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ABSTRACT
This study was carried out within the frame of the "EcoEffect Environmental Assessment System for Buildings". The aim was to develop a coherent system to identify hazardous chemicals in new buildings. A survey of the Swedish building sector environmental management systems of chemicals was made and two case studies were carried out to analyze their outcomes in ongoing building projects. A concept for more efficient environmental management of building chemicals including routines for data collection and presentation of potential risks associated with them was suggested. To visualize these risks a hazardous profile was developed as a bar diagram with well-known effects. The bars are calculated amount and classification of chemical substances. Special attention has been given to heavy metals, carcinogenic, mutagenic and reprotoxic substances and organic substances that are persistent, bioaccumulating and toxic. Chemicals such as phthalates that are associated to allergic symptoms in indoor environment have been taken into account.
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INTRODUCTION

The built environment hosts today a large amount of known hazardous chemicals. The Swedish building owners spend large amounts of money on surveying and clearing buildings from hazardous substances such as PCB and asbestos (Kindembe 2004). The environmental cost for PCB is estimated to € 320 - 550 million for remediation and waste handling in the period 1971-2018 in Sweden excluded the costs of damage to health and the environment, (Nordic Council of Ministers 2004). Buildings are the largest contributors to PCB problem in Sweden. 
Today specific environmental inventories are carried out before building demolition to survey the occurrence of well-known chemicals in order to apply coherent waste management according to national regulations. Chemicals that are built into new buildings are not filed, which means that it probably will be very difficult to trace and clear them if necessary in the future. Many studies show that releases from building materials can cause damage to health (Afshari et al. 2004, Bornehag et al. 2004, KemI 2002, Kasanen, 2000) and the ecosystem (KemI 2002, ATSDR 2001, The Toxicological Council, 2000).

Whitin the frame of EcoEffect, a system was developed to assess the indoor environment in buildings (Hult 2002) and hazardous chemicals and materials that have to be inventoried in existing buildings has been listed based on the earlier environmental inventories in Swedish buildings. Despite the effort made, knowledge about the built-in materials steel been limited even in newly achieved buildings. In order to cover such lack of knowledge this project aimed to study:

· How environmental objectives related to chemical substances are formulated and managed in building process.

· How the presence of these objectives influences the environmental state of built-in materials and the possibility to store information on built-in chemicals.

· How the existing management systems of chemicals in building process can be developed.

RESEARCH METHODS

Documents studies and two case studies of ongoing building projects mainly performed this research. The study started with an inventory of chemical related environmental management systems (CREMS) in the building sector. A questionnaire was then sent to some of the inventoried companies to find how information on built-in materials and chemicals was stored. The case studies were carried out to analyze these management and information systems in practice when producing buildings. Askebyskolan, a school in Stockholm and Bezeliuslaboratoriet, a University building in Solna have been studied from the design to the construction phase during 2001-2004. The case studies were curried out through participant observation as a member of the project organizations and by document analysis including business agreement between the building owner and the contractors. How the tenants communicated the environmental objectives and the requirement regarding the documentation of the expected result was analyzed. Environmental project meetings were organized and project documents produced by the design teams and contractors were reviewed according to the environmental objectives and reported. The built-in materials were accounted.  

RESULTS

The building sector is project-oriented and for every new project a new set of different actors is established and consists of a project leader, a design team (architect, heating and ventilating, electrical engineer, etc) and contractors.

Some building owners require environmental information of built-in materials and chemicals. The information is stored in form of environmental declarations (ED) according to the Swedish Ecocycle Council for the Building Sector and Safety Data Sheets (SDS) according to European Council Directive 67/548/EEC. The ED and SDS are so called self-declaration provided by building material suppliers.

The fear of future problems emanating from building materials has grown steadily and several large developers and estate companies in Sweden have banned a number of substances and accordingly do not allow them to occur in their buildings. Some developers and estate companies check the occurrence of listed substances on the ED and SDS when choosing building materials.

There were 8 chemical lists (lists of banned chemicals) commonly used by 33 companies being investigated. 7 real estate companies and 3 building consultants used one of the lists to control chemical products only such as paints and adhesives. An affiliation of 9 companies among them some real estate companies and organizations used the second list performed to apply on both chemical products and solid building materials. The third list was used by 8 companies mostly organizations as a communication tool. Others lists were used by some companies privately. This means as that there is some variation in the occurrence frequency of banned chemicals on these lists, see table 1. 

Table 1 Banned chemical substances by the Swedish building sector by 2002

	Chemicals figured on all 8 lists
Lead and lead compounds

Brominated flame retardants e.g 

Hexabromocyclododecane (HBCD) CAS-nr 3194-55-6

Decabromobiphenyl CAS-nr 13654-09-6

Hexabromobiphenyl CAS-nr 36355-01-8
Decabromobiphenyl oxide CAS-nr 1163-19-5
Diphenyl ether, octabromo derivative CAS-nr 32536-52-0
Hexabromodiphenyl ether CAS-nr 36483-60-0
Pentabromodiphenyl ether CAS-nr 32534-81-9
Alkylphenol (C8-C9) and alkylphenol Ethoxylate eg
C9Branched alkylphenol, ethoxylate CAS-nr 68412-54-4

Nonylphenol CAS-nr 25154-52-3

Nonylphenol, ethoxylated CAS-nr 26027-38-3

Nonylphenol polyethylene oxide CAS-nr 9016-45-9

Octylphenol CAS-nr 27193-28-8
Octylphenyl polyethylene glycol ether  CAS-nr 9063-89-2

Chlorinated alkanes or Chlorinated paraffin e g

Alkanes, C10-13, chloro CAS-nr 85535-84-8
Chlorinated wax CAS-nr 63449-39-8
Alkanes, C14-17, chloro CAS-nr 85535-85-9
Alkanes, C6-18, chloro/Chlorinated n-paraffin (C6-C18) CAS-nr 68920-70-7
Alkanes, C10-21, chloro CAS-nr 84082-38-2
Alkanes, C18-28, chloro CAS-nr 85535-86-0

Chemicals figured on all 7/8 lists
Phthalates

Butyl phthalate  (DBP) CAS-nr 84-74-2
Butylbenzyl phthalate  (BBP) CAS-nr 85-68-7

Diallyl phthalate CAS-nr 131-17-9

Diethylhexyl phthalate (DEHP) CAS-nr 117-81-7
Diisononyl phthalate (DINP) CAS-nr 28553-12-0

Diisodecyl phthalate (DIDP) CAS-nr 26761-40-0

Di-n-octyl phthalate  (DOP) CAS-nr 117-84-0
Cadmium and cadmium compounds

Isocyanates e g

4,4'-Diphenylmethane diisocyanate CAS-nr 101-68-8

1,6-Hexamethylene diisocyanate CAS-nr 822-06-0

Isophorone diisocyanate CAS-nr 4098-71-9

Toluene diisocyanate CAS-nr 26471-62-5
Toluene 2,4-diisocyanate CAS-nr 584-84-9

Organic tin compounds

Dibutyltin chloride CAS-nr 683-18-

Dibutyltin didodecanoate CAS-nr 77-58-7

Dibutyltin oxide  CAS-nr 818-08-6

Tributyltin naphthenate CAS-nr 85409-17-2

Chemicals figured on 6/8 lists
Formaldehyde CAS-nr 50-00-0

Chemicals figured on 5/8 lists 

Asbestos

Copper and copper compounds
	Foranes CFC and HCFC
Glycol ethers
2-Ethoxyethanol CAS-nr 110-80-5
Ethylene glycol ethyl ether acetate CAS-nr 111-15-9

Ethylene glycol monobutyl ether CAS-nr 111-76-2

Ethylene glycol monomethyl ether CAS-nr 109-86-4

Ethylene glycol monomethyl ether acetate CAS-nr 110-49-6

Chemicals figured on 4/8 lists
Arsenic and arsenic compounds
Bisphenol A CAS-nr 80-05-7

Carbendazim CAS-nr 10605-21-7

Chromium and Chromium compounds
Diuron CAS-nr 330-54-1

Epoxy resin

Vinyl chloride polymer CAS-nr 9002-86-2

Organic solvents

Benzene CAS-nr 
71-43-2
Butylated hydroxytoluene CAS-nr 128-37-0

Chlorinated organic solvents eg


· Tetrachloroethene CAS-nr 127-18-4
· Trichloroethene CAS-nr 79-01-6


· Dichloromethane CAS-nr 75-09-2


Solvent Refined Naphtha

CAS-nr 64741-92-0, 64742-48-9, 64741-49-0

64742-95-6, 64742-82-1, 64742-48-9

Toluene CAS-nr 108-88-3


Xylene CAS-nr 1330-20-7

Chemicals figured on 3/8 lists
Chlorothalonil CAS-nr 1897-45-6

Chemicals figured on 2/8 lists
Chlorinated biphenyls

Creosote oil and creosote compounds

Folpet (ISO) CAS-nr 133-07-3
Isothiazolones eg
· 5-Chloro-2-methyl-4-isothiazolin-3-one CAS-nr 26172-55-4
· 2-Methyl-4-isothiazolin-3-one CAS-nr 2682-20-4
Methylene chloride CAS-nr 75-09-2

Pentachlorophenol and pentachlorophenol esthers

Tebuconazole CAS-nr 107534-96-3

Chemicals figured on 1/8 lists
2-n-Octyl-4-isothiazolin-3-one  CAS-nr 26530-20-1

Acrylates

Ammonium chloride, polymer with cyanoguanidine, formaldehyde and urea CAS-nr 9075-85-8

Butylurea-formaldehyde polymer CAS-nr 53452-53-2

Coal tar  CAS-nr 8007-45-2

Methane, dibromodifluoro- CAS-nr 75-61-6

Zinc dimethyldithiocarbamate CAS-nr 137-30-4


In the case studies of Askebyskolan and Bezeliuslaboratoriet, the CRET was based on the building owner’s chemical list. For the Asbebyskolan, the owner requested only the control of used chemical products. The owner prescribed himself PVC-floor himself due to the required hard-wearing materials in the school environment. Several tons PVC-floor were used and contained phthalates (Butylbenzyl phthalate CAS-nr 85-68-7, Di-n-octyl phthalate CAS-nr 117-84-0 and Diisononyl phthalate CAS-nr 28553-12-0). For Bezeliuslaboratoriet, the owner’s requirement was to avoid PVC and control chemical products, the occurrence of brominated flame-retardant in insulation materials and technical installations. The use of PVC-floor in Berzeliuslaboratoriet was limited to some technical rooms and the used PVC-floor contained phthalates Butylbenzyl phthalate, Diisononyl phthalate, Di-n-octyl phthalate and Diethylhexyl phthalate CAS-nr 117-81-7.
The design and production phases of a building are the most important parts of a building's lifetime, as the materials that become part of the building are chosen in these phases.

This study suggests a common level of CREMS (see figure 1) for those phases, based on the Swedish non-toxic environmental goal. The purpose is to avoid heavy metals Cd, Pb, Hg, and As, Endocrine disruption substances, CMR and PBT substances and substances that cause sensitization by inhalation.  This environmental goal should be formulated by the building owner in the program phase of the building process and communicated to the designer team and contractor respectively. The work should be organized and integrated to existing routines of building project. The strategy for how to follow up the environment goal and time for evaluation should be planned.  The step-by-step evaluation proposed during each phase of the building process can facilitate the documentation of used chemicals and those of used chemicals that become the future part of the built environment (see figure 2 and 3).
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DISCUSSION
Results clearly show that the building owners can influence the amount and the art of the information on buildings regarding built-in chemicals. The kind of documentation registered in the two case studies was different nature because the owners focused on different materials, chemicals and hazard properties. To trace chemicals in building, the difference should be remained between used chemicals and built-in chemicals mostly regarding chemical products. Chemicals of concern for the work environment during the construction phase may not be of concern for the Indoor Air Environment and the demolition waste in the future.

CONCLUSION AND IMPLICATIONS

The building sector is often called a 40% sector as it uses about 40% of the amount of material and energy. This means a great contribution to environmental impacts. Specific tools based on Life Cycle Assessment (LCA) approach have been developed to assess environmental impacts of buildings. Often effect categories such as global warming potential, acidification, eutrophication, photochemical ozone creation potentials are calculated based on the occurred emissions the production of the energy and manufacture of material used in buildings. Hazardous substances and possible emissions from building materials have often been neglected in LCA because of the lack of data. A key issue to increase the knowledge of chemicals in buildings is to create a structure for conveying information from the product manufacturer to the building tenants. The first step in this process should consist to document chemicals used during the construction process and register their amounts.
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Figure 3 Hazardous profile based on built-in chemicals from the figure 2





Figure 1 A concept for environmental management of chemicals in the building process





Figure 2 A Hazardous profile based on chemicals used in PVC-floor and adhesive
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