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摘  要

歐盟環保指令－電機電子設備廢料(WEEE)指令及電機電子設備中危險物質使用限制指令(RoHS)－將於2005年8月13日及2006年7月1日分別實施。屆時勢必對我國銷歐電機電子設備製造廠造成相當大的衝擊，因此有必要派員赴德研習電機電子設備中危險有機物質之檢測技術，為業者服務，使我國電機電子設備能順利銷歐。
前往德國最大的檢驗機構德國萊因公司研習多溴聯苯、多溴聯苯醚及有機錫之檢測技術，時間雖短，但在檢測經驗豐富的老師悉心指導下，理論與實務兩方面均獲益匪淺。相信不久將可建立本局在這方面之檢測技術，為業者服務。
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壹、目的
歐盟於2003年2月13日公布電機電子設備廢料(WEEE)指令及電機電子設備中危險物質使用限制指令(RoHS)兩項環保指令，實施日期分別為2005年8月13日及2006年7月1日。這兩項指令差不多涵蓋所有電器，包括家庭電器、視聽器材、個人電腦等資訊科技設備、辦公室設備、流動電話、玩具、鐘錶和大部分燈飾。鎢絲燈泡、家用照明裝置及大型固定式工業器具則不受影響。WEEE指令生效後，製造廠以及歐盟進口商須負以下責任：
(1)生產商須採用最有效的處理、回收及循環再造技術，設立

  處置電機電子設備廢料的系統。生產商可個別或集體設立

這種系統。
(2)生產商須個別或集體設立回收電機電子設備廢料的系統。成員國須把整具電器的再用列為優先項目。回收工作包括將廢料循環再造以及將廢料作為燃料或產生能源之用。2006年12月31日前，生產商須確保每件用完的產品達到某個最低限度的回收率，例如手提攝錄機和電視機的回收率為75%。

(3)生產商須負擔收集、處理、回收廢料及妥善處置私人住戶電器廢料的費用。

(4)對於2005年中以後推出市面的產品，每家生產商均須負擔處理自己產品廢料的運作費用。生產商可個別履行義務或參與集體計畫。對於指令生效前已推出市場的電器，生產商須按市場佔有率分擔廢料處理費。

(5)來自私人住戶以外的電機電子設備廢料，生產商亦須負擔處理費用。對於指令生效前已推出市場的電器，私人住戶以外的使用者可能要負上處理有關廢料的全部或部分費用。

(6)每家生產商把產品推出市面時 須提供保證，會承擔處理廢料的費 用。

(7)生產商須向消費者提供資料，包括分開棄置電器廢料與其他廢料的好處、消費者可用的回收系統等。生產商亦須在電器設備加上適當的分開回收標誌，以及向廢料處理廠提供關於新電器與電子設備的資料。
RoHS指令之目標如下：    

(1)即使在WEEE指令下分開回收與處理電機電子設備廢料時，仍可減少其所含危險物質對環境與人類健康之危險。
(2)與WEEE指令相輔相成。

RoHS指令限制之危險物質如下：
(1)重金屬：鉛、汞、鎘及六價鉻。

(2)阻燃劑：多溴聯苯及多溴聯苯醚。
上述兩項指令的實施勢必對我國銷歐電機電子設備製造廠造成莫大的影響。故宜派員赴德研習電機電子設備中危險有機物質之檢測技術，接受業者委託試驗，出具電機電子設備不含危險物質或危險物質含量低於指令規定之試驗報告，使我國電機電子設備能順利銷歐，維持經濟繁榮。

貳、過程

本次檢測技術研習從93年9月10日至25日。因時間有限，研習重點為電機電子設備中多溴聯苯、多溴聯苯醚及有機錫之檢測技術。研習內容包括(1)多溴聯苯、多溴聯苯醚及有機錫檢測技術概論(2)多溴聯苯、多溴聯苯醚及有機錫特性、萃取與前處理相關技術介紹(3)儀器分析技術介紹(4)前處理與儀器分析實做。行程表如下：
	日期
	詳細工作內容

	九月十日出發
	起程：由臺北出發搭華航至荷蘭阿姆斯特丹機場，轉搭荷航至科隆。

	九月十三日
	電子電機產品中有害有機物質（多溴聯苯、多溴聯苯醚、有機錫）之檢測技術概論。

	九月十四日
	多溴聯苯(Polybrominated biphenyls, PBBs)特性、萃取與前處理相關技術介紹。

	九月十五日
	多溴聯苯(Polybrominated biphenyls, PBBs)儀器分析技術介紹。

	九月十六日
	多溴聯苯(Polybrominated biphenyls, PBBs)前處理與儀器分析實做。

	九月十七日
	多溴聯苯醚(Polybrominated diphenylethers, PBDEs)特性、萃取與前處理相關技術介紹。

	九月十八日
	蒐集多溴聯苯(Polybrominated biphenyls, PBBs)相關資料。

	九月十九日
	蒐集多溴聯苯醚(Polybrominated diphenylethers, PBDEs)相關資料。

	九月二十日
	多溴聯苯醚(Polybrominated diphenylethers, PBDEs)儀器分析技術介紹。

	九月二十一日
	多溴聯苯醚(Polybrominated diphenylethers, PBDEs)前處理與儀器分析實做。

	九月二十二日
	有機錫(Organotin)特性、萃取與前處理相關技術介紹。

	九月二十三日
	有機錫(Organotin)儀器分析技術介紹。

	九月二十四日
	有機錫(Organotin)前處理與儀器分析實做。

	九月二十五日返臺
	回程：由科隆出發搭德航至德國法蘭克福機場，轉搭華航回臺北。


參、心得

一、阻燃劑目前管制之重點為五溴聯苯醚及八溴聯苯醚：

歐盟於2003年2月13日公布電機電子設備廢料(WEEE)指令及電機電子設備中危險物質使用限制指令(RoHS)兩項環保指令之後，又於2003年2月15日公布另一環保指令(2003/11/EC)，限制阻燃劑五溴聯苯醚(pentabromodiphenyl ether，簡稱pentaBDE)及八溴聯苯醚(octabromodiphenyl ether，簡稱octaBDE)的使用；至於同屬防火劑的十溴聯苯醚(decabromodiphenyl ether，簡稱decaBDE)，則只有風險評估結果顯示有需要禁用時才實施禁制。指令要點如下：

(一)按重量計含有超過0.1%五溴聯苯醚及八溴聯苯醚的物質或製劑，禁止在市場銷售。

(二)任何產品或其防火組件若按重量計含有超過0.1%的五溴聯苯醚或八溴聯苯醚，不得在市場銷售。 
(三)現時暫不禁用十溴聯苯醚。
(四)濃度超過0.1%的五溴聯苯醚或八溴聯苯醚，可用氣相層析/質譜分析(GC-MS)等標準分析技術檢驗出來。

(五)歐盟各國須在2004年2月15日前採納新法，並於2004年8月15日開始施行。

故於WEEE指令及RoHS兩項環保指令實施之前，製造商使用多溴聯苯及多溴聯苯醚作為阻燃劑時，僅有上述兩種阻燃劑被限制使用，只須檢驗上述兩種阻燃劑即可。 

二、八溴聯苯醚對環境與人類健康之危害

根據歐洲化學品局所提的危險評估報告及歐洲毒性生態毒性與環境科學委員會(SCIENTIFIC COMMITTEE ON TOXICITY, ECOTOXICITY AND THE ENVIRONMENT, 簡稱CSTEE )對此份危險評估報告的意見，可知八溴聯苯醚對環境與人類健康之危害如下：
BACKGROUND

Octabromodiphenyl ether is a member of the group of polybrominated diphenyl ethers that are mainly used as fire retardants.   These fire retardants are added to plastics and textiles to reduce flammability and improve fire safety.  Flame retardants are present in some materials in concentrations of up to 30% by weight. The brominated biphenyl ethers are not chemically bound into the products and therefore have the potential for release.  

The technical product octabromodiphenyl ether is a mixture that contains diphenyl ethers with six to ten bromine atoms. For most bromination degrees there are in addition a number of isomers. All of these compounds are very lipophilic. Although they have similar structures they have different properties in biological systems, for example the uptake in biological organisms varies greatly between homologues. 
Many of the components of technical octabromodiphenyl ether are likely to be very poorly metabolised. Some biotransformation will occur however and some of the debrominated products may cause increased toxicity.  As a consequence of the differences in uptake and metabolism, the composition of PBDEs both in the human body and in the environment can differ from that in the commercial products.    

Ideally every congener should be assessed individually, but the present knowledge of these 3 substances does not allow this. The exposure assessment is further complicated by the fact that the commercial product pentabromo diphenyl ether also contains a number of the congeners contained in the octabromo product.
GENERAL COMMENTS ON THE RISKS TO THE ENVIRONMENT

The CSTEE gave its Opinion on a previous draft of the environmental section of this report in June 2000.  The present version of the RAR is an update of this earlier draft, which includes recent published data. The assessors have appropriately tried to conduct a separate estimation of the risk posed by the compounds containing six bromine atoms, as these have the highest bioavailability. There are several problems connected to this: as these compounds are also present in the commercial pentabromodiphenyl ether products and it is difficult to identify exposure data due to the octabromodiphenyl ether.  
The 2,2’,3,4,4´,5’,6-heptabromodiphenyl ether (BDE-183) is the major component in octabromodiphenyl ether products and should also have been a candidate for a separate assessment (the technical product is named octa-BDE because of the average bromine content).  Octa-BDE is the least studied of the PBDE products, and a number of assumptions and estimations have to be used, which make the final outcome of the assessment uncertain.  

The CSTEE considers the separate assessment of the contribution from the hexa-BDE isomers to be unreliable. Thus the resulting calculated PEC/PNEC ratio of 1.2 for secondary poisoning is based on a number of assumptions and uncertainties in the data. It is noted that the assessment has not taken into account that the hexa-BDEs have higher vapour pressure than the octa-BDE product, and thus the PEC/PNEC could be higher.  

The CSTEE therefore agree with the conclusion iii) because of the risk for secondary poisoning from the hexa-BDEs and from debromination products from the octa-BDE. The CSTEE is concerned too about the persistence of octabromodiphenyl ether related materials, and about the possibility that octa-BDE may be contaminated with PBDDs/PBDFs, compounds that also can be formed during heating and incineration.
SPECIFIC COMMENTS

Exposure assessment

There are only very few reported measurements of concentrations of octa-BDE in the environment, and the assessors had therefore to use the EUSES model to estimate the exposure. The technical mixture contains hexa- hepta- octa- nona and deca-BDEs and the availability of measured data for the individual substances is very limited. Measurements based on the complex product are difficult to interpret, as the values may depend principally on one or two compounds in the product. Studies on the penta- and deca-BDE products are used to estimate the properties of the low and high brominated components in the octa-BDE product. In the light of the limited data available the CSTEE fully support this approach.  In an appendix the outcome of the exposure estimates due to the uncertainty of the parameters used in the assessment is shown. It is found that the predicted concentrations in water, soil and sediment are relatively insensitive to these uncertainties. The indirect exposure is, however, very dependent on the log Kow value chosen for the prediction. This, together with the uncertainties in uptake efficiency in organisms, is a major problem in the risk assessment of these substances.
Measured concentrations of octa-BDE in water, sediment and fish are of the same order as the predicted values. There are no data for the levels of this substance in air.  As the lower brominated isomers are more readily accumulated in biological organisms, a special interest has been paid to the hexa-BDEs in the octa-BDE products.  A problem of this approach is that these isomers are also present in the penta-BDE products, and it is not possible to say how much of the hexa-BDE compounds in the environment is emanating from which product. 2,2’,3,4,4’,5’,6-Heptabromodiphenyl ether (BDE-183) is a much better indicator substance for the octa-BDE product, as it is the major component of the commercial  mixture (the concentration is almost an order of magnitude higher than the hexa-BDEs).  There is a need for further studies on BDE-183, especially as it is found in several bird species and humans.
Not discussed in the RAR is the possibility that octa-BDE may be contaminated with PBDDs/PBDFs, compounds that also can be formed during combustion. These substances are regarded as equally toxic as the chlorinated counterparts (IPCS, 1998). In addition, incineration may also form dioxins and furans containing both chlorine and bromine.
Effects assessment

Many of the detailed comments are provided in the earlier opinion of the CSTEE and are not repeated here. There are data on effects in invertebrates and fish available for the octa-BDE product, but not for algae. The assessors try to extrapolate results from studies of penta- and deca-BDE to compensate for this. The CSTEE finds that unwise, as the data on water solubility for all these substances are connected with large uncertainties and the studies have been performed in saturated solutions. A test with a sediment organism showed low toxicity of octa-BDE, as well as a study with microorganisms.
The effect of octa-BDE on six plant species indicated a low toxicity. In another study the effects on earthworms was investigated, and no effect could be seen at the highest dose of 1,470 mg/kg dw in the soil. If this result is recalculated for the hexa-BDE isomers in the product it gives a NOEC of ≡ 81 mg/kg dw. In mammalian test systems developmental and reproductive effects of the octa-BDE have been found at 2mg/kg bw/day, or 67 mg/kg in the animal diet. If an assessment factor of ten is used it gives a PNEC for secondary poisoning of 6.7 mg/kg food. It is assumed that this effect is caused by the hexa-BDE in the product it corresponds to a PNEC of 0.58 mg/kg food for these isomers (PNEC for the penta-BDE product was 1 mg/kg food).
Risk characterisation

The PEC/PNEC ratios for the octa-BDE products are below 1 in all compartment, except water where the result is <1.4. The CSTEE agrees that this is not of great concern as the PNECwater was >0.2 microg/L, which is close to the expected water solubility of 0.5 microg/L.

The assessment of the hexa-BDE components in the technical product is more difficult to perform. The report concludes that the PEC/PNEC is 1.2 for secondary poisoning. This result is based on many assumptions and uncertainties in the data. The PEC value is based on an EUSES estimation, where the emissions during the service life of flame retarded products is the major source. This is supposed to be due to evaporation to air, and is calculated for the whole product. 
The emission of hexa-BDE is then obtained from this result by a multiplication with the concentration of those isomers in the product. The CSTEE would expect a higher concentration of the hexa-BDEs in the air due to their higher vapour pressure, and the exposure may therefore be underestimated.

The PNEC used in the calculation of the risk for secondary poisoning is based on a study of the octa-BDE product. For the assessment of the hexa-BDE isomers it is assumed that the whole effect is due to the presence of these isomers in the product. This may be an overestimation of the risk connected with these substances.
On the other hand, the lower brominated substances are much more effectively taken up by the animals, and may therefore be responsible for most of the effect.   The CSTEE agrees with the conclusion iii) due to the risk for secondary poisoning from the hexa-BDE isomers in the octa-BDE products. 

Necessary information to complete/improve the environmental risk assessment

1. There is a need for further studies on BDE-183, especially as this compound is found inseveral bird species and humans.

2. The most critical parameter in the exposure assessment is the uptake of these large, very lipophilic molecules in biota. Monitoring data indicate substantial species differences, and there are indications that the uptake process is slow for the more heavily brominated molecules. Further studies in this field are essential, also for the assessment of other substances in this category, such as deca-BDE.

3. There are several information requirements in order to improve the environmental exposure assessment. These include determination of bioaccumulation in algae and aquatic invertebrates. When more mammalian toxicokinetic data become available, some of these can also be used for environmental assessments. There is also a need to address the biomagnification potential using proper models.

4. The contribution of PBBDDs/PBDDFs to the total risk should be addressed.

HUMAN HEALTH RISK ASSESSMENT

GENERAL COMMENTS

The health part of the document is of good quality and follows the TGD. However, some parts of the document should be written in a more concise way and would profit from the presentation of risk assessment results in tabular form. Descriptions of the results of a published study should not simply be repeated in identical words in the document.  The CSTEE is concerned about the absence of information on the debromination products, and about the possibility that octa-BDE may be contaminated with PBDDs/PBDFs, compounds that also can be formed during heating and incineration.
The CSTEE agrees with most of the conclusions for most exposure scenarios that there is a need either for further information, conclusion (i) or need for risk reduction (iii).  Although the CSTEE supports the conclusion (i) for indirect exposure via the environment, CSTEE wishes to express its concerns with the potential risks with this compound if future use is continued or increased. It is true that octa-BDE production and use today is limited as compared to the corresponding deca-BDE commercial product. Available data on octa-BDE are scarce and there has been very limited monitoring of this compound in humans and the environment. 
However, on the whole, human data demonstrate systemic absorption of the octa-BDE in humans and accumulation in adipose tissues and lipid. A recent mass balance feeding study of a commercial octa-BDE mixture in rats confirms these data (Huwe et al., 2002). Furthermore, the presence of 2,2´,4,4’,5,5’-hexabromodiphenylether, which is a component of a commercial octa-BDE product plus tetra-BDE and penta-BDE, confirms this distribution with the consequence of appearance in breast milk. Using historical evidence (read-across) from substances with comparable persistent and bioaccumulating properties, it can be anticipated that octa-BDE will have the same toxicokinetics. Hexa-BDE (BDE 153) has also recently been found to biomagnify in marine food chains (Boon et al., 2002). Thus, there may be a risk to top-predators including humans at the continental scale and the CSTEE will therefore suggest conclusions (i) and (iii).
SPECIFIC COMMENTS

Despite the high production volumes and the widespread use and potential for human exposure, the database on octabromodiphenyl ether toxicity is limited. In addition, some of the information on toxicity has been obtained using technical mixtures of polybrominated diphenylethers containing varying amounts of octabromodiphenyl ether.
Exposure assessment

In the RAR, exposures to man via environmental routes has been estimated using EUSES and show no increase for octa-BDE from 1994 to 1999. However, PBDEs have been steadily increasing over the last decades in biota including humans. Consequently, the question rises to which extent these brominated flame retardants (BFRs) pose a risk to species higher in the food chain, in particular top predators and humans. Human exposure probably occurs mainly via food in analogy to PCBs and related compounds, but occupational exposure, e.g. through handling electronic equipment, may also play a significant role.  An important observation mentioned in the RAR is that in contrast to e.g. PCBs and DDT, the levels of PBDEs are increasing in human milk: a study in Sweden showed a doubling in concentration every five year over the period 1972 to 1997, BDE-47 being the predominant congener.
From 1998 to 2000 a decrease in PBDE levels was noticed, which can be a consequence of the phase out of the commercial pentaBDE in Sweden (Guvenius Meironyté, 2002).  The temporal trends and influence of age and gender on six BDE congeners was investigated on archived serum samples from Norway (Thomsen et al., 2002). The sum of the BDEs increased from 0.44 ng/g lipids in 1977 to 3.3 ng/g in 1999, with BDE-47 being the most abundant congener. BFR levels in the different age groups were relatively similar, except for the age group of 0-4 years, which had 1.6-3.5 times higher serum concentrations; breast milk being considered the main source. Recent data from the USA indicate that PBDE levels in mothers milk are much higher than the values reported from Sweden and Norway as levels of approx. 200 ng/g lipid were reported in a pooled sample of mothers milk from the U.S (levels of 132, 27 and 15 ng/g lipid of BDE-47, BDE-99 and BDE-153, respectively) (Päpke et al., 2001). The latter data are not included in the RAR.
Not discussed in the RAR is the possibility that octa-BDE may be contaminated with PBDDs/PBDFs, compounds that also can be formed during combustion. These substances are regarded as equally toxic as the chlorinated counterparts (IPCS, 1998).  In addition, incineration may also form dioxins and furans containing both chlorine and bromine.  There is a lack of information on the potential exposure of consumers; assessment therefore depends on predicted levels.

Effects assessment

Acute toxicity

The acute oral, inhalation and dermal toxicity of octabromodiphenyl ether have been studied in rats and rabbits. The available data show that the acute oral toxicity of octabromdiphenyl ether is low with LD50-values > 5 000 mg/kg. The acute inhalation of octabromodiphenyl ether (respirable particles) resulted in LC50-values > 50 mg/L (this should be given in mg/m3).
Irritation and corrosivity

Skin and eye irritation by octabromodiphenyl ether was studied in rabbits according to accepted protocols and the available data do not suggest that octabromodiphenyl ether is a dermal or ocular irritant.
Sensitizing properties

A guinea pig maximization test on octabromodiphenyl ether did not indicate a potential foroctabromodiphenyl ether to act as sensitizer.
Toxicokinetics

Almost no data on the toxicokinetics of octabromodiphenyl ether are available and the assessors make conclusions based on very limited data. Increased bromine concentration after repeated administration of octabromodiphenyl ether suggests a potential for bioaccumulation.  However, the available information does not give any qualitative information on extent of absorption, biotransformation and kinetics of excretion. The human data discussed provide only very limited information on toxicokinetics suggesting that an unspecified amount of octabromodiphenyl ether taken up by unspecified routes is stored in adipose tissue.  The studies discussed are more appropriately mentioned in the exposure section since none of them addresses aspects of toxicokinetics. The CSTEE suggests to change the sentence on page 110 "Limited data on human toxicokinetics are available" to "Very limited data…….".
Repeated dose toxicity

Octabromodiphenyl ether was administered orally to rats for 28 and 90 days. The liver was found to be the most sensitive target organ for the toxicity of octabromodiphenyl ether but NOAELs could not be established because of improper dosage selection. The CSTEE agrees with the LOAEL of 7.2 mg/kg/day based on liver histopathology and the occasionally increased liver weights. The toxicity of octabromodiphenyl ether was also studied after inhalation exposure for 14 days using particles of respirable sizes. Again, the liver was identified as the most sensitive target organ and a NOAEC of 1 mg/m3 was derived for effects on the liver. Regarding local toxicity to the respiratory tract, a LOAEC of 1 mg/m3 was defined. The CSTEE agrees with both values.  Minor point: In table 4.6, the inhalation studies should be addressed using a different heading giving route of exposure since air concentrations are not equivalent to doses received.
Genotoxicity

The data on the genotoxicity of octabromodiphenyl ether are limited. Octabromodiphenyl ether was studied for mutagenicity in bacteria either as the pure compound or as component in a mixture with other polybrominated diphenyl ethers.  Usually, mutagenicity was not observed using metabolic activation and in different strains of Salmonella typhimurium.  Octabromodiphenyl ether did also not induce unscheduled DNA-synthesis and sister chromatid exchanges in cultured cells or cytogenetic changes in human lymphocytes.  Despite the limitations of the testing conditions using these types of materials, the CSTEE agrees that there is no concern for mutagenicity.
Carcinogenicity

No experimental data are available on the carcinogenicity of octabromodiphenyl ether.  However, based on the low toxicity, structural similarity to other weak carcinogens such as PCBs and the effect on thyroid hormones and enzyme induction, it could indicate a potential for non-genotoxic carcinogenicity.
Reproductive toxicity

Toxic effects of octabromodiphenyl ether to reproductive organs were studied in a recent well reported inhalation study. No treatment related effects on male reproductive organs were seen after exposure of rats up to 250 mg octabromodiphenyl ether/m3. In females, absence of corpora lutea was observed in a recent well conducted inhalation study, and a NOAEC of 16 mg/m3 is identified for reproductive effects in female rats. The CSTEE agrees with these conclusions.
Developmental toxicity

The developmental toxicity of commercial octabromodiphenyl ether was studied in two rat and in one rabbit study. In rats, dose-dependent effects on the conceptus were seen after administration of doses > 10 mg/kg/day. In rabbits, slight toxicity to the foetus, represented by decreased body weight gains, was observed after 5 mg/kg/day. For the risk characterisation, the RAR uses a NOAEL of 2 mg/kg/day. The CSTEE agrees with this and with the 9 classification ‘Toxic for Reproduction’.  Regarding developmental neurotoxicity, only the Viberg et al., 2001 study (available as abstract only) with hexabromo-diphenylether is mentioned in the RAR indicating neurotoxic effects in the adult following neonatal exposure. However, similar toxicity was published earlier following treatment of mice with tetrabromo- and pentabromo-diphenylether (Eriksson et al., 1998; 2001).
Risk characterisation

Genotoxicity

The CSTEE agrees with the view that there are no concerns for genotoxicity and with the overall conclusion (ii) for this endpoint for all scenarios.

Carcinogenicity

No conclusion can be drawn since no studies are available.
Workers

Due to very small or non-existing MOS, the CSTEE agrees with conclusion (iii) regarding all endpoints for worker exposure. Regarding risk characterisation, due to insufficient information available and potential effects due to the accumulation of octabromodiphenyl ether, the CSTEE also agrees with conclusion (i) for some endpoints regarding worker exposure.
Consumers

The CSTEE agrees with the overall results of the risk assessment report that there is at present no need for further information and/or testing and for risk reduction measures regarding liver toxicity since the relevant MOS are sufficiently high and are based on adequately performed animal studies. Regarding developmental toxicity, a MOS of > 100 is estimated, but conclusion (i) is reached. The authors should, however, provide the rationale for conclusion (i). If insufficient information on human exposure to octabromodiphenyl ether is the driving

force for conclusion (i), this conclusion should also apply to the other exposure scenarios.  Conclusion (i) is also indicated by the time-related increase in the levels in humans and environment of lower brominated diphenylethers: this information is currently lacking for octa-bromodiphenylether. The CSTEE supports conclusion (i) for all other endpoints due to the lack of information on toxic effects or potential exposures to octabromodiphenyl ether. Minor point: A table listing MOS and estimated exposures for the different scenarios would be helpful to the reader.

Necessary information to complete the human risk assessment
Since potential bioaccumulation is one the major concerns with octabromodiphenyl ether due to the structural similarity with other bioaccumulative chemicals, a detailed study on the toxicokinetics of octabromodiphenyl ether in rodents including lactional transfer is one the the main pieces of information needed to conclude the risk assessment. An extrapolation of existing data on decabromodiphenyl ether and pentabromodiphenyl ether may not be applicable since the toxicity profile of these compounds and the available data on their toxicokinetics suggest major differences between these chemicals and octabromodiphenyl 10 ether. In addition, the potential effect of octabromodiphenyl ether on thyroid function in rodents should be examined in more detail. - Further information regarding the endocrine disruption potential is also required on the possibility of Ah-receptor mediated effects (either agonist or antagonist as described for lower brominated diphenylethers: Meerts et al., 1998 and Zhou et al., 2001).  There is an absence of information on the mammalian toxicity of the debrominated diphenyl ethers and other metabolites.
N.B.

Before considering any substitution of octabromodiphenyl ether with alternative flame retardants, due consideration should be given to the potential human and environmental risks such substitutes could pose.
三、十溴聯苯醚之危險性
根據歐洲委員會聯合研究中心歐洲化學品局健康與消費者保護研究所發表的危險評估報告，可知十溴聯苯醚之危險性如下：

PREFACE 

This report provides a summary, with conclusions, of the risk assessment report of the substance bis(pentabromophenyl) ether (decabromodiphenyl ether) that has been prepared by France and the UK in the context of Council Regulation (EEC) No. 793/93 on the evaluation and control of existing substances. 

For detailed information on the risk assessment principles and procedures followed, the underlying data and the literature references the reader is referred to the comprehensive Final Risk Assessment Report (Final RAR) that can be obtained from the European Chemicals Bureau1. The Final RAR should be used for citation purposes rather than this present Summary Report. 

1 GENERAL SUBSTANCE INFORMATION 

1.1 IDENTIFICATION OF THE SUBSTANCE 

CAS Number: 1163-19-5 

EINECS Number: 214-604-9 

IUPAC Name: Bis(pentabromophenyl) ether
(decabromodiphenyl ether) 

Molecular weight: 959.2 

Molecular formula: C12Br10O 

Synonyms: Decabromobiphenyl ether, DBDPE, DBBE, DBBO, DBDPO, 

decabromo biphenyl oxide, decabromo phenoxybenzene and benzene, 1,1’-oxybis, decabromo derivative The name decabromodiphenyl ether is used in this assessment. 
1.2 PURITY/IMPURITIES, ADDITIVES 

The actual composition of the products from different producers/suppliers is regarded as confidential information. A typical composition for modern products would be 97-98% decabromodiphenyl ether with 0.3-3.0% of other brominated diphenyl ethers, mainly nonabromodiphenyl ether, and the composition of products supplied in the EU is consistent with these figures. The composition of older products (no longer supplied in the EU) or products from other sources may be different from these figures. There were no stated additives incorporated into the commercially available forms of this substance. 

1.3 PHYSICO-CHEMICAL PROPERTIES 

The physico-chemical properties of decabromodiphenyl ether are summarised as follows: 

Physical state (at normal temperature and pressure): 

Fine crystalline powder (white to off white), particle size typically <5 μm 

Melting point: 300-310oC 

Boiling point: decomposes at >320oC 

Specific gravity: 3.0 

Vapour pressure: 4.63.10-6 Pa at 21oC 

Water solubility: <0.1 μg/l at 25oC 

Log octanol-water partition coefficient: 6.27 (measured by generator column method) 

Flammability: not applicable 

Autoflammability: not applicable 

Explosive properties: none 

Oxidising properties: none 
1.4 CLASSIFICATION 
Decabromodiphenyl ether is not classified for environmental or health effects. 
2 GENERAL INFORMATION ON EXPOSURE 

Production 
There is currently no production of decabromodiphenyl ether in the EU. All of the decabromodiphenyl ether used in the EU is currently imported. 

Uses 

The main use of decabromodiphenyl ether is as a flame retardant additive for a range of polymer systems (particularly high impact polystyrene but also polypropylene, ethylene-vinyl acetate copolymers, other ethylene copolymers, ethylene-propylene-diene terpolymers, thermoplastic elastomers, polyester resins, styrenic rubbers, polycarbonates, polyamides and terphthalates). 

The end uses for these flame retarded polymers are generally in electrical and electronic equipment (e.g. computers, connectors, electrical boxes, wire and cable).  Decabromodiphenyl ether is usually used at loadings of 10-15% weight in the polymers. 

Another application is as a flame retardant for some types of drapery and upholstery fabric, where it is backcoated onto the fabric in a latex binder (up to 1,500 tonnes/year of decabromodiphenyl ether are used in this application in the EU). 

The total EU demand for decabromodiphenyl ether was estimated as 8,210 tonnes/year in the mid-1990s and 7,500 tonnes/year in 1999. In addition, decabromodiphenyl ether may be imported into and exported from the EU in finished or semi-finished products, but, although it was not possible to estimate the amount, the net import into the EU was thought to be small compared with the total amount of decabromodiphenyl ether known to be used in the EU. 

3 ENVIRONMENT 

3.1 ENVIRONMENTAL EXPOSURE 

Environmental releases 

Information from a number of sources has been used to estimate releases from the stages in formulation and use of decabromodiphenyl ether. Emissions from the compounding and processing of plastics have been estimated using information from the plastics industry gathered for a draft Use Category Document in conjunction with the default release factors from the EU Technical Guidance Document. Emissions from the use in textiles have been estimated using information supplied for that industry. Emissions to the environment during the service life time of products containing decabromodiphenyl ether (e.g. leaching, volatilisation and particulate loss), and at disposal of these products, are also considered. The total EU emissions of decabromodiphenyl ether are estimated as 29.1 tonnes/year to air, 319.3 tonnes/year to waste water treatment plants, 175.4-178.8 tonnes/year direct to surface water and 116.1-126.6 tonnes/year to urban/industrial soil. The total emissions are dominated by the estimated emissions over the service life of products and disposal of products. 

Environmental fate 

The major characteristics of decabromodiphenyl ether relevant for the exposure assessment are that it is not readily or inherently biodegradable, it has a high log Kow value (6.27) and an estimated atmospheric half-life of 94 days. The high log Kow value indicates that decabromodiphenyl ether will adsorb strongly onto sludge and sediments and is not expected to be mobile in soil. The potential for uptake and accumulation of the substance by fish and other aquatic and terrestrial organisms appears to be low. However decabromodiphenyl ether has been found to be present, albeit at low concentrations, in predatory birds’ eggs and some fish and marine mammals, and so appears to be available to organisms in the environment. 
There is also some evidence that decabromodiphenyl ether may (photo) degrade in the environment under certain conditions, possibly forming more toxic and accumulative products, but it is not possible to estimate the rate or extent of these reactions. The predicted fate of decabromodiphenyl ether in wastewater treatment plants is 91.4% adsorbed onto sewage sludge, 0.3% released to air and 8.3% released to surface water. Thus the major emissions are estimated to occur to water and to land via sewage sludge. 

Environmental concentrations 

The methods in the Technical Guidance Document were used to estimate concentrations in water, sediment, air, soil and biota (fish). Table 3.1 shows the PECs calculated for the various stages of the lifecycle of decabromodiphenyl ether. The calculated levels in air were predicted to be very low (<0.05 μg/m3) for all lifecycle stages and are not presented here. It was not possible to estimate reliable concentrations of decabromodiphenyl ether in the earthworm food chain for secondary poisoning. 
Table 3.1 Summary of PECs and PEC/PNEC ratios estimated for decabromodiphenyl ether 

	Media
	Release source
	PEC
	PEC/PNEC 

	Surface water 


	Polymer processing site
	0.33 μg/l
	

	
	Textiles – compounding site 
	2.6 μg/l
	

	
	Textiles – application site 
	1.3 μg/l
	

	
	Textiles – combined compounding/application site 
	3.8 μg/l
	

	
	Regional sources
	0.093-0.094 μg/l
	

	Sediment 


	Polymer processing site
	10.8 mg/kg wet wt
	≦0.073

	
	Textiles – compounding site 
	89.0 mg/kg wet wt
	≦0.60

	
	Textiles – application site 
	46.1 mg/kg wet wt
	≦0.30

	
	Textiles – combined compounding/application site 
	131 mg/kg wet wt
	≦0.89

	
	Regional sources 
	5.66-5.72 mg/kg wet wt
	≦0.039

	Waste 
Water
treatment 

plant 
	Polymer processing site
	8 μg/l
	≦0.005

	
	Textiles – compounding site 
	42 μg/l
	≦0.028

	
	Textiles – application site 
	84 μg/l
	≦0.056

	
	Textiles – combined compounding/application site
	126 μg/l
	≦0.084


Table 3.1 Summary of PECs and PEC/PNEC ratios estimated for decabromodiphenyl ether (continued)
	Media
	Release source
	PEC
	PEC/PNEC 

	Soil
	Polymer processing site – agricultural soil
	3.30 mg/kg wet wt
	≦0.038

	
	Textiles – compounding site – agricultural soil
	34.0 mg/kg wet wt
	≦0.39

	
	Textiles – application site – agricultural soil
	17.1 mg/kg wet wt
	≦0.20

	
	Textiles – combined compounding/application site –agricultural soil
	51.0 mg/kg wet wt
	≦0.59

	
	Regional sources – agricultural soil
	27.0 mg/kg wet wt
	≦0.31

	
	Regional sources – industrial/urban soil
	17.8-19.0 mg/kg wet wt
	≦0.20-≦0.22

	Secondary poisoning – fish food chain 


	Polymer processing
	0.72 μg/kg
	2.9.10-7

	
	Textiles – compounding
	4.4 μg/kg
	1.8.10-6

	
	Textiles – application
	2.4 μg/kg
	9.6.10-7

	
	Textiles – combined compounding/application site
	6.4-6.5 μg/kg
	2.6.10-6


3.2 EFFECTS ASSESSMENT 

Aquatic compartment (incl. sediment) 
Short-term toxicity test data are available for both fish and algae. In both cases, no effects were seen at concentrations of decabromodiphenyl ether well in excess of its water solubility. No toxicity data is available with Daphnia, but by analogy with another highly brominated diphenyl ether (octabromodiphenyl ether), no effects would be expected to occur in tests with this species at concentrations up to the solubility limit of decabromodiphenyl ether. 

Based on the currently available toxicity data, it is not possible to derive a PNEC for decabromodiphenyl ether as no effects are expected at concentrations up to the water solubility of the substance. The risk to surface water from this substance can be considered to be low. 

The sediment phase is much more relevant for this substance than the water phase, and long-term toxicity data are available for decabromodiphenyl ether with the oligochaete Lumbriculus variegatus in two sediment types. No effects were seen in these studies at any concentration tested (up to 3,841 and 4,536 mg/kg dry weight in the two studies respectively). Based on these data, a PNEC for the sediment compartment of .384 mg/kg dry weight (equivalent to .148 mg/kg on a wet weight basis) was derived. 

Decabromodiphenyl ether is of low toxicity to microorganisms. No effects on activated sludge respiration were seen at a concentration of 15 mg/l. Based on these data, a PNEC for wastewater treatment plants of .1.5 mg/l can be derived for decabromodiphenyl ether. 

Terrestrial compartment 

Terrestrial toxicity data are available for decabromodiphenyl ether with plants and earthworms (Eisenia fetida). No effects were seen at the highest concentrations tested (up to 5,349 mg/kg dry weight for six species of plants and 4,910 mg/kg dry weight for earthworms). Based on these data, a PNEC for the soil compartment of .98 mg/kg dry weight (equivalent to .87 mg/kg on a wet weight basis) was derived. 

Atmosphere 

The predicted atmospheric concentrations of decabromodiphenyl ether are all very low.  Neither biotic nor abiotic effects are considered likely because of the limited release and low volatility of the substance. 

Secondary poisoning 

The information available indicates that decabromodiphenyl ether has a low potential for bioconcentration and bioaccumulation. However decabromodiphenyl ether has recently been found to be present in predatory birds’ eggs, fish and marine mammals, indicating that it can be taken up from the environment. The available mammalian toxicity data allow a PNEC of 2,500 mg/kg food to be derived for decabromodiphenyl ether for secondary poisoning. However, it has recently been reported that decabromodiphenyl ether causes behavioural disturbances in neonatal mice at concentrations much lower than this PNEC (doses equivalent to 18.3-167 mg/kg food) but the toxicological significance of these findings is unclear. 

Also of concern with regard to secondary poisoning is the possible formation of lower brominated diphenyl ethers as a result of photolysis/degradation of decabromodiphenyl ether in the environment. The available evidence indicates that the more toxic and accumulative lower brominated congeners, if formed, would only be minor products of these reactions, but there is some uncertainty over the actual significance of these processes in the environment, and not all the products from these reactions are known. 

3.3 RISK CHARACTERISATION 

Aquatic compartment (incl. sediment) 

The worst-case PEC/PNEC ratios are summarised in Table 3.1. Based on the currently available toxicity data, it is not possible to derive a PNEC for the aquatic compartment as no effects are expected at concentrations up to the water solubility of the substance.  The risk to the aquatic (surface water) compartment from decabromodiphenyl ether itself can be considered to be low.  The risk to the sediment compartment and wastewater treatment plants is low based on the PEC/PNEC ratios. 

Terrestrial compartment 

The worst-case PEC/PNEC ratios are summarised in Table 3.1. Based on these data, the risk to the terrestrial compartment for the use of decabromodiphenyl ether can be considered to be low. 

Atmosphere 

Neither biotic nor abiotic effects are considered likely because of limited release and low volatility of decabromodiphenyl ether. The predicted atmospheric concentrations are all very low (<0.05 μg/m3). 

Secondary poisoning 

The PEC/PNEC ratios given in Table 3.1 indicate that the risk of secondary poisoning from decabromodiphenyl ether can be considered to be low based on the PEC/PNEC approach. 

Additional uncertainties 

The current approach to risk assessment implies that there is no risk of secondary poisoning, and the PEC/PNEC ratios are much less than 1 (in fact below 10-5) for the commercial decabromodiphenyl ether product. Although it appears to be persistent in the environment, the commercial substance is considered to have a low bioaccumulation potential based on the available laboratory data. It also shows no toxicity towards aquatic organisms up to the limit of water solubility, and effects in other organisms are only observed at relatively high concentrations, based on standard laboratory tests. 

Nevertheless, the most recent analytical monitoring surveys indicate that it is present at (relatively) low concentrations in fish, marine mammals and predatory birds’ eggs (those of birdeating Peregrine Falcons and fish-eating Common Terns). These findings appear to contradict the conventional wisdom that molecules such as decabromodiphenyl ether are too large to pass through biological membranes and should not accumulate in organisms. There are uncertainties with some of the analytical data that indicate the presence of decabromodiphenyl ether at or near the detection limit of the method. Some of the positive determinations may also have been influenced by the presence of decabromodiphenyl ether in the gut contents rather than in body tissues, or analytical artefacts. Nevertheless, the finding of decabromodiphenyl ether in lipid tissues of some higher mammals and birds’ eggs indicates that decabromodiphenyl ether may be bioavailable in the environment. How the uptake into organisms occurs, whether by food, air and/or water, is currently uncertain. 

There is also some evidence that the concentrations of decabromodiphenyl ether may be increasing in sediments. If this is a true trend, then the increasing number of apparently positive findings of decabromodiphenyl ether in organisms in the environment in the more recent studies might reflect a more general increase in the amount of decabromodiphenyl ether in the environment. Other possible explanations for the findings from the more recent studies are that: 

‧ the uptake rate by these organisms is very slow (i.e. the levels may be increasing with time), 

‧ more sensitive analytical methods are being used (so are able to detect lower concentrations of decabromodiphenyl ether), or 

‧ simply a wider variety of species is being sampled. 

It is not currently possible to distinguish between these different possibilities. 

The levels found in fish, etc., are below those that are predicted to cause effects on fish-eating species using the PEC/PNEC approach. However, the sample sizes are small, and the trend in these levels is unknown. It is also possible that higher concentrations could be found in other organisms. Coupled with questions over analytical problems, levels need to be confirmed. It is not possible to assess the effects of the concentrations of decabromodiphenyl ether present in, for example, birds’ eggs using the current approaches. The mere presence of a chemical in biota is not necessarily a cause for concern, and there is no evidence at this point in time of biomagnification taking place or actual environmental harm arising from this substance at these levels.  However, there is some evidence from recent non-standard behavioural tests on mice that neonatal exposure may cause irreversible behavioural disturbances (as determined by disruption of habituation) in adult mice. 

The toxicological significance of these findings (in terms of population survival) is unclear. However, the dose range is below those at which no effects were observed in standard mammalian toxicity tests (behavioural effects have been noted at levels 500 times lower than the standard NOAEL obtained from a 2-year chronic study in rats - a NOAEL has not been established for the behavioural effect). 

Even if the study represents a reproducible effect, the interpretation of such an effect in the context of this assessment is unclear, especially in terms of assessment factors and comparison with actual tissue levels (rather than dose). However, it does imply that the standard toxicity tests might not have picked out subtle effects that could be significant at sensitive life stages. This raises some concern about the presence of the substance in birds’ eggs. This substance is persistent and so it is also possible that slow uptake may be occurring over extended timescales, so that levels in biota may increase with time. It is therefore possible that the current PEC/PNEC approach for secondary poisoning may not be appropriate for decabromodiphenyl ether in terms of both the PEC and the PNEC, and could underestimate the risk. This issue needs further investigation. 

A second aspect of concern is that although the substance is persistent, there is evidence that it can degrade under some conditions. For example, photolysis on solid surfaces has been demonstrated under laboratory conditions. Lower brominated diphenyl ether congeners have been identified among the degradation products from these studies (some products remain unidentified). It is known that some lower brominated diphenyl ethers (e.g. tetra- and pentabromodiphenyl ether) are potentially much more bioaccumulative and toxic than decabromodiphenyl ether. The available experimental evidence indicates that the lower brominated diphenyl ethers, if formed, are likely to be only minor products, but the overall environmental degradation rate has not been determined and the environmental significance of any degradation pathway remains uncertain.
There is currently no evidence that significant degradation to lower brominated diphenyl ether congeners is actually occurring in the environment. If debromination of decabromodiphenyl ether to lower brominated congeners, in particular 2,2’,4,4’-tetrabromodiphenyl ether (the most common congener present in biota in the environment) is a significant process, then it may be possible to derive some information on the process from trends in the available monitoring data for that substance. However, such an analysis is complicated by the fact that this congener is present in substantial amounts in the commercial pentabromodiphenyl ether product and the use of this product in the EU has declined in the EU in recent years. Thus, any possible trend in the amount of 2,2’,4,4-tetrabromodiphenyl ether (or other lower brominated diphenyl ether congeners) linked to the use of decabromodiphenyl ether is likely to be masked as a result of the changing use pattern. There is evidence that the concentrations of lower brominated diphenyl ether congeners in human breast milk in Europe has fallen recently following an increase up to the late 1990s but the recent trend in the levels of these congeners in other biota in Europe is less clear. 

Since some of the products may be more bioaccumulative and toxic than the parent compound, any significant formation would be a cause for concern. The current database in inconclusive on this point, and further work might be needed.  Four possible areas of further work are as follows. 

a) A more widespread monitoring project to determine whether the finding in top predators (including birds’ eggs) is a widespread or localised phenomenon, and trends (if possible). 

b) Further toxicity testing. The existence of a mammalian toxicity data set means that testing could be considered on birds (e.g. an avian reproduction test (OECD 206), with appropriate tissue analysis). Alternatively, a study that administers the substance by injection of eggs could be done to determine whether adverse developmental effects are detectable. Overall, the benefit of further vertebrate testing is open to question due to expected difficulties in achieving sufficiently high exposures. This leaves the toxicity issue with some unresolved uncertainty. 

c) An investigation of the rate of formation of degradation products under environmentally relevant conditions over a suitably prolonged time period. 

d) Further toxicological work on the non-diphenyl ether degradation products, to determine if they pose a hazard or risk. 

There is a high level of uncertainty associated with the suitability of the current risk assessment approach for secondary poisoning and the debromination issue. The combination of uncertainties raises a concern about the possibility of long-term environmental effects that cannot easily be predicted. There is insufficient confidence in the PEC and PNEC estimates to reach either conclusion (ii) or (iii) for this endpoint. In order to be able to reduce the uncertainties to an acceptable level, further research could be attempted. It is noted, however, that much of the information required above would take some considerable time to be generated or gathered, and might not be sufficiently comprehensive to remove all uncertainty. 
There is evidence that decabromodiphenyl ether is highly persistent, and of particular note, the major components of the commercial product have been detected, albeit at relatively low levels and from a limited sample, in predatory birds’ eggs and marine mammals. The trend in these levels is unknown. It is not possible to say whether or not on a scientific basis there is a current or future risk to the environment. However, given the persistent nature of the substance, it would be of concern if, once the further information had been gathered, the analysis indicated a risk to predators, since it could then be difficult to reduce exposure. 

In summary, although it is concluded that further information should be gathered in order to refine the risk assessment, in light of: 

‧ the persistence of the substance, 

‧ the time it would take to gather the information and 

‧ the fact that there is no guarantee that the studies would provide unequivocal answers, consideration should be given at a policy level to the need to investigate risk management options now in the absence of adequate scientific knowledge. 

[N.B. A number of technical experts from EU member states consider that this uncertainty is sufficient to warrant risk reduction measures directly (conclusion (iii)) based on the information currently provided in this assessment.] 

Another area of potential concern for both direct toxicity and secondary poisoning is the possible formation of brominated dibenzo-p-dioxins and dibenzofurans from articles containing the substance during combustion or other high temperature processes (e.g. incineration, landfill (where fires could occur) or accidental fires). Overall it can be concluded that decabromodiphenyl ether, as a source of bromine, can contribute to the formation of halogenated dibenzo-p-dioxins and debenzofurans generated during such processes. It is not possible from the available data (and it is beyond the scope of this risk assessment) to quantify the actual contribution that decabromodiphenyl ether makes to the total “toxic” products (fires etc. can generate products other than halogenated dibenzo-p-dioxins and dibenzofurans that are considered toxic (e.g. polycyclic aromatic compounds)). Formation of halogenated dibenzo-p-dioxins and dibenzofurans in some of these processes is well known and emission control technology is available for incinerators and metal recycling facilities that can reduce emissions to acceptable levels. Although incineration or metal recycling could take place at installations without suitable emission reduction equipment, it should be noted that in most situations decabromodiphenyl ether is unlikely to be the only source of halogenated dioxins/furans. Emission control technology cannot be applied to landfill or other accidental fires. Recycling of plastics containing the substance does not appear to contribute to brominated dibenzo-p-dioxin or furan formation. 
4 HUMAN HEALTH 

4.1 HUMAN HEALTH (TOXICITY) 

4.1.1 Exposure assessment 

Occupational exposure 

Occupational exposure may occur during manufacture, industrial processing in the plastic industry, the textile industry, equipment and upholstery manufacture and end uses of flame retarded products. Formulation and use of hot melt adhesives containing decabromodiphenyl ether may also be a source of occupational exposure. 

Decabromodiphenyl ether is a solid with a very low vapour pressure. Inhalation of dust and skin contact is the predominant routes of exposure. In situations where exposure to mist may occur as a result of heating (extrusion, moulding), the presence of extraction ventilation is likely to minimise exposure. Exposure is expected to be very low after inclusion in the polymer or textile coating matrix. 

A few dust exposure measurements are available which are not sufficient for the risk assessment. There are no measured data on dermal exposure. Consequently the occupational exposure assessment is based on EASE model estimation and expert judgement. The results for the different scenarios are summarised in Table 4.1.   

Table 4.1 Summary of occupational exposure
	Scenario
	External inhalation exposure (mg/m3)
	External dermal exposure (mg/cm2/day)

	1 Manufacture (bagging and cleaning activities)
	5
	1

	2 Coumpounding and master batching - bag emptying - extrusion 
	5 
extremely low
	1 
negligible

	3 Moulding
	extremely low
	negligible

	4 Textile industry (bag emptying)
	5
	1

	5 Formulation of hotmelt adhesive (bag emptying)
	5
	1

	6 Equipment and upholstery manufacture
	extremely low
	negligible

	7 End uses of flame retarded products
	negligible
	negligible


Consumer exposure 

Decabromodiphenyl ether has no direct consumer use but is incorporated as a flame retardant in consumer plastics and in upholstery textiles. There are no measured data into the indoor environment. Measurements of PBDPO in the air at offices show concentration of at most 97 pg/m3 and confirm that exposure from the polymer matrix is very low.  For application in upholstery, although no data on leaching are available, dermal exposure after direct contact at home is expected very low given the low frequency and duration of any contact. 

In summary, based on scattered pieces of evidence and in agreement with previous risk assessment, it is felt that consumer exposure to decabromodiphenyl ether is likely to be negligible. 

Humans exposed via the environment 

The maximum total daily human dose of decabromodiphenyl ether from all sources is estimated by the EUSES model to be around 12 μg/kg bw/day for production, 8 μg/kg bw/day for polymer processing, 9 μg/kg bw/day for textile (compounding), 8 μg/kg bw/day for textile (application), and 11 μg/kg bw/day at a regional level. The majority of the dose is predicted to come from root crops. 

4.1.2 Effects assessment 

Toxicokinetics, metabolism and distribution Decabromodiphenyl ether can be absorbed through the gastro-intestinal tract (approximately 6-9.5%) and is distributed to the blood, the liver and the adipose tissue. Given the low rate of oral absorption in rats, a low bioaccumulation potential might be anticipated.  Some decabromodiphenyl ether is absorbed intact from the intestine and excreted mainly in the faeces, intact or in the form of metabolites (e.g. debrominated hydroxylated diphenyl oxides). Only trace amount of bromine compounds was found in tissues and the brain of neonatal mice exposed on postnatal day 3, 10 or 19. However the toxicological significance of this last finding is unclear.   

A maximal dermal absorption of 1% may be assumed. Although pulmonary exposure may occur due to the small particle size (<5 μm), the limited available data do not allow determination of pulmonary absorption. 
Acute toxicity 

Decabromodiphenyl ether has a low oral, dermal and inhalation acute toxicity in animals. Oral administration in corn oil indicates a rat LD50 greater than 5,000 mg/kg. No clinical signs of toxicity were observed up to 2,000 mg/kg and no deaths were seen up to 5,000 mg/kg. A dermal LD50 greater than 2,000 mg/kg has been demonstrated in rabbits using decabromodiphenyl ether applied neat under occlusive wraps. No deaths were observed up to 2,000 mg/kg. Local and general signs of toxicity were not reported but necropsies were not performed in this dermal toxicity study. Following inhalation administration in rat at 2 and 48.2 mg/l during one hour, no deaths were seen; only minor ocular signs and dyspnea were observed from 2 mg/l concentration. The reliability of these data is limited by the absence of information on particle size distribution. 

Irritation / Corrosivity / Sensitisation 

Decabromodiphenyl ether is not a dermal or an ocular irritant and does not exhibit a chloroacnegenic activity. There is no indication of skin sensitisation. 

Repeated dose toxicity 

The lowest NOAEL of 1,120 mg/kg/day for systemic toxicity (including non neoplastic lesions exclusively) is derived from a chronic 2-year dietary study in rats. At the highest dose tested (2,240 mg/kg/day) in males, non neoplastic lesions in the liver (increased incidence of thrombosis and degeneration), spleen fibrosis and lymphoid hyperplasia of the mandibular lymph nodes were observed. In the same study, a LOAEL of 1,120 mg/kg/day is determined for local effects based on the slight increase of the forestomach acanthosis observed from 1,120 mg/kg/day.  No effects on thyroid homeostasis were found in either sex of two species after 13 weeks treatment with decabromodiphenyl ether up to approximately 7,000 and 11,000 mg/kg/day in mice and 2,800 and 3,800 mg/kg/day in rats and only mild effects (follicular cell hyperplasia and marginally increased incidence of thyroid follicular cell adenomas or carcinomas) were found in one species after a life time exposure from 3,200 mg/kg/day in male mice. 

Mutagenicity 

With regard to mutagenesis, on the whole, results from different Salmonella can be considered as negative. Decabromodiphenyl ether does not exhibit any cytogenetic effects in vitro or in vivo. It is noticeable that some of these tests present some limitations. However given the absence of alert-structure for genotoxicity, the negative results obtained in the mutagenicity tests with decabromodiphenyl, octabromodiphenyl and pentabromodiphenyl ethers, no concern about mutagenicity may be assumed. 

Carcinogenicity 

With regard to carcinogenesis, a LOAEL for carcinogenicity of 1,120 mg/kg/day is stated based on the increased incidence of liver neoplastic nodules from the lowest tested dose (1,120 mg/kg/day) in a dietary study in rats. On thyroid, marginal increase in incidence of thyroid tumours supported by an increased incidence of follicular cell hyperplasia is observed in mice but not in rats. It is recognised that there are marked species differences in thyroid gland biochemistry and physiology and that the rodent thyroid gland is markedly more active and operates at a considerably higher level with respect to thyroid hormone turnover as compared to primate. Finally, it should be reminded that decabromodiphenyl ether presents a non-genotoxic profile as well as other polybrominated congeners such as octabromodiphenyl ether and pentabromodiphenyl ether and is devoid of alert-structure for genotoxicity. 

Toxicity for reproduction 

With regard to reproductive toxicity, no effects on fertility were seen in a 1-generation reproduction oral study in rats up to 100 mg/kg/day administered in the diet, though the absence of parental toxicity indicates that higher dose levels could have been tested. However, no histological changes were seen in the reproductive organs in rats and mice treated for 2 years in a dietary study with up to 50,000ppm decabromodiphenyl ether (equivalent to approximately 2,240-2,550 and 6,650-7,780 mg/kg/day, respectively). Thus no concern for fertility is assumed. 

For developmental effects, no adverse treatment related effect was observed such as external or internal malformations or variations, foetal weight, sex ratio, total resorption and late resorption up to 1,000 mg/kg/day. Therefore, no concern for developmental toxicity is assumed. 

Neurotoxicity 

With regard to neurotoxicity, decabromodiphenyl ether causes behavioural disturbances in neonatal mice exposed at a single dose of 2.22 to 20.1 mg/kg/bw on post-natal day 3.  This effect was not seen in mice exposed on post-natal day 10 or 19. The study has certain limitations compared with regulatory guidelines and thus uncertainty as regards interpretation of the results remains. Moreover only an abstract of this study and a personal communication from the authors are available with limited details. Therefore, no conclusion can be drawn from this endpoint. 

Breast-feeding 

With regard to breast-feeding, following pregnancy, hexabromodiphenyl ether and other polybromodiphenyl ethers such as tetrabromodiphenyl ether and pentabromodiphenyl ethers have been identified in breast milk but such measurements were not carried out on decabromodiphenyl ether or on octabromodiphenyl ether. However, considering the toxicokinetic profile of decabromodiphenyl ether, a rather low excretion in breast milk might be anticipated. 

4.1.3 Risk characterisation 

Workers 

For the purpose of the risk characterisation, it is assumed that inhalation of dust and skin exposures are the main routes of exposure. Oral exposure is not considered to be a significant route of exposure under normal working practices.  For the inhalation route, assuming a full-shift exposure of 5 mg/m3, 10m3/working day, a 70 kg worker and 100% absorption, the estimated body burden 0.7 mg/kg/day is achieved. For the dermal route, assuming maximum skin exposure of 1 mg/cm2/day, a skin surface exposed of 840 cm2, a worker’s weight of 70 kg and a maximum skin absorption of 1%, the calculated body burden amounts 0.12 mg/kg/day. Considering the estimated internal exposure and comparing the NOAEL of 1,120 mg/kg/day for chronic toxicity, MOSs have been calculated. For occupational exposure, these MOSs can be considered sufficient. For liver neoplastic nodules observed in a carcinogenic study, considering the estimated internal exposure and comparing the LOAEL of 1,120 mg/kg/day, MOSs have been calculated and are considered sufficient for occupational exposure. 

Consumers 

Since consumer exposure is likely to be negligible, no resulting risk for consumer is estimated. 
Humans exposed via the environment 

The exposure assessment has shown that the main route of intake is by the oral route. Considering the highest estimated total daily intake of 12 μg/kg bw/day and comparing the NOAEL of 1,120 mg/kg/day for chronic toxicity and the LOAEL of 1,120 mg/kg/day for liver neoplastic nodules observed in a carcinogenic study, MOSs have been calculated. The estimated MOSs are considered sufficient for exposure of this population via the environment. 

Combined exposure 

Combined environmental exposure and occupational exposure will not influence the characterisation of the risks. 

4.2 HUMAN HEALTH (PHYSICO-CHEMICAL PROPERTIES) 

Decabromodiphenyl ether gives no reason for concern in relation with its physico-chemical properties. There is no need for further information and/or testing. 

5 RESULTS 

5.1 INTRODUCTION 

Decabromodiphenyl ether was produced at one site within the EU but production at this site ceased in 1999. The decabromodiphenyl ether currently used in the EU is imported. Decabromodiphenyl ether is used in the plastics and textile industries as a flame retardant. In the plastics industry, it is used as an additive flame retardant in a wide range of plastic types. In the textile industry, decabromodiphenyl ether is generally backcoated onto the textile in a latex binder. The commercially supplied decabromodiphenyl ether is a mixture of brominated diphenyl ethers, consisting mainly of decabromodiphenyl ether, with small amounts (0-3%) of other brominated diphenyl ethers such as nonabromodiphenyl ether. The product is a solid of very low water solubility and vapour pressure. 

5.2 ENVIRONMENT 

Local releases to the environment may occur from polymer processing and use in textile finishing. In addition, volatilisation and leaching of the flame retardant from articles, and also release of particulates containing decabromodiphenyl ether, may occur during the lifetime of the article (and at disposal for particulates). These releases have been quantified in the risk assessment and used to calculate PECs for various environmental compartments. 

For the aquatic compartment, the risk from exposure via surface water is thought to be low.  Exposure of organisms via sediment is thought to be much more relevant for this substance and, although the available measured levels in sediment are lower than the predicted levels, the risk to sediment dwelling organisms was also found to be low. No risk was identified for sewage treatment processes or the terrestrial compartment. No adverse effects are expected on the atmosphere from the production and use of decabromodiphenyl ether. The available information indicates that the risk of secondary poisoning, as determined by the conventional PEC/PNEC ratio, resulting from use of decabromodiphenyl ether is low. There are, however, considerable uncertainties in the secondary poisoning assessment, and a strict PEC/PNEC approach may not be appropriate for this substance. In addition, the possibility of degradation in the environment to give more toxic lower brominated diphenyl ethers cannot be completely ruled out over extended time periods with the available data. The combination of uncertainties raises a concern about the possibility of long-term environmental effects that cannot easily be predicted. Although further information is necessary to help clarify the concern, the inherent difficulties and time required to complete the work mean that there may be a need at a policy level to consider precautionary risk reduction action for this endpoint. 

Overall results of the risk assessment 

Conclusion (i) There is a need for further information and/or testing. 

This conclusion applies to the risk of secondary poisoning from all sources of decabromodiphenyl ether. The current PEC/PNEC approach indicates that there is no risk of secondary poisoning. The PEC/PNEC ratios are much less than 1 (in fact below 10-5) for the commercial decabromodiphenyl ether product. It is possible that the current PEC/PNEC approach for secondary poisoning may not be appropriate in terms of both the PEC and the PNEC, and could underestimate the risk. This issue needs further investigation. 

Two possible areas for further work are as follows: 

a) A more widespread monitoring project to determine whether the finding in top predators (including birds’ eggs) is a widespread or localised phenomenon, and trends (if possible). 
b) Further toxicity testing. The existence of a mammalian toxicity data set means that testing could be considered on birds (e.g. an avian reproduction test (OECD 206), with appropriate tissue analysis). Overall, the benefit of further vertebrate testing is open to question due to expected difficulties in achieving sufficiently high exposures. This leaves the toxicity issue with some unresolved uncertainty. 

A second aspect of the concern for secondary poisoning is that although the substance is persistent, there is evidence that it can degrade under some conditions to more toxic and bioaccumulative compounds. The current database is inconclusive on this point, and further work could be done as follows: 

c) An investigation of the rate of formation of degradation products under environmentally relevant conditions over a suitably prolonged time period (e.g. years) - for example, an extended monitoring programme to determine trends in degradation product levels in various environmental compartments. This could be coupled with analysis of the parent compound to detect whether it is building up in the environment or has achieved equilibrium. A controlled field study (or studies) might be the way forward, with controlled continuous input of the substance and regular monitoring of other components. 

d) Further toxicological work on the non-diphenyl ether degradation products, to determine if they pose a hazard or risk. 

There is a high level of uncertainty associated with the suitability of the current risk assessment approach for secondary poisoning and the debromination issue. The combination of uncertainties raises a concern about the possibility of long-term environmental effects that cannot easily be predicted. It is not possible to say whether or not on a scientific basis there is a current or future risk to the environment. However, given the persistent nature of the substance, it would be of concern if, once the further information had been gathered, the analysis indicated a risk to predators, since it could then be difficult to reduce exposure. In summary, although it is concluded that further information should be gathered in order to refine the risk assessment, in light of: 

‧ the persistence of the substance, 

‧ the time it would take to gather the information and 

‧ the fact that there is no guarantee that the studies would provide unequivocal answers, 

consideration should be given at a policy level to the need to investigate risk management options now in the absence of adequate scientific knowledge. 

[N.B. A number of technical experts from EU member states consider that this uncertainty is sufficient to warrant risk reduction measures directly (conclusion (iii)) based on the information currently provided in this assessment.] 

The possible long-term increase in levels as a result of releases from waste sites might need to be considered further in any future revision of this risk assessment report. 
Conclusion (ii) There is at present no need for further information and/or testing and no need for risk reduction measures beyond those which are being applied already. 

This conclusion applies to the environmental assessment of risks to the aquatic (surface water, sediment and waste water treatment plants), terrestrial and atmospheric compartments by the conventional PEC/PNEC approach for decabromodiphenyl ether itself from all sources. 
5.3 HUMAN HEALTH 

5.3.1 Human health (toxicity) 

Chronic toxicity and liver neoplastic nodules observed in a carcinogenicity study are considered to be the critical endpoints in the risk assessment. 

Workers 

Conclusion (ii) There is at present no need for further information and/or testing and no need for risk reduction measures beyond those which are being applied already. 

Consumers 
Conclusion (ii) There is at present no need for further information and/or testing and no need for risk reduction measures beyond those which are being applied already. 

Humans exposed via the environment 

Conclusion (ii) There is at present no need for further information and/or testing and no need for risk reduction measures beyond those which are being applied already. 

5.3.2 Human health (risks from physico-chemical properties) 

Conclusion (ii) There is at present no need for further information and/or testing and no need for risk reduction measures beyond those which are being applied already. 

Results of discussion at the policy level 

Following the agreement of the risk assessment conclusions reached on a technical basis as presented in this report, Member States noted the uncertainties expressed regarding the risk characterisation for secondary poisoning. They also noted the conclusion that further information would be required to remove these uncertainties and refine the risk assessment. Member States were concerned that it would take a significant time to gather the information and that the resulting refined risk assessment could then indicate a risk to predators. 
Furthermore, increasing levels in the environment and the possible formation of more bioaccumulative and toxic compounds via degradation could occur while the data were being gathered. Consequently Member States agreed that emission reduction measures should be considered without delay for the sources of this exposure. In the light of this agreement, a risk reduction strategy for this substance will be developed in parallel to the performance of the proposed testing listed under the conclusion (i). Depending on the strategy adopted, the further testing might have to be adjourned in the interests of animal welfare and cost versus benefit unless expert advice is provided which indicates that tests may be relevant to the control measures which emerge. 
四、多溴聯苯及多溴聯苯醚之檢測技術
The analytical methods that are available for detecting, measuring, and/or monitoring polybrominated biphenyls and polybrominated diphenyls ethers, their metabolites, and other biomarkers of exposure and effect to polybrominated biphenyls and polybrominated diphenyls ethers are as follows. 
Many of the analytical methods used for environmental samples are the methods approved by federal agencies and organizations such as EPA and the National Institute for Occupational Safety and Health (NIOSH). Other methods presented here are those that are approved by groups such as the Association of Official Analytical Chemists (AOAC) and the American Public Health Association (APHA). Additionally, analytical methods are included that modify previously used methods to obtain lower detection limits and/or to improve accuracy and precision. Polybrominated biphenyl (PBBs) and polybrominated diphenyl ether (PBDEs) are analyzed in environmental and biological samples by methods quite similar to those used for polychlorinated biphenyls (PCBs) . 
The analysis methodology includes several steps: sample collection and storage, extraction, cleanup, and determination. Care must be taken to assure that the sample collection follows quality assurance protocols and that equipment and containers are free from contamination. Most sample collections are by grab sampling; however, PBBs and PBDEs may be concentrated from water onto sorbents. PBBs and PBDEs are typically separated from the biological and environmental media by extraction with organic solvents. Cleanup steps are necessary to remove compounds that may interfere with the determination. Lipids (e.g., oils and fats) are removed with concentrated sulfuric acids. Chromatography (e.g., gel permeation, silica gel, Florisil) is used to remove other matrix interferences and to fractionate samples. 
The identification and quantitation of PBBs and PBDEs are most often accomplished by gas chromatographic (GC) techniques. Capillary or high resolution gas chromatography (HRGC) columns capable of separating a substantial proportion of the congeners are indispensable, and GC detectors possessing high selectivity and sensitivity for the PBBs and PBDEs are required. The more universal and less sensitive flame-ionization detector (FID) is used much less often than the electron capture detector (ECD), which has exceptional sensitivity to multiply brominated compounds. The mass spectrometer (MS) detectors have sensitivities somewhat lower than ECD, and they have even greater selectivity for PBBs and PBDEs and can distinguish and individually measure homologs that may coelute on a particular HRGC column. 
A recent method of detection is electron capture negative ionization (ECNI) as an ionization technique in combination with GC-MS analysis. This method is advantageous because it offers a high sensitivity for PBBs and PBDEs 368 compounds with four or more bromine atoms. The sensitivity is approximately 10 times higher than with the use of the ECD. The small number of certified reference standards that are available for individual PBB and PBDE congeners poses a problem for analysis, since comparative analysis is often based on technical mixture equivalents rather than by comparison of individual congeners. 
7.1 BIOLOGICAL MATERIALS 

Methods for the determination of organobromine compounds such as PBBs and PBDEs generally consist of the following steps: extraction of the analyte from the sample matrix; clean-up to remove interfering compounds; and analysis (separation and quantitation). The primary method of analysis is GC coupled with ECD or MS. Analytical methods have been developed for the determination of PBBs and PBDEs in blood or serum, urine, feces, adipose tissue, liver, and breast milk. The methods for determining PBB and PBDE residues in biological samples are as follows. 
Polybrominated Biphenyls.  Residues in biological samples can be extracted using organic solvent. Elution of samples on a florisil column, which is used for the cleanup of extracts with petroleum ether, separates PBBs from interfering substances. As in the case of PCBs, the solvent(s) used for the extraction of a sample and the method used for the cleanup of an extract is dependent on the sample matrix. Quantitative analysis is usually done by GC. 
The major difference between the methods for the determination of PCBs and PBBs arises from the lower volatility of PBBs compared to PCBs. Due to the lower volatility of PBBs, the GC method is performed at a higher temperature and low liquid phase load of the stationary phase. Capillary columns are required for the separation of the individual congeners in a mixture. However, decabromobiphenyl is so nonvolatile that a very short capillary column and high carrier gas linear velocity are required, which reduces the advantage of the capillary column over the packed column. Peaks from individual congeners of PBBs are detected and quantified with the ECD. 
In general, retention time in gas chromatographic columns and response of ECD increase with increasing bromination. PBB residues in a sample can be confirmed by thin layer chromatography, photochemical alteration method, halogen-specific gas chromatographic detection, or MS. High recoveries (80–90%) of PBB residues are obtained by the available analytical methods. Typically, the limit of quantitation for PBB residues is about 1 μg/kg in blood serum, 1 μg/kg in human milk, and 0.5 μg/kg in adipose tissue. An interlaboratory study is available that validates the precision and accuracy of PBB residue determination in human serum by a commonly used method. 
Polybrominated Diphenyl Ethers.  Residues in biological samples can be extracted using organic solvent. Samples are cleaned up to remove interferences using Florosil, silica gel, alumina or activated charcoal column chromatography, gel permeation chromatography (GPC), and/or liquid chromatography (LC). Most techniques are based on analysis by GC with ECD, or, coupled with MS. Capillary columns and temperature programming allow the separation of the different PBDE congeners. High recoveries (69–104%) of PBDE residues are obtained by the available analytical methods. Typically, the limit of quantitation for PBDE residues is about 0.7 ng/g lipid in blood serum, 5 pg/g lipid in human milk, and 0.3 ng/g lipid in adipose tissue. 

7.2 ENVIRONMENTAL SAMPLES 

Most environmental analyses have been performed using multiresidue methods involving solvent extract of the analytes from the sample matrix, clean-up to remove interfering compounds, determination by GC with ECD, and confirmation using an ancillary method such as MS. New methods and technologies are evolving, and this has resulted in lower detection limits. For example, detection limits for PBBs are in the low ppb to ppt range for water matrices and in the low ppm to ppb range for food; for PBDEs, detection limits are in the low ppb range for water matrices and in the low ppb to ppm range for fish tissues. Analytical methods for the determination of PBBs and PBDEs in environmental samples are as follows. 

Polybrominated Biphenyls.  Residues in environmental samples can be extracted using organic solvent. As for biological samples, quantitation of environmental samples is also usually done by GC. Capillary columns are required for the separation of the individual congeners in a mixture. High recoveries (74–98%) of PBB residues in environmental samples are obtained by the available analytical methods. Typically, the limit of quantitation for PBB residues is about 0.1 μg/kg in soil and 0.7 μg/kg in sediment. 

Polybrominated Diphenyl Ethers.  Like PCBs, air samples containing PBDEs are usually collected by pumping air through a sampler containing a glass fiber filter and adsorbent trap to separate the particle bound and vapor phase fractions, respectively. The filters and adsorbents are then Soxhlet extracted with acetone/hexane, and the extracts are cleaned-up and analyzed by high resolution GC techniques. Residues in environmental samples can be extracted using organic solvent. Samples are cleaned up to remove interferences using Florosil, silica gel, alumina or activated charcoal column chromatography, GPC, and/or LC. As for biological samples, quantitation of environmental samples is also usually done by GC. 
Capillary columns are required for the separation of the individual congeners in a mixture. High recoveries (88–128%) of PBDE residues in environmental samples are obtained by the available analytical methods. Typically, the limit of quantitation for PBDE residues is about 0.12 ng/mL in water, 9.7 μg/kg in sediment, and 0.2 μg/kg lipid in fish. The first interlaboratory study on PBDEs in environmental samples showed that there is good agreement for quantification of BDE-47 and BDE-100 congeners. However, improved methods are required for analysis of BDE-99, -153, -154, and -209 congeners. 
7.3 ADEQUACY OF THE DATABASE 

Section 104(i)(5) of CERCLA, as amended, directs the Administrator of ATSDR (in consultation with the Administrator of EPA and agencies and programs of the Public Health Service) to assess whether adequate information on the health effects of PBBs and PBDEs is available. Where adequate information is not available, ATSDR, in conjunction with the National Toxicology Program (NTP), is required toassure the initiation of a program of research designed to determine the health effects (and techniques for developing methods to determine such health effects) of PBBs and PBDEs. 

The following categories of possible data needs have been identified by a joint team of scientists from ATSDR, NTP, and EPA. They are defined as substance-specific informational needs that if met would reduce the uncertainties of human health assessment. This definition should not be interpreted to mean that all data needs discussed in this section must be filled. In the future, the identified data needs will be evaluated and prioritized, and a substance-specific research agenda will be proposed. 

7.3.1 Identification of Data Needs 

Methods for Determining Biomarkers of Exposure and Effect. 

Exposure.  Methods used as biomarkers for exposure to PBBs and PBDEs are available. Analytical methods of sufficient precision and accuracy are presently available for the determination of PBBs and PBDEs in adipose tissue, serum, and breast milk. Addition congener standards are needed for PBB and PBDEs analysis. Only 30–40 congener standards are currently available for identification and quantification of PBDEs. Metabolites are also important biomarkers for exposure to PBBs and PBDEs. However, these compounds are mostly unknown, and standards are not available. 
Effect. No known effect of PBB or PBDE exposure can be quantitatively correlated with PBB or PBDE exposure. 
Methods for Determining Parent Compounds and Degradation Products in Environmental Media.  Analytical methods of sufficient sensitivity are presently available for the determination of PBBs and PBDEs in environmental samples. It would be helpful to develop data determining the detection limit and accuracy of PBB determinations in fish and other aquatic animals (e.g., seals) and in sediment. Analytical methods for determining lower brominated PBBs in environmental samples are available. 
An analytical method to determine PBB metabolites in fish would be helpful. A method for determining of 6-hydroxy-2,2',4,4',5,5'-Hexa-

bromobiphenyl, a metabolite of 2,2',4,4',5,5'-hexabromobiphenyl, in dog feces is available. Photochemical degradation leads to the formation of lower brominated products, which are the only environmental degradation products identified for PBBs. Analytical methods are presently available for the determination of these compounds in environmental samples. There is no evidence in the literature of detectable biodegradation of PBBs in the environment under aerobic conditions, but the compounds may biodegrade to debrominated products under anaerobic conditions in polluted environments. 
It would be helpful to develop data determining the accuracy of PBDE determinations (e.g., percent recovery) in environmental samples. Methods for determining degradation products and metabolites of PBDE are needed. There is no information in the literature of detectable biodegradation of PBDEs in the environment under aerobic or anaerobic conditions. 

五、有機錫化學品之世界

根據John M. Batt 所發表的報告，有機錫化學品之世界如下：
Introduction 

Organotin chemicals are those compounds containing at least one bond between tin and carbon. This paper presents a brief overview of some of the major commercial organotin chemicals, their applications and substitutes, as well as the environmental pressures coming to bear on these products. As the world of organotin chemicals is quite extensive and diverse, this paper will briefly discuss some of the major commercial uses concentrating on the alkyltins (methyltins, butyltins, octyltins), with a brief mention of phenyltins and cyclohexyltins used in certain applications. The majority of organotin uses are comprised of five major commercial applications: PVC Heat Stabilizers, Biocides, Catalysts, Agrochemicals, and Glass Coatings. These uses account for approximately 20K tons of tin consumption per year. 

There has been a great deal of public attention focused on the toxicological and ecotoxicological aspects of organotins recently. There is special concern over the use of tributyltin (TBT) because of its biocidal properties. However, clear distinctions must be drawn between the triorganotin compounds which have three tin-carbon bonds used as biocides and pesticides, and the mono- and diorganotin compounds, which have one and two tin-carbon bonds respectively, used in stabilizer, catalyst, and glass coating applications. The latter exhibit no biocidal properties in contrast to the TBT compounds. There are certain monoand dialkyl tins that have been approved as PVC stabilizers for food contact throughout the world. It is highly inappropriate to generalize that all organotin chemicals have similar toxicological and environmental properties, yet this is happening more frequently. One of the goals of Product Stewardship is to help customers, regulators, and stakeholders in general to understand the distinctions.

Major Applications of Mono and Diorganotin Chemicals 

1. PVC Heat Stabilizers 

Mono- and diorganotins are used extensively as heat stabilizers for processing polyvinyl chloride (PVC). The primary purpose of these tin stabilizers is to reduce the polymer backbone degradation of the PVC. They do this by scavenging the HCl lost during processing at high temperatures and stabilizing the unstable chloride sites in the PVC molecule. 
Tin mercaptide stabilizers are some of the most effective PVC stabilizers available. They contain both tin and sulfur. Tin, acting as a base, reacts with the HCl initially released during PVC processing. The strength of this base is critical so it will not extract HCl from the PVC, but only react with the HCl that is already released. Only a very few bases have the right balance of reactivity to allow this. 
The mercaptan, a weak sulfur-containing acid, reacts with the unstable chloride sites on PVC to heal the polymer and reduce further decomposition. The high molecular weights and ester function in the mercaptan ligands also promote solubility of the stabilizer in PVC and provide lubrication during polymer processing. 

There are three major types of tin stabilizers. They are distinguished by their respective alkyl groups: octyl, butyl, and methyl. 
Octyltin stabilizers have the lowest tin content and are somewhat less efficient. However, they are approved for food contact applications by most regulatory authorities worldwide. 

Butyltin stabilizers have been the dominant types used until methyltins were introduced. 

Methyltin stabilizers have a higher tin content and lower raw material cost compared to the other two types. Some formulations (mercaptides) have also been approved for food contact applications. 

The ligands (the chemical group attached to the tin atom) are used to 

differentiate the various tin stabilizers. The primary ligands are thioglycolic acid esters, reverse esters, and carboxylic acids. 

The main applications for tin stabilizers are building products, such as pipe and fittings, and siding and profiles (windows, etc.), packaging, and flexible PVC. 

The substitutes for tin stabilizers are manufactured from lead or mixed metals such as Calcium/Zinc. Lead stabilizers have the benefit of low cost but are declining in use due to environmental concerns. Tin and mixed metal stabilizers, in fact, are replacing them. Mixed metal stabilizer technology is more expensive than tin, and less effective in stabilization. 

It is estimated that between 12 to 13K tons of tin are used annually in tin stabilizers worldwide. This market is expected to grow about 4% annually. 

2. Catalysts 

Catalysts are used to speed up chemical reactions, especially polymerization. The most common applications for mono-and diorganotin catalysts are in chemical synthesis and the curing of coatings. 

In chemical synthesis, the organotins are used for the esterification and transesterification of mono- and polyesters. These products are then used for plasticizers, synthetic lubricant manufacturing, and polyester polyol production, as well as some coating applications. 

As curing catalysts, one of the largest uses of organotins is in electrocoat (Ecoat) coatings. These electrocoating products are sold into a wide range of applications, with the largest being automotive, where they provide excellent rust resistance. The catalysts are also used in urethane coatings as well as polyurethane foam production. Other applications include curing silicones and silanes. 

Some of the more common organotins used as catalysts are: 

Hydrated Monobutyltin Oxide 

Butyl Chlorotin Dihydroxide 

Butyltin tris (2-ethylhexoate) 

Dibutyltin diacetate 

Dibutyltin oxide 

Dibutyltin dilaurate 

Butyl Stannoic Acid 

Dioctyltin dilaurate 

Dioctyltin maleate 

Although not technically classified as organotins, since they do not have a tincarbon bond, other tin chemicals such as stannous oxide, stannous oxalate, and stannous bis(2-ethylhexoate) are used extensively in chemical synthesis as catalysts. 

Outside of tin-based chemistry, substitute products are limited in the area of urethane/E-coat catalysts. There are some Bismuth and Beryllium based catalysts, but none have been successful in penetrating the market to date due to a lack of cost/performance benefit.

For polyester production, again, the substitutes are few. There is limited non-tin substitution (particularly in the U.S.), which is usually in the form of titanates when it exists. 

Plasticizers (monoesters) are typically produced at lower temperatures and lend themselves more readily to the use of acids and titanates as catalysts. Sulfuric and sulfonic acids are regularly used in these production schemes. The advantages of tin-based products are normally seen at higher temperatures. Monoesters produced for synthetic lubricant applications are typically manufactured at higher temperatures and better lend themselves to the use of tin catalysts. 

3. Glass Coatings 

Monoorganotins are used on glass containers in Hot End Coatings (HEC). In HECs, a metallic oxide is deposited on the hot glass surface of bottles thereby preventing microfissures. The predominant chemical used is monobutyltin trichloride (MBTC) although some inorganic stannic chloride (SnCl4, also known as tin tetrachloride) is used. 

In the various container markets, glass bottles are beginning to be displaced by ones produced from PET. This trend is expected to continue.   

On flat glass, mono- and diorganotins, deposited by chemical vapor deposition (CVD), are used in the manufacture of Low E glass. They reduce the heat loss through the metallic oxide coating deposited on the glass surface. Here, MBTC as well as dimethyltin dichloride (DMTC), are the dominant products. As with containers, stannic chloride is also used in less sophisticated processes. 

Major Applications of Triorganotin Chemicals 

1. Biocides 

Tributyltin (TBT) is unique among the organotins in that it is used as a biocide. The monobutyl- and dibutyltins do not exhibit these properties. 

Marine Antifoulant Paints 

In the marine antifoulant (MAF) paint market, tributyltin is used as a biocide in paint formulations. These paints are then used to protect the underwater surface area of a ship’s hull against barnacles, algae, etc. in order to avoid increased fuel consumption and premature dry-docking. Triorganotins were introduced for this application 30 to 40 years ago. Originally, tributyltin oxide (TBTO) was freely dispersed in what were called Free Association Paints (FAP). These paints had uncontrolled, rapid leaching rates of the biocide. 

In response to the negative performance and environmental effects (which will be discussed later) of FAPs, tributyltin methacrylate copolymer systems were developed which had self-polishing behavior. These revolutionary new systems, called Self-Polishing Copolymers (SPC) had controlled, uniform leach rates of the biocide by incorporating the tributyltin biocide into the polymeric binding system of the paint formulation. 

Throughout the 1980s many countries worldwide began restricting the use of TBT paints because of their environmental impact resulting from the misuse of the product in pleasure craft and other small coastal vessels. In the late 1980s, the Organotin Antifoulant Paint Control Act was passed in the United States, which restricted the use of TBT paints to vessels greater than 25 meters in length. It also specified the allowable leach rates of MAF paints sold in the US as well as restrictions on applications and waste disposal. Presently, the International Maritime Organization (IMO) has proposed a worldwide ban on TBT MAF paints commencing with a ban on its application to vessels as of January 1, 2003 and a total ban on its presence on vessel hulls as of January 1, 2008. 

Extensive research and development for replacement products for TBT paints has resulted in MAF paints based on binder systems made from copper acrylates, silylacrylates, and zinc acrylates. However, these SPC systems require the addition of co-biocides and booster biocides. These systems are reportedly inferior to the TBT systems and continue to undergo further development in order to match the five to seven year performance of TBT. Questions are also beginning to surface surrounding the environmental impact of the replacement biocides.

Second generation replacement products are in the early stages of development. These products, based on silicones and fluoropolymers, are called non-stick or foul release coatings and contain no biocides at all. These paints produce surfaces to which fouling organisms will not stick, or can be easily cleaned off by brushing, water spray, or the vessel’s own movement through the water. 

Other Biocidal Uses 

TBTO and tributyltin naphthenate (TBTN) are also used for industrial wood treatment and preservatives. This use is declining and mainly concentrated in tropical areas. 

TBTO is used in formulations in the US for industrial cooling tower water treatment to control slime, algae, and fungi. This use is quite small and is declining as other biocides continually replace TBTO. 

2. Agrichemicals 

There are five main triorganotin ingredients used as pesticides for crop protection: 

Triphenyltin Hydroxide (TPTH or Fentin Hydroxide) 

Tricyclohexyltin Hydroxide (TCTH or Cyhexatin) 

Tricyclohexyltin Triazole (TCTT or Azocyclotin) 

Trineophenyltin Oxide (TNTO or Fenbutatin Oxide) 

Triphenyltin Acetate (TPTA or Fentin Acetate) 

These products are used primarily as fungicides and acaracides. 

Fungicides - pesticides which kill or inhibit the growth of fungi Acaracides - pesticides which kill mites and ticks (acarides) 

As fungicides, TPTA and TPTH are used primarily for high value crops. Tin fungicides are used when the possibility of disease is very high, which justifies the added costs. They are used on potatoes, sugar beets, and pecans. 
As acaracides, the efficiency of TCTH, TCTT, and TNTO is excellent. They are also not considered susceptible to resistance development. They are used on citrus, top fruit, vines, vegetables, and hops. 

There are substitute products available, depending on the market segment. For example on potatoes, a substitute for TPTH is propamocarb hydrochloride / chlorothalonil and dimethomorph / mancozeb. On sugar beets, tetraconazole can be used. Substitutes for TCTH include dicofol, hexythiazox, propargite, pyribaden, and tebufenpyrad.

The organotin products typically have a cost advantage for growers when one considers the rate at which the product is applied, the cost of the product itself, and the number of days between sprayings. However, a single treatment method is not normally used. Growers typically rotate two or three treatment types in order to avoid the buildup of resistance to any one fungicide.
Environmental Pressures 

1. Tributyl Tin and the History of Antifoulant Paints 

In the early 1970's, tributyltin (TBT) was introduced as an ingredient in marine antifouling (MAF) coatings for general use on sea-going vessels. TBT soon became the most cost-effective technology for antifoulant protection of deep-sea vessels. It was so effective that TBT-based antifoulant paint spread to nonessential uses such as pleasure craft, coastal vessels, and fresh watercraft. 

In the early 1980s, countries such as France and the UK began regulating the use of TBT-based MAF paints. After reports in the mid 1980s of TBT causing imposex in dogwhelks and chambering in oysters, environmental concerns mounted over potential impact of TBT-based antifouling paints and led to regulatory measures in countries worldwide by the late 1980s. 

Following the lead of many countries, the US passed the Organotin Antifouling Paint Control Act (OAPCA) in 1988, restricting use of TBT-based MAF paints to ships larger than 25 meters or those with aluminum hulls, while limiting the TBT release rate. The US EPA then mandated a Long Term Monitoring Program as a requirement for pesticide registration in the US. 

Because of concerns over release rates of TBT in free association paints, TBTbased Self-Polishing Copolymers (SPC) were developed to control release rates. This technology is now the standard within the industry. 

Meanwhile, various Japanese paint and chemical companies developed alternative tin-free technologies and subsequently banned TBT paints in Japan. This action placed Japan in an uncompetitive position for maintenance and repair of ships, whereby they lost considerable market share. Japan began pushing heavily for the worldwide ban of TBT to “level the playing field”. 
In 1990, the International Maritime Organization (IMO) of the United Nations’ Marine Environment Protection Committee (MEPC) adopted a resolution that recommended governments adopt measures to restrict the use and release rate of TBT-based antifouling paints. The MEPC is made up of IMO member countries with shipping/maritime interests. MEPC has proposed a worldwide application ban on TBT-based antifoulant paints to commence January 1, 2003, with a total use ban as of January 1, 2008. This proposal will be sent to a diplomatic conference in 2001 to agree on all details and resolve all issues. It will then be presented to the IMO General Assembly for final approval in late 2001. There is much uncertainty whether all of the issues can be resolved in time for individual country ratification of the treaty and passage of domestic legislation prior to the 2003 date.

Regulations put into effect in the late 1980s and early 1990s, as well as the widespread use of SPC technology, have helped reduce TBT levels worldwide. The situation today is that the science does not support a ban. The Consortium of Tributyltin Manufacturers has been very active in trying to educate the stakeholders and delegates to the MEPC on the issues: 

· No proven alternatives are now available that match TBT-based paints 

· Tin-Free does not necessarily mean environmentally sound 

· Existing alternative products do not meet US VOC emissions restrictions 

· The premature ban of TBT-based antifouling paints will have severe 

economic consequences to the shipping industry 

· No criteria for evaluating alternatives have been established. 

2. Butyl and Methyl Tin Pressures 

As we have seen, the family of organotin compounds covers a spectrum of products used in a wide variety of applications varying from use of its toxicity as a biocide, to stabilizer use in the PVC industry for food contact applications. Although this wide application is a technical advantage, it makes the organotin range also vulnerable to confusion and misconceptions by lay persons. 

The recent environmental issues surrounding tributyltin have been increasing environmental pressures on all butyltin compounds and other organotins in general. Focus is increasingly shifting to organotin stabilizers used in PVC, in an attempt to attack PVC from a variety of angles (e.g., chlorine, dioxin, and phthalates). 

In Europe and Japan, increasing pressures have been mounting on PVC additives. Organotin stabilizers (predominantly the butyltins) have come under scrutiny. Countries such as Japan, Germany, The Netherlands, Denmark, and Sweden have initiated studies into organotins and some have already passed regulations restricting use of organotin stabilizers. Denmark seems to have concentrated efforts on evaluating the human health hazards, while Sweden has concentrated on assessing the environmental risks. Because the industry has reacted positively by presenting helpful toxicological information, neither Sweden nor Denmark have yet called for a ban, but Scandinavian sales are restricted to no more than 1994 levels. 

In Germany, the VDA (German Automobile Manufacturers Association) was considering a ban on all organotins in automobile manufacture based on the environmental issues surrounding tributyltin. The industry provided the VDA with sound technical information distinguishing among the various classes of organotins and the VDA agreed not to ban organotins from automobile manufacture.

Articles have begun appearing in international scientific journals that imply that butyltins may be a human immune system, or hormone, disruptor. A university study dealt with the effects of butyltins on natural killer cell activity in human blood samples. Another article presented the results of a survey of butyltin compounds measured in the blood of human volunteers. According to the articles, sources of butyltin are hypothesized as coming from PVC compounds and fish contaminated with TBT from antifoulant paints. 

In Japan, detection of butyltin, as well as tributyltin, compounds was reported in silicon-treated baking paper and foodstuffs prepared using the paper. This has lead to increased concern in Japan over TBT content in stabilizers and the immune toxicity of dibutyltin. Immediately following this, MITI urged manufacturers to adjust the MSDS' of organotin stabilizers and catalysts accordingly. 

Environmental groups such as Greenpeace and World Wildlife Federation have been increasing their attention on organotins. 

3. Trade Associations and Advocacy Efforts 

The Organotin Environmental Programme Association (ORTEPA) is a non-profit association of world manufacturers of organotin compounds. The objectives of the Association are to promote and foster the dissemination of scientific and technical information on the toxicological and environmental effects of organotin compounds. The Association cooperates with governments, industry, and private agencies to provide greater appreciation of the available scientific and technical information toxicological and environmental aspects of organotin compounds. 

In order to address many of the environmental concerns over organotins ORTEPA has established a database of technical and environmental information relating to organotin compounds. 

One of ORTEPA’s objectives continues to be to fund, co-fund, and support future research efforts where specific needs are identified. One recent effort was commissioning the Institute for Toxicology of the GSF (Forschungszentrum fur Umwelt und Gesundheit) to compile a comprehensive, and independent, review of all available toxicological and ecotoxicological data on organotin stabilizers. 

The global chemical industry, through its International Council of Chemical Associations (ICCA) has launched a global Initiative on High Production Volume (HPV) chemicals. The US EPA has launched a similar initiative. The goal of the ICCA Initiative is to prepare harmonized, internationally agreed data sets and initial hazard assessments under the Screening Information Data Set (SIDS) Program of the OECD (Organization for Economic Cooperation and Development). The key element of these initiatives is the improvement of the current database of approximately 2,000 HPV chemicals based on information gathering and where appropriate by additional testing by the end of 2004. Most of the organotins are included on this HPV list. 

Members of ORTEPA have assembled a consortium of companies to share the multimillion-dollar financial burden of the testing requirements for the HPV/ICCA testing program involving organotin stabilizer products and raw materials. They will collect hazard information and, where appropriate, conduct tests needed to supplement available information.

Summary 

Recently there have been a number of concerns raised regarding possible human health effects associated with organotins. Unfortunately, many of these allegations fail to consider the weight of scientific evidence and important scientific research conducted over the last decade. 

Organotin compounds are versatile agents in a wide range of industrial applications. They have been safely used for decades as catalysts in certain polyurethane, polyester and silicone systems, and as stabilizers in PVC processing technology. Clear distinctions must be drawn between triorganotin compounds used as biocides and pesticides, and those mono- and dialkyltins used, for instance, as polymer additives, which exhibit no biocidal properties. As such, it is inappropriate to categorize all tin compounds as having equivalent toxicological and ecotoxicological profiles. 

Conclusion 

Although organotins have a wide range of applications due to their versatility, this advantage can also lead to confusion and misconceptions about organotins in general. It is inappropriate to generalize that all organotins have similar properties. When used responsibly and safely, they can provide performance and value in a variety of end uses.
六、德國萊因集團之經營哲學

1872年成立的德國鍋爐監督協會(DÜV)就是德國萊因集團(TÜV Rheinland Group)的前身，德國萊因集團為德國最大的技術檢驗機構，也是德國官方授權的政府監督組織。員工超過8200人，年營業額為7億歐元，分公司超過100個，分布於50個不同的國家。累積130年的經驗，其市場活動集中於下列五個領域：Industrial Services, Mobility and Transport, Product Safety and Quality, Education and Consulting, IT Sevices and Innovation。「TÜV」源自德語「Technischen Überwachungsvereine」，意譯為「技術檢驗機構」，這三個字母代表獨立、公正與專業技術，現在已是革新的同義字，而
  


skip header images

 HYPERLINK "http://www.tuv.com" 
也是人們可以信任的商標。

skip page content德國萊因集團成功的因素來自下列的經營哲學：
(1) We are convinced that social and industrial development is not possible without technical advancement. Technical innovations, products and installations require safe and responsible use, which we, as a neutral party, test and certify for the benefit of customers and society. As an independent third party, we rely on relevant performance standards and participate actively in their development.
(2) Our company philosophy is based on responsibility. We define, communicate and live our common ideas and values. We know the purpose of our work and identify with our products. Safety and quality are our products; service is our business.
(3) We serve our customers competently. Through our conduct and communication, we show them how important they are to us. We satisfy our customers and provide them with the certainty of a reliable and competent partner. Good service, customer satisfaction and economic success are our goals.
(4) We self-critically observe whether or not our professional conduct meets the standards of the people and marketplaces we serve. In our transactions and the daily execution of our professional duties, we always seek the public’s trust. The public’s confidence in our work is an important prerequisite for the success of our company.
(5)Social and industrial development is not possible without impacting the environment. Ecological responsibility in dealing with air, soil, water and energy comes naturally to us.
(6)As a company, we are conscious of our responsibility in dealing with customers, employees and the environment worldwide.

肆、建議

一、適時建立相關檢測技術

依據歐盟於2003年2月15日公布之環保指令(2003/11/EC)，限制阻燃劑五溴聯苯醚及八溴聯苯醚的使用，以重量計不得超過0.1%。故於WEEE指令及RoHS兩項環保指令實施之前製造商使用多溴聯苯及多溴聯苯醚作為阻燃劑時，僅有上述兩種阻燃劑被限制使用，只須檢驗上述兩種阻燃劑即可。 故本局第一階段建立阻燃劑檢測技術之重點宜以五溴聯苯醚及八溴聯苯醚為主。

二、建立本局同仁的責任感

        由德國萊因集團成功的經營哲學，使我體會到欲使本局業務欣欣向榮，必須建立本局同仁的責任感，使同仁能以品質目標為終生奉行之共同理想，瞭解工作之目的，並以產品品質(如檢試驗報告、稽核報告或服務品質)來確認此目的已達成。
三、養成自我批評的態度

        定期自我批評，是否我們的專業服務符合人們與市場的標準？在執行業務時總是能尋求大眾之信賴，大眾對我們工作的信任是本局成功之重要前提。

四、重視檢驗技術研發工作

        檢驗技術之提升為本局服務顧客之根本，欲研發檢驗技術宜採分工制度，使負責研發之同仁能心無旁騖，才有良好的研發成果。因為研發工作壓力比例行檢驗大，故須有較高之甲等考績比例與績效獎金才有激勵作用。目前本局雖有技術開發科，但人員不足，例行檢驗工作又多，欲研發檢驗技術實為欲振乏力。































PAGE  
4

