
POLYCHLORINATED NAPHTHALENES 

POLYCHLORINATED NAPHTHALENES FROM A SWEDISH 
PERSPECTIVE 

Ulf Jamberg 

Institute of Applied Environmental Research 
Laboratory for Analytical Environmental Chemistry 
Stockholm University 
SE -106 91 Stockholm, Sweden, e-mail: ulf.jamberg@itm.su.se 

PCNs from inventory to environmental problem 
Polychlorinated naphthalenes or PCNs were first described in 1833 by Laurent'. He provided a 
remarkably thorough description of their properties and composition. A couple of more works 
were published during that century that further described the composition of PCNs but it wasn't 
until World War One that PCNs became industrially produced for various applications. The reason 
was probably the timing ofa sufficient supply of electrical power to produce elementary chlorine. 
Production and use increased rapidly and it was recognised that PCNs are excellent for several 
purposes; weather resistant impregnant for textiles and dielectric and sealant wax in electrical 
applications. In 1930 awareness rose ofthe acute toxicological properties of PCNs through a series 
of fatal intoxication of both workers occupied in electrical industries and cattle, which were 
accidentally exposed^ ^ 

Sweden never produced any large quantities of PCN. Actually there is no record of PCN 
production although several companies had the facilities for chlorination. This provided us with a 
situation where studies on various environmental compartments could be performed on the 
assumption of no large scale source. The first findings of PCNs in biota from an unpolluted area 
was reported in 1984 by Prof. Jansson and coworkers'*. 

Congener specific approach - chromatographic aspects 
A comprehensive investigation on liquid chromatographic properties ofa number of individual 
PCN congeners was performed by Prof Brinkmann and co-workers in the 1970:s'. During the 
I980:s these studies were followed up by investigations ofthe gas chromatographic properties of 
PCNs on different types of stationary phases in an effort to approach a congener specific 
determination*. Recently, the separation ofall penta-and hexachlorinated PCN congeners on a 
chiral cyclodextrin modified GC column was demonstrated^. Today the situation is still such that a 
complete congener separation requires the use of several stationary phases in combination. A 
divergence in the identity of some ofthe tetrachloronaphthalenes is still seen in the literature and 
this problem is likely to be overcome when more commercial standards are being available and 
chromatographed on similar columns. Results are today mostly obtained on 5%-phenyl modified 
stationary phases (DBS equivalent) and the elution order differs from that of cyanopropyl modified 
phases (OVI 701 equivalent). A chromatogram of tetrachloronaphthalenes on a 50% phenyl 
modified capillary column is shown in Fig 1. The elution order on this column is similar to that of 
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DB5 but an increased separation is obtained. 
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Figure 1. Selected ion chromatogram of tetrachloronaphthalenes in technical Halowax 1014 on a 
50% phenyl-dimethylsilylated silica capillary column. The position of minor congeners are 
indicated within brackets. 

Approaching the environmental fate of PCNs 
In the 1970:s PCNs a Dutch team studied the photochemical properties of individual PCNs and 
these studies formed a basis for later studies on photochemical alteration of PCN products at our 
laboratory*'. In an effort to explain the differences in congener concentration distributions found 
between technical PCN products and distributions found in environmental samples two 
degradation studies were performed; aerobic microbiological degradation utilising a standard 
activated sludge degradation assay and photochemical degradation using sunlight in methanol 
solution. These preliminary results indicated that sunlight photodegradafion may be one 
explanation for the differences encountered while the biodegradation assay showed no change over 
a 28 day period. These results do no exclude the possibility of biodegradation of PCNs but only 
indicate that PCNs are slowly degraded in municipal sewage water freatment plants and that this 
route may be of less importance. These results provided insight into the differences between 
congener compositions of technical PCNs and the profiles that are now encountered in the 
environment. Selective degradation of some congeners can occur through photolysis and this is 
thought to explain some ofthe differences found. A second possibility can be the influence of other 
sources, i.e. municipal waste incineration, which produces a significantly different congener 
concentrafion disfribution'"". 

Summary of available PCN data and identification of major analytical needs. 
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The behaviour of PCNs in biota has been investigated to some extent and bioconcenfration and 
biomagnification data has been reported indicating that several PCN congeners bioconcentratc and 
biomagnifV'̂ ''̂  The general exposure situation ofthe human population to PCNs is however 
largely unknown due to limited data on concentrations of PCNs in food and human blood and 
adipose tissue''*. To date, PCN data exist on samples from both urban and background air and also 
limited data on background sediment, indicating that PCNs are widely disfributed on a global scale 
and that the congener concentration distributions are similar to each other with a prevalence for 
early eluting congeners in each homologue group"'*'"'". On the following assumptions; a 
300.000 ton of cumulative PCN world production, an estimated average composition of technical 
PCNs (Tablela), estimated equilibrium disfributions (Table lb) and an approximate amount of 
available surface sediment for disfribution using a simplified model adopted from Ballschmiter 
(1992) our lowest background sediment data suggests that around 25% ofthe estimated total 
cumulative world production may have reached the environment̂ ". 

Table la Estimated average composition Table lb Estimated equilibrium 
of technical PCN disfribution for selected PCNs on 

sediment" 

TefraCNs 25% 
PentaCNs 17% 
HexaCNs 7% 
HeptaCNs 2% 

1,3,5,7-tefraCN 17.4% 
1,2,3,5,7-pentaCN 94.7% 
1,2,3,4,5,7-hexaCN 85.1% 
1,2,3,4,5,6,8-heptaCN 96.1% 

Table 2. Comparison of model estimates of PCNs in sediment and measured values 

Model estimate soil/sediment 
TetraCNs 0.094 ng/g 
PentaCNs 0.36 ng/g 
HexaCNs 0.13 ng/g 
HeptaCNs 0.043 ng/g 
sum tetra-heptaCNs 0.63 ng/g 

found, background sediment 
0.038-0.11 ng/g 
0.066 - 0.64 ng/g 
0.031-0.28 ng/g 
0.0069 - 0.28 ng/g 
0.14-1.31ng/g 

This figure could be compared to the estimated value of 30% ofthe total cumulative world 
production of PCBs that has reached the environment. These calculations are based on a limited 
data set both regarding environmental concentrations and production figures. Thus, there is a need 
for extended analyses of background media such as sediment, water and air to be able to provide 
data for more elaborate modelling ofthe disfribution of PCNs into and within the environment. 
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