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ON HEXACHLOROBUTADIENE

Note by the Secretariat

Addendum

Responses of the Scientific Assessment Panel

and the Environmental Assessment Panel to Canada's notification of

hexacholorobutadiene as a new ozone-depleting substance


The Secretariat requested on 6 September 2000 that the Scientific, Environmental Effects and Technology and Economic Assessment Panels report on the evaluation of hexachlorobutadiene, a new ozone-depleting substance notified by Canada pursuant to decisions IX/24 and X/8 and further to paragraph 43 of the Report of the Twentieth Meeting of the Open-ended Working Group of the Parties to the Montreal Protocol, held in Geneva, 11-13 July 2000.

 Ref: Oz.Sec/MP/ScAss/Dec.X/8-5.9.2000/NS   



1 December 2000

Dear Dr. Sabogal,

This is in response to your 5 September e-mail, which requested that the Science Assessment Panel comment on the ozone-depleting potential of hexachlorobutadiene (C4Cl6, or "HCBD"). 

We appreciate the efforts of Environment Canada and Health Canada to communicate the results of their study, Priority Substances List Assessment Report: Hexachlorobutadiene (June 2000), to the Parties and to the Science Assessment Panel.  Their report gives a summary of known toxicity information concerning HCBD, including biotic effects as well as a biotic atmospheric effects.  As requested by the Ozone Secretariat, we will offer comments on only one portion of that report, namely, the ozone-depleting potential of HCBD.  It is not within the purview of the Science Assessment Panel to comment on other aspects of the report.

I.  Background:  Information needed for the calculation of the Ozone Depletion Potential (ODP)
The ozone depletion potential (ODP) compares the expected impact on stratospheric ozone per unit mass (e.g., kilogram) emitted to the atmosphere to the impact of the same unit mass of chlorofluorocarbon-11, integrated over time.  The ODP is thus a relative measure that does not describe the absolute amount of ozone destroyed by a particular substance.  It has been used as a comparative tool to assess the tradeoffs associated with various possible substances that might be in use or under consideration for use in human applications.

Complex numerical models are used to evaluate the ODP.  The models include representations of atmospheric motions, as well as chemistry that represents dozens of chemical species and hundreds of chemical reactions.  For a particular halogen-containing substance, the evaluation of an ODP requires specific laboratory and field data about the substance that is input to the models.  One of the fundamental inputs needed for a particular substance is knowledge pertaining to the processes that remove the substance from the atmosphere.  These processes determine the lifetime of the substance in the atmosphere, which in turn affects the amount of the substance that reaches the stratosphere and that can affect the ozone layer.  Primary removal mechanisms include the reaction of the substance with hydroxyl radicals (OH) in the atmosphere, and breakdown of the substance by sunlight ("proteolysis").   The rates of these processes are described by parameters that are determined by experiments conducted in the laboratory.  Thus, the "rate constant" for OH reaction and the "proteolysis constant" are necessary inputs to the ODP calculation.   Once in the stratosphere, the effect of a halogen-containing substance on stratospheric ozone depends on how readily the substance releases its halogen atoms.  Fragments formed during degradation processes in the lower atmosphere may also have impacts on the ozone layer.  Again, these aspects of the chemistry of the substances must be ascertained by laboratory research on the substance (or inferred from information that is available on closely related substances).

For well-mixed gases (i.e., those with atmospheric lifetimes longer than one year), the ODP can be estimated by a semi-empirical formulation involving the lifetime of the substance ((x), the molecular weight of the substance (Mx), the number of halogen atoms per molecule (nx), a factor reflecting the release to the stratosphere of halogen radicals from the substance (), and a factor describing the relative ozone depletion efficiency for different halogens ().  The calculation of ODP is done relative to a reference compound, chosen to be chlorofluorocarbon-11, in the following formulation:
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Like the model-derived ODP calculation, the semi-empirical calculation of an ODP is dependent on experimental information that enables researchers to estimate: 

(i) the atmospheric lifetime (usually estimated using laboratory-based values of the rate of the reaction of the substance with OH and the photolysis rate constant), and 

(ii)
the halogen release factor for the compound.  

II.  Information available on hexachlorobutadiene

We conducted a library search for relevant published information pertaining to HCBD.  The search focused on peer-reviewed publications and did not include agency reports or other documents in what is commonly referred to as the "gray literature."  Our search yielded the following information:

1.
As of this writing, there has been no peer-reviewed publication concerning the ozone depletion potential (ODP) of HCBD.

2.
Measurements of HCBD in the atmosphere have been made and were mentioned in the 1998 report of the Science Assessment Panel (Scientific Assessment of Ozone Depletion: 1998, Chapter 2, page 2.21).  See item 3 below, which identifies the paper cited in the 1998 assessment report. 

3.
Our literature search identified one paper that reported atmospheric measurements of HCBD and used those measurements to estimate the lifetime of HCBD in the atmosphere.  The paper is:

Class, T., and K. Ballschmiter, Global baseline pollution studies. X. Atmospheric halocarbons: global budget estimations for tetrachloroethene, 1,2-dichloroethane, 1,1,1,2-tetrachloroethane, hexachloroethane, and hexachlorobutadiene. Estimation of the hydroxyl radical concentrations in the troposphere of the northern and southern hemisphere, Fresenius' Z. Anal. Chem., 327, 198-204 (1987).

The authors use the observed interhemispheric gradient of HCBD to infer an OH rate constant of 2 ( 10-12 s-1, a Northern Hemispheric lifetime of 2.3 years, and a Southern Hemispheric lifetime of 0.8 years, and a global emission rate of about 3 tonnes per year.

4.
Our literature search identified one paper that made a theoretical estimate of the rate constant for the reaction of hexachlorobutadiene with hydroxyl radicals.  As noted in section I above, this is one of the primary atmospheric removal pathways for halocarbons, and hence a parameter of relevance to the estimation of the ODP.  The paper is:

Fricke, G., J. Hellhammer, A. Klamt, J. Meerkamp van Embden, M. Rose, B. Sewekow, and R. Wittlinger, Indirect photodegradation of chloroorganic compounds via OH radicals in the atmosphere, Umweltwiss. Schadst.-Forsch., 7, 275-279 (1995).

The authors calculate a rate constant of 2 ( 10-14 s-1 for the reaction of HCBD with OH.  We found no papers reporting direct laboratory measurements regarding HCBD.

III.  The Canadian study, Priority Substances List Assessment Report:  Hexachlorobutadiene, Environment Canada and Health Canada, June 2000 

This paper makes use of the study by Class and Ballschmiter (item 3 mentioned above) to make a simple “worst-case” estimation of the ozone depletion potential of HCBD.  Relying on the lifetimes calculated by Class and Ballschmiter, a worst-case value of 0.07 is obtained for the ODP of HCBD.

IV.  General assessment of the state of knowledge regarding the ODP of HCBD

Information is insufficient at this time to assess the ODP of HCBD.  The following gaps exist in our scientific understanding:

i)
The rate of the reaction of OH radicals with HCBD is not sufficiently known.  The published paper by Class and Ballschmiter infers a rate constant from atmospheric observations, and the paper by Fricke et al. makes a theoretical calculation of the rate constant.  The values for the OH + HCBD rate constant in these two studies differ by a factor of 100, which significantly impacts the estimate of HCBD’s atmospheric lifetime and hence its ODP.   In addition, there is to date no published laboratory study of the rate constant for the OH + HCBD reaction.  Because this reaction is likely the major mechanism by which HCBD is removed from the atmosphere, it is critical to the determination of the atmospheric lifetime and hence the ODP of HCBD.  Estimates of the ODP using the existing information on HCBD + OH reactivity, such as the Canadian study, will have a greatly improved reliability when laboratory studies become available.

ii)
Other atmospheric removal processes for HCBD, notably direct photolysis, have not been studied.  These removal processes are, as noted in section I above, important in determining the lifetime and ODP of HCBD.

iii)
The amount of chlorine released to the stratosphere from HCBD is not known.  The Canadian calculation has assumed, as a worst case, that 100% of the chlorine is released.  (In the past, the Science Assessment Panel has given its best estimate, rather than a worst-case estimate, to avoid raising concerns about a substance that may turn out later to be unfounded.)

iv)
The products of HCBD degradation in the atmosphere are not known.  The lack of this information currently prohibits a full accounting of the ozone depletion effects of HCBD and/or the ozone depletion effects of its degradation products.

Recommendation regarding HCBD

The Cochairs of the Science Assessment Panel have determined that information is presently insufficient to estimate the ODP of HCBD.  The laboratory studies that are needed to quantify the rates of atmospheric removal processes of HCBD would likely consist of studies of the HCBD reaction with OH radicals and HCBD proteolysis.  Chemistry studies are also needed to quantify the stratospheric release of chlorine from HCBD.  With this information, the modeling research needed to evaluate the ODP of HCBD could be completed.  Typically, the costs of such laboratory and modelling studies indicated above is in the range of $100,000-$150,000 US. 

We hope that this status report is helpful to the Parties in their discussions regarding HCBD.

Sincerely,

Daniel L. Albritton

Piet Aucamp

Gérard Mégie

Robert T. Watson

(Cochairs, Science Assessment Panel of the Montreal Protocol)
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Fromm Zepp.Richard@epamail epa.gov

Subject: Reé: Notification of Hexachlorcbutadiene by Canada
Ta m.j.huisman@digd.azu.ni

Copies ta; Nelson.Sabogal@unep.org

DearJjan:

I have gone through the Canadian report and found it o be a quite
thorough and scientifically sound assessment of the fate and toxicity
of hexachlorobutadiens. The data do provide a number of good reasons
for banning its use. However, its atmospheric lifetime is relatively

.» shart and its tropopheric concentration and QDR low compared to other
chlorinated and brominated substances in the atmosprere. Therefore,
it likely has only minimal effects on ozone depletion and £0 should
not be a major concern for our pangl, ) S

Sincerely,
Richard Zepp
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Richard G. Zepp

Us EPA

960 College Station Road
Athens, GA 30505-2700
Tel (706)-355-8117

Fax (7086)-355-8104
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October 22, 2000

Dr. Jan van der Leun

Dept of Denmatology

G02-124

University Medical Centre

Utrecht NL-3568 GA

Netherlands :
E-Mail: m.j huismanazn.

Re: REVIEW OF PSL ASSESSMENT REPORT ON HEXACELOROBUTADIENE

Dear Jan,

As requested, [ have reviewed the Environment Canada Priority Substances List Assessment Report of
June 2000. My comments are attached lo this letter.

Based on this review I have the following suggestions:

. The Enviroronent Canada Priority Substances List Asscssment Rey ort on Hexachlorobutadiene
Environment Canada, 2000 #739] forms a reasonable basis for a hazard assessment in other
locations

. An inventory of world-wide production, uses and releasss of hexachlorobutadiene is needed to
extrapolate these conclusions to other locations.

If you need further information or clarification, please do not hesitate to contact me.

Yours smcerely,

AR,

Keith Solomon, PhD, Fellow ATS
Director, Centre for Toxicology

BOVEY BLDG., GORDON STREET - GUELPH - ONTARIO - CANADA - NiG 2W] + 119-837-3320 * FAX 519-837-3861




REVIEW OF DRAFT REPORT " ENVIRONMENT

CANADA PRIORITY SUBSTANCES LIST ASSESSMENT

REPORT HEXACHLOROBUTADIENE"

Draft Report of June 2000

by

Keith Solomon, PhD, Fellow ATS

Director, Centre for Toxicology

Bovey Bldg

Gordo-n Street

Guelph ON N1G 2WI

Canada

October 21, 2000
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The Environment Canada Priority Substances List Assessment Report on Hexachlorobutadiene
(HCBD) (Environment Canada 2000) was written in response to the requirement under the Canadian
Environmental Protection Act of 1999 to identify substances that may be har nifiil to evvironment or
prescat a danger to hurman health, These reports are focused on the Canadiin environment and,
although the toxicological data are applicable to other locations, the exposwe data and the risk
assessment are mainly form Canadian sources and may not be applicable to other regions. The
following summary is based on the draft document.

1 EXPOSURES

The important issues in this section is the rather long estimated persistence of HCBD in the both the
troposphere (t/2 = 840 d in the Northern hemisphere and (% = 290 d in the Southern hemisphere).
This suggests high potential for global transport. Persistence in other media was less with t/4s ranging
from 4-32 in water and soil. Sediment t%s were not available but are liksly similar to those for water
and soils. Although HCBD does bioacoumwlate in aquatic organisms to a s gnificant degree, it does not
bioaccumulate in terrestrial plants and docs not biernagnify up the food chain. Bioaccumulation in
mvertebrates was less than in fish.

Concentrations of HCBD in air, soil, water and sediments are generally below the level of detection,
except in locations close to use and/or refease sites. The most heavily contuminated site in Canada is
the St Clair River, in 2 heavily industrialized region of Ontario. Here concentrations in water were &s
high as 1.3 pg/L and the $0™ centile concentration in sediment was 18.7 pg/g dw with a median of 0.9
pg/e dw. Corncentrations in rainbow trout collected from Lake Outario in 1981 ranged from 0.06 10
0.3 ng/g ww. Concentrations of HCBD have been reported in human fooc, particularly those foeds
rich in lipids, however, it has not been detected in breast milk from samples collected from five regions

of Canada.
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The most sensitive aquatic organism tested was the fathead mirmow with a 28:d NOEC of 13 pe/L
based on survival and growth. The most sensitive acutc response was a 96 h LC50 of 32 pg/L on the
marine shrimp, Mysidopsis bahia. A tabular listing of toxicity values was not available in the report and
a probabilistic risk assessment was no carried out nor could it be done from the data veported. Toxicity
valnes for benthos were not available and a calculated critical toxicity value >f 20.8 pg/g dw was based

on equilibrivim partitioning and the data for the most sensitive pelagic organism.

Mammalian toxicity values were much greater than those for aquatic organisms. Acute toxicity values
for mammals ranged from 65 1 580 mg/kg bw. Chronic studies have shown kidney damage (fom
release of toxic mtermediates of metabolism by B-tyases in the kidney) and carcinogenicity at the same
site, but only associated with the presence of pre-neoplastic lesions. The NOEL for non-neoplastic
kidney damage was 0.2 mg/kg/day. HCBD was only gepotoxic in a few o the screens conducted with
metabolic activation and this, with the animal data, suggests that it is not primary carcinogen. Effects
other than those on the kidney do not eceur at lower exposures,

3 ATMOSPHERIC ISSUES
Based on calcwlations of Ozone Depletion Potential (CDP) and Global Waming Potential (GWP), and
Photochemical Ozone Creation Potential (POCP), the report concludes that HCBD is unlikely to

contribute substantially to these phenomena.

4 HAZARD AND RISK ASSESSMENT

The conclusion of the report is that HCBD is “toxie” as defined under the Canadian Environmental
Protection Act of 1999. This is misuse of the term “toxic” and what is me.ant is that HCBD presents a
hazard to the environment. The assessment was based on persistence anc. on responses from pelagic
orgarisms (and calculated toxicity values for benthos) and high concentrat ons measursd in aress close

to the release sites,





[image: image8.png]HCBD was ot judged to present a significant risk for ozone depletion, global warming or ozore

creation.  This conclusion is reasonable, given the information supplied.

Based on the analyses of human exposures, HCBD was not judged to presert risk to humans. This is
consistent with the mformation supplied.

5 UNCERTAINTIES
The document presented an good analysis of uncertaintics, particularly for ths human health risk

asscssment. The disoussion of uncertainties for the ecological risks was less thorough.

6 REVIEWERS CONCLUSIONS

The report based iis conclusions of hazard to orgenisms in the environment on single values for effects
and on concentrations from sites where use is great and spills may have occurred. The assessment did
1ot consider spatial or temporal variability in exposures and thus focuses on worst-case scenarios for
Canadian uses of HCBD. A probabilistic risk assessment would have shovin low risk other than in
some localized and highly contaminated sites. The report also documnents significant decreases m
exposure concentrations over time, suggesting that risks will firther decrease in the Canadian
environment in the future. Although a review of the environniental toxicity nformation was conducted,
these data were poorly summarized and could not be used for a subsequen: probabilistic assessment
The summary of the mammalian toxicity nformation was more thorough. 'The report (and all other PSL
reports) should have a complete summary of all raw data made available in an appendix to the report.
The human health risk assessment did make use of probabilistic exposure ¢ stimates, however, it is
acknowledged that some imcertainty was iniroduced 2 2 resull of assumpions of exposures below
level of detection.

Data on toxicity values for key groups such as amphibians and reptiles apt yeared to not be available and
wete not identified in the uncertainty section of the report. As it is not exgected that these classes of

organisms would be sspecially sensitive or more highly exposed than oher aquatic organisms, this





[image: image9.png]§1
82
83
84
83
86
87
88
89
90
91
92
93
94
95
96
97
98
99

L

omission is probably not significant in the overall risk characterization.

In the opinion of this reviewer, the classification of HCBD in Canada as “toxic” under CEPA is not
Jjustified by the data. However, use and production patterns in other parts of the world may be different
and greater exposure could occur in these regions. In this case, some risks t3 localized environments
could be present. A global mventory of production, uses and releases of HCBD would allow the
likelihood of this to be more easily judged. This would also allow judgemerts to be made as to the
global ezone depletion potential, global warming potential, and photocherical ozone creation potential
of HCBD.

7 RECOMMENDATIONS

The Environment Canada Priority Substances List Assessment Report on Hexachlorobutadiene
(Environment Canada 2000) forms a reasonable basis for a hazard assessmnt in other locations,
however, an inventory of world-wide production, uses and releases of bexahlorobutadiene is needed

to extrapolate these conclusions to other locations.
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