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INTRODUCnON 

p e concept of Tone Equivalent Factors (TEFs)provides a usefiil method to estimate the hazaid and 
dose-r^onse of complex nUxtures contaimng PCDDs and PCDFs. The levels of all the individual PCDDs 
and PCDFs are converted iato oae value of Toadc Ecpiivalents CTEQs). 

TEQ = 2 (TEF X cone) 

The two most accqited factors, the Nordic/87 and the I-1EF/89 (NATO) indude both 17 discrete 
congeners and are almost identical. All the 17 congeners are Mty chlorinated in the 23,7,8-posilions. 
The TEF approach makes thc assumption of additive doses, although this concept has not been confinned. 

Other closely related polychlorinated polycydic con^iounds have been identified in environmental 
samples and tedimcal oroducts, but these compounds are presently not induded in the TEF/TEQ system. 
I^,?^^.'^™'""°''^ "^ '̂̂ '̂ ^ *.? Eolychlorinated bhohetgrlenes, tWantrenes, daienzothiophenes, 
naphthalenes, pyrenes and allqrldibeuzofiirans. These other compotmds are not discussed in this 
prcsentatioiL 

ANALYSES 

The anaMcal methods for PCDDs and PCDFs are based on HRGC/MS, primarily HRMS. The sanrole is 
extracted and the extract purified prior to the final analysis, using a multistep dean-up with a multitude of 
house-methods, ,. ,- r 

TTie accuracy and precision of these ultratrace analyses has been questioned and debated. For that reason 
scrotal mtercaUbration studies have been peiformod, the most extensive by WHO/EURO w*ere pooled 
and spiked samples of human milk and human blood were distn"buted to 30 laboratories around the world 
In all 19 laboratones reported results, not all of them tor both mattices. For the human milk sample 12 
laboiatones were considered to be qualified, their coefScient of variation for reprodudbility and 
respeatabihty (CV.) was about 30 % and for the blood analyses also 
12 laboratories were qualified, and for this matrix thc CV. was about 45%. 

The good accuracy could be attributed to the use of l^Cjj-labeUed stan-ards for the quantification of 
most congener^Comequcnthrfte accuracy could be eiqiected to be much lower in analyses where the 
total levels of PCDDs and PCDFs are reported. Air and flne gas sampling can also introduce additional 
entirs due to losses dnijng tlie sampling, viiudi could be diffioilTto conqiensatc correctty 
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SOURCES 

The following main sources of PCDDs and PCDFs have been identified and discussed (primary or 
secondary) 

Contamiiiation of pestiddes 
Contamination of technical products 
Incineration of munidpa] waste (MS'W) 
Indneration of hospital waste 
Incineration of chemical waste 
Production of iron, steel and other metals 
Car emissions 
Bleaching of pulp 
Production and use of chlorine 
Mundpal sewage sludge 

The absolute amount and relative importance of these individual sources will vary greatly from countrv to 
country. Based on hmfted data, the Swedish EPA estimated that in 1985 the total emissions of PCDDs in 
Sweden counted as TEQ was in the range of 400 - 600 g /year. After 1985 some of the major sources 
have been reduce^ bill new ones have been identified and added. This year (1990) the corresponding 
figure should be 200 - 300 g/y. Similar calculations with similar results have been performed in some other 
countries. 

All combustion and indneration sources have primary their emissions into the air, the pulp bleachine 
some metal production and sewage sludge give emissions mainly into the water. " 

Tlie term pattern refers to the ratio between all isomers within a group of isomers, e.g. all 22 tetraCDDs or 
all 28 penta CDFs. It has been reported that the pattem for most incineration or combustion sources 
seem to be very much the same containing almost every isomer. This pattern has been identified in 
emissions from the combustion of MSW, hospital waste and chemical waste as weU as in emissions fi-om 
cars and steel mills. 

The term piefilg refers to the sum of all isomers within a group, for instance all tetraCDFs as comnared 
to aU penta-, hexa-, hepta- and octaCDF. Available data indicate a larger variation in the profiles ^ in 
the patterns from different combustion sources. 

It has also been found thai pattem and profiles in the aqueous effluents from the pulp bleaching and ME 
production are different from the combustion pattern. 

HISTORICAL ASPECTS 

It is coiBidered that PCDDs. and PCDFs are the result of the more wide-spread use of dilorinaled 
chetmcals dunng the second half of this century, although this stanctooint is disputed. A very limited 
number of historical samples have been analyzed including a few human samples. The reported results 
are close to the detection hmit or the laboratoty blank levels, consequenUy the interpretation ofthe 
results caimot solve the controversy. -i J tr 

Uter during this conference we will report on a smdy on archived soU and herbage samples performed 
together with sciennsts m England. In these analyses we have used very sensitfv? congener sbcdfic 
' ^ ^ ' ^ E ^ ? ^ ^ ^ S k ° ' ' ^ ^ ^ ' f \ ? ' ' •'*°*" *? V^OPS/kg (ppq)- The sample?wereEoUccted during thc penod 1846-1986, and the following condusions could be drawn 

1. PCD"^ ^<J PCDFs could be found in all samples, induding 2J,7,8-tetraCDD 
2. The levels mcj-case over the time 
3. All samples have a typical "combustion pattern", especially for the 

tetra- throu^hexaouorinated congeners 
*• 5Ss'^ ' '° PCDDs/PCDFs indicates a change to be more dominated by the 

PCDDs for the younger samples, especially hepta- and octaCDD. 

"P"* ^ ' ^ B ^ ^ E S t ^ ^ ^ J ^ " in agreement with a study on a sediment core fiom the Baltic Sea reported on 
during DIOXIN'89, performed m collaboration with scientists fiom die Swedish EPA. 
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ENVIRONMENTAL TRANSPORT AND TRANSFORMATION 

The acjueous emissions are tranqiorted by the water, and point sources like pulp mills can be identified 
inthebouom s<^"iBniilsM jUstsnnrs cxceedjug IQO km. Long xangcrair tianqionlias also been 
reported, but not cpiantifiedJ 

The environmental degradation of PCDDs and PCDFs is quite slow. Both photo- chemical and biological 
degradation have been studied under laboratory conditions, but at the moment it is difficult lo tjaaaiify to 
what extent these reactions take place in the environment llie laboratory experiments are perfonned 
using single isomers, primarily 23,7,8-tetraCDD, although complex congener miiclures are normalty found 
in the environment 

The enviromnental fonnation of PCDDs and PCDFs is not very much discussed., although laboratory 
experiments dearly show that both biological and photochemical reaction can yield these compounds. 

ENVIRONMENTAL SAMPLES 

Abiotic samples 

Background levels have been reported in a series of abiotic samples like air, soil, snow, sediment and 
sew^c sludge. The patterns in all these background samples are'combustion" patterns, but for the 
profiles in these samples some interesting diferences can be notecL 

In samples from combustion sources, the profiles are in general not dominated by any particular congener 
group, and this is also the case for most samples of ambient air. However, in soil, snow, sediment and 
shidge samples thc profiles are dominated by hepta- and octa CDD. This is espedally obvious for the 
sewage shidgc samples, but also for samples of snow and vegetation coUected close to higbvf^rs and 
younger heibagesamples discussed above. 

Presentty the situation is not completely understood. TTie widc^read use of chlorinated phenols like PCP 
durmg 1940-1985 has been suggested to eaqilain these observations, however a few samples collected prior 
to mc commercial introduction of PCP shew the same feature. 

The Iwver chlorinated congeners have a higher vapor pressure, a higher solubility than the hepta- and 
octaCDD, and the photochemical degradation is also faster for the lower chlorinated congeners as 
con^iared to the higher chlorinated congeners. 

Biota 

The 23,7.8-subsiituted C14-CI6 PCDDs and PCDFs bioaccumulate and biomagnify like other lipophilic 
stable pollutants. The non 23,7,8-suhstituted are metabolized and/or excreted much fester ancTare 
normally not found in biological sanqdes, exceptions are tbe classes of crustaceans and molluscs, where 
most congeners are retained The hepta- and octachlorinated compounds are nonnally quite low in 
txolo^cal samples due lo thc low solubility. 

Tlie levels are mudl higher in aquatic animals than in terrestrial, and the levels in samples from the 
Northem hemisphere are higher than in samples from the Southern hemisphere. 

For fish the ICTCIS of PCDD and PCDF depend on the spedes, organ, age, weight, fat content, sex, time 
of the year and location. The highest levels have been found in the Baltic Sea, the Great Lakes of America 
and m Nevraik Bay. Tic levels m the fish caught offehore are generally much lower than in those caught 
dose to the coast i> i e -
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HUMAN LEYRLS 

n O D u S t P r . f T ^ r t ? ' ' * ^ 7 - r l ' T ' ' . ° ^ ^ d PCDF5 ̂  ^ '•''<="'"5ed in the general 
Sf toDs and ^ ^ P E ' ° ^ - ^ ' ' ^ . ' ^ background, WHO/EURO has collected and compared the levels 
TOunTries afounrf^Po wi M " " ^ " " ^ ^ f^'"^<i f™" selected and comparable mothers from many 

=rhrs;^e^nr^t .^^^?^"^te^^^ 

exposure than via the food. These two compounds are known contaminants in commerdal PCP. 

MASS BALANCE CALCULATIONS 1 
I 

on no .^ep rS?n^e S ^ ^ """^ ' ^ " " ' " ^ •" """' '^^ "'™="'°" "^ '*» ^ " ^ =™^i°n5 is based 
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