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Swedes frequently emphasize that much of what is said and done in their country 

is motivated by the concept of Zugom, meaning "moderation" or "just right" (Milner, 

1989:49). Throughout Sweden's history, ascending groups have moderated their 

demands while receding groups have surrendered privileges. Sweden, Milner writes "is 

not an ideological society" ( 1989:48-49). Norms emphasizing tolerance and moderation 

were compatible with the factory life or bruk in an increasingly urbanized Sweden. 

Of course, these values influenced the nature and quality of social relationships in 

neighboring Finland; Finns were exposed to Swedish cultural and societal values for 

hundreds of years. However, the making of the twentieth century corporatist state in 

Finland can not be convincingly explained using the concept of lugom. Indeed, 

interlocking political/economic structures and consensual decision-making do not seem 

inevitable in a society that so greatly values privacy and autonomy. And unlike Sweden, 

Finland's recent history is hardly devoid of ideology. Class differences, mixed with 

strong political identity exploded in the Finnish civil war (1918). This event was inspired 

by a much larger conflict between ReWhite  and lefthight forces in neighboring Russia. 

Interestingly, the geographical and ideological challenges posed by the Soviet Union, 

which excited division in Finnish society in the early decades of the century, 

unintentionally helped to unite citizens in later years. R e m i t e ,  leftlright, rurahrban, 

Finnish-speaking/Swedish-speaking divisions were substantially mended during the 

Winter War (1939-1940) and subsequent Continuation War (1941-1944) with the Soviet 

Union (Allardt, 1985). As a defeated nation, Finnish private commercial entities, 

agrarians, the state, and other social actors were drawn together to meet the terms of the 

war indemnity to the Soviet Union. However, social cleavages sometimes reopened in 

the post-war period. For example, tensions flared between Communists and Social 

Democrats in the labor movement well into the 1960s. These strains eased as 

Communism's popularity waned in the 1970s and especially in the 1980s as overt Soviet 

interference in Finnish politics subsided and the Finnish economy thrived. 

Consensualism between organized interests and the state were enhanced by universal 

improvements in the Finnish quality of life. Finnish stakeholders were brought together 

not only by a desire for ever-increasing income but by a broadly shared desire for 

equitable income redistribution and a decent standard of living for all Finnish citizens. 

Finally, the corporatist state in Sweden and especially Finland must be understood 

in the context of the forest industry. In Finland, 40 percent of the economy's total export 

value was derived from forest-based products during the HELCOM negotiation period, 
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with the greatest portion generated by sales of pulp and paper. Sweden's export economy 

was more diversified during that period, but the nation remained heavily dependent on 

strong international trade in forest products. In both countries, the pulp and paper sector 

with its great reliance on indigenous natural and human resources, including wood, 

chemicals, machinery, labor, and ideas, assured that a wide range of social actors, 

including entrepreneurs, foresters, engineers, chemists, bankers, and factory floor 

workers, among many others were united in nurturing a healthy forest-based economy. 

Widespread mutual interest in the good fortune of the forest industry is one value among 

a wide range of values associated with a natural resource that so tightly binds 

stakeholders. The forest has a central place in Nordic peoples' language, religion, myth, 

aesthetics, and in troubled times, even the national diet. 

7. Conclusion 

In the last 50 years, and especially in recent decades, Sweden and Finland have 

followed a convergent path, constructing advanced, highly egalitarian, democratic 

societies with collaborative decision-making structures that unite state and organized 

economic interests. 

Subsequent chapters will reveal that in the organochlorine case, the corporatist 

forces binding together public and private actors were not as sturdy in Sweden as in 

Finland. In Sweden, communicative links between the state and industry broke-down. 

Industry stopped inviting state experts to comment on privately-funded organochlorine 

research. Regulators declined to sound-out prospective anti-pollution rules with 

companies. The state's sympathies tilted toward environmentalists, inviting the enmity of 

corporate executives. In contrast, publidprivate networks remained intact in Finland. 

Sweden's environmental activism and the threat of Sweden's competitive edge in pulp and 

paper manufacturing reinforced cooperative bonds among the Finnish state, industry, and 

even environmentalists . 

Finns came together to scrutinize Swedish evidence of environmental risk from 

the basic material of the forest industry: wood fiber. Fiber, the backbone of the Nordic 

economies, a foodstuff in hard times, the timbers and spirit of the home, is also the 

"organo" in "organochlorines." The struggle over interpreting evidence of environmental 

damage from organochlorines formed the heart of one of the region's most contentious 

environmental negotiations. The next chapter examines this evidence in detail. 



I 
Chapter 4: Chemistry and Ecotoxicology of Chlorinated Organic Compounds in 
Kraft Pulp Mill EMuents 

1. Introduction 

The primary purpose of this chapter is to introduce readers to the most important 

technical evidence generated by Swedes and Finns during the negotiation period (1985- 

1990). A second objective is to explore how policy-makers and experts limited the scope 

of their problem inquiry. 

"Key evidence" are results from laboratory and field studies that influenced 

stakeholders' perceptions of risk and directly or indirectly influenced the development of 

policy responses at national and international levels of organization. Evidence is 

presented in response to four, fundamental questions about pollution in the environment: 

1) What are the contaminants? 2) How are they released to the environment and Who 

releases them? 3) Where do the contaminants go? and 4) What are their effects on the 

environment? Each of these questions is answered in sequence, below. 

Section 2 tackles the question of What are the contaminants? How they are made 

and who generates them is examined in section 3. Section 4 reviews results of studies on 

the fate and transport of COCs, and section 5 summarizes findings on the biological 

effects of these compounds. The evolution of technical knowledge during the negotiation 

(1985-1990), and the question of how experts and their sponsors bounded problem 

definition and estimation are the subjects of section 6.  

Two large Swedish research projects dominated the production of science in this 

case. Objectives, materials, and methods for the Swedish state's EnvironmentKellulose I 

project and industry's SSVL studies are described in Appendix 7. Many of the key 

experiments from Environment/Cellulose I are contained in the peer-reviewed literature 

and from government documents. The original results from both Swedish and Finnish 

industry research projects (including the SSVL studies) are confidential and not available 

to the public. My review and analyses of industry research are based on the smaller 

subset of studies reproduced or summarized by original authors in peer-reviewed 

journals, industry research periodicals, conference proceedings, and personal interviews. 

2. What Are the Contaminants? 
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Constituents of Wood Percentage of Dry Wood 
Weight in Softwoods (%) 

cellulose 41 .O-45.0 
hemicellulose 23.0-30.0 
lignin 24.0-33.0 
extractives 1.5-5.0 

Before examining chemical and biological aspects of COCs in pulp wastewater, 

fundamental principles of wood chemistry and pulp engineering are introduced. 

Percentage of Dry Wood 
Weight in Hardwoods (%) 
41.0-45.0 
23.0-30.0 
19.0-28.0 
1.5-5.0 

2.1. Chemistry of Wood 

Wood is composed of four basic units: cellulose, hemicellulose, lignin and 

extractives. Cellulose and hemicellulose are polysaccharides that form fiber bundles in 

wood, and are the basic material of chemical pulp and paper. Lignin is an aromatic 

phenolic compound that acts like a glue, binding together individual wood fibers. The 

fourth structural unit in wood are extractives. Extractives include fats, waxes, terpenoid 

compounds (the latter in softwoods, exclusively), resin acids, and phenols (Kringstad and 

Lindstrom, 1984; Haygreen and Bowyer, 1989).1 

2.2. Introduction to Pulping Engineering and Bleaching 

There are two kinds of wood pulping processes: mechanical and chemical. The 

dominant pulping method is chemical, and within that category, sulfate or "kraft" pulping 

is responsible for most of the worlds chemical pulp production. In the kraft pulping 

technique, wood is debarked, chipped, and cooked (digested) in a chemical solution 

containing sodium hydroxide and sodium sulfide. The glue-like lignin dissolves in the 

alkaline pulping chemicals, as do some polysaccharides. Conventional pulp cooking and 

extended (or "modified") cooking remove most but not all of the lignin. Traditionally, a 

five-stage bleaching process is used to dissolve the residual lignin (Figure 4.1). 



82 

/Figure 4.1 : Conventional Five-step Sulfate Pulp Bleaching Sequence I 

I Source: adapted from McDonough, 1993a:39. 1 

In the first step, "C," pulp is exposed to chlorine gas (T" signifies chlorine). In the 

second step, the pulp is treated with alkali (E). The remaining steps are: chlorine dioxide 

(D), a second alkali charge (E), and a second chlorine dioxide charge (D). Figure 4.1 

shows a bleaching sequence that was typical in North American and Nordic sulfate pulp 

mills in the 1970s and early 1980s (McDonough, 1993a). 

2.3. Origin and Taxonomy of Chlorinated Organic Compounds from Spent Bleaching 

Liquors 

Chemical reactions between natural organic substances in wood pulp and 

chlorinated materials in bleach produce chlorinated organic compounds (COCs). These 

compounds can be measured in bulk by a number of methods, including TOCl "total 

organically bound chlorine" and AOX "adsorbable organically bound halogen" (see 

Appendix 9). 

Most COCs are generated in the first two stages of a conventional five-stage pulp 

bleaching process (McDonough, 1993a). In the early 1980s, Swedish chemists Kringstad 

and Lindstrom (1984) categorized two major groups of COCs in mill effluents based on 

their molecular weight. Low molar mass material included all species of COCs with a 

molecular weight of less than 1000 atoms (M < 1000). High molecular mass materials 

were compounds with more than 1,000 atoms (M > 1000). 
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During the negotiation period, Swedish and Finnish chemists and American 

counterparts committed much time to subcategorizing low molecular weight COCs 

(Kringstad and Lindstrom, 1984; Axegdrd et al. 1993; Kringstad and McKague, 1988; 

Earl and Reeve, 1990). Experts focused most attention on low molar weight substances 

because these compounds were known to penetrate cell walls and in many instances, were 

toxic to living organisms. These same experts reasoned that since high molar mass 

substances were not cell-permeable, they were probably biologically inactive (Nordic 

Council of Ministers, 1989a; Folke et al. 1991; Kringstad and McKague, 1988; Sigfors 

and Starck, 1988). 

Three groups of low molecular weight COCs were identified by Kringstad and 

Lindstrom (1984): acidic, neutral and phenolic.2 

2.3.1. Acidic Low Molecular Mass COCs 

Among the acidic compounds, Kringstad and Lindstrom (1984) identified five 

categories of acids: fatty, hydroxy, dibasic, aromatic, and resinated. Through 1988, the 

structures of only a few of these acids had been identified (Paasivirta, 1988). Kringstad 

and Lindstrom (1984) found that the number of chlorinated acids in spent liquors was 

"very low" but did not identify their numbers in percentage, weight, volumetric, or 

molecular terms. Paasivirta (1989:87), referring to other studies, noted that resin acids 

and their derivatives were "very toxic to recipient biota" and were found enriched as 

conjugates in fish liver; however, these compounds had relatively low persistence and 

enrichment potential in marine food webs. 

2.3.2. Neutral Low Molecular Mass COCs 

Neutral low molar mass COCs include several chemical compounds including 

aldehydes, ketones, esters, various saturated and unsaturated hydrocarbons, chlorinated 

benzene derivatives, and chlorinated sulfur-containing materials. As in the case of the 

acidic fraction, the neutral compounds represent a "very small" part of the overall low 

molecular weight COCs (Kringstad and Lindstrom, 1984:245A). Paasivirta (1988: 122) 

found that some of the oxygen and sulfur-containing neutral compounds were mutagenic 

2This classification scheme was adopted by other experts during and after the negotiation period (see, for 
example, Paasivirta, 1989; Axeghd et al., 1993; Dahlman and Morck, 1993). 


