concentration range~ and ~ean valu~J measured at Ny Alesund during 
5 measurement campaigns (1n pg . m ). 

a-HCH -y-HCH HCB 5-PCB a-chlordane 

Campaign Range Mean Range Mean Range Mean Range Mean Range Mean 

Fall 1982 757 0. 1 75 2.3 0.6 
1416 1192 - 9.4 2. 1 - 169 123 46.5 15 - 3.2 1. 2 

Fall 1983 407 34 158 
- 695 548 - 67 46 - 227 186 

Summer 1984 260 24 20 0.9 1. 7 
- 774 488 - 100 47 - 201 154 - 43.0 21 - 5.4 2.8 

Winter/ 151 21 112 32 1 . 1 
Spring 1983 - 734 485 - 102 66 - 187 144 - 145 62 - 2.3 1. 7 

Winter/ 121 12 29 4 0.6 
Spring 1984 787 273 - 70 29 - 389 151 - 51 16 - 5. 1 2.0 
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Table 10: Concentration ranges_fnd mean values measured at Bjørnøya during 4 
campaigns (in pg . m ). 

a-HCH -y-HCH HCB 5-PCB a-chlordane 
;--, 

Campaign Range Mean Range Mean Range Mean Range Mean Range Mean 

Fall 1982 420 0.1 78.4 6.3 0.5 
- 1550 774 - 29 4.2 - 200 120 - 37.6 17 - 1. 7 0.8 

Fall 1983 277 14 88 
- 477 326 - 32 22 - 180 134 

Summer 1984 38 5 42 4.4 0.6 
- 305 155 - 41 18 - 149 57 - 14 8 - 2. 1 1. 3 

Winter/ 110 23 87 8.5 1. 2 
Spring 1983 - 469 282 - 80 47 - 201 124 - 66 23 - 3. 1 1. 7 
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Table 11: Concentrations 9f a- og 1-HCH and HCB in various places of the 
world (in pg. m ). 

Location a-HCH. 1-HCH HCB 

1 . USA 
Denver, CO 300*1 240 
(Billings and Bidleman, 1983) 

New Bedford, MA 1000* 1 180 
(Billings and Bidleman, 1983) 

Columbia SC 370 180 200 
(Bidleman, 1981) 

College Station, TX 420 200 
(Atlas and Giam, 1981) 

2. NORWAY 
Lillestrøm 875 318 162 
(Oehme and Ottar, 1984) 

3. NORTHERN PACIFIC OCEAN 
- Enewetak Atoll 250 15 100 
(Atlas and Giam, 1981) 

4. WESTERN PACIFIC OCEAN 
(Tanabe et al., 1982) 1000 100 

5. EASTERN INDIAN OCEAN 
(Tanabe et al., 1982 500 64 

6. ANTARCTIC OCEAN 
(Tanabe et al., 1982 25 9 

7. NORTH ATLANTIC 
(Atlas and Giam, 1981) 390 150 

1 * a and rHCH 
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Figure 3: Average collection efficiencies and penetrations of control equip 
ment for various particle sizes. 
1 - High efficiency cyclone. 
2 Multicyclone. 
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5 Medium efficiency electrostatic precipitator. 
6 High efficiency scrubber. 
7 High efficiency electrostatic precipitator. 
8 Venturi scrubber. 
9 Fabric filter. 
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Figure 4: Sp~tial distribution of vanadium emission in Europe in 1979 in 
10 kg/year. The shaded areas represent locations.with emissions 
higher than the average for the grid area. 
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Figure 5: Total atmospheric emissions of As, Cd, Hg, and Pb in Europe, USA, 
USSR, and from natural sources. 
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Figure 6: Atmospheric emissions of As, Cd, Hg, and Pb from fossil fuel com 
bustion (I), non-ferrous metal production (II), and other 
anthropogenic sources (III) in Europe, USA, and USSR. 
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Figure 7: Mass median diameter of trace elements. Mean values. (After Rahn, 
1976). 
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Figure 8: Comparison of trace element concentrations in moss samples and 
estimated deposition from precipitation samples. 
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Figure 9: Spray drift as a function of diameter of spray droplets (after 
Furmidge, 1963) . 
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Figure 10: Hemispheric meridional circulation pattern (adapted from Pooler, 

1971). 
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