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1. Background 

Hexabromocyclododecane (HBCD) is a widely used brominated flame retardant, 

mainly as an additive in following four product types: expanded polystyrene (EPS), 

extruded polystyrene (XPS), high impact polystyrene (HIPS) and textile coatings. The 

most significant use of EPS and XPS is in the building and construction sector which 

accounts for approximately 90% of the total HBCD consumption (Climate and 

pollution Agency, 2010). In textiles, HBCD is used in back-coatings for upholstery and 

other interior textiles (POPRC, 2011).  

The technical HBCD product mainly consists of three diastereoisomers:a-, b-, and c-

HBCD with proportions of 10–13%, 1–12%, and 75–89%, respectively (Covaci et al., 

2006).Identified with POPs characteristics, the technical HBCD was listed in Annex A 

to the Stockholm Convention in May 2013. Due to its widespread use and physical/ 

chemical properties, HBCDs has become a ubiquitous contaminants in the environment 

and humans.  

The largest release of HBCD in the life cycle are reported to be during the waste phase 

and the main fraction of HBCD containing waste is identified to be insulation products 

flame retarded with HBCD. The main waste stream containing HBCD will be waste 

EPS and XPS insulation materials in construction sector. As a process of rapid 

urbanization is underway in many Asia-Pacific countries, the building insulation market 

is quickly growing, and an increasing number of buildings with EPS and XPS insulation 

materials are being renovated or demolished, leaving behind a large amount of 

construction and demolition (C&D) waste containing HBCD. Since the use of HBCD 

in EPS and XPS and buildings continues, the stock of the HBCD contained EPS and 

XPS foam waste in buildings and constructions will be produced in the future. 

Therefore, it is necessary to promote the sound management of HBCD and ultimately 

eliminate the HBCD in thermal insulation materials from C&D waste.  

To achieve the goal, a basic survey on the occurrence of HBCD in C&D waste, its 
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current pollution control status should be conducted. This project “Sound management 

of HBCD in insulation materials and wastes generated from construction and 

demolition in Asia-Pacific countries” will be implemented to support Asia-Pacific 

countries in eliminating the HBCD in thermal insulation materials from C&D waste by 

providing information and recommendations. Under the project, researchers surveyed 

the historical and current production of HBCD and its usage in insulation materials in 

construction and demolition industry, and estimated the generation of HBCD 

containing in insulation waste in future 50 years. National management of HBCD in 

insulation materials and wastes, current treatment and disposal measures are 

investigated to analyze the challenges on HBCD elimination. Based on the challenges, 

researchers proposed some recommendations to help the government and industries to 

eliminate HBCD. 

 

2. The historical and current use of HBCD in different types of insulation 

products in China 

HBCD is one of the three most widely used brominated flame retardants in the world, 

following the usage of polybrominated diphenyl ethers (PBDEs) and 

Tetrabromobisphenol-A (TBBPA). With the ban of PBDEs (including the commercial 

penta- and octa- and Deca-brominated diphenyl ether formulations) in the world from 

the early 21st century, HBCD become typical substitute to replace PBDEs in products 

and its market demands continues to grow (Ueno et al, 2006; Li Lin et al, 2012).  

HBCD was reported to be produced in China, Europe, Japan, and the USA and its main 

market share was in Europe and China. In 1999, the global production of HBCD was 

reported to be 15900 t. In 2001, it increase to 16 700 t, of which 9500 t (57%) was sold 

in Europe, 23% was sold in Asia (3900 t) (Covaci A et al, 2006; Gao et al, 2011). In 

2006, the global production volume increased to 20000 t.  

Now, Due to the rapid economic growth and the phase out progress of brominated frame 

retardants (BFR) in developed countries, China has become one of the largest BFR 
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manufacturer and consumer. To promote the environmentally sound management of 

HBCD in Asia-pacific region, it becomes necessary to study the historical and current 

use of HBCD in China. In this part, production data of HBCD in China through 

literature review and experts consultation was got. Then combined with reasonable 

assumption, the historical production amount of HBCD and its usage in insulation 

materials in China in last decades was estimated.  

 

2.1 The production and usage of HBCD in China 

The practical volume of HBCD used in insulation materials contains the HBCD 

produced domestically (VP) and the HBCD imported from other countries VI, except 

for the HBCD volume exported to other countries(VE). As the following fomula:   

VU = VP+VI-VE 

For the production data of HBCD, relatively few studies have been conducted during 

the past decades. Before 2000, HBCD was not the primarily used BFR in China, no 

production data has been reported. From 2001-2005, the largest producer of HBCD at 

that time has produced a total of 6663 t of HBCD (XuanChang Tong et al, 2009). In 

2007, the estimated domestic production volumes of HBCD was 7500 t (Yuqi Jiang et 

al, 2006) According to the Persistent Organic Pollutants Review Committee (POPRC) 

under the Stockholm Convention, the annual production of HBCD in China in 2009 

and 2010 is approximately 9,000t to 10,000 t and 15,000 t (POPRC, 2011). In 2011, the 

global market demand for HBCD increased to 31,000 t. And China reported18,000 t of 

HBCD produced in 2011, which amounted to more than half of the global production 

(POPRC, 2011; POPRC, 2012). The HBCD production are intensively located in 

coastal areas in Shandong and Jiangsu province, where abundant bromine resources are 

distributed (Yawei Wang et al, 2010; Zhang Y et al, 2018).. Limited data shows there 

are 14 HBCD production plants in China before 2011 (Yi S et al, 2016). Table 1 

concluded the accessible data on HBCD production in China during the past years.  
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Table 1 Reported HBCD production volume in China 

Year 2001-

2005 

2007 2009 2010 2011 

Production 

volume (tons) 

≥6663* 7500 9500 

(9000-

10000) 

15000 18000 

*Note: It is only the largest producer of HBCD in China. The total production volume 

of HBCD in China was bigger than 6663. 

Before 2000, HBCD was not primarily used in China. Therefore, it production and 

usage in insulation materials were out of consideration. In 2009, PBDEs was listed in 

the Annex A to the Stockholm Convention. Under the context, the production of HBCD 

kept rising to replace PBDEs. Considering 7500 t of HBCD was produced in 2007, we 

assume the average HBCD production volume was 8000 t/year during 2000-2009. 

From 2010, the demand for HBCD was greatly increased. Based on the known data, we 

assumed the average production volume of HBCD is 18000 t/year during 2010-2015. 

With HBCD being listed in the Stockholm Convention, the Chinese government 

announced the ban of HBCD production, use, import and export at the end of 2016. 

However, an exemption was given to the production, use, import and export of HBCD 

for EPS and XPS from 2016 to 2021 (Ministry of Environmental Protection of China, 

2016). Li et al estimated the production volume of HBCD during 2016-2021, with an 

average of 8305 t/year (As shown in table 2). 

 

Table 2 The estimated HBCD production volume during 2016-2021 

Year Production Volume (tons) 



 

5 
 

2016 20853.66 

2017 16646.34 

2018 12439.02 

2019 8231.707 

2020 4207.317 

2021 0 

Sum 41524.39 

Average 8304.878 

 

China has never imported HBCD as pure chemical nor formulation to China, and the 

export volume has declined since 2013 to almost zero by 2015 because an increasing 

number of previous importers have voluntarily restricted their HBCD trade (Li et al, 

2016). In 2011, China reported to POPRC that about 5500-6000 t of HBCD (the total 

production amount 18000 t) was exported, with a rate of 33% (POPRC,2012). 

Assuming the average of export rate of HBCD during 2001-2015 keeps 33%. 

According to the assumption, we can calculate the total production volume of HBCD 

during 2001-2009, 20010-2015, 2016-2021, and related exported volume. Table 3 

concluded the total production volume during 2000-2021.  
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Table 3 The total production volume of HBCD during 2000-2021 

Year  

Production volume 

(tons) 

Export volume 

(tons) 

Practical usage volume 

(tons) 

2001-2009 72000 23760 48240 

2010-2015 108000 35640 72360 

2016-2021 41525 0 41525 

Sum 221525 59400 162125 

As shown in table 3, during 2000-2021, China is estimated to produce a total of 221,525 

t of HBCD, and exported 59,400 t of HBCD. Almost 162,125 t of HBCD are used in 

the industry.  

 

2.2 HBCD in insulation materials 

In China, HBCD has been used in two sectors to produce three major end-products. 

Before 2009, 2% of annual production of HBCD has been used in Flame Retarded 

polyester fabric or textiles, which has subsequently been almost completely replaced 

by other lower-priced flame retardants. The rest 98% has been used in EPS and XPS 

insulation boards which were used in external insulated composite systems (Li Li et al, 

2016). From 2010, HBCD is assumed to be completely used for EPS and XPS 

insulation boards. In 2011, China reported to the Persistent Organic Pollutants Review 

Committee that it produced 18 000 tons of HBCD in 2011, of which 5500-6000 tons 

was exported, 9000 tons is used for EPS and 3000 tons for XPS (POPRC,2012). The 

data is consist with the assumption. In China, HBCD has not been used in furniture or 

virgin polystyrene packaging materials and high impact polystyrene (HIPS) in electrical 

and electronic equipment (Beijing Institute of Technology, 2011).  
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（1）The use of HBCD in China before 2010              (2) The current use of HBCD in China 

Fig.2 The use of HBCD in China 

The situation in China is different from some other countries (POPRC, 2011; Rani et 

al. 2014). Other literatures reported that about 90% of the HBCD in the world are used 

for EPS and XPS in building and construction industry (Climate and pollution Agency, 

2010). Other minor uses (about 10%) is in textile applications and electric and 

electronic appliances (high impact polystyrene/HIPS).  

During the past decades, China is undergoing a rapid process of urbanization. Due to 

the ever-increasing pursuit of both fire safety and energy efficiency in constructions 

field, the demands for flame retarded insulation materials are dramatically increased. 

China has regulated that, the combustion performance and flame retardant treatment of 

materials used in energy-saving buildings should comply with existing national 

standards/specifications. In 2005, the Ministry of Housing and Urban-Rural 

Development (MOHURD) issued "Code for Fire Protection Design of Tall Buildings" 

(GB50045-95), which classified non-combustion, hard-combustion and combustion 

components in buildings. In 2015, MOHURD issued “Code for fire protection design 

of buildings”(GB 50016-2014) , and abolished "Code for Fire Protection Design of Tall 

Buildings" . The Code provided the fire protection requirements when design different 

kinds of buildings, for example, plants, warehouses, storage yards, storage tanks, civil 

buildings, urban traffic tunnel etc. and regulated that the exterior wall of buildings 

should comply with relevant fireproof endurance rating. 

In 2009, China issued the Temporary regulations for exterior insulation system and 

exterior decoration for civil buildings and defined four fire proof grades for the 

2%

98%

FR polyester fabric or textiles

EPS and XPS

67%

33%

EPS XPS
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insulation materials based on fireproof endurance rating (FER): A, B1, B2 and B3. FER 

A is for non-flammable materials, such as Rock wool, glass wool, foam glass, foam 

ceramics, foamed cement, hole-closed expanded perlite, and etc. FER B1 and B2 are 

materials difficult to be combustible, and FER B1 is more fire retardant than FER B2. 

Materials with FER B1 is difficult to catch fire in the air or be ignited under high 

temperature.  Materials with FER B2 can retard flames to some extent, but in case of 

open fire or very high temperature, they are more easily burst into flames and spread to 

surrounding inflammable materials, such as wood, wooden frame, wooden beams or 

wooden stairs. Normally, materials with FER B1 and B2 can effectively prevent or slow 

down the fire spreading. The common used materials with FER B1 and B2 include 

flame retarded EPS, XPS, specially treated polyurethane (PU), polyethylene (PE), and 

etc. Materials with FER B3 is inflammable, which has great risk of fire ascendant. The 

Temporary regulations for exterior insulation system and exterior decoration for civil 

buildings required that Insulation materials used for building exterior wall need to be 

at least Grade B2. 

EPS, XPS insulation boards are commonly used insulation materials for exterior walls. 

The HBCD content in EPS and XPS with different FER varies differently (Table 4) on 

the Chinese market. A market research in 2012 showed that about 90% of insulation 

boards are in FER of B2 (Peking University, 2012). The average HBCD contents in 

EPS/XPS on China's market are slightly higher than the global average loading (0.5% 

–0.7% for FR-EPS and 0.8%–2.5% for FR-XPS insulation boards) (Li et al, 2016; 

POPRC, 2011). Table 4 shows the HBCD content in EPS and XPS insulation boards 

with FER of B1 and B2.  

 

Table 4 The HBCD content in EPS and XPS insulation boards with FER of B1 and B2 

 FER of B2 FER of B1 

HBCD content 0.7-0.9% 1.4%–1.8% 
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(by weight) in EPS  

HBCD content 

(by weight) in XPS 

2%–2.5% 4% 

 

Since few data on the production and usage amount of EPS/XPS insulation materials 

on Chinese market can be accessed, we will use the calculated practical usage amount 

of HBCD and its materials flow to estimate the production and usage amount of EPS 

and XPS insulation materials in China. Assuming no EPS and XPS insulation materials 

were imported in China. 

1) The production amount of EPS and XPS insulation during 2000-2009 

Assuming 90% of the EPS/XPS insulation boards are in FER of B2 and 10% are in FER 

of B1, according to the previous survey. For convenient estimation, we take the lowest 

value of the HBCD content range in EPS/XPS insulation boards (as shown in table 4) 

with different FER. In this way, we can get the possible highest volume of HBCD 

containing EPS/XPS materials and waste. Therefore, The HBCD content in EPS and 

XPS in FER of B2 are 0.7% and 2%, respectively, and in EPS and XPS in FER of B1 

are 1.4% and 4% respectively.  

Before 2009, 98% of HBCD were produced for EPS and XPS insulation materials, 

which means 47,275 tons were produced for EPS and XPS. And the HBCD used to 

produce EPS and XPS were 3:1 (based on the official data of 2011: 9000 tons is used 

for EPS and 3000 tons for XPS). As the practical HBCD usage amount in China is 

48,240 tons, the HBCD used to produce EPS and XPS are calculated to be 35,465 and 

11, 810 tons. Based on the assumption of the HBCD content in EPS/XPS insulation 

boards and the distribution rate of EPS/XPS insulation boards in FER B2 and B1, we 

calculated the total amount of the EPS and XPS insulation boards are 4,605,844 tons 

and 536,818 tons. Among which, EPS and XPS with FER of B2 are 4,145,260 and 
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483,136 tons respectively, EPS and XPS with FER of B1 are 460,584 and 53,682 

respectively. Table 5 lists the calculation results. 

 

Table 5 The production amount of EPS/XPS insulation boards during 2001-2009 

EPS XPS 

EPS in FER B2 

(tons) 

EPS in FER B1 

(tons) 

XPS in FER B2 

(tons) 

XPS in FER B1 

(tons) 

4,145,260 483,136 460,584 53,682 

 

2) The production amount of EPS and XPS insulation during 2010-2021  

During 2010-2021, HBCD is assumed to be completely used for EPS and XPS 

insulation boards. Still, the HBCD used to produce EPS and XPS were 3:1, and The 

HBCD content in EPS and XPS in FER of B2 are 0.7% and 2%, respectively, and in 

EPS and XPS in FER of B1 are 1.4% and 4% respectively. As the practical HBCD 

usage amount in China is 113,885 tons, the HBCD used to produce EPS and XPS are 

calculated to be 85,414 and 28,471 tons. The total amount of the EPS and XPS 

insulation boards are 11,092,727 tons and 1,294,136 tons. Among which, EPS and XPS 

with FER of B2 are 9,983,454 and 1,164,722 tons respectively, EPS and XPS with FER 

of B1 are 1,109,273 and 129,414 respectively. Table 6 lists the calculation results. 

  

Table 6 The estimated production amount of EPS/XPS insulation boards during 2010-

2021 

EPS XPS 
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EPS in FER B2 

(tons) 

EPS in FER B1 

(tons) 

XPS in FER B2 

(tons) 

XPS in FER B1 

(tons) 

9,983,454 1,109,273 1,164,722 129,414 

 

3) The historical and current use of HBCD in insulation products in China 

As calculated, during 2000-2021, China is estimated to produce 221,525 tons, with 

59,400 tons exported and 162,125 tons used domestically. Before 2000, HBCD is not 

the primarily used flame retardants in China and its production is not considered in this 

report. After 2021, the production, import and export of HBCD will be closed without 

any exemption. Based on the data, the insulation products used HBCD as flame 

retardants are calculated. A total of 17 million tons (17,529,525) of flame-retarded 

polystyrene insulation boards are estimated to be used, including 15.7 million tons 

(15,698,571) EPS and 1.8 million tons (1,830,954) XPS. 

 

3. The generation trends of insulation wastes containing HBCD in the next 50 

years  

3.1 Construction and demolition (C&D) waste in China 

Construction and demolition (C&D) waste is defined as “the waste produced during 

new construction, renovation, and demolition of buildings and structures” (Kofoworola 

et al, 2009). The construction industry generates approximately 35% of industrial waste 

in the world (Solís-Guzmán et al, 2009). Due to an increased demand for housing and 

infrastructure and rapid growth of towns and cities, the amount of generated waste has 

been increasing in most of the countries. The rising levels of waste generation, 

increasing unregulated and illegal dumping of C&D waste, and the scarcity of landfill 

space has become critical issues in many countries.  
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In China, with the rapid urbanization, the building industry has contributed to 26.7% of 

the national GDP (Zheng et al, 2017). In 2011, the annual output of the construction 

industry was approximately US $2.1 trillion, and about 43.11 million people, 

accounting for more than 5% of the total labor force were employed in the industry 

(Duan huabo et al, 2015). Associated with the rapid development of construction 

industry, a large amount of C&D waste are produced, which is estimated to be the 

around 8 times larger than municipal solid waste (MSW)(Yuan H, et al, 2011) and 

becomes one of the largest solid waste streams in China. C&D waste has large quantities 

and complex compositions. It mainly consists of concrete, wood, metals, plasterboard, 

cardboard, plastics, asphalt, and mixed site debris such as soil and rocks. 80% of the 

waste has the potential to be reused (Zheng et al, 2017). While, the C&D waste also 

contains hazardous matters such as asbestos, heavy metals s (e.g., As, Pb, Hg, Cr, Cd, 

Cu, and Zn), persistent organic compounds (poly Brominated Diphenyl, e.g., PBDEs, 

HBCD), and volatile organic compounds (Zheng et al, 2017; Duan et al, 2015).The 

C&D waste brings great potential risk to the environment, regional ecological security 

and sustainable development.  

C&D waste are normally grouped by construction waste, demolition waste and 

decoration waste. The volume and type of materials produced by construction versus 

demolition can differ greatly [8]. The demolition projects often produce more than 10 

times as much waste material per square meter as construction projects. Construction 

waste normally contains more modern building materials which than demolition waste 

since new buildings are rarely torn down. Demolition waste is often contaminated with 

paint, adhesives, and dirt. Almost all the insulation materials containing HBCD 

generated from demolition waste.  

Two reports has roughly estimated the total C&D waste generation in China. The 

Annual Report of the Comprehensive Utilization of Resources in China (2014) claimed 

that around one billion tons of C&D waste were generated in China in 2013 (NDRC, 

2014). The volume is equal to the total C&D waste generation in the entire European 

Union (EU, 25 counties)( Brito et al,2013) and six times higher than that of the US. 
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China Strategic Alliance of Technological Innovation for Construction Waste Recycling 

Industry (CSATICRI, 2014) reported that the total amount of C&D waste is 

approximately 1.5 billion to 2.4 billion annually in China, and the recycling rate is less 

than 5%. Due to the two reports are extremely unreliable since there is neither official 

public statistics nor clearly explained methodology to support these C&D waste 

generation estimates, Zheng et al from Shenzhen University provided an explicit 

analysis to estimate the C&D waste volume based on a weight-per-construction area 

method. According to the research, approximately 2.36 billion tons of C&D waste were 

generated in China annually during the period of 2003–2013, of which demolition waste 

and construction waste contributed to 97% and 3%, respectively, in 2013. The data is 

higher than the previous two reports. 

The C&D waste varies in different region of China. Table 6 represents the distribution 

of C&D waste in 2013 in China. East China contributed to 56% of total C&D waste in 

China in 2013, followed by Middle China (21%) and South China (11%). The reason 

may be that these three regions are the fastest growing regions of China with a rapid 

economic development and city expansions. For instance, the construction industry of 

these three regions accounted for 64.3% of total GDP of China’s construction sector in 

2013 (NBSC, 2014). 

Table 7 The distribution of C&D waste in 2013 in China 

Region North 

China 

Northeast 

China 

East China Middle 

China 

South 

China 

C&D waste 

(%) 

4% 4% 56% 21% 11% 

 

3.2 Insulation wastes containing HBCD in China 

For the composition of C&D waste, it includes inert (concrete, brick, concrete block, 
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uncontaminated soil, rock, and gravel) and non-inert (organic, polymer or contaminated 

materials, such as furniture and PUR foam insulation) substances (Defined by official 

document). The four inert wastes (i.e., concrete, mortar, brick/block, and ceramic) 

accounted for 87% of the total amount (Zheng et al, 2017). Compared to developed 

countries, the share of scrap metals in China is higher. So far, very few studies attempted 

to quantify the HBCD substance in C&D wastes or their components. Li et al. (2016) 

conducted a scenario-based dynamic substance flow analysis, coupled with interval 

linear programming, and forecast future HBCD emissions in China. They only pointed 

out that during the demolition process C&D waste is manually sorted and crushed on 

site at destruction sites, and polystyrene C&D materials are separated out from other 

inert C&D waste such as bricks and concrete. Original HBCD constituent in C&D 

waste is released into the atmosphere during these sorting and crushing operations, and 

is assumed to contribute 10% of the atmospheric emissions in the demolition process. 

Li′s study warns of the huge challenges that China could face in attempting to eliminate 

HBCD contamination in the coming decades. 

Since no specific data on the HBCD content in C&D waste, we can only estimate the 

insulation waste containing HBCD from C&D waste in term of the generation source. 

As we estimated, HBCD production will be closed no later than 2021, and a total of 17 

million tons EPS/XPS insulation material using HBCD as flame retardants will be 

produced in China. According to the General rule for architectural design of civil 

buildings, general constructions or building will stand up for 50-100 years. While, due 

to the urbanization progress and massive demolition projects, the average lifespan of 

buildings in China are no more than 35 years. Therefore, it is reasonable that in future 

50 years, all the produced HBCD contained EPS/XPS insulation material will be wasted. 

Considering the EPS/XPS insulation waste will be mixed in the C&D waste, the 

practical EPS/XPS insulation waste will much higher than the 17 million (EPS/XPS 

insulation materials volume). 

 

4. National management of HBCD in insulation materials and waste generated 
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from construction and demolition 

4.1 The management of HBCD 

In 25th October, 2016, China approved the Amendment to Annex A to the Stockholm 

Convention to list HBCD with specific exemptions. According to the notice, China 

banned the production, usage and import/export of HBCD from 26th December, 2016, 

except the exemptions for its use in insulation boards in construction field 1 . The 

exemptions will last five years and be ended in 25th December, 2021. Later on 30th 

December, HBCD noticed to list in The Inventory of Toxic Chemicals Strictly 

Restricted Importing/Exporting (2014)2, enterprises import/export the substance should 

registered in the Ministry of Environment Protection (MEP) and comply with the 

exemptions from January 1st 2017.  

From 2011, the government began to implement Reporting Mechanism of Persistent 

Organic Pollutants in China to obtain the basic information on production, usage, and 

emission of POPs. HBCD and PFOS have been covered by the Mechanism in 2015, 

related enterprises and facilities should report required information and data to MEP. 

HBCD has also been listed in the 2015 Inventory of Hazardous Chemical in China. 

Enterprises and facilities involved in the production, storage, sales and uses of HBCD 

should comply with safety management requirements under Regulation on Safety 

Management of Hazardous Chemicals. 

On December 28, 2017, Chinese Ministry of Environmental Protection (MEP) 

published on its official website the Catalogue of Priority Chemicals (1st Batch)3. A 

total of 22 chemicals include HBCD were listed in the catalogue. As it regulated, risk 

control measures on these chemicals should be taken to minimize the hazard of the 

chemicals’ production and use on human health and the environment. The risk control 

measures include:  

1) Permit system for discharge pollutants: enterprises discharge air/water 

                                                             
1 http://www.zhb.gov.cn/gkml/hbb/bgg/201701/t20170103_393822.htm  
2 http://www.zhb.gov.cn/gkml/hbb/bgg/201312/t20131231_265886.htm  
3 http://www.zhb.gov.cn/gkml/hbb/bgg/201712/t20171229_428832.htm  

http://www.zhb.gov.cn/gkml/hbb/bgg/201701/t20170103_393822.htm
http://www.zhb.gov.cn/gkml/hbb/bgg/201312/t20131231_265886.htm
http://www.zhb.gov.cn/gkml/hbb/bgg/201712/t20171229_428832.htm
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pollutants should apply discharge permissions as required and keep monitoring the 

presence of pollutant in the surrounding environment.  

2) Restriction measures: to revise national mandatory standards, restricting the use 

of chemicals in certain products; to list the chemicals in specific catalogue, encouraging 

and promoting the substitution. 

3) Cleaner Production Assessment and information disclosure: Enterprises use 

toxic materials in production process or discharge toxic waste should conduct Cleaner 

Production Assessment and disclose relevant information for the public according to 

specific regulations. 

 

4.2 The management of EPS/XPS Insulation materials in construction and 

building sector 

In China, the fireproof endurance rating of insulation materials in construction and 

building sector are classified as Grade A, B1, B2, B3 (see chapter 2.2). National 

standard GB/T 10801 “Moulded polystyrene foam board for thermal insulation”  

defines the classification, requirements, test methods for polystyrene foams and its 

label, package, transfer and storage requirements. It includes two parts, GB/T 10801.1 

for EPS and GB/T 10801.2 for XPS. The standard regulated that the oxygen index of 

the products should no less than 30% and FER should reach at least grade B2. 

 

4.3 The management of waste generated from construction and demolition 

China has preliminarily established a framework of solid waste management laws and 

regulations system. Under the “Law of the People's Republic of China on the Prevention 

and Control of Environmental Pollution by Solid Waste” (revision in 2004), a series of 

national regulations, department regulations and guides have been promulgated. For 

C&D waste, China issued a series ministerial decree, including Regulation on the 

Municipal Construction & demolition Waste Management, Notice on the Division of 

javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
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Management Responsibility and Obligation on the Recycling of C&D waste, Technical 

Guidelines on the Treatment of C&D Waste in Earthquake Disaster Region. In 2009, 

China published Technical Code for Construction and Demolition Waste Treatment 

(CJJ 134-2009) in 2009, provided general requirements for the collection, transit, 

transfer/distribution, recycling, backfill and landfill. Firstly, the waste amount should 

be reduced at source, collected after sorting by different types, and reused or recycled 

on site. Recycled aggregate concrete, bricks and blocks, asphalt should comply with 

relative products standards. Two disposal measures-backfill and landfill are listed in the 

technical code. No requirements on the issue of hazardous components in the C&D 

waste. Actually, on the national level, there is no specific regulations on sorting and 

safe treatment measures for non-inert or hazardous C&D waste components, such as 

the asbestos, brominated flame retardant thermal insulation material, and lead paint 

debris used in old buildings.  

On the contrary, some developed countries has established effective management and 

industrialization model. For example, in the United States, the hazardous waste from 

C&D waste is well managed under the Resource Conservation and Recovery Act 

(RCRA). In Germany, C&D waste management has been taken into full consideration 

for several decades, and many initiatives have been in place, at both the state and the 

local level. Germany has released more than 180 laws and regulations related to a waste 

disposal since 1970s, and till 2012, its recycling rate of C&D waste has reached 68%. 

(Duan et al, 2016). 

China needs to improve the legal system of C&D waste. Since 2013, promoting the 

recycling and reutilization of C&D waste has become one of ten Key Tasks according 

to the Action Plan of Green Construction Industry. The government requires relevant 

departments to promote the centralized treatment and classified utilization, accelerate 

the development of recycling and reutilization technology and equipments, and the 

conduct pilot projects of C&D waste recycling and reutilization, and establish labeling 

mechanism for products made of recycled materials. Local governments are 

encouraged to build C&D waste treatment base. Accordingly, some cities in China such 
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as Beijing, Shanghai, Shenzhen, Tianjin has done some attempts to draw up specific 

regulations on the recycling and reutilization of C&D waste.  

 

5. The recycling and disposal of insulation materials waste containing HBCD 

from C&D in china 

5.1 The recycling and disposal for insulation waste containing HBCD generated 

from C&D in China 

(1) The recycling and disposal of C&D waste 

In China, there are around five approaches to dispose of mixed C&D waste: dumping, 

landfilling, on-site incineration or burning, mixing it into MSW for disposal 

(incineration or landfill), recycling or reuse. Generally, the recycling of the C&D waste 

in China are mainly on the recycling of high value materials, such as waste metals, steel 

bars, sorted timbers etc. Some reusable parts of C&D waste such doors and windows, 

etc. are also separated and sold as second hand construction materials in building sites. 

Other waste such as concrete debris and bricks are considered with mixed C&D waste. 

Some mixed C&D waste are disposed of as fill material or used to produce concrete 

blocks, while, the massive parts are sent to landfill or dumping sites. 

In China, the recycling part only accounted for 10% of the C&D waste generated. For 

the past few decades, some building owners, demolition contractors, and waste haulers 

disposed of this waste improperly and illegally at dumping sites to avoid transportation 

costs and landfilling fees at waste disposal facilities. Dumping sites have been 

discovered in gravel pits and ground water recharge areas, on farm land, on prime 

residential property, in borrow pits, and in low lying areas [3,12]. In recent ten years, 

some formal landfills and public filling areas are built to provide a convenient and cost-

effective solution to disposal waste generated in construction industry. Some data (Yu 

Yi, 2016) shows that, China has established 870 dumping or disposal sites for C&D 

waste, which is distributed in 18 provinces. Among these site, 90% are for simply 

dumping, and 10% equipped with recycling and treatment measures. Fig.3 shows the 
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life cycle flow of C&D waste in China. 

 

Figure 3 Life cycle flow of C&D waste in China 

For many cities in China, the waste volume and types varies greatly, and its material 

recovery/ recycling, dumping/landfill practices are developed in different stage. For 

some big/developed cities, such as Beijing, Shanghai, Shenzhen, the quantity of treated 

C&D waste and the landfill rate are much higher than other cities. Due to the limited 

landfill disposal capacity and high cost of land resource in big cities, it is not unusual 

C&D waste is transferred to less-developed neighboring regions (Zheng et al, 2017). 

Table 8 Landfill sites for C&D waste in some big cities of China in 2011- 2013(Duan 

Huabo et al, 2015). As can be seen from the table, Beijing, Shanghai, Shenzhen, Tianjin 

represent better management and more formal treatment of C&D waste. It also shows 

the trend of formal management of C&D waste in China, as the landfill site are greatly 

increased from 2011 to 2013.  

Table 8 Landfill sites for C&D waste in some big cities of China in 2013 

Cities Population Landfill Sites Quantity Landfill rate 
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Million (Million tons) (%) 

2013 2010 2013 2013 2013 

Beijing 19 4 25 35 74% 

Shanghai 22 - - 86 70-80% 

Chongqing 29 15 29 15 - 

Shenzhen 10 2 3 50-60 - 

Guangzhou 11 - - 40 52% 

Tianjin 11 - - 6 95% 

Wuhan 9 0 3-6 50 35% 

Chengdu 7 - - 128 - 

Xi’an 7 3 18 39-37 - 

Changsha 4 0 3-5 16 - 

Zhengzhou 4 0 0 16-20 0 

Taiyuan 3 4 16 15 67% 

 

Compared to developed countries, where C&D waste usually ends up in C&D waste 

landfills after separation and recycling [11, duan 2015], China still work to improve the 

sound recycling and treatment practice of C&D waste. The recycling rate in China is 

relatively low compared to many developed countries. The EU-28 has a recycling rate 

between less than10% and over 90% (from Eurostat, 94% for the Netherland by, 87% 
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for the UK, 76% for Italy, and 34% for Germany), which is comparable to U.S (70%), 

and Japan (95%)).  

 

2) The recycling and treatment for insulation waste containing HBCD generated from 

C&D in China  

In China, the composition of demolition waste are closely related to the building types, 

for example, civil buildings, industrial buildings, which have different structures. The 

National Bureau of Statistics of China provides information on the composition of 

demolition waste of building with different structures in China. As shown in table 8, 

the Burea defines 3 kinds of building structures, including brick-concrete structure, 

frame structure, and frame-shear wall structure, and classed 8 kinds of waste 

compositions, including bricks, concrete, pile head, package materials, roofing 

materials, steels, woods and others. Insulation materials are contained in others and not 

listed separately.  

Table 8 The composition of demolition waste of building with different structures in 

Chinai 

Compositions Proportion (%) 

Brick-concrete 

structure 

Frame structure Frame-shear wall 

structure 

Bricks 30-50 15-30 10-20 

Concrete 6-15 10-20 10-20 

Pile head 8-15 15-30 15-35 

Package materials -- 8-15 8-20 
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standards and incentive measures, to promote the hazardous components reduction 

on the source and the life-cycle process, and to improve the recycling and recovery 

efficiency. 

(3) The industry should promote the development of advanced and environmentally 

sound technology and equipment on recycling/recovery, treatment and final 

disposal, to support the enforcement of the legislation and the practical recycling 

and treatment of C&D waste. It is recommended to use C&D waste to produce 

recycled products, such as aggregates, bricks etc., which can reduce resource 

consumption and also reduce the soil occupation which is needed for final landfill. 

(4) Specially, for HBCD-containing C&D waste, it is recommended to separate it from 

the waste stream firstly before the treatment and disposal. Li et al (2016) found that 

while production will end in around 2021, the emissions of HBCD will continue 

until after 2100, 44% of which arise from current manufacture of HBCD-containing 

end-products with a further 49% from end-of-life disposal of HBCD-containing 

waste. He recommended that the most effective end-of-life emission control option 

is a pre-demolition screening combined with incineration.  
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Table 4. Concentrations of HBCD in the samples 

 

 Chicken 

muscle  

(n = 5) 

Chicken 

liver  

(n = 5) 

Chicken 

skin  

(n = 5) 

Chicken 

egg (n = 15) 

Soil (n=6) River 

fish  

(n = 5) 

Pork  

(n = 2) 

Sediment  

(n = 8) 

-HBCD 

average 34 1,700 600 2,800 6.7 2.5 0.9 - 

median 20 1,000 640 2,500 5.0 2.3 - - 

range 1.2-55 180-2,500 20-850 330-3,500 1.0-8.9 0.1-3.3 - - 

-HBCD 

average 0.15 28 0.06 79 4.8 0.41 <0.002 - 

median 0.25 20 0.1 70 3.8 0.51 - - 

range 0.1-2.0 2.5-35 0.02 0.15 15-80 0.5-8.0 0.04-0.65 - 

-HBCD 

average 5.3 1,500 330 700 110 0.5 0.2 - 

median 8.9 890 450 910 100 0.6 - - 

range 0.1-15 160-3,000 3.8-580 200-2,300 56-710 0.05-0.12 - - 

HBCD 

average 39 3,200 930 3,600 120 3.4 1 .1 - 

median 29 1,900 1,000 3,500 110 3.4 - - 

range 2.0-80 330-5,500 25-1,400 540-5,800 0.03-580 0.2-4.1 - - 
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HBCD were not detected in river fish samples. This study found that HBCD 

concentrations in e-waste-impacted samples exceed those in corresponding 

controls. Average concentrations of HBCD in chicken liver (3,200 ng/g lw) 

and egg (3,600 ng/g lw) samples in the study exceeded substantially those found 

in chicken liver and eggs from an e-waste processing area in Taizhou City, 

China. 

As shown in Table 4, HBCD concentrations in animal-related food sampled 

from the e-waste processing site in Vietnam varied substantially 1 between 

species and different chicken tissues. The highest concentrations were found in 

chicken eggs, followed by chicken liver, chicken skin and chicken muscle; with 

concentrations in fish and pork samples much lower than those from chickens. 

Such interspecies differences indicate that the uptake and metabolism of HBCD 

is organism-dependent. 

The mean HBCD concentration in soil in this study was 120 ng/g dw, varying 

from 0.030 to 580 ng/g dw. According to the study result, HBCD to be the 

dominant isomer in soil samples in this study, similar to profiles observed in 

commercial technical products and related abiotic environmental matrices such 

as sediment, soil and sewage sludge. However in all food samples (whether 

sourced from e-waste impacted or control locations), -HBCD predominated, in 

line with previous data for biota. Furthermore,  -HBCD was relatively more 

abundant in chicken egg, muscle, and skin than in liver, indicating tissue-

specific variation in the relative abundance of different diastereomers. Whereby 

-HBCD is more prevalent in liver samples than the other tissues studied. 

Daily dietary exposure to HBCD of individuals living in one e-waste impacted 

area in this study was estimated at 480 and 1,500 ng/kg bw/day for adults and 

children, respectively. This exceeds estimated dietary exposure to HBCD in e-

waste impacted locations in China (10.4 and 36.1 ng/kg bw/day for adults and 

children), and is substantially in excess of estimated fish-related dietary 

exposure in the Netherlands and Sweden (0.12 and 0.14 ng/kg bw/day, 

respectively) as well as estimated dietary exposure of non-e-waste impacted 

populations in Spain, Belgium and China (2.58, 0.99, 0.432, 39.28 ng/kg bw/day, 

respectively. 

High levels of HBCD were found in chicken, fish, and pork samples from an e-

waste processing site (Bui Dau) in Vietnam. The main contributors to dietary 

exposure of both adults and children were chicken liver and chicken eggs. 

Estimated daily dietary intakes of HBCD were higher than those reported from 
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other countries. This study provides evidence that HBCD are already entering 

the waste stream leading to environmental contamination when such waste is 

treated in an unregulated fashion. The author hypothesizes that over time, 

environmental contamination with HBCD will rise as increasing numbers of 

products containing these chemicals reach the end of their life. 

2.3.2. Accumulation of polychlorinated biphenyls and brominated flame 

retardants in breast milk from women living in Vietnamese e-waste recycling 

sites. 

The study was carried out by Nguyen Minh Tue, Tu Binh Minh, Pham Hung 

Viet, Agus Sudaryanto, Tomohiko Isobe, Shin Takahashi, Shinsuke Tanabe in 

200918. 

This study investigated the contamination status of PCBs, PBDEs and HBCD in 

human and possible exposure pathways in three Vietnamese e-waste recycling 

sites: Trang Minh (suburban of Hai Phong City), Dong Mai and Bui Dau (Hung 

Yen province), and one reference site (Hanoi City) by analyzing human breast 

milk samples and examining the relationships between contaminant levels and 

lifestyle factors. In each of the three recycling sites, the number of nursing 

mothers was limited to around 20 or less. Four breast milk samples from Dong 

Mai, eleven from Trang Minh and nine from Bui Dau were collected from the 

mothers who agreed to donate. As reference, another nine samples were 

collected from the capital Hanoi, a typical urban area. PCBs, PBDEs and HBCD 

were detected in all the samples analyzed. 

According to the study results, the median HBCD concentration in breast milk 

samples collected from Hanoi was 0.33 ng/g lipid wt; from Dong Mai was 0.42 

ng/g lipid wt; from Trang Minh was 0.38 ng/g lipid wt and from Bui Dau non – 

recyclers was 0.36 ng/g lipid wt and from Bui Dau recyclers was 2 ng/g lipid wt. 

HBCD levels were not statistically different among residents of Hanoi, Dong 

Mai and Trang Minh (both recyclers and non-recyclers) and Bui Dau (non-

recyclers). Recyclers from Bui Dau had significantly higher levels than the other 

groups with a 6-fold difference compared with the reference group. 

α-HBCD was the dominant isomer in all the samples, accounting for more than 

90% of the total HBCD levels. γ-HBCD was detected in eight samples with a 

proportion of less than 10% and β-HBCD was detected in only one sample. 

                                           
18 Nguyen Minh Tue, Agus Sudaryanto, Tu Binh Minh, Tomohiko Isobe, Shin Takahashi, Pham Hung Viet, Shinsuke Tanabe. 

Accumulation of polychlorinated biphenyls and brominatedflame retardants in breast milk from women living in Vietnamese e-waste 

recycling sites. Science of the Total Environment 408 (2010) 2155–2162. 
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Thus, according to the study, HBCD was found in breast milk samples. HBCD 

in the samples collected from recyclers were significantly higher than other 

groups. 

2.3.3. Contamination of indoor dust and air by polychlorinated biphenyls and 

brominated flame retardants and relevance of non-dietary exposure in 

Vietnamese informal e-waste recycling sites 

This study 19  investigated the occurrence of PCBs and several additive 

brominated flame retardants (BFRs) in indoor dust and air from two Vietnamese 

informal e-waste recycling sites (EWRSs) and an urban site. For air samples, 

only HBCD were analyzed and they were detected only in the urban indoor air 

and in air from the backyard e-waste recycling, at less than 10 pg m−3. Average 

HBCD concentration is lower than that of other countries. This indicates that 

HBCD have been used with small volume in electronics and household products 

in Vietnam. The median HBCD levels were lower than the values reported for 

other countries, indicating low contents of HBCD in electronics and in 

Vietnamese household products. 

Concentrations (ng/g) of HBCD in settled house dust samples from urban and 

suburban Hanoi and two e-waste recycling sites (Trang Minh and Bui Dau) is 

presented in Table 5.  

Table 5. Concentrations (ng/g) of HBCD in settled house dust samples from 

urban and suburban Hanoi and two e-waste recycling sites 

(Unit: ng/g) 

 Suburban Hanoi  

(n = 7) 

Urban Hanoi  

(n = 6) 

Trang Minh 

(n = 10) 

Bui Dau 

(n = 10) 

 Range Median Range Median Range Median Range Median 

α – 

HBCD 
0.37 – 15 4.5 0.84 - 11 4.6 2.3 - 100 10 2.7 - 340 48 

β – 

HBCD 
ND – 4.0 0.48 ND – 2.1 0.78 0.61 – 8.0 2.5 1.0 - 34 4.7 

γ – 

HBCD 
0.57 - 47 3.3 0.46 - 21 4.0 4.6 - 44 8.6 1.7 - 110 8.4 

Tổng 

HBCD 
0.99 - 61 7.4 1.3 - 32 8.7 7.5 - 130 29 5.4 - 400 120 

All three HBCD isomers (α, β and γ) were detected in house dust samples, with 

                                           
19 Nguyen Minh Tue, Shin Takahashi, Go Suzuki, Tomohiko Isobe, Pham Hung Viet, Yuso Kobara, Nobuyasu Seike, Gan Zhang, Agus 

Sudaryanto, Shinsuke Tanabe. Contamination of indoor dust and air by polychlorinated biphenyls and brominated flame retardants and 

relevance of non-dietary exposure in Vietnamese informal e-waste recycling sites. Environment International 51 (2013) 160–167 
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α being the most abundant in most cases, followed by γ and β (Table 5). This 

isomeric profile, also observed in air samples was different from those of the 

technical formulations, where the isomer γ accounts for 70% or more of total 

HBCD. The enrichment of α-HBCD in indoor environments may be due to γ-to-

α isomerisation, occurring either at high temperatures during the processing of 

HBCD-containing polymers20 or upon light exposure21. 

In the present study, house dust and air samples from Bui Dau showed a clear 

predominance of the α isomer, respectively 6 and 10 times more abundant than 

the γ isomer, based on median/average levels. 

2.3.4. Contamination by brominated flame retardants in soil samples from open 

dumping sites of Asian developing countries.  

The study is carried out by Akifumi Eguchi, Tomohiko Isobe, Annamalai 

Subraminian, Agus Sundaryanto, Karri Ramu, Tu Binh Minh, Paromita 

Chakraborty, Nguyen Hung Minh, Touch Seang Tana, Pham Hung Viet, Shin 

Takahashi and Shinsuke Tanabe in 2009. 

According to the study22, brominated flame retardants have been widely used in 

homes, workplaces and subsequently, they have become widely dispersed in the 

environment. The garbage containing them is dumped in refuse dumping sites, 

and causes pollution. But data on their environmental concentrations is scarce. 

The purpose of this study is to indicate the pollution status in Asian developing 

countries’ dumping sites. The soil samples collected from those areas were 

analyzed for the concentrations of PBDE and HBCD. Concentrations of HBCD 

were N.D÷2.4 ng/g dry wt. The study found that PBDE contamination has 

spread in various parts of Asia but HBCD has not spread so much at present. 

Further studies are needed for continuous monitoring of the problems such as in 

flow of waste from developed countries. 

HBCD was detected in 29 samples analyzed in this study. The average total 

HBCD concentrations are presented in Figs. 2. Comparing the average values of 

different countries showed the highest values in India, followed by Vietnam, 

                                           

20 Köppen R, Becker R, Jung C, Nehls I. On the thermally induced isomerisation of hexabromocyclododecane stereoisomers. Chemosphere 

2008; 71:656–62 

21 Harrad S, Abdallah MA, Covaci A. Causes of variability in concentrations and diastereomer patterns of hexabromocyclododecanes in 

indoor dust. Environ Int 2009a; 35:573–9 

22 Contamination by Brominated Flame Retardants in Soil Samples from Open Dumping Sites of Asian Developing Countries.  
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Cambodia, Indonesia and Malaysia. As for the HBCD, higher values were found 

in the dumping site than the control site even though the differences were 

insignificant. HBCD concentration in this study is lower than the United States 

and Europe. Concentration of HBCD is low because the amount of the HBCD 

use in Asia is lower than in developed nations. 

 

Figure 2. Concentration of HBCD in soil samples collected from Open 

Dumping Sites of Asian Developing Countries (ng/g dry wt) 

Among the HBCD isomers detected, γ-HBCD was usually predominant. 

Technical HBCD product contains three diastereomers (α-, β- and γ-) with γ-

HBCD contributing approximately 80% of technical formulation23. γ-HBCD has 

a strong binding affinity to soil. But in some places, α-HBCD was predominant. 

In the open dumping sites, heat generated by open burning and autogenous 

ignition may change the isomeric composition of technical HBCD mixture at 

temperatures above 160°C. Depending on the temperature of the treatment 

processes, the proportions of the isomers in the end product may also vary24. 

                                           
23 Alaee, M. (2003): Recommendations for monitoring of polybrominated diphenyl ethers in the Canadian environment. Environ. Monit. 

Assess., 88(1–3). 327–341 

24   Tomy, G. T., W. Budakowski, T. Halldorson, D. M. Whittle, M. J. Keir, C. Marvin, G. MacInnis and M. Alaee (2004): 

Biomagnification of alpha- and gamma-hexabromocyclododecane isomers in a Lake Ontario food web. Environ. Sci. Technol., 38(8), 2298–

2303. 


