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1. Intro duc tion

Poly chlo ri nated dibenzo-p-di ox ins and poly chlo ri nated dib-

enzofu rans (PCDD/Fs) are formed unin ten tion ally in numer ous 

chem i cal man u fac tur ing pro cesses and in ther mal and pulp bleach-

ing pro cesses in which sources of chlo rine, organic mat ter and suf-

fi cient energy are incor po rated. A sig nifi  cant source of PCDD/Fs in 

the envi ron ment is the former use and man u fac ture of chlor ophe-

nols, which were used, e.g., as fun gi cides, her bi cides, insec ti cides 

and as a pre cur sor in the syn the sis of other pes ti cides (Hutz in ger 

et al., 1985; Czuczwa and Hites, 1986; Kois ti nen et al., 1995; Götz 

et al., 1998; Bright et al., 1999). PCDD/Fs are poorly water sol u ble 

and when dis charged to sur face waters they are largely sed i ment 

bound, a ten dency which increases with increas ing chlo ri na tion 

level (e.g. Govers and Krop, 1998).

In the Bal tic region sev eral his tor i cal point sources and major 

river sources of PCDD/Fs have been iden ti fied such as pulp bleach-

ing (Rap pe et al., 1989; Kois ti nen et al., 1995; Sundq vist et al., 

2006), vinyl chlo ride pro duc tion (Isosa ari et al., 2000), and the 

metal indus try (Sundq vist et al., 2006). Sur veys of PCDD/F con-

cen tra tions in the Bal tic Sea sed i ments and espe cially in Finn ish 

ter ri tory have shown that chlo ro phe nol pro duc tion along the 

River Ky mij oki and subsequent trans port to the sea is a sig nifi  cant 

source of chlo ri nated dib enzofu rans (PCDFs) and a major con trib-

u tor to the total tox ic ity (I-TEQ) of sed i ments in the Gulf of Fin-

land (Isosa ari et al., 2002; Verta et al., 2007). How ever, it is evi dent 

that atmo spheric depo si tion is the dom i nant source of PCDD/Fs to 

other off shore areas in the Bal tic Sea. A major uncer tainty for the 

total bud get of PCDD/Fs in the Bal tic is the input from riv ers (e.g. 

Ass muth and Jalo nen, 2005).

The con cen tra tions of PCDD/Fs in many Bal tic Sea fish and fish 

prod ucts exceed the safety lim its for food stuffs set by the EU (EC 

1881/2006) and have led to rec om men da tions to restrict the use of 

con tam i nated fish for human con sump tion. The find ings by Verta 

et al. (2007) did not sup port sug ges tions that Ky mij oki or any of 
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Ky mij oki, the fourth larg est river in Fin land, has been heav ily pol luted by pulp mill efflu ents as well as 

the chem i cal indus try. Up to 24 000 ton of wood preservative, chlo ro phe nol known as Ky-5, was man u-

fac tured in the upper reaches of the river, an unknown amount of which was dis charged into the river 

between 1940 and 1984. Poly chlo ri nated dibenzo-p-di ox ins and dib enzofu rans (PCDD/Fs) occurred as 

impu ri ties in the final Ky-5 prod uct. The PCDD/F con cen tra tions and bur den in the river sed i ments were 

stud ied and the trans port of PCDD/Fs from con tam i nated sites down stream and into the Gulf of Fin land 

in the Bal tic Sea was esti mated. More than 190 sed i ment cores were sam pled to esti mate the vol ume of 

con tam i nated sed i ments and the total PCDD/F bur den. The trans port of PCDD/Fs was esti mated using 

sed i ment traps placed at sev eral sites. The sur vey revealed that sed i ments in the river were heav ily pol-

luted by PCDD/Fs, the main toxic con ge ner being 1,2,3,4,6,7,8-hep ta chlorodibenzofu ran, a major con tam i-

nant in the Ky-5 prod uct. The mean total con cen tra tion at the most pol luted river site down stream from 

the main source was 42 000 lg kg¡1 d.w. (106 lg I-TEQ kg¡1). The ele vated con cen tra tions in the coastal 

region and the pres ent esti mated trans port from the River Ky mij oki con firm ear lier assess ments that the 

river is a major source of PCDD/F for the Gulf of Fin land.
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the known point sources sig nifi  cantly influ ence the cong en ers that 

are most abun dant in Bal tic her ring and salmon (2,3,4,7,8-PeC DF 

and 1,2,3,7,8-PeC DD). Instead, the regional dis tri bu tions of sed i-

ments in the Bal tic Sea indi cated that atmo spheric depo si tion may 

act as a major source of these cong en ers (Verta et al., 2007).

Ky mij oki is the fourth larg est river in Fin land and is located in 

the south-east ern cor ner of the coun try. The area has a long tra di-

tion of paper man u fac tur ing and related indus try and the river has 

been heav ily pol luted by efflu ents from pulp mills and the chem i-

cal indus try. Up to 24 000 ton of wood preservative, known as Ky-5, 

was man u fac tured in the upper reaches of Ky mij oki, in Kuu sanko-

ski, between 1940 and 1984. An unknown amount of the prod uct 

and its impu ri ties ended up in the river and was sub se quently trans-

ported to the Gulf of Fin land. The mod el ling of river hydrau lics and 

sed i ment trans port using a one-dimen sional unsteady river flow 

model with 19 sec tions between the pol lu tion source and the Gulf 

of Fin land did not sug gest a nota ble decrease in the PCDD/F con cen-

tra tion in sur face sed i ment for many decades (Mal ve et al., 2003). 

In the Gulf of Fin land sed i ments the pres ent back ground con cen tra-

tion has reached some 75 km from the river estu ary (Isosa ari et al., 

2002). These find ings called for con tin u ous esti ma tion of con tam i-

nant trans port to the Gulf of Fin land.

Poly chlo ri nated dibenzo-p-di ox ins (PCDD) and dib enzofu rans 

(PCDF), espe cially higher chlo ri nated dib enzofu rans, occurred 

as impu ri ties in Ky-5. The main frac tion of PCDD/Fs in Ky-5 con-

sisted of chlo ri nated furans (some 87% of the total con cen tra tion 

of PCDD/Fs and 95% of I-TEQ, Var tiai nen et al., 1995). The prod uct 

impu ri ties con sisted mainly octa-, 1,2,3,4,6,8,9-hepta-, 1,2,3,4,6,7,8-

hepta, 1,2,4,6,8,9,-hexa-, and 1,2,3,4,6,8-hexa chlorodibenzofu rans 

and the con cen tra tion in the prod uct var ied from 65 to 200 lg g¡1 

(Kit un en et al., 1985; Var tiai nen et al., 1995). The solid impu ri ties 

that were formed in the pro cess prob a bly con tained even more 

PCDD/Fs and their dis posal into the river dur ing the monthly 

clean ing oper a tions lasted until the late 1960s. An acci den tal 

explo sion and result ing fire at the plant in 1960 was a fur ther cause 

of PCDD/F release.

A chloro-alkali plant and a pulp and paper mill, both potential 

PCDD/F sources, were also located in the imme di ate vicin ity. The 

pro duc tion of chlo rine in the chloro-alkali pro cess may have been 

a source of highly con tam i nated sludge until the use of graph-

ite elec trodes was dis con tin ued (Rap pe et al., 1991; Bright et al., 

1999). The appli ca tion of chlo rine gas for pulp bleach ing before 

its replace ment with less haz ard ous forms of chlo rine is another 

potential source (e.g. Rap pe et al., 1989; Kois ti nen et al., 1992;  

Mac Don ald et al., 1998).

This paper describes the spa tial extent of PCDD/F con tam i na-

tion in the River Ky mij oki includ ing an esti ma tion of the vol ume 

and loca tion of con tam i nated sed i ments. The resus pen sion and 

trans port of PCDD/F con tam i nated sed i ments to the Gulf of Fin land 

in the Bal tic Sea was also stud ied and com pared with an esti mate 

of other (atmo spheric) sources to reveal if the river forms a sig nif-

i cant source of PCDD/Fs in the Bal tic Sea. This study is a part of 

a deci sion frame work (along side eco tox i co log i cal and human risk 

assess ment and epi de mi o log i cal human stud ies) that will form the 

basis for risk man age ment strat egy and pos si ble reme di a tion of 

con tam i nated sed i ments in the River Ky mij oki.

2. Mate ri als and meth ods

2.1. Study area

The study area was a 130-km long river stretch with two main 

branches between Lake Py häjärvi and the Gulf of Fin land includ ing 

the coastal region 100 km west and 50 km east from the river estu-
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Fig. 1. The study area and the sam pling sites num ber ing for sur face sed i ment sam ples, sed i ment cores and sed i ment traps (for river regions, see the text).
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