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A. NEW POPS [ICRITERIA AND PROCESS

NEW POPs: CRITERIA AND PROCESS
WHAT DOES THE STOCKHOLM CONVENTION SAY?

The Stockholm Convention on Persistent Organic Pollutants (POPs) is a living
convention and does more than address the original 'dirty dozen’ POPs chemicals. It
recognizes the need to take global action on all chemicals with POP-like
characteristics, such as;

e persistent in the environment;

< travel long distances via air and water;
» are toxic; and

e bioaccumulate in living things.

These chemicals pose an unacceptable threat to human health and the environment.

The Stockholm Convention established a 'science based’ process for identifying
candidate POPs. However, the process applies the precautionary principle by
recognising that there does not have to be absolute proof that a chemical is doing
harm before action on it is taken.

The Stockholm Convention including Article 8 and Annexes D, E, F establish the
rules for identifying and listing additional POPs.

ANNEX D
TO THE STOCKHOLM CONVENTION
ON
INFORMATION REQUIREMENTS AND SCREENING CRITERIA

a) A Party submitting a proposal to list a chemical in Annexes A, B and/or C shall
identify the chemical in the manner described in subparagraph (a) and provide
the information on the chemical, and its transformation products where relevant,
relating to the screening criteria set out in subparagraphs (b) to (e):

a) Chemical identity:
i.  Names, including trade name or names, commercial name or names and
synonyms, Chemical Abstracts Service (CAS) Registry number,
International Union of Pure and Applied Chemistry (IUPAC) name; and



2.

3.

ii.  Structure, including specification of isomers, where applicable, and the
structure of the chemical class;

b) Persistence:

i. Evidence that the half-life of the chemical in water is greater than two
months, or that its half-life in soil is greater than six months, or that its half-
life in sediment is greater than six months; or

ii.  Evidence that the chemical is otherwise sufficiently persistent to justify its
consideration within the scope of this Convention;

c) Bio-accumulation:

i. Evidence that the bio-concentration factor or bio-accumulation factor in
aquatic species for the chemical is greater than 5,000 or, in the absence of
such data, that the log Kow is greater than 5;

i. Evidence that a chemical presents other reasons for concern, such as high
bio-accumulation in other species, high toxicity or ecotoxicity; or

iii.  Monitoring data in biota indicating that the bio-accumulation potential of
the chemical is sufficient to justify its consideration within the scope of this
Convention;

d) Potential for long-range environmental transport:

i.  Measured levels of the chemical in locations distant from the sources of its
release that are of potential concern;

ii.  Monitoring data showing that long-range environmental transport of the
chemical, with the potential for transfer to a receiving environment, may
have occurred via air, water or migratory species; or

iii.  Environmental fate properties and/or model results that demonstrate that
the chemical has a potential for long-range environmental transport
through air, water or migratory species, with the potential for transfer to a
receiving environment in locations distant from the sources of its release.
For a chemical that migrates significantly through the air, its half-life in air
should be greater than two days; and

e) Adverse effects:

i. Evidence of adverse effects to human health or to the environment that
justifies consideration of the chemical within the scope of this Convention;
or

ii.  Toxicity or ecotoxicity data that indicate the potential for damage to human
health or to the environment.

The proposing Party shall provide a statement of the reasons for concern
including, where possible, a comparison of toxicity or ecotoxicity data with
detected or predicted levels of a chemical resulting or anticipated from its long-
range environmental transport, and a short statement indicating the need for
global control.

The proposing Party shall, to the extent possible and taking into account its
capabilities, provide additional information to support the review of the proposal
referred to in paragraph 6 of Article 8. In developing such a proposal, a Party may



draw on technical expertise from any source.

ANNEX E
TO THE STOCKHOLM CONVENTION
ON
INFORMATION REQUIREMENTS FOR THE RISK PROFILE

The purpose of the review is to evaluate whether the chemical is likely, as a result of
its long-range environmental transport, to lead to significant adverse human health
and/or environmental effects, such that global action is warranted. For this purpose,
a risk profile shall be developed that further elaborates on, and evaluates, the
information referred to in Annex D and includes, as far as possible, the following
types of information:

a)

b)

d)

f)

9)

Sources, including as appropriate:
(i) Production data, including quantity and location;
(ii) Uses; and
(i) Releases, such as discharges, losses and emissions;

Hazard assessment for the endpoint or endpoints of concern, including a
consideration of toxicological interactions involving multiple chemicals;

Environmental fate, including data and information on the chemical and
physical properties of a chemical as well as its persistence and how they are
linked to its environmental transport, transfer within and between
environmental compartments, degradation and transformation to other
chemicals. A determination of the bio-concentration factor or bio-accumulation
factor, based on measured values, shall be available, except when monitoring
data are judged to meet this need,

Monitoring data;

Exposure in local areas and, in particular, as a result of long-range
environmental transport, and including information regarding bio-availability;

National and international risk evaluations, assessments or profiles and
labelling information and hazard classifications, as available; and

Status of the chemical under international conventions.

ANNEX F
TO THE STOCKHOLM CONVENTION
ON
INFORMATION ON SOCIO-ECONOMIC CONSIDERATIONS

An evaluation should be undertaken regarding possible control measures for
chemicals under consideration for inclusion in this Convention, encompassing the full
range of options, including management and elimination. For this purpose, relevant



information should be provided relating to socioeconomic considerations associated
with possible control measures to enable a decision to be taken by the Conference
of the Parties. Such information should reflect due regard for the differing capabilities
and conditions among the Parties and should include consideration of the following
indicative list of items:

a)

b)

c)

d)

f)

g9)

Efficacy and efficiency of possible control measures in meeting risk reduction
goals:

(i) Technical feasibility; and

(ii) Costs, including environmental and health costs;

Alternatives (products and processes):
(i) Technical feasibility;
(ii) Costs, including environmental and health costs;
(iii) Efficacy;
(iv) Risk;
(v) Availability; and (vi) Accessibility;

Positive and/or negative impacts on society of implementing possible control
measures:

(i) Health, including public, environmental and occupational health;

(if) Agriculture, including aquaculture and forestry;

(iii) Biota (biodiversity);

(iv) Economic aspects;

(v) Movement towards sustainable development; and

(vi) Social costs;

Waste and disposal implications (in particular, obsolete stocks of pesticides
and clean-up of contaminated sites):

(i) Technical feasibility; and

(i) Cost;
Access to information and public education;

Status of control and monitoring capacity; and

Any national or regional control actions taken, including information on
alternatives, and other relevant risk management information.

PROCESS FOR NOMINATION OF NEW CHEMICALS

Any country that has ratified the Convention can submit a proposal to the Secretariat
for listing a chemical in Annexes A, B and/or C.

However, the proposal needs to contain the information specified in Annex D
(Information Requirements And Screening Criteria).

This includes information on the:



e Chemical identity and structure, including trade name/names, synonyms,
Chemical Abstracts Service (CAS) Registry number and International Union of
Pure and Applied Chemistry (IUPAC) name;

e Persistence in the form of evidence of half-life in water greater than two
months, or half-life in soil or sediment greater than six months, or other
evidence that of persistence;

e Bio-accumulation in the form of evidence that the bio-concentration factor or
bio-accumulation factor in aquatic species is greater than 5,000 or that the log
Kow is greater than 5, or other evidence of high bio-accumulation in species,
high toxicity or ecotoxicity, or monitoring data indicating bio-accumulation
potential,

e Potential for long-range environmental transport in the form of measured
levels of concern in locations distant from the source, or monitoring data
showing long-range environmental transport, or environmental fate properties
and/or model results that demonstrate the potential for long-range
environmental transport through air (with a half-life in air should be greater
than two days), water or migratory species; and

e Evidence of adverse effects to human health or the environment or
toxicity or ecotoxicity data indicating potential to damage human health or the
environment.

The nominating country also needs to state the reasons for concern and the need for
global control. In preparing the nomination the country can use technical expertise
from any source

The proposed new POPs and the supporting information is then reviewed by the

Persistent Organic Pollutants Review Committee to see if the screening criteria have
been fulfilled.

POP REVIEW COMMITTEE (POPRC)

STAKEHOLDERS

The members of the first the Persistent Organic Pollutants Review Committee
(POPRC) were appointed by the First Conference of the Parties (COP1) of the
Stockholm Convention (May 2005, Uruguay) on the basis of "equitable geographical
distribution, taking into account gender and the need for a balance between different
types of expertise.”

The POPRC consist of 31 members:
African States: 8
Asian and Pacific States: 8
Central and Eastern European States: 3
Latin American and Caribbean States: 5
Western European and other States: 7



Members of the POPRC are "government-designated experts in chemical
assessment or management.” To ensure effective rotation of the membership, one
half of the members of each region were nominated for an initial term of two years,
and the remaining members of each region were nominated for an initial term of four
years.

Africa:
Chad, Clte d’lvoire, Ethiopia, Mauritania (2 years);
Burkina Faso, Morocco, Sierra Leone, South Africa (4 years);

Asia and the Pacific:
Fiji, Philippines, Qatar, Yemen (2 years);
China, Japan, Jordan, Thailand (4 years);

Central and Eastern Europe:
Slovenia (two years);
Armenia, Czech Republic (four years);

Latin America and the Caribbean:
Trinidad and Tobago, Uruguay (two years);
Brazil, Ecuador, Mexico (four years);

Western Europe and others:
Norway, Spain, United Kingdom (two years);
Australia, Canada, Germany, Sweden (four years).

The COP1 chose Mr. Reiner Arndt (Germany) as Chair of the POPRC.

POPRC can also invite up to 30 experts (balancing developed and developing
countries) to support its work. Countries can designate experts for inclusion in a
roster of expert but if no expert on the roster has the specifically needed expertise on
a certain issue, the POPRC can then invite other experts.

The POPRC meetings are open to observers, while countries submitting a proposal
are invited to attend the relevant POPRC meetings.

The Persistent Organic Pollutants Review Committee (POPRC) reviews proposals
for new POPs via three main stages.

1. If the proposal includes the required information, the POPRC consider
whether the nominated chemical fulfills the criteria (POP-like characteristics)
as outlined in Annex D.

2. If the POPRC find the chemicals fulfills the criteria, a risk profile based on the
information in Annex E is then prepared.

3. If on the basis of the risk profile, the POPRC decides the chemical is likely as
a result of its long range transport, to lead to significant adverse human health
and/or environmental effects, such that global action is warranted then the



POPRC will prepare a risk management evaluation based on information
outlined in Annex F.

The POPRC may then recommend to the COP that the chemical be added to the
Convention.

The Conference of the Parties (all the countries that have ratified the Convention)
make the final decision on whether to list a chemical as a POP.

There are many chemicals with POP-like characteristics which need priority
consideration.

Some are already scheduled for elimination through countries’ national action or
regional treaties like the UNECE Convention on Long-Range Transboundary Air
Pollution (LRTAP) on POPs and the Convention for the Protection of the Marine
Environment of the North-East Atlantic (OSPAR). Listing on an international
agreement will ensure that these chemicals are banned throughout the globe.

REVIEW PROCESS

Once the Secretariat verifies that a proposal for listing contains the required
information, it is forwarded to the Persistent Organic Pollutants Review Committee
(POPRC) for consideration.

If POPRC decides that screening criteria have been fulfilled, the proposal is made
available to all Parties and observers and they are invited to submit the information
specified in Annex E (Information Requirements for the Risk Profile).

This includes information on:
Sources such as production quantity and location, uses and releases;
Hazard assessments for the endpoints of concern, including consideration of
interactions with other chemicals;
Environmental fate such as environmental transport and transfer, degradation,
measured bio-concentration or bio-accumulation factors;
Monitoring data;
Exposure and bio-availability;
Other national and international risk evaluations, labelling information and
hazard classifications; and
Chemical status under international conventions.

The POPRC then further reviews the proposal, taking into account any relevant
additional information received, and prepares a dratft risk profile and makes that draft
available to all Parties and observers for comment. Based on their technical
comments, the POPRC completes the risk profile.

If, on the basis of that risk profile, the POPRC decides "the chemical is likely as a
result of its long-range environmental transport to lead to significant adverse human
health and/or environmental effects such that global action is warranted,” the
proposal proceeds to the next stage.



Importantly, lack of full scientific certainty can not prevent the proposal from
proceeding.

The Committee then invites all Parties and observers to provide any information on
socio-economic considerations as described in Annex F (Information on Socio-
Economic Considerations). An evaluation of possible control measures and options,
including management and elimination is required. The evaluation should consider:

Efficacy and efficiency of possible control measures including technical
feasibility; and and environmental and health costs; and

Alternatives including their technical feasibility, environmental and health
costs, efficacy, risks, availability and accessibility, societal impacts of
implementing possible control measures, including impacts on public,
environmental and occupational health; agriculture, biota (biodiversity),
economic aspects; sustainable development, social costs, waste and disposal
implications, technical feasibility, costs, information access and public
education, control and monitoring capacity; and national or regional control
actions.

Based on this information a risk management evaluation including analysis of
possible control measures is prepared.

The POPRC then based on the risk profile and the risk management evaluation
recommend whether the chemical should be considered by the Conference of the
Parties for listing in Annexes A, B and/or C.

Then taking account of the recommendations of the POPRC, including any scientific
uncertainty, and in a precautionary manner, the Conference of the Parties decide
whether to list the chemical, and specify the control measures, in Annexes A, B
and/or C.

If a Proposal is rejected, it can be resubmitted and a Party can challenge the
decision of the POPRC.



B. NOMINATED CHEMICALS JAN OVERVIEW

The following chemicals have been officially nominated by Parties for consideration
by the POPs Review Committee for inclusion in the POPs list.
1. Alpha-hexeachlorocyclohexane)

2. Beta-hexachlorocyclohexane

3. Chlordecone

4. Endosulfan

5. Hexabromobiphenyl

6. Lindane

7. Octabromodiphenyl ether

8. Pentachlorobenzene

9. Pentabromodiphenyl ether

10. Perfluorooctane sulfonate

11. Short-chained chlorinated paraffins (SCCPs)

Detailed Profile of each of these chemicals is available in the following
documents. Brief summary is also available

10



AN OVERVIEW

NOMINEES
Substance Abbreviation Proposing Party Evaluation
Stage
Alpha hexachlorocyclohexane Alpha HCH Mexico Annex E
Beta hexachlorocyclohexane Beta HCH Mexico Annex E
Chlordecone European Union Annex F
Endosulfan European Union Annex D
Hexabromobiphenyl HBB European Union Annex F
Lindane Mexico Annex F
Octabromodiphenyl ether OctaBDE European Union Annex E
Pentabromodiphenyl ether PentaBDE Norway Annex F
Pentachlorobenzene PeCB European Union Annex E
Perfluorooctane sulfonate PFOS Sweden Annex F
Short-chained chlorinated SCCPs European Union Annex E
parrafins
PRODUCERS
Substance Past and Present Producers Trade Names
Alpha HCH Not intentionally produced; see Lindane
Beta HCH Not intentionally produced; see Lindane
Chlordecone | Allied Chemical (USA); Life Sciences Products Kepone, GC-1189, Merex,
(USA); Hooker Chemical (USA); Nease Chemical | ENT 16391, Curlone
(USA); De Laguarique (France); unnamed
French and Brazilian companies
Endosulfan China; India (All India Medical Corp, Bharat Benzoepin, Beosit, Bio
Pulverizing Mills, Excel Industries, Krishi 5462, Chlorthiepin,
Rasayan, Mewar Oil and General Mills); Crisulfan, Cyclodan,
Germany (Bayer CropScience, Hoechst); Israel Endocel, Endosol,
(Makhteshim Chemical Works); Italy (Dupont); EndossulfamE, Endossulfo,
South Korea; Mexico (Production Quimicos de Endosulfan, Endosulfan
Chihuahua); Taiwan (Mictonion Industries); UK 350EC, Endosulphan,
(FBC); USA (FMC, Drexel, SureCo) ENT-23979, FMC 5462,
Hildan, HOE 2671,
Insectophene, Kop-
Thiodan, Malix, NCI-
C00566, NIA 5462, Niagara
5462, OMS 570, SD 4314,
Thiofur, Thumul, Thiodan,
Thionex, Farmoz, Nufarm,
Tiovel
HBB Michigan Chemical Corp (USA); White Chemical | Firemaster BP-6 Firemaster
Corp (USA); Hexcel Corp (USA); Atochem FF-1
(France); Berk Corp (UK); Chemische Fabrik
Kalk (Germany)
Lindane Companies in Albania, Argentina, Austria, Benhexachlor, BHC,
Azerbaijan, Brazil, Bulgaria, China, Czech Exagama, Forlin,
Republic, France, Germany (Bayer Gallouama, Gamaphex,
CropScience), Ghana, Hungary, India (KCIL, Gammex, Inexit, Isotox,
Kanoria, India Pesticides Ltd), Italy, Japan, Lindafor, Lindagam,
Poland, Romania, Russia, Slovakia, Spain Lindagrain, Lindagranox,
(Inquinosa), Turkey, United Kingdom, and USA Lindalo, Lindamul, Lindano,
(Crompton, Gustafson). It appears that only Lindapoudre, Lindaterra,
Romania and India are current producing Novigan, Silvanol
countries.
OctaBDE Companies in France, Israel, Japan,
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Netherlands, UK, and USA.

PentaBDE

Companies in China, EU, Israel (Dead Sea
Bromine Group); Japan; and USA (Great Lakes
Chemical now Chemtura)

PeCB

PeCB was produced intentionally to make
paranitrochlorobenzene (quintozene), a pesticide.
Currently, it is believed to come primarily from
unintentional production from sources that
include: PCBs, chlorinated solvents, pesticides,
chemical manufacturing, aluminum casting,
waste combustion including barrel burning, ore
treatment for metal production of magnesium,
copper, niobium, tantalum, titanium dioxide
production, wood treatment plants, and
hazardous waste incineration.

PFOS

Companies in Brazil (Milenia Agro Ciencias S.A.),
China (Changjiang Chemical Plant), India
(Indofine Chemical Co.), Italy (Miteni S.p.A.,
EniChem Synthesis S.p.A), Japan (Midori
Kaguka Co., Tohkem Products Corp., Tokyo
Kasei Kogyo Co.), Russia (Scientific Industrial
Association P & M Ltd.) Switzerland (Fluka
Chemical Co.), UK (BNFL Fluorochemicals Ltd.,
Fluorochem Ltd.), USA (3M)

SCCPs

Companies in Brazil, Czech Republic, Germany
(Clariant, Hoechst, Huels), Japan, Slovakia, USA
(Dover Chemical Corp.)

Chlorowax 500C

USES

Substance

Uses

Alpha HCH

None; waste product

Beta HCH

None; waste product

Chlordecone

Pesticide formerly used on banana root borer, fly larvicide, apple scab,
powdery mildew, Colorado potato beetle, rust mite, wireworm, and

household ant and roach traps.

Endosulfan

Insecticide for control of aphids, thrips, beetles, foliar feeding larvae, mites,
borers, cutworms, bollworms, whiteflies, and leafhoppers. Used on cotton,
tobacco, cantaloupe, tomatoes, squash, eggplant, sweet potato, broccoli,
pears, pumpkins, corn, cereals, oilseeds, potatoes, tea, coffee, cacao,
soybean, and other vegetables. Historically used to control termites and
tsetse fly. Used in some countries in the past as a wood preservative.

HBB

Hexabromobiphenyl has been used as a fire retardant in acrylonitrile-
butadiene-styrene (ABS) thermoplastics for constructing business, machine
housings and in industrial and electrical products and in polyurethane foam

for auto upholstery.

Lindane

Lindane has been used as a broad-spectrum insecticide for seed and soll
treatment, foliar applications, tree and wood treatment and against
ectoparasites in both veterinary and human applications.

OctaBDE

Flame retardant primarily for ABS plastics used in office equipment and
business machines. Other uses include nylon, low density polyethylene,
polycarbonate, phenol-formaldehyde resins, and unsaturated polyesters.

PentaBDE

PentaBDE been used almost exclusively in the manufacture of flexible

polyurethane (PUR) foam for furniture and upholstery in homes and vehicles,
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packaging, and non-foamed PUR in casings and electronic equipment (EE).
They are also used to some extent in specialized applications in textiles and
in industry.

PeCB

No current intentional use believed though PeCB has been found in the
following uses: PCBs, dyestuff carriers, flame retardant, and pesticides
(quintozene, endosulfan, chlorpyrifos-methyl, atrazine, and clopyrilid). PeCB
has been used to make paranitrochlorobenzene (quintozene).

PFOS

PFOS uses include: fire fighting foams, carpets, leather/apparel,
textiles/upholstery, paper and packaging, coatings and coating additives,
industrial and household cleaning products, pesticides and other
insecticides, photographic industry, photolithography and semiconductor
manufacturing, hydraulic fluids, and metal plating.

SCCPs

SCCPs are used primarily in metalworking applications. Other uses include
uses as flame retardants or plasticizers in PVC, paints, adhesives, sealants
in buildings, PCB substitutes in gaskets, leather fat liquors, and flame
retardants in rubber, car carpets, textiles, and other polymers. SCCPs used
as flame retardants are added to rubber in a proportion of 1[110%.

EFFECTS

Substance

Effects

Alpha HCH

Alpha-HCH has been shown to be neurotoxic, hepatotoxic, and to cause
immunosuppressive effects and cancer in laboratory animals. Several
epidemiological studies indicate that alpha-HCH might play a role in human
breast cancer.

Beta HCH

Toxicological studies with beta-HCH have demonstrated neurotoxicity and
hepatotoxicity. Also reproductive and immunosuppressive effects and effects
on fertility were seen in laboratory animals. Several epidemiological studies
indicate that beta-HCH might play a role in human breast cancer.

Chlordecone

The pesticide is both acutely and chronically toxic, producing neurotoxicity,
immunotoxicity, reproductive, musculoskeletal and liver toxicity. Chlordecone
is very toxic to aquatic organisms, with the most sensitive group being the
invertebrates.

Endosulfan

Excessive and improper application and handling of endosulfan have been
linked to congenital physical disorders, mental retardations and deaths in
farm workers and villagers in developing countries in Africa, southern Asia
and Latin America. Endosulfan was found among the most frequently
reported intoxication incidents, adding unintentionally further evidence to its
high toxicity for humans. In laboratory animals, endosulfan produces
neurotoxicity effects, which are believed to result from over-stimulation of the
central nervous system. It can also cause haematological effects and
nephrotoxicity. Recent literature has indicated the potential for endosulfan to
cause impaired development in amphibians, reduced cortisol secretion in
fish, impaired development of the genital tract in birds and hormone levels,
testicular atrophy and reduced sperm production in mammals.

HBB

Hepatotoxicity, effects on the thyroid, and endocrine disruption including
effects on reproductive capacity in rats, mink and monkeys. There is
epidemiological evidence of hypothyroidism in workers exposed to
polybrominated biphenyls and of increased incidence of breast cancer in
exposed women.

Lindane

Hepatotoxic, immunotoxic, reproductive and developmental effects have
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been reported for lindane in laboratory animals. The most commonly
reported effects associated with oral exposure to gamma-HCH are
neurological including seizures and convulsions in individuals who have
accidentally or intentionally ingested lindane in insecticide pellets, liquid
scabicide or contaminated food

OctaBDE

Unfortunately, the available information on the toxicity and ecotoxicity of
hexa to nonaBDE [which make up commercial OctaBDE] is very limited.
Effects on mammals and birds include slight fetotoxicity, increased liver
weights, and delayed skeletal ossification. Other observed effects include
immunotoxicity and neurotoxicity. There is an increasing evidence
suggesting similar toxicological profiles and therefore, equivalent hazards
and concerns, between PBDEs and PCBs.

PentaBDE

Toxicological studies have demonstrated reproductive toxicity,
neurodevelopmental toxicity and effects on thyroid hormones in aquatic
organisms and in mammals. Information is lacking on the effects in humans
of short-term and long-term exposure, although it is to be expected that
vulnerable groups can be pregnant women, embryos and infants.

PeCB

PeCB is moderately toxic to humans. Animal studies reveal effects including
decreased thyroxin, abnormal sperm, and histopathological effects on the
kidneys. Pentachlorobenzene is very toxic to aquatic organisms and may
cause long-term adverse effects in the aquatic environment.

PFOS

PFOS has demonstrated toxicity towards mammals in sub-chronic repeated
dose studies at low concentrations, as well as rat reproductive toxicity with
mortality of pups occurring shortly after birth. Environmental toxicity data for
PFOS is predominantly found for aquatic organisms such as fish,
invertebrates and algae, and for birds. PFOS is toxic to aquatic organisms
with mysid shrimp and Chironomus tentans being the most sensitive
organisms.

SCCPs

SCCPs can harm sensitive aquatic organisms at relatively low
concentrations (i.e. below threshold criteria of 1 mg/L used to categorize
substances on CanadalS Domestic Substances List). SCCPs affect the liver,
kidney and thyroid in rats including increased liver, weight, altered liver
enzymes, and enlarged thyroid. Rodent studies showed dose related
increases in adenomas and carcinomas in the liver, thyroid, and kidney.
There continues to be contention over the mechanisms of these tumors and
whether they are relevant for human health. SCCPs were classified as a
group 2B carcinogen (possibly carcinogenic to humans) by the International
Agency for Research on Cancer (IARC). There are no data on fertility or
developmental effects for humans.

REFERENCES

Substance

References

Alpha HCH

Draft Risk Profile May 2007
http://www.pops.i nt/documents/meetings/poprc/drprofile/drp/DraftRiskProfile a

HCH.pdf

Beta HCH

Draft Risk Profile May 2007
http://www.pops.i nt/documents/meetings/poprc/drprofile/drp/DraftRiskProfile b-

HCH.pdf

Chlordecone

Draft Risk Management Evaluation May 2007
http://www.pops.i nt/documents/meetings/poprc/drprofile/drme/DraftRME_Chlorde
cone.pdf
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Risk Profile UNEP/POPS/POPRC.2/17/Add2
http://www.pops.int/documents/meetings/poprc_2/meeting_docs/report/POPRC-
2%20rep%20add2.pdf

Endosulfan

Proposal by the European Union August 2007
http://www.pops.i nt/documents/meetings/poprc/docs/chem review.htm

Supporting information by German Federal Environment Agency
http://www.pops.i nt/documents/meetings/poprc/docs/under _review/endosulfan/Draf
t%20Dossier endosulfan.pdf

HBB

Draft Risk Management Evaluation May 2007
http://www.pops.i nt/documents/meetings/poprc/drprofile/drme/DraftRME_HBB.pd
f

Risk Profile UNEP/POPS/POPRC.2/17/Add3
http://www.pops.int/documents/meetings/poprc_2/meeting_docs/report/POPRC-
2%20rep%20add3.pdf

Lindane

Draft Risk Management Evaluation May 2007
http://www.pops.int/documents/meetings/poprc/drprofile/drme/DraftRME_Lindane.

pdf

Risk Profile UNEP/POPS/POPRC.2/17/Add4
http://www.pops.i nt/documents/meetings/poprc_2/meeting_docs/report/POPRC-
2%20rep%20add4.pdf

OctaBDE

Draft Risk Profile May 2007
http://www.pops.int/documents/meetings/poprc/drprofile/drp/DraftRiskProfile_Octa

BDE.pdf

PentaBDE

Draft Risk Management Evaluation May 2007
http://www.pops.int/documents/meetings/poprc/drprofile/drme/DraftRME_PeBDE.

pdf

Risk Profile UNEP/POPS/POPRC.2/17/Add1
http://www.pops.int/documents/meetings/poprc_2/meeting_docs/report/POPRC-
2%20rep%20add1.pdf

PeCB

Draft Risk Profile May 2007
http://www.pops.i nt/documents/meetings/poprc/drprofile/drp/DraftRisk Profile PeC

B.pdf

PFOS

Draft Risk Management Evaluation May 2007
http://www.pops.int/documents/meetings/poprc/drprofile/drme/DraftRME_PFOS.p
df

Risk Profile UNEP/POPS/POPRC.2/17/Add5
http://www.pops.int/documents/meetings/poprc_2/meeting_docs/report/POPRC-
2%20rep%20add5. pdf

SCCPs

Draft Risk Profile May 2007
http://www.pops.i nt/documents/meetings/poprc/drprofile/drp/DraftRiskProfile SCC

P.pdf
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B.1. Alpha-hexeachlorocyclohexane JSUMMARY

SUMMARY

1. Alpha Hexachlorocyclohexane (Alpha HCH)

Draft Risk Profile May 2007
http://www.pops.int/documents/meetings/poprc/drprofile/drp/DraftRiskProfile _a-HCH.pdf

Composition One of 5 stable HCH isomers in technical HCH

Uses Alpha-HCH by itself is neither intentionally produced nor placed on the
market but produced as the main constituent of technical HCH which is
used as organochlorine insecticide or chemical intermediate to manufacture
enriched gamma-HCH (Lindane).

Releases Historically, alpha-HCH was released during the manufacture of technical
HCH and its use as a pesticide. Li and Macdonald (2005) estimated the
global usage of alpha-HCH (based on data on technical HCH) at 6 millions
tons, with 4.3 millions tons emitted into the atmosphere. Releases of alpha-
HCH into the environment are also possible from hazardous waste sites
(USEPA, 2006), stockpiles and residues of Lindane production, which are
not always controlled or maintained safely (IHPA, 2006). Also,
contaminated sites (e.g. from former production plants) may contribute to
the environmental burden of alpha-HCH (Concha-Grana et al., 2006).
Though no quantitative estimates of these releases exist, the amounts of
HCH residuals in the form of by-products from Lindane production are
assumed to range between 1.6 - 1.9 to 4.8 million tons.

Fate Degradation is very slow especially at lower temperatures. Half-lives for
alpha-HCH in Arctic lakes were up to 1.4 years, whereas in the Eastern
Arctic Ocean enantioselective degradation resulted in a range of
approximately 5 to 17 years. High levels are found in Arctic biota because
of the bioaccumulation potential of alpha-HCH (as a product of
bioconcentration and biomagnification) and the historically particularly
efficient deposition processes of this substance in the Arctic waters. The
efficient accumulation is an effect of the combination of the physico-
chemical properties of alpha-HCH and the low temperature in the Arctic. In
other words, alpha-HCH effectively accumulates in the Arctic ecosystem as
a whole.

Effects Alpha-HCH has been shown to be neurotoxic, hepatotoxic, and to cause
immunosuppressive effects and cancer in laboratory animals. The
International Agency for Research on Cancer (IARC) has classified alpha-
HCH in group 2B, possibly carcinogenic to humans. Several
epidemiological studies indicate that alpha-HCH might play a role in human
breast cancer. Alpha-HCH is a known tumour promoting agent. Alpha-HCH
may adversely affect human health in contaminated areas as well as in
Arctic regions. Based on the available toxicity data of alpha-HCH, it can be
concluded that current concentrations of alpha-HCH in food and human
breast milk are a matter of concern. The estimated daily intake of alpha-
HCH of Arctic indigenous people exceeds safe intake reference values,
even though estimation is very conservative. Compared with a general
accepted risk of one case per million, this risk seems unacceptably high.
Nevertheless it should be emphasized that traditional foods have unique
social, cultural, spiritual and economic value and therefore it is strongly
recommended to avoid alpha-HCH levels of concern. Human exposure to

16




alpha-HCH results mostly from ingestion of contaminated plants, animals
and animal products. Monitoring data from a wide range of biota including
humans suggest that significant uptake from the environment occurs, which
demonstrates the bioavailability of alpha-HCH. Monitoring data show its
ubiquitous distribution in all environmental media

Exposure

Human exposure to alpha-HCH results mostly from ingestion of
contaminated plants, animals and animal products. Monitoring data from a
wide range of biota including humans suggest that significant uptake from
the environment occurs, which demonstrates the bioavailability of alpha-
HCH. Monitoring data show its ubiquitous distribution in all environmental
media

Status

Technical HCH is listed in Annex Il of the 1998 Aarhus Protocol on
Persistent Organic Pollutants (POPs) under the Convention on Long-Range
Transboundary Air Pollution which restricted alpha-HCH use to an
intermediate in chemical manufacturing only. HCH (mixed isomers) is
subject to the PIC Procedure of the Rotterdam Convention and is listed in
Annex Il of the Convention. In the European Union, the production and use
of technical HCH as an intermediate in chemical manufacturing will be
phased out by the end of 2007 at the latest (Regulation (EC) No 850/2004).
HCHs are also among the priority substances (Decision No 2455/2001/EC)
of the adopted EU Water Framework Directive 2000/60/EC.
Hexachlorocyclohexane isomers, including the alpha-isomer, are on the List
of Chemicals for Priority Action under the OSPAR Commission for the
Protection of the Marine Environment of the Northeast Atlantic.

Alternatives

Will be discussed together with Lindane in Annex F evaluation if Alpha HCH
advances.
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B.1l.a. Alpha-hexeachlorocyclohexane ODETAILED PROFILE

Candidate for POPs List

a-HCH

(alpha-hexeachlorocyclohexane)
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Background

The 1998 Aarhus Protocol on Persistent Organic Pollutants (POPs) addresses technical
hexachlorocyclohexane (HCH, a mixture of isomers) as a substance for restriction on use under
Annex Il. The Aarhus Protocol is one of the protocols under the United Nations Economic
Commission for Europe (UNECE) convention on Long Range Transboundary Air Pollution (LRTAP).
The objective of the UNECE regional Protocol is to control, reduce or eliminate discharges, emissions
and losses of persistent organic pollutants.

The Rotterdam Convention on the Prior Informed Consent also includes technical HCH, indicating that
several countries have banned or severely restricted import and use of this mixture of isomers. The
objective of this convention is to promote shared responsibility and cooperative efforts among Parties
in the international trade of certain hazardous chemicals in order to protect human health and the
environment from potential harm.

Mexico proposed on June 29, 2005 that gamma-hexachlorocyclohexane (Lindane) be added to
Annex A of the Stockholm Convention. The proposal presented data on the gamma isomer but
mentioned as well that [other isomers of hexachlorocyclohexane should also be considered.

The POPs Review Committee (POPRC) evaluated Annex D information for Lindane at its first
meeting, held in Geneva in November 2005, and decided that [the screening criteria have been
fulfilled for Lindanell The Committee agreed that alpha and beta isomers could be included in the
discussions, although any decision to propose inclusion of the chemical in the Convention would
apply only to Lindane, the gamma isomer. As a consequence, Mexico is now proposing that alpha-
HCH (and beta-HCH in another proposal) be added to Annexes A, B and/or C of the Convention to
ensure that the global impacts of all three environmentally significant HCH isomers (alpha, beta and
gamma) are addressed.

Data sources

a) CEC, 2000: North American Commission on Environmental Cooperation: North American
Regional Action Plan (NARAP) on Lindane and other HCH isomers, http://www.cec.org;

b) USEPA, 2006: Assessment of Lindane and Other Hexachlorocyclohexane Isomers, U.S.
Environmental Protection Agency, http://www.epa.gov/fedrgstr/EPA-
PEST/2006/February/Day-08/p1103.htm;

c) ATSDR, 2005: Toxicological Profile for Hexachlorocyclohexanes, U.S. Department of Health
and Human Services, Public Health Service, Agency for Toxic Substances and Disease
Registry, August, 2005, http://www.atsdr.cdc.gov/toxprofiles/tp43.html.

d) Thesereviews and other references serve as a source of further information.

Introduction

Alpha-HCH is one of the five stable isomers of technical HCH, an organochlorine pesticide formerly
used in agriculture. The modes of action of the HCH isomers differ quantitatively and qualitatively with
regard to their biological activity in the central nervous system as the main target organ. Alpha-HCH is
mainly stimulating to the central nervous system, but the final effect of the mixed isomers depends on
the composition (IPCS, 2001). In general, HCHs are among the most studied pesticides with respect
to their environmental fate and effects (Breivik et al., 1999).

1 Identification of the chemical

1.1 Names and registry numbers

Chemical name: alpha-hexachlorocyclohexane (alpha-HCH)
IUPAC name: (1a,2a,3b,4a,5b,6b)-Hexachlorocyclohexane
Synonym: 1,2,3,4,5,6-hexachlorocyclohexane, alpha isomer,

(1alpha,2alpha,3beta,4alpha,5beta,6beta)-1,2,3,4,5,6-
hexachlorocyclohexane, alpha-1,2,3,4,5,6-
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1.2

Hexachlorocyclohexane; alpha-benzene hexachloride, alpha-
BHC, alpha-HCH, alpha-lindane; benzene-trans-
hexachloride, Hexachlorocyclohexane-Alpha (Chemfinder,
2007)

CAS number:

Racemic: 319-85-6, (+) alpha-HCH: 11991169-2, (-) alpha-HCH: 119911-70-5
Chemical Structure

Alpha-HCH is a brownish to white crystalline solid (ATSDR, 2005). Alpha-HCH is the

only chiral isomer of the eight isomers of 1,2,3,4,5,6-HCH. The configurations of its
enantiomers are shown in Figure 1.

Figurel: Structure of alpha-HCH,
modified from Buser et al. (1995)

1.3.

H H
CI
o H Cl
H
C
H
Cl , C|
Cl
Cl
< H
(+)-alpha-HCH (-)-alpha+HCH
Chemical formula: CeHeClg

Molecular weight: 290.83

Stability and persistence of HCH isomers are attributed to the orientation of the chlorine
atoms on the molecule. Axial chlorine atoms may probably provide available sites for
enzymatic degradation. Alpha-HCH exhibits 4 axially and 2 equatorially orientated
chlorine atoms. Thus it is thought that the molecule is more susceptible to degradation
than the beta-isomer (Philips et al., 2005).

Physico-chemical properties

The physico-chemical properties (e.g. semi-volatility, see table 1 for selected
properties) of alpha-HCH allow for long-range transport and [¢old condensationl] an
enrichment of the substance in cold climates compared to concentrations near sources,
on altitudinal and latitudinal scales described by Wania and Mackay (1996). Alpha-HCH
can volatilize due to its vapour pressure and low octanol-air partition coefficient from
soil surfaces. The HenrylS law constant is relatively low and decreases with
temperature.

Table 1: Selected physico-chemical properties

Melting Point ([C) 159,
Boiling Point ([T) 288 ;
Density (g cm™ at 19 [C) 1.87
Water solubility (mg/l at 25 [T) 2,
Vapour pressure (mmHg at 25 [C) 4,510 ,
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Henry-s law constant (atm m> mol™) 6.9x10° ,
Log Kow 3.8
Log Koa (25[C) 7.6 3
Physical state crystalline solid ;
1 ATSDR (2005)
2> SRC PhysProp Database
(2007)
3 Shoeib and Harner (2002)
1.4. Chemical production

HCH isomers are produced as a result of the photochemical chlorination of benzene
during the manufacture of technical HCH, which has been widely used as a
commercial pesticide. Technical HCH is a mixture of five HCH isomers: alpha-HCH
(53-70%), beta-HCH (3-14%), gamma-HCH (11-18%), delta-HCH (6-10%) and
epsilon-HCH (3-5%).

As the gamma-HCH isomer, also known as Lindane, is the isomer with the highest
pesticidal activity, technical-HCH is subject to subsequent treatment (fractional
crystallization and concentration) to produce 99% Lindane. This process is extremely
inefficient with only a 10-15% vyield, producing 6-10 tons of other isomers for each ton
of Lindane (IHPA, 2006). Alpha-HCH is the major by-product of the reaction (60-
70%), followed by beta-HCH (7-10%) (WHO, 1991).

Persistence

The most common HCH isomers found in the environment are alpha-, beta- and
gamma-HCH. Alpha-HCH is the predominant isomer in ambient air and in ocean
water (Walker, 1999).

Alpha-HCH is stable to light, high temperatures, hot water and acid but it can be
dechlorinated at high pH. At pH 8 and 5[C, the estimated hydrolytic half-life of alpha-
HCH is 26 years (Willet, 1998). The hydrolysis rates were found to be slower at lower
temperatures with an estimated half-life for alpha-HCH of 63 years at pH 8 and O[C
(USEPA, 2006). Other studies estimated half-lives in eastern Arctic Ocean water of 6
years for (+) enantiomer and 23 years for (-) enantiomer of alpha-HCH. The half-lives
of (+) and (-) enantiomers of alpha-HCH in a small Arctic lake were also estimated to
be 0.6 and 1.4 years respectively (ATSDR, 2005).

Direct photolysis in the atmosphere is not expected to be an important environmental
fate process for HCH. However, some authors have reported a photodegradation
half-life of 91 hours for thin films of alpha-HCH. It has also been found that alpha-
HCH is degraded in the atmosphere by reacting with photochemically produced
hydroxyl radicals. Using an average hydroxyl radical concentration of 5x105
molecule/cm3, the calculated half-life is about 115 days. In locations where the
atmospheric hydroxyl radical concentration is very low, the average half-life of alpha-
HCH has been estimated to be about 3 to 4 years (ATSDR, 2005).

Alpha-HCH also tends to associate with soils and sediments because of its low
polarity. Biodegradation in soils of alpha-HCH has also been studied showing half-
lives of 54.4 days for cropped plots and 56.1 days for uncropped plots (ATSDR,
2005). Another laboratory study reported half-lives of 125 and 48 days under aerobic
and anaerobic conditions, respectively. A field experiment carried out in 1988 using
soil treated with technical HCH revealed that although the concentration of alpha-
HCH was the highest of the HCH isomers, the alpha-isomer disappeared more
rapidly (WHO, 1991).
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3 Bioaccumulation

The log octanol-water partition coefficient (log Kow) for alpha-HCH is 3.8, indicating
that it has the potential to bioaccumulate. A wide range of bioaccumulation factors
(BAF) for alpha-HCH has been reported in several studies.

Bioconcentration factors of 1 500 (02 700 on a dry-weight basis, and 12 000 on a lipid
basis, have been reported for microorganisms. Studies in invertebrates show
bioconcentration factors ranging from 60 02 750 on a dry weight basis and up to 8
000 on a lipid basis. Other studies report bioconcentration factors in fish from 313 to 1
216 (WHO, 1991). A bioconcentration factor (BCF) of 1 100 was found using zebra-
fish under steady-state conditions by Butte et al. (1991). Oliver et al. (1995) have
reported bioconcentration factors ranging from 1 600 to 2 400 in a variety of aquatic
organisms.

4 Potential for long range environmental transport

Many studies have reported alpha and gamma HCH throughout North America, the
Arctic, Southern Asia, the Western Pacific, and Antarctica. HCH isomers are the most
abundant and persistent organochlorine insecticide contaminants in the Arctic, and
their presence in the Arctic and in the Antarctic, where they have not been used or
produced, is evidence of their long-range transport.

There are observations that suggest that alpha-HCH and other HCH isomers are
subject to [global distillation[] in which warm climates at lower latitudes favor
evaporation into the atmosphere enabling the chemicals to be carried to higher
latitudes. At high latitudes, cold temperatures favor deposition. This latitudinal
gradient was found to be more striking for alpha-HCH in seawater (Walker, 1999).

Other explanations have been suggested for the abundance of alpha-HCH in the
environment, i.e., the conversion of gamma-HCH into alpha-HCH through
isomerization. Laboratory research indicates that photo- and bio-isomerization of
gamma-HCH can occur, but field studies have not found evidence that these
processes are the main sources of accumulated alpha-HCH in the environment
(Walker, 1999).

Because air-water partitioning for alpha-HCH favors the water phase, especially for
cold water, alpha-HCH could be moved northwards by air, accumulated in the water
and slowly build into a large reservoir in the Arctic Ocean (Li et al, 2002). It has been
found that alpha-HCH has a longer atmospheric lifetime by approximately 25% than
gamma-HCH (Willet, 1998).

5 Adverse effects

No specific studies are available on the effects of alpha-HCH on humans. Oral LD50
values in rats have been found to range from 500 to 4 674 mg/kg bodyweight (WHO,
1991).

Liver and kidney damage as well as a significant decrease in body weight gain have
been reported in animals fed alpha-HCH. Neurological effects have not been seen in
animals treated with alpha-HCH. Genotoxicity data indicate that alpha-HCH has some
genotoxic potential but the evidence for this is not conclusive (USEPA, 2006). Alpha-
HCH has recently been shown to disrupt endocrine processes (Li et al, 2002).

Alpha-HCH appears to be carcinogenic in mice and rats following subchronic and/or

chronic exposure (USEPA, 2006). The International Agency for Research on Cancer
(IARC) has classified alpha HCH as a possible human carcinogen (ATSDR, 2005).
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Reasons for Concern

Alpha-HCH is the most frequent isomer found in environmental compartments. Due to its
physicochemical properties it has the potential to be transported long distances and it is persistent in
the environment. Its proven carcinogenic potential should be of special concern.

Even though most countries have banned or restricted the use of technical HCH as a pesticide,
replacing it in most cases by the use of Lindane (99% gamma-HCH), the production process to obtain
a ton of pure gamma-HCH yields 6 (010 metric tonnes of the other isomers that must be disposed of
or otherwise managed. Up to 70% of these waste isomers is alpha-HCH. As Lindane is the only
isomer in the mixture that has insecticidal properties, there is very limited to no commercial value for
the other isomers obtained. Because of this waste isomer problem, the production of HCH/Lindane
has been a worldwide problem for years.

Other HCH isomers, like alpha-HCH, can be as toxic and persistent a contaminant as Lindane, or

even more so. The continued use of Lindane in the world is causing this important pollution source.
Global action is therefore needed to halt the pollution caused worldwide by Lindane production.
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RISK PROFILE
1. EXECUTIVE SUMMARY

After almost forty years of extensive use worldwide, there has been a gradual replacement of
technical hexachlorocyclohexane (HCH) by lindane (gamma-HCH). No significant uses of technical
HCH have been reported after 2000. However, releases into the environment may also occur from
lindane production as well as from hazardous waste sites, landfills and contaminated sites. Because
of its hazard profile and widespread abundance, technical HCH (including alpha-HCH as the main
isomer) is subject to national and international regulations and prohibitions.

Alpha-HCH is susceptible to abiotic and biotic degradation at variable rates and degrees, depending
on e.g. environmental media, site and climate. Alpha-HCH is expected to rapidly degrade in tropical
conditions, whereas it accumulated in colder climates. Alpha-HCH is moderately persistent in soil.
Based on values from aquatic compartments i.e. Arctic freshwater and sea water, it can be concluded
that alpha-HCH shows high persistence in water in colder regions

The physico-chemical properties of alpha-HCH allow the dispersal of the substance from its sources
to the Arctic by a combination of long-range atmospheric transport and ocean currents. High levels of
alpha-HCH have been detected in the Arctic Ocean, where it has built a large reservoir and is present
in marine as well as in terrestrial species.

Alpha-HCH exposure levels in local areas have declined after worldwide prohibitions and restrictions.
However regions with recent exposure and/or high pollution can still show elevated levels. A special
concern also arises from exposure of hazardous waste sides and dumping grounds from disposed
alpha-HCH residues from lindane production.

Due to its persistence alpha-HCH can still be detected regularly at low background levels in the
environment. Elevated levels have also been reported from the Arctic (levels in the Arctic Ocean are
higher than in temperate oceans and lakes). Though alpha-HCH levels in air decreased more than
twenty-fold from the 1980s onwards, there has been only a modest change in higher marine and
terrestrial predators e.g. fur seals or polar bears.

Because alpha-HCH is present in the terrestrial and aquatic food chain, alpha-HCH may
bioaccumulate and biomagnify in biota and Arctic food webs. The biomagnification factors (predator-
prey comparison) for many of the examined species are > 1. Some animals, especially birds, but also
mammals, have the potential to metabolize alpha-HCH. As this is an enantioselective
biotransformation, a distinctive accumulation of (+) or (-) alpha-HCH can occur in mammals
(depending on the species).

Alpha-HCH is the isomer with the highest neurotoxic potential beside gamma-HCH. Alpha-HCH has
been classified as possibly carcinogenic to humans (group 2B) by the International Agency for
Research on Cancer (IARC), based on inadequate evidence of carcinogenicity in humans and
sufficient evidence for carcinogenicity to animals. Alpha-HCH causes liver hyperplasia and liver
tumours in (laboratory) rodents. From animal experiments it is known that alpha-HCH affects the
immune system; immunosuppressive effects were observed in humans exposed to technical HCH as
well. Epidemiological studies indicate an elevated incidence of breast cancer after exposure to alpha-
HCH as well as hormonal disorders leading to infertility and abortions. A possible association with
intrauterine growth retardation and aplastic anaemia has been postulated.

Based on the hazard profile and the exposure scenarios it can be concluded that alpha-HCH may
adversely affect wildlife and human health in contaminated regions.

The United States Environmental Protection Agency (EPA) estimated, based on daily intake rates for
the arctic population, elevated cancer rates, though estimates are very conservative. It has to be
considered that the liver is the target organ for all HCH-isomers, thereby leaving the risk of additive
effects. Moreover the indigenous Arctic population as well as wildlife are exposed to a broad range of
POPs and other pollutants leading to probably additive or possibly synergistic effects which are
difficult to predict. Nevertheless Arctic public health authorities believe the significant social, cultural
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and economic benefits of traditional foods outweigh the risks of contaminants such as HCH at present
but give another reason for the quick control and elimination of all HCH isomers from traditional foods.

For these reasons global action on alpha-HCH is warranted.
Data sources

The draft risk profile is based on the following data sources:

* Proposal submitted by Mexico for listing alpha-hexachlorocyclohexane in Annexes A, B and/or C
of the Convention (UNEP/POPS/POPRC2./INF/7), 2006.

e Decision POPRC-2/9 of the Review Committee, 2006.

* Information submitted by parties and observers according to Annex E of the Convention: specific
and/or scientific information: Czech Republic, Germany, International POPs Elimination Network
(IPEN), Japan, Switzerland, United States of America; general information: Algeria, Crop Life
International, Kingdom of Bahrain, Mauritius, Mexico, Qatar, Republic of Lithuania and Turkey.
This information is available on the Convention[s website.
(http://www.pops.int/documents/meetings/poprc/prepdocs/annexEsubmissions/submissions.htm)

e Assessment of Ilindane and other hexachlorocyclohexane isomers, USEPA, 2006.
http://www.epa.qgov/oppsrrd1/REDs/factsheets/lindane_isomers_fs.htm

e International Programme on Chemical Safety, ALPHA- and BETA-
HEXACHLOROCYCLOHEXANES, Environmental Health Criteria 123, World Health
Organization. Geneva, 1992. http://www.inchem.org/documents/ehc/ehc/ehc123.htm

e Toxicological profile for hexachlorocyclohexanes, United States of America Department of Health
and Human Services, Public Health Service, Agency for Toxic Substances and Disease Registry,
2005. http://www.atsdr.cdc.gov/toxprofiles/tp43.html

e The North American Regional Action Plan (NARAP) on Lindane and Other
Hexachlorocyclohexane (HCH) Isomers. 2006. North American Commission for Environmental
Cooperation http://www.cec.org/pubs_docs/documents/index.cfm?varlan=english&ID=2053

In addition to these information sources, a literature search of public data bases was conducted. The
following databases were used: ECOTOXicology database (Ecotox, http://www.epa.gov/ecotox/)
Hazardous Substances Data Bank (HSDB, http://toxnet.nlm. nih.gov/cgi-bin/sis/htmlgen?HSDB),
Pubmed (http://www.ncbi.nlm.nih.gov /entrez/query.fcgi?DB=pubmed), Environmental Fate Data Base
(EFDB http://www.syrres. com/esc/efdb_info.htm. In general search terms include the chemical name
or CAS number and/or a combination of technical terms because of the multiplicity of entries. For the
same reason, specific topical and updated articles were also considered.

2. STATUS OF THE CHEMICAL UNDER INTERNATIONAL CONVENTIONS

Alpha-HCH is a constituent of technical HCH, which is regulated by at least two international
agreements. The first one is the 1998 Aarhus Protocol on Persistent Organic Pollutants (POPs) under
the Convention on Long-Range Transboundary Air Pollution. Technical HCH is listed in Annex Il of
the protocol which restricted its use to an intermediate in chemical manufacturing only.

The second agreement is the Rotterdam Convention on the Prior Informed Consent (PIC) Procedure
for Certain Hazardous Chemicals and Pesticides in International Trade. HCH (mixed isomers) is
subject to the PIC Procedure and is listed in Annex IlI of the Convention.

Canada, Mexico and the United States signed the North American Regional Action Plan (NARAP) on
Lindane and Other Hexachlorocyclohexane Isomers in 2006. The goal of the NARAP is to reduce the
risks associated with the exposure of humans and the environment.

In the European Union, the production and use of technical HCH as an intermediate in chemical
manufacturing will be phased out by the end of 2007 at the latest (Regulation (EC) No 850/2004).
HCHs are also among the priority substances (Decision No 2455/2001/EC) of the adopted EU Water
Framework Directive 2000/60/EC.

Hexachlorocyclohexane isomers, including the alpha-isomer, are on the List of Chemicals for Priority
Action under the OSPAR Commission for the Protection of the Marine Environment of the Northeast
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Atlantic. The objective is the prevention of pollution of the maritime area by continuously reducing
discharges, emissions and losses of hazardous substances.

3 SUMMARY INFORMATION RELEVANT FOR THE RISK PROFILE

3.1

3.1.1.

Sources
Production

Alpha-HCH by itself is neither intentionally produced nor placed on the market. It is
produced as the main constituent of technical HCH which is used as organochlorine
insecticide or chemical intermediate to manufacture enriched HCH (lindane). Currently
no production data on technical HCH have been reported, whereas manufacture of
lindane still takes place (IHPA, 2006).

HCH is manufactured by photochemical chlorination of benzene which leads to the
formation of mainly five stable HCH isomers. The yields of different isomers vary due to
technical differences in the production process. The reported ranges are: alpha-HCH
(55 - 80%), beta-HCH (5 - 14%), gamma-HCH (8 - 15%), delta-HCH (6 - 10%) and
epsilon-HCH (1 - 5%) (Breivik et al., 1999). Further details on the production and reuse
of HCH residuals can be found in UNEP/POPS/POPRC.2/17/Add.4 (Risk Profile on
Lindane) and IHPA (2006).

The following countries which submitted information according to Annex E stated that
there was currently no production or use of alpha-HCH: Czech Republic, Germany,
Mauritius, Mexico, Norway, Qatar, Republic of Lithuania, Turkey, Switzerland, and the
United States of America.

3.1.2 Trade and stockpiles

Technical HCH was rapidly introduced in the 1940s on a large scale on the market, due
to its universal insecticidal properties. The promising market opportunities worldwide
arose in the search for an inexpensive alternative to DDT (IHPA, 2006). However, due
to the decreasing effectiveness of the gamma> alpha> beta-isomer in controlling
insects (Baumann et al., 1980) technical HCH was gradually replaced by lindane (> 99
% gamma-HCH). However, the manufacture of lindane has resulted in a huge amount
of HCH residuals, which must be disposed of or otherwise managed. IHPA (2006)
calculated 1.9 to 4.8 million tons of HCH residuals based on global lindane production,
in the absence of exact data. These estimates are far beyond the values reported by
Walker et al. (1999) who reported stockpiles of approximately 2 785 tons of technical
HCH and 45 tons of unspecified HCH material in Africa and the Near East.

3.1.3 Uses

Around 10 million tons of technical HCH were released into the environment between
1948 and 1997 (Li et al., 1999). Breivik et al. (1999) estimated technical HCH usage at
approximately 400 000 tons in Europe alone between 1970 and 1996. The data
illustrate the large uncertainties of these estimates.

According to Li and Macdonald (2005) global usage of technical HCH was dominated
by 10 countries headed by China, which consumed almost half of the total global
quantity. The other countries were (in order of decreasing usage): Former Soviet Union,
India, France, Egypt, Japan, United States, East Germany, Spain and Mexico. Usage of
technical HCH was banned in most western countries and Japan in the 1970s but
continued in China and Russia until 1983 and 1990. In 1990, India also banned
technical HCH for agricultural use but kept it for public health uses (AMAP, 2004).
Technical HCH usage steadily declined and now technical HCH is virtually no longer
used worldwide. However, there are indications that the use of stockpiles, limited use
for public health purposes and/or illegal use cannot be excluded (Zhulidov et al., 2000;
Bakore et al., 2003; Qian et al., 2006).
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3.1.4 Releases to the environment

There are several pathways of alpha-HCH for entering the environment. Historically,
alpha-HCH was released during the manufacture of technical HCH and its use as a
pesticide. Alpha- and beta-HCH have the same global emission patterns which,
however, differ in scale. Li and Macdonald (2005) estimated the global usage of alpha-
HCH at 6 000 thousand tons, with 4 300 thousand tons emitted into the atmosphere.
After the 1940s emissions of alpha-HCH increased and peaked in the early 1970s. Due
to the ban on the use of alpha-HCH in North America, in European countries and
Japan, emissions decreased but reached again a peak in the 1980s because of
frequent usage in Asian countries. After the 1980s, figures dropped due to further
prohibitions and restrictions e.g. in China. Releases of alpha-HCH into the environment
are also possible from hazardous waste sites (USEPA, 2006), stockpiles and residues
of lindane production, which are not always controlled or maintained safely (IHPA,
2006). Also, contaminated sites (e.g. from former production plants) may contribute to
the environmental burden of alpha-HCH (Concha-Grana et al., 2006). Germany
(submitted Annex E information) reported that there are still a few isolated local sources
i.e. landfills and dumps in the former GDR (East Germany) from applications of
technical HCH. As a result, higher concentrations of alpha-HCH in fish of the river Elbe
near the former production site were detected after heavy rainfalls and floods in 2003.
However, quantitative estimates of releases from hazardous waste sites and landfills
are not available.

3.2 ENVIRONMENTAL FATE
3.2.1 Persistence

3.2.1.1 Abiotic Degradation

Alpha-HCH is, in principle, degradable in environmental compartments by abiotic
processes such as photodegradation or hydrolysis. Based on laboratory experiments
from Ngabe et al. (1993), hydrolytic half-lives of alpha-HCH show strong temperature
dependence. At 20[C, pH 8 the DT50 was 0.8 years whereas it decreased at lower
temperature (5[C, pH 7.8) to 26 years. Based on these degradation rates Harner et
al. (1999) calculated a DT50 of alpha-HCH in the Arctic Ocean of 63 years.

In general, HCH-isomers do not absorb light > 290 nm. Thus it is expected that
photolysis plays a minor role in the removal of alpha-HCH. Deo et al. (1991) reported
half-lives of alpha-HCH in aqueous solution exposed to sunlight of 4 to 6 days. While
the mechanism of this degradation is uncertain, it was shown that alpha- as well as
gamma-HCH break-down by indirect photolysis with photosensitizing agents that may
transfer the excitation energy to HCH (ATSDR, 2005; USEPA, 2006). Regarding
photodegradation on hard surfaces, a half-life equal to 91 hours on a thin film has
been reported (ATSDR, 2005). However, the relevance of this result is questionable
when taking into consideration the arguments mentioned above.

The measured atmospheric OH rate constant of 1.4x10™* cm®*molecule-sec resulted
in a corresponding half-life of 115 days (using an average hydroxyl radical
concentration of 5x10° molecule/cm?® according to the TGD (2003)).

In conclusion, abiotic processes i.e. hydrolysis may contribute to the removal of
alpha-HCH from environmental compartments. However, degradation is very slow
especially at lower temperatures. Photolysis in aqueous media and air is considered
to play an insignificant role in the degradation of alpha-HCH.

3.2.1.2 Biotic Degradation

Degradation of alpha-HCH has been found to take place in pure cultures, soil slurries,
soil (semi-)field studies, sediment and water.
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Initially it was thought that HCH biodegradation in soil occurs under anaerobic
conditions. However, several investigations show that alpha-HCH is aerobically
degraded, in some cases even faster than anaerobically. Breakdown was also
reported for methanogenic and sulfate reducing conditions (Phillips et al., 2005).

The anaerobic metabolic pathway of alpha-HCH leads via dechlorination to
tetrachlorocyclohexane. Dichlorophenol and trichlorophenol as well as chlorobenzene
and benzene were formed under methanogenic conditions, the last two as stable end
products. These metabolites can be further mineralised aerobically or anaerobically
(Bachmann et al., 1988; Phillips et al., 2005). In pure cultures as well as in flooded
soil gamma-HCH is the most easily dechlorinated isomer followed by alpha-HCH
under anaerobic conditions (Jagnow et al., 1977; MacRae et al., 1967).

Under aerobic conditions alpha-HCH was dehydrochlorinated to
pentachlorocyclohexane in soil slurries. Further conversion to tetrachlorobenzene or
trichlorobenzene may occur to yield dichlorobenzene (Deo et al., 1994). The aerobic
degradation pathway of gamma-HCH was extensively studied with Shingobium sp.
and results in several metabolites. It was suggested that alpha-HCH follows the same
pathway than gamma-HCH. Complete mineralization of alpha-HCH was shown in
laboratory studies under aerobic conditions (Phillips et al., 2005).

In general, climatic conditions as well as soil texture and organic matter altering
substance sorption, water content, pH and bacterial growth influence degradation
rates (IPCS, 1992). The moisture content of the soil enhances losses of alpha-HCH,
which is attributed to higher volatility and/or microbial degradation (Chessells et al.,
1988; Phillips et al., 2005). Bacteria capable of degrading HCHs at extreme
temperatures (< 5 [C or > 40CC) have not yet been reported (Phillips et al., 2005).

Data on laboratory soil studies or field investigations are limited. Under various field
conditions it is assumed that degradation rates are in the order of alpha > gamma > >
beta. Singh et al. (1991) reported half-lives of around 55 days on cropped and
uncropped plots in a sandy loam in India under subtropical conditions. This result is
consistent with findings from Kaushik (1989) who reported an even shorter half-live
for technical HCH under similar study conditions. Also, in temperate climate Doelman
et al. (1990) observed in a semi-field study with contaminated soil > 50 % removal
after 161 days, mainly attributed to a quick decline in the first few weeks, whereas
degradation slowed down afterwards. Suzuki et al. (1975) also suggested that low
residue levels may resist microbial and physico-chemical action. Low concentrations
of alpha-HCH may persist in the environment indefinitely because of low affinity of
enzymes or transport system responsible of HCH degradation (Phillips et al., 2005).
Stewart and Chisholm (1971) observed in a long-term field study after an application
of technical HCH, 4 % of the alpha-isomer after 15 years in a sandy loam in Canada.
In addition, Chessells et al. (1988) showed that after a 20 year application history of
technical HCH on sugar cane in Queensland, Australia, alpha-HCH with the highest
initial concentration is substantially less prevalent in the field and the detected levels
were twice as much as the levels of the gamma-isomer.

Abiotic processes are not enantioselective, but biodegradation may be. If nonracemic
alpha-HCH residues in the environment or biota are measured, enzymes are
involved. However, racemic residues do not exclude the possibility of biotic
degradation (cp. Suar et al., 2005). Also for monitoring purposes enantiomeric
fractions (EFs, calculated by the formula EF = ER/(ER+1), ER = enantiomeric ratio:
(+) /(-) alpha-HCH, Kallenborn et al., 2001). have been quantified for the
characterisation of residues. Hegeman and Laane (2002) investigated the
enantiomeric distribution of alpha-HCH in different environmental compartments
obtained from 618 measurements. In general, the abiotic compartments showed
average EFs close to 0.5. In soil, the preference tended to be the degradation of the
(-) alpha-HCH (EF > 0.5), whereas in water an opposite tendency was found. Kurt-
Karakus et al. (2005) reported a range of EFs for alpha-HCH of 0.4 - 0.89 (mean 0.5)
in global background soils which covered a greater range than the EFs in ambient air
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of North America (0.47 - 0.52), suggesting that post-deposition degradation had taken
place. However, since EFs vary considerably with site, caution is needed when using
enantiomeric signatures in the air as a marker of reemissions from (soil) surfaces.

Based on the K, value and confirmed by field data, alpha-HCH is expected to have a
low leaching potential (HSDB, 2006; Singh et al., 1991). However, groundwater
pollution may occur in highly contaminated areas (Law et al., 2004).

Ipha-HCH is able to biodegrade in sea water/sediment samples (HSDB, 2006) and
freshwater (Padma and Dickhut, 2002). Helm et al. (2002) estimated the half-lives for
alpha-HCH in a high Arctic lake at 0.6 to 1.4 years. For the Eastern Arctic Ocean
enantioselective degradation for the (+) alpha- and (-) alpha-HCH with half-lives of
5.9 and 23.1 years was observed. If breakdown with hydrolysis was taken into
consideration, the overall half-lives were 5.4 and 16.9 years for the (+) and (-) alpha-
isomer respectively (Harner et al., 1999).

Though sediment degradation rates are poorly known and thus the estimates are less
certain, the half-lives for alpha-HCH in sediments of a high Arctic lake were assumed
to be approximately 2 years (Helm et al., 2002).

3.2.2 Bioaccumulation

The octanol-water partition coefficient (log Kow = 3.8) for alpha-HCH indicates a
potential for bioaccumulation (ATSDR, 2005).

A wide range of bioconcentration factors (BCFs) have been reported in several studies.
For green algae, bioconcentration factors varied from about 200 in Chlorella
pyrenoidosacells to

2 700 (dry weight basis) and 13 000 on a lipid basis, respectively in Dunaliella.

Studies of invertebrates show BCFs in the range of 60 (8 000 on a lipid basis) in
Artemia to
2 700 in polychaetes, depending on the lipid content of the animals (IPCS, 1992).

The BCF for alpha-HCH according to the former OECD test guideline 305 E in zebra
fish was equal to 1 100 under steady state conditions with uptake constants (k1) of 50
and clearance rate constants (k2) of 0.045. These values are similar to those of
gamma-HCH (BCF 850, k1 = 50.8, k2 = 0.055) (Butte et al., 1991). Oliver et al. (1985)
reported BCFs ranging from 1 100 to 2 800 in rainbow trout.

In general, studies from Arctic marine food webs show food web magnification factors
(FWMFs), which represent the mean rate of increase per trophic level in the food chain,
greater than 1. The BMFs (biomagnification factor, predator-prey comparison) of alpha-
HCH in zooplankton and artic cod are greater than 1, showing a potential for
biomagnification. BMFs of alpha-HCH in seabirds were generally less than 1 with the
exception of dovekie and black guillemot. Ringed seals showed a BMF of 2.5 (Moisey
et al., 2001). It is suggested that alpha-HCH isomer has the potential to biomagnify in
aquatic food webs and may increase at lower as well as in upper trophic levels,
especially in marine mammals (USEPA, 2006; Hoekstra et. al., 2003a). The report of
Hoekstra et al. (2003b) also confirms this presumption with a BMF of 9.85 in bowheads
for alpha-HCH.

Fisk at al. (2001) reported on the influence of chemical and biological factors on the
trophic transfer of POPs including alpha-HCH. In general, the highest BMF should be
seen in homeothermes (birds and mammals) compared to poikilothermes (fish,
invertebrates) attributed to their greater energy requirements. Within the
homeothermes, seabirds usually have the highest BMFs, consistent with the greater
energy demand in birds. But this is not applicable for alpha-HCH. Most seabirds appear
to be able to induce the cytochrome P450 such as CYP2B, which are enzymes to
metabolize alpha-HCH, so the ranking from highest to lowest biotransformation ability
(usually for OCs: marine mammals > seabirds > fish > zooplankton) is not applicable for
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this compound. The BMF of alpha-HCH in poikilothermes is 1.3 and equal to that in
homeothermes (Hop et al., 2002).

As alpha-HCH is a chiral compound, the determination of the ER or EF is important in
order to wunderstand species-specific metabolism and biotransformation. No
enantioselective biotransformation in rainbow trout for alpha-HCH was observed by
Konwick et al. (2006) in a dietary study showing consistent EFs in the fish. In an
experiment of Wong et al. (2002) alpha-HCH was racemic throughout the course of the
experiment with rainbow trout, fed with treated food. These results are in contrast with
reports of enantioselective biotransformation in other species. The EF in benthic
invertebrates, zooplankton and fish was 0.45 as a maximum. Ringed seals showed an
EF of 0.51, while the EFs in seabirds range from 0.65 (dovekie) to 0.97 in glaucous
gulls (Moisey et al., 2001). This suggests that seabirds preferentially metabolize the (-)
enantiomer. Associated with a BMF of < 1 in seabirds, it has been found that both
enantiomers of alpha-HCH are metabolized in birds (dovekie and black guillemot seems
to have a lower capacity).

The EF of 0.51, considered together with the BMF of 2.5 in seals, indicates that
mammals are not able to biotransform alpha-HCH in great amounts (Moisey et al.,
2001). Nevertheless, Wiberg et al. (2000) found residues of alpha-HCH with
nonracemic ERs in seals as well as in polar bears. According to Hoekstra et al. (2003b)
accumulation of the (+) enantiomer occurs in bowhead whale and beluga, but (-) alpha-
HCH enriches in bearded seal. Ringed seal show a slight accumulation of the (+)
enantiomer (Hoekstra et al., 2003b) but sometimes the alpha-HCH residues are
racemic (Fisk et al., 2002). This indicates an enantiospecific biotransformation and
accumulation of alpha-HCH in the food chain. When investigating the EFs in krill, cod
and penguin eggs, Corsolini et al. (2006) also found enantioselective biotransformation
with an increase by 14 % of (+) alpha-HCH from the lower to the higher trophic level
(from krill to penguin). There are interspecies differences in the enantiomeric profile of
alpha-HCH in marine mammals, too. The BMF for calanus to bowhead for example is
high (near 10 with a (+) alpha-HCH fraction of 16 and 4.5 of (-) alpha-HCH) (Hoekstra et
al., 2003b).

Moisey et al. (2001) showed different BMFs in doveky, depending on the prey. Summed
up, biomagnification is affected by many parameters such as contamination in biota,
and consequently of food (prey), the trophic level and the ability to biotransform alpha-
HCH.

Not only in the arctic food web, but also in organs of fur seals from the Pacific coast of
Japan and double crested cormorants from the great lakes, alpha-HCH was detected
(with an alpha-HCH ER from 1 in the muscle to 1.58 in fat). High alpha-HCH ERs were
found in the brain of the cormorants (> 3.6) (lwata et al., 1998). Willet et al. (1998)
inferred from high alpha-HCH concentrations in marine mammal brain that this
compound can cross the blood/brain barrier. Ulrich et al. (2001) also found in studies
with rats that the alpha-HCH ER in brain, ranging from 2.8 to 13.5, is not caused by an
enantioselective metabolism but that selective retention might be responsible.

Braune et al. (1999) detected alpha-HCH residues in the fat of caribous. Residues of
alpha-HCH could also be found in livers and the adipose tissue of arctic foxes. The
alpha-HCH ER of 2.2 in the liver, and 1.1 in the adipose tissue, indicates a
stereoselective bioaccumulation also in terrestrial mammals (Klobes et al., 1997).

In conclusion high levels are found in Arctic biota because of the bioaccumulation
potential of alpha-HCH (as a product of bioconcentration and biomagnification) and the
historically particularly efficient deposition processes of this substance in the Arctic
waters. The efficient accumulation is an effect of the combination of the physico-
chemical properties of alpha-HCH and the low temperature in the Arctic. In other words,
alpha-HCH effectively accumulates in the Arctic ecosystem as a whole.
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3.2.3 Long range environmental transport

Monitoring data on the environment including biota from remote regions such as the
Arctic or Antarctica, where technical HCH has not been used, provide evidence of the
long-range transport potential of alpha-HCH.

Also the physico-chemical properties in combination with its stability allow alpha-HCH to
undergone long range transport in the atmosphere. Primary enissions from the source
regions (mainly in Asia) and Arctic air concentrations have synchronous decreased,
suggesting a rapid dispersion of alpha-HCH from its sources to remote regions (Li and
Bidleman, 2003). Especially high concentrations compared to the source regions were
reported for the Arctic Ocean. It is assumed that after long range transport alpha-HCH
accumulated in the cold water due to its low HenryS law constant and built a large
reservoir (Li and Macdonald, 2005). HCHs including alpha-HCH are the most abundant
pesticides in the Arctic air and water (Walker, 1999).

To understand pathways and the fate of alpha-HCH in the upper Arctic Ocean, Li et al.
(2004) developed an Arctic Mass Balance Box Model. They concluded that the highest
load of 6 670 tonnes was reached in 1982 mainly by gas exchange and ocean currents
and decreased thenceforward by an average annual rate of approximately 270
tons/year. After 1990, ocean currents become the dominant input of alpha-HCH in the
Artic Ocean. However, the portion of alpha-HCH entering the Arctic atmosphere via
long range transport from source regions played a prominent role (especially in the
beginning). After the early 1990s alpha-HCH in the Arctic air came from both
atmospheric transport and volatilization from the Arctic Ocean. It was suggested that a
complete elimination of alpha-HCH mainly by degradation and ocean currents would
require another two decades. In total 27 700 tons alpha-HCH were transported between
1945 and 2000 via long range transport to the Arctic Ocean.

According to model calculations with the OECD Pov and LRTP Screening Tool alpha-
HCH has similar persistence and long-range transport properties compared to already
identified POPs such as PCBs and organochlorine pesticides (submitted Annex E
information by Switzerland).

Model input properties of the chemicals include partition coefficients in air-water and
octanol-water as well as half-lives in air, water and soil and the HenrylS Law constant
(based on figures contained in UNEP/POPS/POPRC2./INF/7). The model considers all
environmental compartments quantitatively. The results of the model do not indicate
absolute levels in the environment but help to compare possible POPs with identified
POPs (reference chemicals: PCB congeners 28, 101, 180, HCB, carbon tetrachloride
and alpha-HCH) according to their environmental persistence and potential for long
range transport. Uncertainties in the chemical properties were investigated by Monte
Carlo uncertainty analysis.

3.3 EXPOSURE

Exposure to alpha-HCH resulted from the use of technical HCH, and from the
production and manufacture of technical HCH and lindane. Because of the persistence
high exposure is also expected in contaminated areas due to extensive use, former
production, disposal sites and stockpiles. Though usage of technical HCH has
practically ceased worldwide monitoring data based on the ratio of the alpha-/gamma-
isomer still suggest possible releases of technical HCH in certain areas (Zhang et al.
2003; Qian et al., 2006; Zhulidov et al., 2000).

Human exposure to alpha-HCH results mostly from ingestion of contaminated plants,
animals and animal products. Inhalation of ambient air and consumption of drinking
water are further sources of exposure, although to a minor extent. As shown by a
French pilot study alpha-HCH was detected in indoor air and on the hands of the
general population in the Paris area in 42 and 35 % of the samples. Levels were low
and ranged up to 1.8 ng/m® in air and up to 8.5 ng/hand (Bouvier et al., 2006).
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Monitoring data from a wide range of biota including humans suggest that significant
uptake from the environment occurs, which demonstrates the bioavailability of alpha-
HCH.

3.3.1 Environmental monitoring data from local areas
Generally environmental levels in local areas have dropped after restrictions and
prohibitions of the usage of technical HCH (IPCS, 1992; see also table 2). However,
monitoring data show its ubiquitous distribution in all environmental media e.g. in
monitoring activities in the Czech Republic, in lichens of various locations in
Switzerland (values given in table 2) or in a recently performed monitoring
programme in Japan. Alpha-HCH had been detected in Japan in all but 7 fish
specimens. The reported values are as follows: water 0.013 - 5.7 ng/l, sediment trace
- 5.7 ng/g dw (dry weight), shellfish up to 1.8 ng/g ww (wet weight), fish up to 2.9 ng/g
ww, bird 0.1 - 1.6 ng/g ww, air (warm and cold season) 0.02 - 3.2 ng/m® and 0.01 -
0.68 ng/m? (submitted Annex E information by Japan).

Environmental levels can still be high in the proximity of sources. HCH concentrations
in contaminated soil of 40 - 225 mg/kg were found in the topsoil around a chemical
plant in Albania (UNEP, 2003). Mean levels of 0.02 mg/kg were reported for soils
from the Pearl River Delta in China, Russian soils near the Lena River contained
0.001 - 0.017 mg/kg HCH (UNEP, 2003). Levels of up to 12 000 mg/kg were detected
in soil of a highly polluted area in Spain (Concha-Grana et al., 2006)

Levels in biota vary, depending on the location (recent usage and/or high pollution)
and species. Alpha-HCH is in most cases the dominant isomer in fish (Willett et al.,
1999). E. g. concentrations of HCHs (mainly the alpha-isomer) in several fish species
from India ranged between 6 to 68 ng/g ww. Fish samples collected from the Nile
River near Cairo in 1993 showed a concentration of alpha-HCH of 0.5 ng/g ww
(UNEP, 2003).

Alpha-HCH was also determined in eggs of Dalmatian Pelican (Pelecanus crispus) as
well as in eels (Anguila anguila), the main pelican prey species collected in the
wetlands of Amvrakikos Gulf in Greece for a two year period, 1992 and 1993. The
concentration in pelican eggs was 7.9 3.2 ng/g and 6.5 0 2.5 ng/g ww in eels
(UNEP, 2003). Concentrations of alpha-HCH in perch from the Latvian cost were up
to 21 ng/g Iw (lipid weight) (range 50 - 60), which were considered as background
load. Elevated levels of up to 126 ng/g Iw were attributed to a recent discharge of
technical HCH (Olsson et al., 1999).

A local source of alpha-HCH was the usage of technical HCH by indigenous human
populations in the Russian North against nuisance insects parasiting on domesticated
reindeer (Li et al., 2004). However, no quantitative estimates of these exposure levels
exist.

3.3.2 Exposure as aresult of long range environmental transport

Highest measured levels of alpha-HCH have been reported for higher latitudes in air
(e.g. Svalbard, Alert) as well as in seawater (Harner et al., 1999). As shown in table
2, alpha-HCH in air (e.g. from 94 pg/m® in 1992 to 12 pg/m® in 2003 in Norway) has
decreased. AMAP (2004) also summarized that concentrations of HCHs in Arctic air
have been low since the mid 1990s due to worldwide prohibitions and restrictions.
Before, in the 1980s, levels as high as approximately 900 pg/m® were measured in
Arctic air (Li et al., 2002). Seawater levels in the eastern Arctic Ocean were generally
lower than in the western part (Harner et al., 1999). Surface concentrations are
highest in the Central Canadian Arctic Archipelago, intermediate in the
Beaufort/Chukchi Seas and at the North Pole. In the 1990s levels in the Canadian
Arctic Ocean were higher than anywhere else in the global marine environment
(AMAP, 2004).
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This spatial distribution is also reflected in the levels in biota. Hoekstra et al. (2002)
found that bowhead whales exhibit a reversal in their blubber alpha-/beta-HCH ratios
on their migration route between the Bering to the Beaufort Sea. Levels in beluga
blubber decreased from approximately 190 to 140 ng/g lw between 1982 and 1997 in
the southeast Baffin Bay (AMAP, 2004). Levels of up to 196 ng /g ww were reported
from Alaska (submitted Annex E information by IPEN) and of up to 344 ng/g ww from
Arviat (Stern et al., 2005). Minke whales from Greenland had higher concentrations of
the prevalent alpha-isomer in blubber (mean levels 40 - 55 ng/g ww), than individuals
from the North Sea (below 30 ng/g) (AMAP, 2004). No decline of HCHs in blubber
of narwhal from the Canadian Arctic was observed between 1982 and 1999.

Concentrations in ringed seal of the Canadian Arctic showed no significant change of

HCHs concentration from the 1970s. The elevated residues of HCH isomers in
marine mammals of the Canadian Archipelago are likely due to the high
concentrations of HCH isomers in the water because HCH isomers are the most
abundant organochlorines in the Arctic Ocean (NARAP, 2006).

No temporal trend for Arctic cod and dab from the costal waters of Iceland was found
for the period from 1991 to 2000, whereas results from Norway revealed a significant
decrease (from 23 to 4 ng/g Iw) of alpha-HCH residues in Arctic cod liver between
1987 to 1998 (Sinkkonen and Paasivirta, 2000).

Alpha-HCH has been detected in the muscle and liver of Arctic foxes (1.5 and 3 ng/g
ww) in Canada (AMAP, 2004). Levels in polar bear also reflect the spatial distribution
of alpha-HCH being highest in Alaskan populations (in male polar bear up to 593 ng/g
Iw). No decline of alpha-HCH levels were reported for female polar bears in the
Western Hudson Bay (concentrations up to 260 ng/g Iw) from 1991 12002 (Verreault
et al., 2005). Residues of alpha-HCH in East Greenland polar bears increased from
18 - 25 % during the 1990s (AMAP, 2004).

Table 2: Selected monitoring data of abiotic compartments and vegetation

Compart- Country/regi |Levels Comments References Year
ment on
Air Great Lakes,|<1 -84 pg/m’ alpha-HCH, mean | Sun et al., 2006b 1992-
rural values, gas phase 2003
Great Lakes, |52 pg/m® alpha-HCH, mean | Sun et al., 2006b 1996-
Chicago value, gas phase 2003
Niigata, Japan |92 pg/m® Annual average, | Murayama et al., | 2000-
according to the|2003 2001
authors a result of
long-range trasport
Czech 38/21/17/22/13 Air and aerosol, | EMEP 1999-
Republic pg/m® annual mean | measurement, data|2003
(Kosetice) concentrations online
Finland 24/28/18/15/17/18 | Air and aerosol, | EMEP 1996-
(Pallas) 19 pg/m® annual mean | measurement, data|2003
concentrations online
Iceland 17/16/15/15/10/8/ |Air and aerosol, | EMEP 1995-
(Storhofdi) 10/5/7 pg/m® annual mean | measurement, data|2003
concentrations online
Norway (Lista) | 94/94/76/69/52/61 |Air and aerosol, | EMEP 1991-
/50/37/25/19/17/1 |annual mean | measurement, data|2003
7/12 pg/m® concentrations online
Sweden 43/57/61/50/- Air and aerosol, | EMEP 1995-
(Aspvreten) 167/16 pg/m® annual mean | measurement, data |2002
concentrations online
Ny-Aslund 73 pg/m® HCHs, mostly | AMAP, 2004 1996-
(Svalbard, alpha-HCH, highest 1988
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Compart- Country/regi |Levels Comments References Year
ment on
Norway) annual average
value reported in
1996
Barents Sea|11 - 68 pg/m° Harner et al. (1999) | 1999
and eastern
Arctic Ocean
Arctic 23 +/- 10 pg/m® Uniform distribution, | Su et al., 2006 2000-
arithmetic mean, 2003
measurements from
4 Arctic sites
Precipitation | Belgium 4.1-0.5ng/l annual mean | EMEP 1996-
(Knokke) concentrations measurement data | 2003
online
Germany 1-0.3ng/l annual mean | EMEP 1999-
(Zingst) concentrations measurement data | 2003
online
Finland <1ngll precipitation + dry| EMEP 1996-
(Pallas) deposition  annual | measurement data | 2003
mean online
concentrations
Norway (Lista) | 2.7 - 0.4 ng/l annual mean | EMEP 1991-
concentrations measurement data | 2003
online
Sweden 2.7-0.4 ng/l annual mean | EMEP 1995-
(Aspvreten) concentrations measurement data | 2002
online
Canada/Great |1 - 40 ng/L 81 samples IPCS, 1992 1976-
Lakes 77
Soil Russian Arctic | 0.2 - 0.5 ng/g dw HCHs, AMAP, 2004 200-
predominantly 2001
alpha-HCH, soil
including peat and
litter
Antarctica < 0.01 O 0.026 Borghini et al., 2005 | 1999
ng/g dw
Seawater Northern 910 (350 - 1630) | Sample period: July- | Harner et al., 1999 | 1996
Barents Sea, | pg/l September
Eastern Arctic
Ocean
North ~ 7.5 g/m° Li and Macdonald, | 1983
American 2005
Arctic Ocean
Canadian 35 (1.1 0O 5.4)|Surface water, | Bidleman et al.,| 1999
Archipelago ng/L measurements in | 2007
and southern summer
Beaufort Sea
Freshwater, | Russian north|< 1 - 69 ng/l Seven-year AMAP, 2004 1190-
rivers rivers weighted mean 1996
concentrations
River and|Eastern and|up to max. 470 Iwata et al., 1994 1989-
estuarine southern Asia | ng/l 1991
waters and Oceania
Sediment Southern 9.2 6.3 ng/g dw HCHs, data from |AMAP, 2004 2002
(Lake) Sweden the Swedish
Monitoring Program,
2002
Vegetation | Taymir 7 ng/g dw Highest AMAP, 2004 1991-




Compart- Country/regi |Levels Comments References Year
ment on
(lichen) (Russia) concentration in 1993
lichen compared to
samples from
Alaska, Urals and
Kola
Switzerland 0.5 - 4 [g/kg dw From various | Submitted Annex E | 2002
locations (e.g. cities, | information by
industry, rural) Switzerland
Moss Antarctica 0.43 04 ng/g dw Borghini et al., 2005 | 1999
3.3.3 Food

Daily intake values of alpha-HCH for the general population in adult diets between
1986 and 1991 in the United States were reported to be 0.008 [g/kg. In the Total Diet
Study conducted by FDA in 1990 on 935 food items, alpha-HCH was detected in 11
items (~ 1 %). The average concentration of alpha-HCH in 234 ready-to-eat foods
was 0.0010 g/kg (no information on which basis the concentrations are expressed,
ATDSR, 2005). In the USA, the age dependent average daily intake of alpha-HCH
declined from 3.3 [0 16.1 ng/kg bodyweight (bw; 1982 [0 84) to 0.5 [0 2.7 ng/kg bw
(1986 [0191). In a Total Diet Study from Canada (1993 - 96), an average daily dietary
intake of 0.37 ng/kg bw alpha-HCH was reported (Health Canada, 2003, in EFSA,
2006). Within the European countries, representative dietary intake studies are
scarce. One was performed in the Czech Republic. The median daily intake values
for alpha-HCH declined from 4.3 ng/kg bw in 1994 to 1.6 ng/kg bw in 2002 (EFSA,
2005). A local diet study carried out in Spain in the years 1990/91 estimated daily
intakes below 0.1 [g alpha-HCH (Urieta et al., 1996).

Alpha-HCH has been found in cow([s milk in countries where HCH had been used
recently. Mean levels of alpha HCH in cow(s milk of two different regions in India were
0.012 mg/kg lipid and 0.0045 mg/kg lipid, respectively (ATDSR, 2005). 140 bovine
milk samples from 14 districts of Haryana, India (sampled within 1998 - 1999) were
analysed for organochlorine pesticide residues. Four percent of the samples
exceeded the maximum residue limit (MRL) of 0.05 mg/kg as recommended by WHO
for alpha-HCH (Sharma et al., 2006). A monitoring study (192 samples) of cow(s milk
from Mexico revealed 0.001 - 0.201 mg/kg alpha-HCH (ATDSR, 2005).

Fish and clam samples from India contained 0.01 [00.02 mg/kg ww and 0.26 mg/kg
ww alpha-HCH respectively (Nair and Pillai, 1992).

High levels of alpha-HCH in the food chain are documented for the arctic region
(AMAP, 2004b).

3.3.4 Body burden

3.3.4.1 General population

Median levels of alpha-HCH in 25 US-American patients were 0.04 ng/g in the whole
blood and 1.1 ng/g (maximum 9.6 ng/g) in biopsy fat (ATDSR, 2005). A Spanish
study reported mean alpha-HCH levels of 1.43 [g/g (maximum 6.75 [g/g) in fat
samples of children living in farm areas (Olea et al., 1999).

Alpha-HCH has been detected in 1.7 % of the 4822 blood samples of German adults
from 120 locations (detection limit: 0.1 (Og/l) (German Environmental Survey 1998,
Becker et al., 1998). Alpha-HCH was detected in blood serum from three of 186 (=1.6
%) Brazilian children (mean: 1.8 ppb) (ATDSR, 2005). Alpha-HCH has been detected
in all samples (n = 142) of an eastern Romanian study in 2005 with a median
concentration of 31 ng/g lipid (range 3 - 146 ng/g) (Dirtu et al., 2006). High
concentrations were reported for India, due to agricultural use and malaria control.
Blood serum contained up to 0.45mg/l alpha-HCH, whereas adipose tissue
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contained up to 0.30 mg/kg. Breast milk contained 0.16 mg/I (mean) (Nair and Pillai,
1992).

Scheele et al. (1998) investigated levels of several organochlorine compounds
including alpha-HCH in bone marrow of 29 adults from Germany (collected between
1980 and 1991). Compared to adipose tissue, with generally highest levels of
organochlorine compounds, alpha-HCH concentrations were 10-fold higher in bone
marrow (mean: 0.050 ppm on dry lipid weight; max: 0.476 ppm). Alpha-HCH has also
been detected in semen (ATDSR, 2005).

3.3.4.2 Indigenous population

Blood plasma samples from different regions and ethnic groups of indigenous
mothers of the Arctic were investigated for total HCH and beta-HCH (AMAP, 2004b).
A more recent study about exposure and health effects from the Russian indigenous
population also focuses on total HCH. Data on alpha-HCH are scarce. However, total
HCH concentrations of blood samples of pregnant indigenous women below 40 years
were 204.0 ng/g lipid and 384.2 ng/g lipid (geometric means) for women of 40 years
and more, respectively.

3.3.5 Exposure of children

Children are at specific developmental stages more vulnerable to risks from chemical
substances than adults. It is unclear if children are more susceptible than adults to
health effects from exposure to alpha-HCH although it is known that the developing
brain is sensitive to the effects of different POPs. The specific enrichment of alpha-
HCH in the mammalian brain might be a reason of concern. Placental transfer of
alpha-HCH in humans is well documented (ATDSR, 2005; Falcon et al., 2004; Shen
et al., 2006). Alpha-HCH accumulates to a higher extent in human placenta than in
breast milk.

Mean alpha-HCH levels in breast milk of a Finnish cohort (43 mothers, 1997 [12001)
were 0.19 ng/g lipid, whereas placenta mean concentrations of alpha-HCH were
3.47 ng/g lipid. In a Danish cohort (43 mothers, 1997 [J2001), mean concentrations of
0.51 ng/g lipid in breast milk and 1.53 ng/g lipid in placenta were detected. A specific
metabolic activity of the placental tissue is suspected (Shen et al., 2007). It could be
shown that in case of restrictions of use, alpha-HCH concentrations in breast milk
decline continuously. In Germany alpha-HCH was still found in 28 % of the breast milk
samples analysed in 1984/85 whereas it could not be detected in 1990/91 and 1995
samples (Ott et al., 1999). More than 2 000 individual human milk samples from women
living in Western Germany collected and analysed between 1984 and 2001 indicated
that alpha HCH concentration declined from > 0.01 mg/kg fat to levels below
detectability (detection limit of 0.001 mg/kg fat) (FCist, 2004). In the framework of the
3rd WHO human milk field study, HCHs were analysed in 16 human milk pools from ten
European countries. In Bulgaria, Russia and Ukraine, alpha-HCH was detected in
concentrations between 0.002 [0 0.006 mg/kg lipid, whereas in the samples of Czech
Republic, Germany, Ireland, Italy, Luxembourg, Norway and Spain alpha-HCH was not
detectable (detection limit: 0.001 mg/kg lipid). In Nairobi, Kenya, 8.8% of 216 breast
milk samples contained detectable alpha-HCH with a mean concentration of
0.013 mg/kg milk fat and a range of 0.002 [010.038 mg/kg (Kinyamu et al., 1998). Breast
milk samples from India contained 0.16 mg/l (mean) (Nair and Pillai, 1992). Another
Indian study reports 0.045 mg/l alpha-HCH in breast milk (Nair et al., 1996)

It can be concluded that alpha-HCH concentrations in breast milk strongly depend on
exposure and that in several East European and developing countries concentrations
are still very high.

3.4 Hazard assessment for endpoints of concern

Compared to technical HCH and lindane, limited data are available for alpha-HCH. A
limited number of subchronic and chronic oral toxicity studies exist. No studies of the
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toxicity of alpha-HCH via inhalation and dermal application have been conducted.
Studies on acute toxicity, developmental, teratogenic and reproductive effects of alpha-
HCH are missing. There is a lack of dose-response data after oral exposure for all
relevant species. For the present risk profile, the most important findings concerning the
hazard assessment have been reviewed.

Acute Toxicity/ Neurotoxicity

Oral LD50 values range between 1000 and 4000 mg/kg bw for mice and between 500
and

4 674 mg/kg bw for rats.. The signs of poisoning were those of central nervous
stimulation:  excitation, hunched posture, rough fur, dyspnoea, anorexia, tremors,
convulsions, and cramps (IPCS, 1992).

Subchronic toxicity

In a 90-day study on rats carried out with dose levels of 0, 2, 10, 50, or 250 mg alpha-
HCH/kg diet, growth retarded and relative weight of organs (liver, heart, kidneys, and
adrenals) increased at 250 mg/kg diet (equivalent to 12.5 mg/kg bw/day). At levels of 50
and 250 mg/kg, liver enzyme activities were modified and liver parenchyma cells
enlarged. Liver weight increased at dose levels of 10 mg/kg diet (equivalent to 0.5
mg/kg bw/day) and reductions in white blood cell count were noted. Signs of
immunosuppression (reduced serum levels of immunoglobulins G and M) were
observed at 50 and 250 mg/kg diet. The NOAEL was 2 mg/kg alpha-HCH/kg diet
(equivalent to 0.1 mg/kg bw/day) (IPCS, 1992).

Chronic Toxicity

When groups of 10 female and 10 male weanling Wistar rats were administered daily
diets containing 0, 10, 50, 100, or 800 mg/kg alpha-HCH (in corn oil) for 107 weeks, the
highest dose level resulted in growth retardation, increased mortality, and slight kidney
damage. With daily doses of 100 or 800 mg/kg, liver enlargement and histopathological
changes in the liver were found. However, there were no liver changes at 50 mg/kg diet
(Fitzhugh et al., 1950).

Genotoxicity
Alpha HCH was not mutagenic to bacteria (Salmonella typhimurium strains TA 98, TA

100, TA 1535 and TA 1537) with and without metabolic activation and did not induce
DNA damage in bacteria. However, alpha-HCH induced DNA-fragmentation in human
and rat hepatocytes. Oral exposure to alpha-HCH resulted in mitotic disturbances
including an increased mitotic rate and increased frequency of polyploid hepatic cells in
mice (ATDSR, 2005).

Carcinogenicity
Studies of the carcinogenicity of alpha-HCH are limited. Several studies in mice were

performed, but their value is limited. Nevertheless, it is clear from the results that alpha-
HCH, at high dose levels, produces nodular hyperplasia and hepatocellular carcinomas
in mice (the incidence varying according on the strain) and also in rats (low incidence).
Studies on initiation promotion and mode of action indicate that the neoplastic response
observed with alpha-HCH is most likely due to a non-genotoxic mechanism. Alpha-HCH
has been shown to promote tumors in the liver of mice and rats (IPCS, 1992).

The International Agency for Research on Cancer (IARC) classified alpha- HCH in
group 2A: possibly carcinogenic to humans. USEPA categorized alpha-HCH as
probable human carcinogen.

Immunotoxicity

Mice, treated with alpha-HCH (50 and 250 mg/kg/day- i.e. 0.5 and 2.5 mg/kg/bw/day)
showed signs of immunosuppression (reduced serum levels of immunoglobulins G and
M).

Effects in Humans
Adverse effects such as neurophysiological and neuropsychological disorders and
gastrointestinal disturbances have been reported for workers exposed to technical HCH
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during pesticide or fertilizer formulation. Workers suffered from paraesthesia of the face
and extremities, headache and giddiness, malaise, vomiting, tremors, apprehension,
confusion, loss of sleep, impaired memory and loss of libido. Serum enzyme and IgM
levels were enhanced (ATDSR, 2005).

A German study on organochlorinated compounds in the peripheral blood of 486
women with hormonal disorders and/or infertility revealed that alpha-HCH
concentrations were significantly higher in women with uterine fibroids, antithyroidal
antibodies, luteal insuffiency and women highly susceptible to allergies. Obese women
and women with a history of abortion had the highest HCH levels in blood (Gebhard,
1993).

In a pilot study with limited statistical power a possible association between exposure to
organochlorines and the risk of childhood aplastic anaemia was shown. Alpha-HCH
was significantly higher in children with aplastic anaemia than in those of controls (p <
0.05) (Ahamed et al., 2006).

The association between alpha-HCH exposure and intrauterine growth retardation
(IUGR, < 10th percentile of birth weight for gestational age) was examined in India.
Statistically significant associations (p < 0.05) between maternal blood levels of alpha-
HCH and interauterine growth retardation were found (Siddiqui et al., 2003)

Environment

Data on effects in non-target species are extremely limited. Alpha-HCH is acutely toxic
to aquatic organisms. Effect concentrations in algae, zooplanktion (brine shrimp and
water flea) and fish of < 1 mg/l were reported (IPCS, 1992; ECOTOX database, 2007).
A LC50 of approximately 1.4 mg/l was determined in an acute test in zebra fish
(Oliveira-Filho and Paumgarten, 1997). In a long term study with snails (Lymnaea
stagnalis) a 50 % reduction of reproduction was found at a concentration of 65 Og/l. In
fish no histopathological changes or influence on growth and behaviour could be
detected in long-term experiments at low concentrations (IPCS, 1992). Monitoring data
on Arctic polar bears revealed a negative correlation with retinol concentrations and
HCHs, which may impact a wide range of biological functions (AMAP, 2004).

Risk characterisation

USEPA performed a dietary risk assessment for Alaskan communities for alpha and
beta-HCH in 2006. USEPA estimated alpha-HCH exposures for Alaskan communities
in the range of 0.00057 - 0.0039 mg/kg bw/day for adults, 0.0021 - 0.051 mg/kg bw/day
for children (age 1 - 6) and 0.00073 - 0.0050 mg/kg bw/day for children (age 7 - 12).
The risk is expressed as a percentage of a maximum acceptable dose or reference
dose (RfD). A level of concern is reached if the dietary risk exceeds 100 % RfD
(USEPA, 2006). The RfD value of 0.001 mg/kg/day for chronic exposure is based on a
LOAEL of 0.5 mg/kg/day established in a chronic study in rats and applying an
uncertainty factor of 100 (ATSDR, 2005). RIVM calculated a chronic inhalation RfD of
0.00025 mg/m? for alpha-HCH based on a NOAEL of 0.025 mg/m? for observations of
liver and kidney toxicity observed in an subchronic inhalation study in rats and applying
an uncertainty factor of 100 (RIVM, 2001 in USEPA, 2006).

The acute dietary exposure estimates are not of concern according to USEPA (2006).
USEPAIS dietary risk assessment indicates that the chronic dietary exposure estimates
for alpha-HCH are above the levels of concern for high-end dietary intake estimates.
The cancer dietary risk estimates for alpha-HCH are also above the level of concern for
both low and high-end dietary intake estimates. According to EPA, the risk values (%
cRfD) are 57 - 390 for adult males, 67 0460 for adult females, 210 (05 100 for children
(1 - 6 years) and 73 - 500 (7 - 12 years). The estimated cancer risk for adult males is
3.2x10° to 2.5x107 and 4.2x10° to 2.9x107® for adult females. It should be noted that
these estimated incidences are at least four orders of magnitude higher than a general
accepted cancer risk of 1x10°. Even though this risk estimation is very conservative
due to the basic maximum detected levels it can be concluded that the dietary risks are
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of concern. Additionally, it has to be mentioned that the target organ of chronic toxicity
is the liver and it can be expected that HCHs effects might be additive.

4. SYNTHESIS OF THE INFORMATION

Technical HCH, a mixture of five stable HCH-isomers, contains 55 080 % alpha-HCH and was
used extensively worldwide as an organochlorine pesticide.

Though usage of technical HCH is negligible nowadays releases into the environment may still
occur. Local sources include hazardous waste sites, contaminated sites, stockpiles and landfills
or dumping grounds. Though no quantitative estimates of these releases exist, the amounts of
HCH residuals in the form of by-products from lindane production are assumed to range
between 1.6 - 1.9 to 4.8 million tons. In addition, many sites are expected to cause
environmental pollution and are not maintained or controlled appropriately.

The physico-chemical properties of alpha-HCH facilitate long-range atmospheric transport and
allow for [¢old condensationCJon a global scale. In addition, the low HenryS law constant
contribute to achieve high levels in the Arctic Ocean. Moreover, it was shown that Arctic air
concentrations mimicked global usage data directly until the early 1990s. Also, monitoring data
from remote regions e.g. the Arctic and Antarctica suggested that detected levels, which were
sometimes higher than in source regions, originate from long range transport.

Alpha-HCH is fairly degradable under favourable conditions (e.g. enhanced bioavailability,
temperature, moisture content). Hydrolysis contributes to the overall removal of alpha-HCH in
aqueous solution under alkaline pH, but under environmental conditions with minor importance.
Alpha-HCH may undergo enantioselective degradation which depends on the site and medium.
Reported half-lives and residues analyses in soil suggest moderate persistence. However,
certain environmental conditions e.g. low concentrations or low temperatures resulted in longer
half-lives. Half-lives for alpha-HCH in Arctic lakes were up to 1.4 years, whereas in the Eastern
Arctic Ocean enantioselective degradation resulted in a range of approximately 5 to 17 years.

Alpha-HCH may bioaccumulate and biomagnify in biota and Arctic food webs. The BMFs as
well as FWMFs in invertebrates, fish and terrestrial and marine mammals were greater than 1.
Because of the individual potential to metabolize alpha-HCH, birds do not fit into this scheme.
Most birds show BMFs < 1, independent of the trophic level. Especially in mammals, a
enantiospecific accumulation of (+) or (-) alpha-HCH occurs (depending on the species). .
Combined with the lower potential for biotransformation alpha-HCH, - reaches high BMFs in
mammals, with the highest concentrations in brain tissue (especially the (+) enantiomer). As all
HCHs aim at the central nervous system, this has to be seen with caution. To date, however,
no enantiomer-specific toxicity studies for alpha-HCH are available and the reasons for the
enrichment and differences are largely unclear.

Alpha-HCH has been shown to be neurotoxic, hepatotoxic, and to cause immunosuppressive
effects and cancer in laboratory animals.

The International Agency for Research on Cancer (IARC) has classified alpha-HCH in group
2B, possibly carcinogenic to humans. Several epidemiological studies indicate that alpha-HCH
might play a role in human breast cancer. Alpha-HCH is a known tumour promoting agent.

Alpha-HCH may adversely affect human health in contaminated areas as well as in Arctic
regions. Based on the available toxicity data of alpha-HCH it can be concluded that current
concentrations of alpha-HCH in food and human milk are a matter of concern. The estimated
daily intake of alpha-HCH of Arctic indigenous people exceeds safe intake reference values,
even though estimation is very conservative. Compared with a general accepted risk of one
case per million, this risk seems unacceptably high. Nevertheless it should be emphasized that
traditional foods have unique social, cultural, spiritual and economic value and therefore it is
strongly recommended to avoid alpha-HCH levels of concern.
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CONCLUDING STATEMENT

Though most countries have banned or restricted the use of technical HCH as a pesticide, replacing it
in most cases by the use of lindane, the lindane production process has produced huge amounts of
HCHs residuals. These waste isomers are still a worldwide problem and contribute to the releases
into the environment.

Releases into the environment have dramatically decreased over the past 30 years, but levels in the
environment suggest that alpha-HCH may persist in the environment (at lower concentrations).
Especially the cold Arctic Ocean, which is now eliminating alpha-HCH, was a sink which preserved
the chemical from rapid degradation. Levels in Arctic biota do not thoroughly reflect the decreasing
trend of the abiotic compartments.

Alpha-HCH is present in the terrestrial and the aquatic food chains and concentrations are a human
health concern. High exposure is expectable in polluted areas and, as a result of long-range transport,
in the Arctic region. In addition, humans and wildlife are exposed to various contaminants that can
influence the toxicological effects of alpha-HCH in an additive or synergistic way. Based on the
inherent properties, together with estimated daily intakes of alpha-HCH of Arctic indigenous people
that exceeds safe intake reference values, and given the widespread occurrence of alpha-HCH in
biota, including in remote areas far from likely sources, it is concluded that the substance is likely, as
a result of its long-range environmental transport, to lead to significant adverse human health and
environmental effects, such that global action is warranted.
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B.2. Beta-hexachlorocyclohexane OSUMMARY

Summary

2. Beta Hexachlorocyclohexane (Beta HCH)

Draft Risk Profile May 2007
http://www.pops.int/documents/meetings/poprc/drprofile/drp/DraftRiskProfile _b-HCH.pdf

Composition

One of 5 stable HCH isomers in technical HCH at levels of 5 [114%.

Uses

Beta-HCH by itself is neither intentionally produced nor placed on the market.
It is produced as constituent of technical HCH used as organochlorine
insecticide or chemical intermediate to manufacture enriched HCH (lindane).
Currently no production data on technical HCH have been reported, whereas
manufacture of lindane still takes place (IHPA, 2006).

Releases

Around 10 million tons of technical HCH were released to the environment
between 1948 and 1997 (Li et al. 1999). According to Li and Macdonald
(2005) global usage of technical HCH was dominated by 10 countries headed
by China, which consumed almost half of the total global quantity. The other
countries were (in order of decreasing usage): Former Soviet Union, India,
France, Egypt, Japan, United States, East Germany, Spain and Mexico.
Historically beta-HCH was released during the manufacture of technical HCH
and its use as a pesticide. Li et al. (2003) estimated global emissions of beta-
HCH from the usage of technical HCH between 1945 and 2000 at 850 000
tons, of which 230 000 tons were emitted into the atmosphere over the same
period. As a result of the ban on technical HCH in northern countries, global
emissions of beta-HCH have undergone a [$Southward tiltCi(Li et al., 2003).
Releases of beta-HCH into the environment are also possible from hazardous
waste sites (USEPA, 2006), stockpiles and residues of lindane production,
which are not always controlled or maintained safely (IHPA, 2006). Also,
contaminated sites (e.g. from former production plants) may contribute to the
environmental burden of beta-HCH (Concha-Grana et al., 2006).

Fate

Abiotic degradation processes do not play an important role in the fate of beta-
HCH in the environment. Thus photolysis and hydrolysis are not significant.
Under favourable conditions, beta-HCH is susceptible to biodegradation.
However compared to the gamma- and alpha-HCH it is the most recalcitrant
isomer. Laboratory and field data including a long-term soil study suggest that
beta-HCH is persistent in soil, especially under low temperatures. It is mainly
associated with particles and has a low leaching potential. The physico-
chemical properties of beta-HCH allow the dispersal of the substance from its
sources to the Arctic mainly by long-range environmental transport via ocean
currents. Beta-HCH has been detected in the Arctic Ocean and is present in
marine, terrestrial species, and humans.

Effects

Beta-HCH is acutely toxic to aquatic organisms and shows estrogenic effects
in fish. Reduced fitness of offspring in birds as well as reduced retinol
concentrations in polar bears is associated with beta-HCH and HCHs levels.
Toxicological studies with beta-HCH have demonstrated neurotoxicity and
hepatotoxicity. Also reproductive and immunosuppressive effects and effects
on fertility were seen in laboratory animals. Beta-HCH has been classified in
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group 2B as possibly carcinogenic to humans by the International Agency on
Research and Cancer (IARC). Several epidemiological studies indicate that
beta-HCH might play a role in human breast cancer.

Exposure

Beta-HCH exposure levels in local areas have declined after worldwide
prohibitions and restrictions. However regions with recent exposure and/or
high pollution can still show elevated levels. A special concern also arises
from exposure of hazardous waste sites and dumping grounds from disposed
beta-HCH residues from lindane production. Due to its persistence beta-HCH
can still be detected at low background levels in all environmental media
except in regions with recent usage and/or high pollution. Data from the abiotic
environment in the Arctic are scarce partly due to low levels compared with
the other HCH isomers. In contrast to this fact fairly high concentrations in
Arctic biota including marine mammals and birds were detected with
increasing levels. Beta-HCH is present in terrestrial and aquatic food chain.
Beta-HCH may bioaccumulate and biomagnify in biota and Arctic food webs,
especially in upper trophic levels. In humans accumulation in fat tissue and
high concentrations in blood and in breast milk may occur. Beta-HCH transfers
from mothers to embryos and nursing infants. Human exposure to beta-HCH
results mostly from ingestion of contaminated plants, animals and animal
products. High exposure is expected in contaminated areas due to extensive
use, former production, disposal sites and stockpiles. Based on the hazard
profile and the exposure levels in the environment including the food chain, it
can be concluded that beta-HCH may adversely affect wildlife and human
health in contaminated regions. Arctic public health authorities believe the
significant social, cultural and economic benefits of traditional foods outweigh
the risks of contaminants such as HCH at present but give another reason for
the quick control and elimination of all HCH isomers from traditional foods.
However based on levels found in the Arctic region, it can be also concluded
that beta-HCH can lead to significant adverse human and environmental
effects as a result of its long-range environmental transport.

Status

Technical HCH is listed in Annex Il of the 1998 Aarhus Protocol on Persistent
Organic Pollutants (POPs) under the Convention on Long-Range
Transboundary Air Pollution which restricted alpha-HCH use to an
intermediate in chemical manufacturing only. HCH (mixed isomers) is subject
to the PIC Procedure of the Rotterdam Convention and is listed in Annex Il of
the Convention. Canada, Mexico, and the United States signed the North
American Regional Action Plan (NARAP) on Lindane and Other
Hexachlorocyclohexane Isomers in 2006 with the goal of reducing the risks
associated with the exposure of humans and the environment to lindane and
other HCH isomers. In the European Union the production and use of
technical HCH as an intermediate in chemical manufacturing will be phased
out by the end of 2007 at the latest (Regulation (EC) No 850/2004). HCHs are
also one of the priority substances (Decision No 2455/2001/EC) of the
adopted EU Water Framework Directive 2000/60/EC. Hexachlorocyclohexane
isomers, including the beta-isomer, are on the List of Chemicals for Priority
Action under the OSPAR Commission for the Protection of the Marine
Environment of the Northeast Atlantic.

Alternatives

Will be discussed together with Lindane in Annex F evaluation if Beta HCH
advances.
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B.2.a. Beta-hexachlorocyclohexane DETAILED PROFILE

Candidate for POPs List

b-HCH

beta-hexachlorocyclohexane
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Background

The 1998 Aarhus Protocol on Persistent Organic Pollutants (POPs) addresses technical
hexachlorocyclohexane (HCH, a mixture of isomers) as a substance for restriction on use under
Annex Il. The Aarhus Protocol is one of the protocols under the United Nations Economic
Commission for Europe (UNECE) convention on Long Range Transboundary Air Pollution (LRTAP).
The objective of the UNECE regional Protocol is to control, reduce or eliminate discharges, emissions
and losses of persistent organic pollutants.

The Rotterdam Convention on the Prior Informed Consent also includes technical HCH, indicating that
several countries have banned or severely restricted import and use of this mixture of isomers. The
objective of this convention is to promote shared responsibility and cooperative efforts among Parties
in the international trade of certain hazardous chemicals in order to protect human health and the
environment from potential harm.

Mexico proposed on June 29, 2005 that gamma-hexachlorocyclohexane (Lindane) be added to
Annex A of the Stockholm Convention. The proposal presented data on the gamma isomer but
mentioned as well that [@ther isomers of hexachlorocyclohexane should also be considered in this
proposalll

The POPs Review Committee (POPRC) evaluated Annex D information for Lindane at its first
meeting, held in Geneva in November 2005, and decided that [the screening criteria have been
fulfilled for Lindanell The Committee agreed that the alpha and beta isomers could be included in the
discussions, although any decision to propose inclusion of the chemical in the Convention would
apply only to Lindane, the gamma isomer. As a consequence, Mexico proposed that beta-HCH (and
alpha-HCH in another proposal) be added to Annexes A, B and/or C of the Convention to ensure that
the global impacts of all three environmentally significant HCH isomers (alpha, beta and gamma) are
addressed.

Data Sources

a) CEC, 2000. North American Commission on Environmental Cooperation: North American
Regional Action Plan (NARAP) on Lindane and other HCH isomers. http://www.cec.org;

b) USEPA, 2006: Assessment of Lindane and Other Hexachlorocyclohexane Isomers. U.S.
Environmental Protection Agency. http://www.epa.gov/fedrgstr/EPA-
PEST/2006/February/Day-08/p1103.htm;

c) ATSDR, 2005. Toxicological Profile for Hexachlorocyclohexanes, U.S. Department of Health
and Human Services, Public Health Service, Agency for Toxic Substances and Disease
Registry, August, 2005. http://www.atsdr.cdc.gov/toxprofiles/tp43.html.

Introduction

Beta-HCH is one of the five stable isomers of technical HCH, an organochlorine pesticide
formerly used in agriculture. The modes of action of the HCH isomers differ quantitatively and
qualitatively with regard to their biological activity in the central nervous system as the main
target organ. Beta-HCH is mainly depressant and the final effect of the mixed isomers
depends on the composition (IPCS, 2001). In general HCHs are among the most studied
pesticides with respect to environmental fate and effects (Breivik et al., 1999).

1 Identification of the chemical
1.1 Names and registry numbers
Chemical name: beta-hexachlorocyclohexane (beta-HCH)
IUPAC name: (1-alpha, 2-beta, 3-alpha, 4-beta, 5-alpha, 6-beta)-

Hexachlorocyclohexane

51



1.2

Common synonyms:

CAS number:

Chemical Structure

Figurel: Structure of beta-HCH,
modified from Buser et al. (1995)

1.3

1.4.

beta-1,2,3,4,5,6-Hexachlorocyclohexane: beta-
Benzenehexachloride, beta-BHC, benzene-cis-hexachloride;
beta-HCH; beta-Hexachlorocyclohexane; beta-
Hexachlorocyclohexane ; beta-isomer; beta-lindane;
Hexachlorocyclohexane-Beta; trans-alpha-
benzenehexachloride; beta-benzenehexachloride
(Chemfinder, 2007)

319-85-7

beta-HZH

Chemical formula: CgHgClg

Molecular weight:  290.83

Chemical production

HCH isomers are produced as a result of the photochemical chlorination of benzene
during the manufacture of technical HCH, which has been widely used as a commercial
pesticide. Technical HCH is a mixture of five HCH isomers: alpha-HCH (53-70%), beta-
HCH (3-14%), gamma-HCH (11-18%), delta-HCH (6-10%) and epsilon-HCH (3-5%).

As the gamma-HCH isomer, also known as Lindane, is the isomer with the highest
pesticidal activity, technical-HCH is subject to subsequent treatment (fractional
crystallization and concentration) to produce 99% Lindane. This process is extremely
inefficient with only a 10-15% yield, producing 6-10 tons of other isomers for each ton of
Lindane (IHPA, 2006). Alpha-HCH is the major by-product of the reaction (60-70%),
followed by beta-HCH (7-10%) (WHO, 1991).

Physico-chemical properties

Beta-HCH is more soluble in water and octanol compared to other organochlorine
pesticides. Its chemical structure seems to confer the greatest physical and metabolic
stability (e.g. beta-HCH has a lower vapour pressure and a higher melting point than
the alpha-isomer). The physico-chemical properties (a selection is given in table 1) of
beta-HCH allow for [¢old condensation[] an enrichment of the substance in cold
climates compared to concentrations near sources, on altitudinal and latitudinal
scales described by Wania and Mackay (1996).

The Henry[S law constant is a factor of 20 lower than for alpha-HCH and decreases
significantly with water temperature which favours partitioning from air to water. Also
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its relatively high log Kya promotes partitioning from air to environmental organic
phases. This is probably one reason why transportation pathways of alpha- and beta-
HCH diverge in the environment (Li and Macdonald, 2005). Based on an extensive
data analysis of the physico-chemical properties of alpha-, beta- and gamma-HCH
Xiao et al. (2004) concluded that the lower volatility compared to the gamma- and
alpha-isomer does not account for its different environmental behaviour but is caused
by a higher solubility in water and octanol (data not shown).

Table 1: Selected physico-chemical properties

Melting Point ([C) 314-315,

Boiling Point ([T) 60 at 0.5 mmHg ,
Density (g cm-3 at 19 [C) 1.89

Water solubility (mg/l at 20 [T) 0.2,

Vapour pressure (mmHg at 20 [C) 3.6x10",
Henry-s law constant (atm m° mol™) 6.9x10",

Log Kow 3.78 ;

Log Koa (0LC) 104 ;

Physical state crystalline solid ;

1 ATSDR (2005)
» HSDB (2006)
3 Shoeib and Harner (2002)

2

Persistence

In general, HCH isomers are resistant to abiotic processes like photolysis and hydrolysis
(except at high pH), and microbial degradation is very slow (USEPA, 2006).

Beta-HCH is the most persistent isomer, with half-lives of 184 and 100 days on cropped and
uncropped plots. It comprised 80-100% of the total HCH residues found in soil and vegetation
on land surrounding an industrial landfill in Germany 10 years after the final HCH input
(ATSDR, 2005). Other laboratory studies have calculated half-lives values of 91 and 122 days
for aerobic and anaerobic soil indicating that persistence is dependent on environmental
factors such as the action of soil microorganisms, evaporation rates, soil oxygen and organic
matter content (WHO, 1991).

Beta-HCH has a much lower vapor pressure and a much higher melting point than the
alpha-HCH. These properties are dictated by the great physical and metabolic stability
conferred by the isomer structure (Willet, 1998).

Although photolysis is not expected to be an important environmental fate process for HCH, it
may be degraded in the atmosphere by reacting with photochemically produced hydroxyl
radicals. A photodegradation half-life for a thin film of beta-HCH equal to 152 hours has been
reported (ATSDR, 2005).

Bioaccumulation

Beta-HCH is the predominant isomer in soils and animal tissues because its configuration
favors storage in biological media and affords it greater resistance to hydrolysis and
enzymatic degradation (Walker, 1999).

The log octanol-water partition coefficient (log Kow) for beta-HCH is 3.78, indicating that it has
the potential to bioaccumulate. A bioconcentration factor (BCF) equal to 1 460 was found for
beta-HCH using zebra-fish under steady-state conditions compared to BCFs equal to 1 100
for alpha-HCH and 850 for gamma-HCH (ATSDR, 2005). BCFs from 250 01 500 on a dry
weight basis or 500 000 times on a lipid basis within 3-10 days have also been reported
(WHO, 1991).

Several studies suggest that the relative proportions of HCH isomers vary dramatically across

species in the Arctic marine food web. A study carried out in 2000 indicated that upper trophic
level mammals may be able to efficiently eliminate Lindane and to a smaller extent alpha-
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HCH, but not beta-HCH. As a result, beta-HCH tends to bio-accumulate to higher
concentrations in upper trophic level fishes, birds and mammals (USEPA, 2006).

4 Potential for long range environmental transport

Air concentrations of beta-HCH have been measured regularly at the Alert and Tagish
stations in Arctic Canada. The results indicate that concentrations of beta-HCH in the Arctic
atmosphere are very low in comparison with the more volatile alpha- and gamma-HCH.
However, the concentration of beta-HCH in Arctic surface water can be as high as 240 pg/L,
approaching the concentration of gamma-HCH in the same media (Li et al, 2003).

Li et al (2002) reported that in contrast to alpha-HCH, beta-HCH appears to be less subject to
direct atmospheric loading into the high Arctic as most of beta-HCH stays in the source region
after application. This can be explained by differences in their Henryls law constant and
air/water partition coefficient that leads to enhanced affinity for particles, greater resistance to
degradation and reduced volatility of beta-HCH.

According to Li et al (2002), rain scavenging is much more efficient for beta- than for
alpha-HCH. In addition, the amount and frequency of precipitation is considerably higher in
the North Pacific compared to the Arctic. These two aspects, when combined, suggest that
beta-HCH enters the Arctic probably by mechanisms involving wet deposition or partitioning
into the North Pacific surface water and subsequently entering the Arctic in ocean currents
passing through the Bering Strait (Li et al, 2003).

The Bering and Chukchi Seas are the most vulnerable locations for beta-HCH loadings
coming primarily from Asia via the Pacific (Li et al, 2002).

5 Adverse effects

Beta-HCH has moderate toxicity for algae, invertebrates and fish. The acute LC50 values for
these organisms are of the order of 1 mg/L (WHO, 1991).

Studies of short-, intermediate- and long-term exposure to beta-HCH in diet have reported
liver and renal effects in animals. A significantly decreased body weight gain has been seen
in rats treated orally with 250 mg/kg beta-HCH. Neurological effects have also been reported
in rats exposed to beta-HCH. Oral exposure of rats and mice to beta-HCH has resulted in
degeneration of male reproductive organs and sperm abnormalities. The limited genotoxicity
data indicate that beta-HCH has some genotoxic potential but the evidence is not conclusive
(USEPA, 2006).

Beta-HCH may be the most toxicologically significant HCH isomer due to the recent reports of
its estrogenic effects in mammalian cells, laboratory mammals and fish (Willet, 1998).

There are limited studies to estimate cancer risk from exposure to beta-HCH. However, EPAS
Integrated Risk Information System (IRIS) currently lists beta-HCH as a possible human
carcinogen based on the incidence of hepatic nodules and hepatocellular carcinomas
observed in male mice administered beta-HCH at a single dose level in the diet (USEPA,
2006).

REASONS FOR CONCERN

Beta-HCH is the most persistent isomer of hexachlorcyclohexane. Due to its physicochemical
properties it has the potential to bioaccumulate. Its listing as a possible human carcinogenic
should also be of special concern.

Even though most countries have banned or restricted the use of technical HCH as a
pesticide, replacing it in most cases by the use of Lindane (99% gamma-HCH), the production
process to obtain a ton of pure gamma-HCH vyields 6 [0 10 metric tonnes of the other isomers
that must be disposed of or otherwise managed. As Lindane is the only isomer in the mixture
that has insecticidal properties, there is very limited to no commercial value for the other



isomers obtained. Because of this waste isomer problem, the production of HCH/Lindane has
been a worldwide problem for years.

Other HCH isomers, like beta-HCH, can be as toxic and persistent a contaminant as Lindane,
or even more so. The continued use of Lindane in the world is causing this important pollution
source. Global action is therefore needed to halt the pollution caused worldwide by Lindane
production.[]
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RISK PROFILE

EXECUTIVE SUMMARY

After almost forty years of extensive use worldwide, there has been a gradual replacement of
technical hexachlorocyclohexane (HCH) by lindane (gamma-HCH). No significant uses of
technical HCH have been reported after 2000. However releases into the environment may
also occur from lindane production as well as from hazardous waste sites, landfills and
contaminated sites. Because of its hazard profile and widespread abundance, technical HCH
(including beta-HCH) is subject to national and international regulations and prohibitions.

Abiotic degradation processes do not play an important role in the fate of beta-HCH in the
environment. Thus photolysis and hydrolysis are not significant. Under favourable conditions,
beta-HCH is susceptible to biodegradation. However compared to the gamma- and alpha-
HCH it is the most recalcitrant isomer. Laboratory and field data including a long-term soll
study suggest that beta-HCH is persistent in soil, especially under low temperatures. It is
mainly associated with particles and has a low leaching potential.

The physico-chemical properties of beta-HCH allow the dispersal of the substance from its
sources to the Arctic mainly by long-range environmental transport via ocean currents. Beta-
HCH has been detected in the Arctic Ocean and is present in marine, terrestrial species, and
humans.

Beta-HCH exposure levels in local areas have declined after worldwide prohibitions and
restrictions. However regions with recent exposure and/or high pollution can still show
elevated levels. A special concern also arises from exposure of hazardous waste sites and
dumping grounds from disposed beta-HCH residues from lindane production.

Due to its persistence beta-HCH can still be detected at low background levels in all
environmental media except in regions with recent usage and/or high pollution. Data from the
abiotic environment in the Arctic are scarce partly due to low levels compared with the other
HCH isomers. In contrast to this fact fairly high concentrations in Arctic biota including marine
mammals and birds were detected with increasing levels.

Beta-HCH is present in terrestrial and aquatic food chain. Beta-HCH may bioaccumulate and
biomagnify in biota and Arctic food webs, especially in upper trophic levels. In humans
accumulation in fat tissue and high concentrations in blood and in breast milk may occur.
Beta-HCH transfers from mothers to embryos and lactating infants.

Beta-HCH is acute toxic to aquatic organisms and shows estrogenic effects in fish. Reduced
fitness of offspring in birds as well as reduced retinol concentrations in polar bears is
associated with beta-HCH and HCHs levels.

Toxicological studies with beta-HCH have demonstrated neurotoxicity and hepatotoxicity.
Also reproductive and immunosuppressive effects and effects on fertility were seen in
laboratory animals. Beta-HCH has been classified in group 2B as possibly carcinogenic to
humans by the International Agency on Research and Cancer (IARC). Several
epidemiological studies indicate that beta-HCH might play a role in human breast cancer.

Human exposure to beta-HCH results mostly from ingestion of contaminated plants, animals
and animal products. High exposure is expected in contaminated areas due to extensive use,
former production, disposal sites and stockpiles.

Based on the hazard profile and the exposure levels in the environment including the food
chain, it can be concluded that beta-HCH may adversely affect wildlife and human health in
contaminated regions. Arctic public health authorities believe the significant social, cultural
and economic benefits of traditional foods outweigh the risks of contaminants such as HCH at
present but give another reason for the quick control and elimination of all HCH isomers from
traditional foods. However based on levels found in the Arctic region, it can be also concluded
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that beta-HCH can lead to significant adverse human and environmental effects as a result of
its long-range environmental transport.

For these reasons, global action on beta-HCH is warranted.

Data sources

The draft risk profile is based on the following data sources:

e Proposal submitted by Mexico for listing alpha and beta isomers in Annexes A, B and/or C to
the Convention (UNEP/POPS/POPRC2./INF/8), 2006.

e Decision POPRC-2/10 of the Review Committee, 2006.

e Information submitted by parties and observes according to Annex E of the Convention:
specific and/or scientific information: Czech Republic, France, Germany, International POPs
Elimination Network (IPEN), Japan, Norway, Switzerland, United States of America, general
information: Algeria, Crop Life International, Kingdom of Bahrain, Mauritius, Mexico, Qatar,
Republic of Lithuania and Turkey. This information is available on the Conventionls website
(http://www.pops.int/documents/meetings/poprc/prepdocs/annexEsubmissions/submissions.ht
m)

e Assessment of lindane and other hexachlorocyclohexane isomers, USEPA, 2006.
http://www.epa.gov/oppsrrd1/REDs/factsheets/lindane_isomers_fs.htm

e International Programme on Chemical Safety, ALPHA- and BETA-
HEXACHLOROCYCLOHEXANES, Environmental Health Criteria 123, World Health
Organization. Geneva, 1992. http://www.inchem.org/documents/ehc/ehc/ehc123.htm

e Toxicological profile for hexachlorocyclohexanes, United States of America Department of
Health and Human Services, Public Health Service, Agency for Toxic Substances and
Disease Registry, 2005. http://www.atsdr.cdc.gov/toxprofiles/tp43.html

e The North American Regional Action Plan (NARAP) on Lindane and Other
Hexachlorocyclohexane (HCH) Isomers. 2006. North American Commission for
Environmental Cooperation
http://www.cec.org/pubs_docs/documents/index.cfm?varlan=english&ID=2053

In addition to these information sources a literature search of public data bases was conducted. The
following databases were used: ECOTOXicology database (Ecotox, http://www.epa.gov/ecotox/)
Hazardous Substances Data Bank (HSDB, http://toxnet.nlm. nih.gov/cqi-bin/sis/htmlgen?HSDB),
Pubmed (http://www.ncbi.nlm.nih.gov /entrez/query.fcgi?DB=pubmed), Environmental Fate Data Base
(EFDB http://www.syrres. com/esc/efdb_info.htm. In general search terms include the chemical name
or CAS number and/or a combination of a technical term because of the multiplicity of entries. For the
same reason also specific topical and updated articles were considered.

The quoted above listed reports contained individual references, which were not listed again in this
draft risk profile.

STATUS OF THE CHEMICAL UNDER INTERNATIONAL CONVENTIONS

Beta-HCH is a constituent of technical HCH, which is regulated at least by two international
agreements. The first one is the 1998 Aarhus Protocol on Persistent Organic Pollutants (POPs) under
the Convention on Long-Range Transboundary Air Pollution. Technical HCH is listed in Annex Il of
the protocol which restricted its use to an intermediate in chemical manufacturing only.

The second agreement is the Rotterdam Convention on the Prior Informed Consent (PIC) Procedure
for Certain Hazardous Chemicals and Pesticides in International Trade. HCH (mixed isomers) is
subject to the PIC Procedure and is listed in Annex Ill of the Convention.

Canada, Mexico, and the United States signed the North American Regional Action Plan (NARAP) on
Lindane and Other Hexachlorocyclohexane Isomers in 2006. The goal of the NARAP is for the three
member countries to cooperatively take actions to reduce the risks associated with the exposure of
humans and the environment to lindane and other HCH isomers.

In the European Union the production and use of technical HCH as an intermediate in chemical

manufacturing will be phased out by the end of 2007 at the latest (Regulation (EC) No 850/2004).
HCHs are also one of the priority substances (Decision No 2455/2001/EC) of the adopted EU Water
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Framework Directive 2000/60/EC.

Hexachlorocyclohexane isomers, including the beta-isomer, are on the List of Chemicals for Priority
Action under the OSPAR Commission for the Protection of the Marine Environment of the Northeast
Atlantic. The objective is the prevention of pollution of the maritime area by continuously reducing
discharges, emissions and losses of hazardous substances.

SUMMARY INFORMATION RELEVANT FOR THE RISK PROFILE
1. SOURCES

1.1. Production
Beta-HCH by itself is neither intentionally produced nor placed on the market. It is
produced as constituent of technical HCH used as organochlorine insecticide or
chemical intermediate to manufacture enriched HCH (lindane). Currently no
production data on technical HCH have been reported, whereas manufacture of
lindane still takes place (IHPA, 2006).

HCH is manufactured by photochemical chlorination of benzene which leads to the
formation of mainly five stable HCH isomers. The yields of different isomers vary due
to technical differences in the production process. The reported ranges are: alpha-
HCH (55-80%), beta-HCH (5-14%), gamma-HCH (8-15%), delta-HCH (6-10%) and
epsilon-HCH (1-5%) (Breivik et al., 1999). Further details on the production and reuse
of HCH residuals can be found in UNEP/POPS/POPRC.2/17/Add.4 (Risk Profile on
Lindane) and IHPA (2006).

The following countries which submitted information according to Annex E stated that
there was currently no production or use of beta-HCH: Czech Republic, Germany,
Mauritius, Mexico, Norway, Qatar, Republic of Lithuania, Turkey, Switzerland and the
United States of America.

1.2. Trade and stockpiles

Technical HCH was rapidly introduced in the 1940s on a large scale on the market
due to its universal insecticidal properties. The promising market opportunities
worldwide arose in the search for an inexpensive alternative to DDT (IHPA, 2006).
However due to the decreasing effectiveness of the gamma> alpha> beta-isomer in
controlling insects (Baumann et al., 1980) technical HCH was gradually replaced by
lindane (> 99 % gamma-HCH). However the manufacture of lindane has resulted in a
huge amount of HCH residuals, which must be disposed of or otherwise managed.
IHPA (2006) calculated 1.9 to 4.8 million tons of HCH residuals based on global
lindane production, in absence of exact data. These estimates are far beyond the
values reported by Walker et al. (1999) who reported stockpiles of approximately 2
785 tons of technical HCH and 45 tons of unspecified HCH material in Africa and the
Near East.

1.3. Uses
Around 10 million tons of technical HCH were released to the environment between
1948 and 1997 (Li et al. 1999). Breivik et al. (1999) estimated technical HCH usage at
approximately 400 000 tons technical HCH in Europe alone between 1970 and 1996.
The data illustrate the large uncertainties of these estimates.

According to Li and Macdonald (2005) global usage of technical HCH was dominated
by 10 countries headed by China, which consumed almost half of the total global
quantity. The other countries were (in order of decreasing usage): Former Soviet
Union, India, France, Egypt, Japan, United States, East Germany, Spain and Mexico.
Usage of technical HCH was banned in most western countries and Japan in the
1970s but continued in China and Russia until 1983 and 1990. In 1990, India also
banned technical HCH for agricultural use but kept it for public health uses (AMAP,
2004). Technical HCH usage steadily declined and is now virtually out of use
worldwide. However, there are indications that the use of stockpiles, limited use for
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public health purposes and/or illegal use cannot be excluded (Zhulidov et al., 2000;
Bakore et al., 2003; Qian et al., 2006).

1.4 Releases to the environment

There are several pathways of beta-HCH for entering the environment. Historically
beta-HCH was released during the manufacture of technical HCH and its use as a
pesticide. Li et al. (2003) estimated global emissions of beta-HCH from the usage of
technical HCH between 1945 and 2000 at 850 thousand tons, of which 230 thousand
tons were emitted into the atmosphere over the same period. In 1980 the usage of
beta-HCH was around 36 kg tonnes, and the calculated primary emissions were 9.8
kg tonnes (83 % attributed to the application and 17 % to soil residues due to prior
applications). In 1990 figures dropped to 7.4 (usage) and 2.4 thousand tons
(emissions). In 2000, emissions of beta-HCH from soil residues were 66 tonnes in the
absence of direct usage of technical HCH. Also, as a result of the ban on technical
HCH in northern countries, global emissions of beta-HCH have undergone a
[Southward tiltC)(Li et al., 2003).

Releases of beta-HCH into the environment are also possible from hazardous waste
sites (USEPA, 2006), stockpiles and residues of lindane production, which are not
always controlled or maintained safely (IHPA, 2006). Also, contaminated sites (e.g.
from former production plants) may contribute to the environmental burden of beta-
HCH (Concha-Grana et al., 2006). Germany (submitted Annex E information)
reported that there are still a few isolated local sources i.e. landfills and dumps in the
former GDR (East Germany) from applications of technical HCH. As a result higher
concentrations of beta-HCH in fish of the river Elbe near the former production site
were detected after heavy rainfalls and floods in 2003. However, quantitative
estimates of releases from hazardous waste sites and landfills are not available.

2. ENVIRONMENTAL FATE
2.1 Persistence

2.1.1. Abiotic Degradation

Investigations of the hydrolysis and photolysis of beta-HCH are extremely
limited. Only one literature study regarding photodegradation has to date
been available. A photodegradation half-life for a thin film of beta-HCH equal
to 152 hours has been reported (ATSDR, 2005). The relevance of this result
is questionable with respect to the chosen test design which does not comply
with internationally accepted test guidelines on photolysis and, as pointed out
by ATSDR (2005) no absorption bands were observed in the studied spectral
region. In general photolysis is not expected to be an important
environmental fate process for beta-HCH since no absorption of light > 290
nm takes place.

Based on the calculated atmospheric OH rate constant of 5.73x10™
cm®/molecule-sec (HSDB, 2003) the estimated half-life is 56 days (using an
average hydroxyl radical concentration of 5x10° molecule/cm® according to
the TGD (2003)).

USEPA (2006) concluded that in general HCH isomers are resistant to abiotic
processes like photolysis and hydrolysis (except at basic pH).

2.1.2. Biotic Degradation

Beta-HCH is in principle biodegradable under oxic and anoxic conditions.
However several studies have suggested that significant degradation does
mainly occur under anaerobic conditions (Middeldorp et al.,, 1996).
Degradation was observed in pure cultures, soil slurry, soil microcosm, field
studies and via bioremediation techniques in the soils of contaminated sites
(Phillips et al., 2005). Effectiveness of removal varied depending on the test
design and environmental factors.
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In general the metabolic pathway of beta-HCH occurs anaerobically via
dechlorination to tetrachlorocyclohexane and dichlorocycohexadiene, an
unstable metabolite. Chlorobenzene and benzene were formed as stable end
products under methanogenic conditions. These metabolites can be further
aerobically or anaerobically mineralised (Phillips et al., 2005). Compared to
other HCH isomers laboratory data using radio-labelled beta-HCH have
shown only minimal and incomplete mineralization (Sahu et al., 1995).

Beta-HCH is considered to be the most recalcitrant isomer due to its
chemical structure (Decision POPRC-2/10, 2006). Under favourable
laboratory conditions several strains of bacteria e.g. Bacillus brevis, Bacillus
circulans, Dehalobacter sp. in conjuction with Sedimentibacter sp., isolated
from HCH polluted sites, have been identified as beta-HCH degraders (Gupta
et al., 2000; van Doesburg et al.,, 2005). But only a few were able to
transform beta-HCH under aerobic conditions e.g. Sphingobium sp. (Sharma
et al., 2006).

Research on the intrinsic stimulation and additives for soil bioremediation of
beta-HCH polluted sites is under way (e.g. Kumar et al., 2005; MacRae et al.,
1984) but to remove the isomer remains a difficult challenge (Phillips et al.,
2005). Regarding the effects on the intrinsic soil microbial population of an
uncontaminated soil, Bhatt et al. (2006) showed that the application of
technical HCH disturbed the microbial community irreversibly.

In general climatic conditions as well as soil texture and organic matter
altering substance sorption, water content, pH and bacterial growth influence
degradation rates (IPCS, 1992). Phillips et al. (2005) stated that bacteria
capable of degrading HCHs at extreme temperatures (< 5 [T or > 40[C) have
not yet been reported.

Data on laboratory soil studies or field investigations are limited. Singh et al.
(1991) reported half-lives of 100 and 184 days on cropped and uncropped
plots in a sandy loam in India under subtropical conditions. The applied
formulated HCH was immediately incorporated into the top layer of the soil.
Soil samples were taken randomly from the plots in 0-15 cm depths. No
quantitative information on losses of beta-HCH by volatilisation or leaching
during the experiment is available in the citied study. In temperate climate
Doelman et al. (1990) observed in a semi-field study with contaminated soil
no degradation of the beta-isomer under anaerobic conditions. Stewart and
Chisholm (1971) observed in a long-term field study after an application of
technical HCH, 44 % of the beta-isomer after 15 years in a sandy loam in
Canada. Approximately 30 % of beta-HCH (from applied technical HCH) was
observed after 570 days in a field test in Japan on agricultural field plots
(Suzuki et al., 1975). Also Chessells et al. (1988) showed that after a 20 year
application history of technical HCH on sugar cane in Queensland, Australia,
beta-HCH occurs in concentrations which are more than one order of
magnitude higher compared to the other isomers.

Based on the K, value and confirmed by field data beta-HCH is expected to
have a low leaching potential and also volatilisation from soil surfaces is
considered not to be an important fate process (HSDB, 2006; Singh et al.,
1991).

Beta-HCH was stable in a sediment/water study under laboratory conditions.
In addition, isomerisation of alpha- to the beta-isomer was observed (Wu et
al. 1997). Detailed information regarding isomerisation can be found in the
risk profile on lindane (UNEP/POPS/POPRC.2/17/Add.4). Levels of the beta-
isomer compared to alpha-, gamma- and delta-HCH were highest in
porewater (1 423 ng/l) compared to concentrations in surface water (92.5
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ng/l) and sediment (3.9 ng/g) of the Minjiang River Estuary, China (Zhang et
al., 2003). No degradation half-lives in water or sediment are available:
however, based on monitoring studies, it can be assumed that beta-HCH is
persistent and does not undergo degradation easily.

2.2.Bioaccumulation

The octanol-water partition coefficient (log K,, = 3.78) for beta-HCH indicates that it
has a potential to bioaccumulate, especially in combination with its shown persistence
in animal tissue (Walker et al., 1999).

The BCF according to the former OECD test guideline 305 E in zebra fish was equal
to 1 460, which was the highest BCF compared to determined values for alpha- (1
100) and gamma-HCH (850) (Butte et al., 1991). According to the ECOTOX database
this was also the highest reported BCF.

Several studies suggest that the relative proportions of HCH isomers vary
dramatically across species in the Arctic marine food web (USEPA, 2006).
Concentrations of beta-HCH increased with the trophic level especially in upper
trophic levels (marine mammals) (USEPA, 2006; Hoekstra et al., 2003). Whereas it is
assumed that organochlorine (OC) profiles in mammals are mainly influenced with
regard to their ability to biotransform and excrete OCs, high detected levels of beta-
HCH in various mammalian species are another indication of its recalcitrant nature
and slow elimination. Hop et al. (2002) showed that beta-HCH biomagnifies differently
in poikilotherms and homeotherms. Beta-HCH increased more among homeotherms
(birds and mammals) with the trophic level. Fisk et al. (2001) reported the highest
BMF (biomagnification factor) in birds compared to the other trophic levels, but
migration and prey items are also considered to influence the variabilty of the BMFs.
These data are in line with findings from Moissy et al. (2001). In general, studies from
Arctic marine food webs show that BMFs for nearly all examined species as well as
obtained food web magnification factors (FWMFs), which represent the mean rate of
increase per trophic level in the food chain, are greater than 1. E.g. Fisk et al. (2001)
reported a FWMF of 7.2 which is comparable to higher chlorinated PCBs. A FWMF of
2.9 was calculated by Hoekstra et al. (2003) for the marine food web in the Beaufort-
Chukchi Sea. However in sub-Arctic waters, the White Sea, values for for beta-HCH
were lower compared to the other food web studies. Differences in feeding habits and
availability/levels of contaminants were suggested as being responsible by Muir et al.
(2003).

Also, in the terrestrial food chain, beta-HCH may biomagnify. Data obtained from an
investigation in south India showed that HCHs were the predominant OCs in biota.
Elevated concentrations were measured in snails and subsequently their predators
(e.q. little egret) showed BMFs above 1 (Senthilkumar et al., 2001). Also Wang et al.
(2006) found beta-HCH as a major compound in molluscs (submitted Annex E
information by IPEN).

Fish, marine and terrestrial mammals as well as birds are the major nutrition sources
of several Arctic population groups and thus exposure through diet is much more
likely than for most populations in the developed world. Levels of beta-HCH in breast
milk among women from indigenous people on the Chukotka Peninsula, Russia
(Chukotsky rayon, mean value 370 ng/g lipids) are highest compared to other
northern towns of Russia and to levels in Canada (Nunavik, by 30 times) (AMAP,
2004). Also, concentrations of maternal blood sampled between 1994 and 1997 were
highest in Russian mothers (Arctic non-indigenous population, serum concentration
223 [g/kg lipid), but elevated levels were also found in Iceland (23 [g/kg) and in the
Canadian Arctic (AMAP, 2003). Native women in Alaska also showed elevated
plasma levels (25 [g/kg) (Rubin et al., 2001 in Annex E information submitted by
IPEN, no information on which basis the concentrations are expressed).

Based on concentrations of beta-HCH in the human diets from several countries
(0.56 01.21 g/kg) and corresponding levels in adipose tissue (0.270 0.9 mg/kg,
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2.3.

respectively), the mean bioaccumulation factor (on a lipid base) for beta-HCH in
humans was 527 (range 310 - 744). When beta-HCH is administered repeatedly to
rats, mice, and mini-pigs, there is increased storage in fat, especially in females
(IPCS, 1992).

Long-range environmental transport

Many studies and monitoring data have detected beta-HCH regularly in the Arctic
environment as well as in biota (e.g. AMAP, 2004; AMAP, 2003). Because technical
HCH including beta-HCH was never extensively used in this remote area, this is
evidence of its long range transport (UNEP/POPS/POPRC.2/17/Add.4).

Based on monitoring data from Arctic air, beta-HCH appears to be less subject to
direct atmospheric loading into the high Arctic. This can possibly be explained by
differences in the Henryls law constant and the air/octanol partition coefficient that
enhance affinity to organic matter (Li et al., 2002). Thus rain scavenging is much
more efficient for beta- than for alpha-HCH and besides, the frequency of
precipitation is considerably higher in the North Pacific compared to the Arctic. This
suggests that beta-HCH enters the Arctic probably by mechanisms involving wet
deposition or partitioning into the North Pacific surface water and subsequently
entering the Arctic in ocean currents passing through the Bering Strait (Li et al.,
2003). Bering and Chukchi Seas are the most vulnerable locations for beta-HCH
loadings (Li et al., 2002). Concentrations of beta-HCH around the Bering Strait in the
1990s reached approximately 1.2 ng/l (Li and Macdonald, 2005). Thus [¢old
condensationJalso occurred for beta-HCH, but mainly in the Pacific Ocean and
Bering Sea upstream of the Artic Ocean. Thus beta-HCH reached the Artic later
compared to alpha-HCH and differed in its spatial distribution (Li et al., 2002). This
spatial and temporal distribution is also reflected in residue levels in marine and
terrestrial mammals as well as in local residents (Li and Macdonald, 2005).

Measurement of beta-HCH in high mountains in the Czech Republic is another proof
for its long range transport potential (submitted Annex E information by the Czech
Republic).

According to model calculations with the OECD Pov and LRTP Screening Tool beta-
HCH has similar persistence and long-range transport properties compared to
already identified POPs such as PCBs and OCs (submitted Annex E information by
Switzerland). Model input properties of the chemicals include partition coefficients in
air-water and octanol-water as well as half-lives in air, water and soil and the Henry(s
Law constant (based on figures contained in UNEP/POPS/POPRC2./INF/8). The
model considers all environmental compartments quantitatively. The results of the
model do not indicate absolute levels in the environment but help to compare
possible POPs with identified POPs (reference chemicals: PCB congeners 28, 101,
180, HCB, carbon tetrachloride and alpha-HCH) according to their environmental
persistence and potential for long range transport. Uncertainties in the chemical
properties were investigated by Monte Carlo uncertainty analysis.

EXPOSURE

Direct exposure to beta-HCH resulted from the production (including manufacture of lindane)
and use of technical HCH. Because of the persistence high exposure is also expected in
contaminated areas due to extensive use, former production, disposal sites and stockpiles.
Though usage of technical HCH has practically ceased worldwide monitoring data based on
the ratio of the alpha/gamma-isomer still suggest possible releases of technical HCH in
certain areas (Zhang et al. 2003; Qian et al., 2006; Zhulidov et al., 2000).

Exposure of the general public results mostly from the ingestion of contaminated plants,
animals and animal products. Inhalation of ambient air and consumption of drinking water are
further sources of exposure, although to a minor extent. Intake through indoor air may be
considerable for people living in houses treated for pest-control purposes.
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3.1

Environmental monitoring data from local areas

Generally environmental levels in local areas have dropped after restrictions and
prohibitions of the usage of technical HCH (IPCS, 1992). However, monitoring data
show its ubiquitous distribution in all environmental media. E.g. beta-HCH (up to 15
(g/kg dry substance) has been detected using passive monitoring in lichens in
various locations (e.g. cities, industry, rural) in Switzerland (submitted Annex E
information by Switzerland). Also, a recently performed monitoring programme in
Japan revealed that beta-HCH had been detected in all specimens. The reported
values (range) are as follows: water 0.031-3.4 ng/l, sediment 0.004-53 ng/g dry
weight, shellfish 0.22-1.8 ng/g wet weight, fish trace-1.1 ng/g wet weight, bird 1.1 O
4.8 nglg wet weight, air (warm and cold season) 0.53 [ 110 pg/m® and 0.32 O 78
pg/m® (submitted Annex E information by Japan). The Czech Republic (Annex E
information) reported that, with regard to HCHs, the most severe situation is in central
and southern Moravia, where sediment particles are found in amounts of tens of ng/g
and in some cases even in hundreds of ng/g (no information on which basis the
concentrations are expressed was submitted).

However, heavily contaminated soils were found in the proximity of sources. HCH
concentrations of 40 - 225 mg/kg were found in the topsoil around a chemical plant in
Albania. Mean levels of 0.02 mg/kg were reported for soils from the Pearl River Delta
in China, Russian soils near the Lena River contained 0.001-0.017 mg/kg HCH
(UNEP, 2003).

Compared to the other HCH isomers, concentrations of beta-HCH in the air are low.
Elevated levels were detected in higher mountains (Mount Everest Region) of 11.2
pg/m® compared to up to 1 pg/m® in the Arctic (Li et al., 2006). Seasonal changes in
beta-HCH concentrations in Japan (mean 23 pg/m°) in 2000 were probably caused
by re-emissions from a terrestrial source (Murayama et al., 2003).

Unlike alpha- und gamma-HCH observed concentrations of beta-HCH in air at most
locations near the Great Lakes in North America did not show significant trends
between 1990 and 2003. The highest concentration was observed in Chicago with a
maximum of 73 pg/m® (mean 12 pg/m®, 1999-2003, gas phase, Sun et al., 2006a).
Regarding the occurrence of beta-HCH in precipitation samples from the same region
(mean concentrations 0.16 - 0.64 ng/l) a significant increase in beta-HCH
concentrations at three Great Lakes stations over the last decade was observed (Sun
et al., 2006b).

Levels in biota vary, depending on the location (recent usage and/or high pollution)
and species. E. g. concentrations of HCHs (mainly the beta-isomer) in one fish
species (Java tilapia) from India amounted to up to 2 000 ng/g wet weight
(Senthilkumar et al., 2001). Fish samples collected from the Nile River near Cairo in
1993 showed a concentration of beta-HCH of 1.5 ng/g wet weight (UNEP, 2003).
Alpha-HCH is in most cases the dominant isomer in fish (Willett et al., 1999).

Beta-HCH was also detected in eggs of Dalmatian Pelican (Pelecanus crispus) as
well as in eels (Anguila anguila), the main pelican prey species collected in the
wetlands of Amvrakikos Gulf in Greece for a two year period, 1992 and 1993. The
concentration in pelican eggs was 16.4 [15.4 ng/g and 10.1014.2 ng/g wet weight in
eels (UNEP, 2003).

Birds and bats can accumulate higher concentrations of beta-HCH. According to
submitted Annex E information submitted by Norway Bustnes et al. (2006) concluded
that beta-HCH levels in blood and eggs were higher in the endangered subspecies of
the black-backed gulls in Norway. One explanation might be the migration route
through the Black Sea where HCH levels are considerable high.
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3.2.

In a study of resident and migratory birds collected from South India, the
organochlorine contamination pattern varied depending on the migratory behaviour.
Resident birds living in the same region for their entire life span contained relatively
greater concentrations of HCHs (14 - 8800 ng/g wet weight). Long distance migratory
birds which have their breeding grounds in Europe, Russia, the Middle East, Papua
New Guinea and Australia contained HCHs at levels of 19 - 5500 ng/g. Among
various HCH isomers, beta-HCH was the predominant contaminant in all the bird
species (UNEP, 2003). Similar levels were reported in a later investigation
(Senthilkumar et al., 2001) which included the determination of HCHs concentrations
(mainly the beta-isomer, up to 330 ng/g wet weight) in Indian bats, which were higher
in 1998 than in 1995 and compared to other parts of the world.

A local source of beta-HCH was the usage of technical HCH in the Russian North
against nuisance insects on domesticated reindeer by indigenous human populations
(Li et al., 2004). However, no quantitative estimates of these exposure levels exist.

Exposure as aresult of long-range environmental transport

The main transportation pathway of beta-HCH to the Arctic is assumed to be ocean
currents (Li et al., 2002). Compared to levels of alpha-HCH in sea water, beta-HCH
levels were lower - partly due to reduced emissions and different spatial and temporal
distributions, e.g. beta-HCH reached its peak (approximately 0.3 ng/l) in the North
American Arctic Ocean in 1994, around 10 years after the alpha-HCH levels had
reached their peak. Enrichment of the upper waters of the North Pacific Ocean and
Bering Sea (approximately 1.3 ng/l 1988-1999) caused higher concentrations in the
Chukchi Sea and subsequent decreases towards the Arctic interior ocean (Li and
Macdonald, 2005). Data on beta-HCH from surface water of the Canadian
Archipelago in 1999 showed concentrations of 0.1 ng/l (Bidleman et al., 2007).

This spatial distribution is also reflected in the levels in biota. Hoekstra et al. (2002)
found that bowhead whales exhibit a reversal in their blubber alpha-/beta-HCH ratios
on their migration route between the Bering to the Beaufort Sea. Also elevated
residues of HCH isomers in marine mammals of the Canadian Archipelago are likely
from the high concentrations of HCH isomers in the water because HCH isomers are
the most abundant organochlorines in the Arctic Ocean (NARAP, 2006).

Beta-HCH is not so abundant in the Arctic abiotic environment and therefore it has
not been studied as well as the other HCH isomers, partly due to its low
concentrations. Measured levels in the Arctic air (e.g. < 1 pg/m® from six Arctic
circumpolar located sites between 2000-2003, Su et al. (2006)) and in terrestrial as
well as freshwater ecosystems were low (AMAP, 2004). HCHs also show a high
degree of spatial variability in the levels of contamination across the Russian North
(AMAP, 2004).

Levels in the Arctic terrestrial environment (including carnivores) are much lower than
in the marine compartment and its predators. However, beta-HCH has been detected
in the fat of male Arctic foxes (up to 810 ng/g wet weight) in Alaska (AMAP, 2004).
The highest levels of HCH in polar bears were detected in the Beaufort Sea
population (approx. 770 ng/g wet weight in fat). Beta-HCH accounted for 93 % of
HCH residues.

The metabolism of beta-HCH is very limited in Arctic seabirds, and therefore beta-
HCH is detected more readily than alpha- and gamma-HCH. But concentrations vary
notably between species, depending on the trophic position and migration. Higher
levels of beta-HCH were observed in the North American Arctic in closer proximity to
Asia where HCH was recently used. Levels were below 1 ng/g in bird tissue and 30
ng/g wet weight in eggs (AMAP, 2004).

Regarding temporal trends, it was shown that beta-HCH levels in seabirds, ringed
seals and polar bears increased, whereas belugas showed no difference from 1982
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3.4.

to 1997 (AMAP, 2004).
Food

Daily intake values of beta HCH for the general population in adult diets between
1986 and 1991 in the United States were reported to be below 0.001 [g/kg /day. In
the Total Diet Study conducted by FDA in 1990 on 935 food items, beta-HCH was
detected in 11 items. The average concentration of beta-HCH in 234 ready-to-eat
foods was 0.0027 [g/kg (no information on which basis the concentrations are
expressed, ATDSR, 2005). In the USA, the average daily intake of beta-HCH was
<0.1-0.4 ng/kg body weight (bw) (depending on age) during the years 1982-1984 and
was generally below 0.1 ng/kg bw during the years 1986-1991 (ATDSR, 2005). In a
total diet study from Canada (1993-1996), an average daily dietary intake of
0.39 ng/kg bw beta-HCH was reported (EFSA, 2005). In fat-containing food products,
levels ranged up to 0.03 mg/kg (fat) but in milk products levels up to 4 mg/kg (fat)
were detected (WHO, 2003). In the United States and Canada levels in food are
slowly decreasing. Within the European countries representative dietary intake
studies are scarce. One was performed in the Czech Republic. The median intake
values for beta-HCH declined from 8.4 ng/kg bw in 1994 to 2.1 ng/kg bw in 2002
(EFSA, 2005). A local diet study from Spain showed elevated daily intakes of 0.1 [g
beta-HCH (Urieta et al., 1976).

Fish and clam samples from India contained 0.001 and 0.02 mg beta-HCH/kg wet
weight respectively (Nair and Pillai, 1992).

Because of the global trade of feeding stuffs, feed ingredients and food products from
regions with ongoing or recent use of HCHs, which are supposedly more
contaminated, might be imported by countries where technical HCH has already been
phased out.

High levels of beta HCH levels in food are documented for the Arctic Region (AMAP,
2004). Subsistence foods in Alaskan communities from the years 1990 to 2001 were
analysed for total HCH in order to estimate dietary intakes by indigenous people.
Highest concentrations were found in marine mammals, whale (391 ng/g) and seal
(215 ng/g). High concentrations were documented for walrus (20 ng/g), whitefish (20
ng/g) and salmon (26 ng/g). Berries contained 10 ng/g and ducks 7 ng/g (USEPA,
2006).

Body burden

3.4.1 General population

Beta-HCH is the most prevalent HCH-isomer in fatty tissue. The half-life of
beta-HCH after inhalation exposure in the body is 7.2 - 7.6 years (ATDSR,
2005). Human biomonitoring studies in the United Stated showed that
median levels of beta HCH in post-mortem human adipose tissue samples
decreased over time (0.45 ppm in 1970 to 0.16 ppm since 1981) (ATDSR,
2005).

A comparison between body compartments showed median levels of
0.13ng/g in whole blood and 18ng/g in adipose tissue (ATDSR, 2005).

According to the results of the National Reports on Human Exposure to
Environmental Chemicals, beta-HCH serum concentrations in the US
population have been declining since 1970. For all tested age groups (12
years and older), the 95™ percentile of beta-HCH serum concentrations on a
lipid-weight basis decreased from 68.9 in the years 1999-2000 to 43.3 ng/g in
the years 2001-2002. Concentration levels (2001/2002) in females were
higher (54.5 ng/g) than in males (29.2 ng/g). Highest concentration levels
were found in the Mexican Americans (84.4 ng/g). Comparably low levels
were found in the age group 12-19 years (8.44 ng/g) (CDC, 2005). Age-
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related increases in the levels of beta-HCH have been observed in several
studies and documented by the German Commission on Biological
Monitoring (Ewers et al., 1999).

Comparably high concentrations were detected in human blood serum
samples from Romania. Beta-HCH was detected in all samples (n = 142) with
a median concentration of 923 ng/g lipid (range 38-11690 ng/g) (Dirtu et al.,
2006). High concentrations were reported for India due to agricultural use
and Malaria control activities. Blood serum samples from India contained up
to 0.02 mg beta-HCH/I, whereas adipose tissue contained up to 0.18 mg/kg
(Nair and Pillai, 1992).

3.4.2. Indigenous population

Beta HCH concentrations in blood plasma samples from different regions and
ethnic groups of indigenous mothers of the Arctic were 0.04 - 0.11 [/l
(Canada), 0.07-0.56 g/l (Greenland), 0.12 - 0.53 [y/l (Alaska), 0.31 - 3.1
g/l Russian Arctic (maximum level: 11.6 [ig/l), 0.16 - 0.21 g/l (Iceland), 0.05
- 0.09 [/l (Norway, Finland and Sweden) and 0.11 g/l from the Faroe
Islands (AMAP 2004, values given as geometric means, with the exception of
Alaska which are given as arithmetic means). The highest concentrations in
blood samples of the indigenous population were reported for the Russian
Arctic.

Comparative investigations of the maternal blood and cord blood of
indigenous mothers for beta-HCH in the Russian Arctic were highly
dependent on the residential area. The mothers with the highest exposure
(Chutkotsky District) had blood concentrations (Clg/l plasma, geometric mean
and range) of 2.0 (0.6 - 7.6) g/l whereas the cord blood contained 0.8 (n.d.-
8.0) g/l (AMAP, 2004:2).

3.5.Exposure of children

Children are at specific developmental stages more vulnerable against chemical
substances than adults. It is not known if children are more susceptible than adults to
health effects from exposure to beta-HCH. Placental transfer of HCH in humans has
been well documented (ATDSR, 2005; Falcon et al., 2004; Shen et al., 2006). Beta-
HCH is lipophilic and accumulates in adipose tissue and breast milk, which is another
relevant exposure source for children. Several studies concerning beta-HCH in breast
milk are listed in table 2. It could be shown, that in case of restrictions of use,
concentrations are constantly declining. Within a continuous surveillance in Japan it
was demonstrated that compared to 1970, when contamination of breast milk was
highest, the beta-HCH levels fell to about 3 % in 1992 (Konishi et al., 2001). In China
a considerable reduction within 10 years was observed, although concentrations are
still high (~1 Cg/g) (Wong et al., 2002). In Germany beta-HCH levels fell from 0.12
mg/kg milk fat in 1984 to 0.02 mg/kg milk fat in 2001 (FCrst, 2004), another German
study showed a notable decrease in contamination of human milk between 1984/85
and 1995 as well (Ott et al., 1999). Declining beta-HCH levels were also found in
studies from Sweden and Norway.

It can be concluded that beta-HCH concentrations in breast milk are highly exposure-
dependent. Whereas in some areas concentrations are very low, i.e. 13 ng/g in
Poland, in other areas i.e. Russia, Ukraine, Romania they are very high (up to > 800
ng/g). In general it can be expected that in several East European and developing
countries concentrations are still very high. Especially high concentrations were
reported for India and China (Wong et al., 2002). Extremely high levels were also
reported for cotton pickers in Pakistan (UNEP, 2003).

Due to bioaccumulation in the Arctic marine food web, high concentrations were

found in the breast milk of indigenous mothers of Arctic regions despite the absence
of local sources. This is due the fact that indigenous mothers rely on the consumption
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of local foods with high levels of beta-HCH.

Table 2: Concentrations of beta-HCH in breast milk

Country/region Levels (on lipid | Comments References Year
basis)
Germany 0.12 mg/kg Start  of Monitoring | FIst et al. in EFSA, | 1984
program 1984 2005
Germany 0.02 mg/kg Continuous  Monitoring | F[Ist et al. in EFSA, | 2001
since 1984 2005
Spain 0.24 /g 51 samples Hernandez et al. in|1991
Wong, 2002
Canada 0.6-0.8ng/g Lower concentration: | Mes and Malcolm in [ 1992
population near Great|ATDSR, 2005
lakes
Canada 0.02 [g/g 497 samples Newsome and Ryan | 1992
in Wong, 2002
Brazil 0.27 [g/g 40 samples Paumgartten et al.|1992
in Wong, 2002
Russia Murmansk 853 ng/g 15 samples Polder et al. in Dirtu, | 1993
2006
Russia 740 ng/g 15 samples Polder et al. in Dirtu, | 1993
Nonchegorsk 2006
Ukraine 731 ng/g 200 samples Gladen et a.l in|1993-
Dirtu, 2006 1994
Czech Republic 71 ng/g 17 samples Schoula et al. in|1993-
Dirtu, 2006 1994
Kazakstan 2.210g/g 33-76 samples Hooper et al., in|[1994
Won, 2002
Siberian Russia 40-142 [g/kg Arctic Monitoring | Klopov et al. 1998, | 1994-
(geom.means) Assessment Programme | 2000 in AMAP 2004 | 1995
Northern Russia 120 -401 g/kg Arctic Monitoring | Polder et al. in 1994-
(geom.means) Assessment Programme | AMAP 2004 1995
Australia 0.3500y/kg 60 samples Quinsey et al in|1995
Wong, 2002
Afrika, Uganda, 0.005-0.25 mg/kg - Ejobi et al. in 1996
ATDSR, 2005
India 8.83 [y/kg Delhi, Age group: 20-30 |Banerjee et al. in|1997
61 samples Wong, 2002
India 0.022-0,078 mg/kg |Region under Malaria|{Dua et al. in|1997
control ATDSR, 2005
Pakistan 0-0.90 mg/kg Cotton pickers Masud and | 1998
Parveen, 1998 in
UNEP, 2003
Nairobi, Kenya 0.0830-0.026 mg/kg | Urban population Kinyamu et al. 1998
Japan, Osaka, 5.43 /g Estimated use in Japan: | Konishi et al. 2001 | 1972
400 000 tons
Japan, Osaka, 0.21 g/g Ban of organochlorine | Konishi et al. 2001 | 1998
compounds in 1970ies
Romania, lassay 640 ng/g 19 samples Covaci et al. in|2000
Dirtu, 2006
Czech Republic 56 ng/g 43 samples Cajka and Hajslova | 2000
in Dirtu, 2006
China, 15.96 [h/g Uncontrolled agricultural | Wong et al. 2002 1985
Hong Kong use
China, 0.95 [y/g 115 samples Wong et al. 2002 1999
Hong Kong
China, 1.11 Ch/g 54 samples Wong et al. 2002 2000
Guangzhou
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Country/region Levels (on lipid | Comments References Year
basis)

Turkey 149 ng/g 37 samples Erdoorul et al. in|[2003
Dirtu, 2006

Poland 13 ng/g 22 samples Jaraczewska et al.|2004
in Dirtu, 2006

Sweden, 13.64/12.29 ngl/g Cases/Controls Daamgard et al.|2006

Copenhagen Cryptorchidism- study 2006

3.6. Information on Bioavailability

4.

Beta-HCH is moderately associated with organic matter in the environment. Uptake by plants
and residues in vegetation as well as by food and feed is well documented (Willet et al. 1998;
ATSDR, 2005; EFSA, 2005). Though beta-HCH is not assumed to be very mobile in soil there
have been cases of groundwater contamination in the past (HSDB, 2006).

In biota, beta-HCH is selectively accumulated in certain tissues (e.g. liver, muscle, fat) and
affects several organs (Willett et al., 1998). It can be concluded that beta-HCH is bioavailable
in the environment and in biota.

Hazard assessment for endpoints of concern

4.1 Human Health

Information on the toxicity of beta-HCH is mostly derived from experimental studies in
animals. Compared to lindane, the data available are limited, especially concerning human
data because occupational exposure occurs mainly with technical-grade HCH and lindane.

Studies of acute/short-term toxicity via the oral route, subchronic and chronic oral toxicity
studies and a limited number of studies of reproductive effects are available. No studies of the
toxicity of beta HCH via inhalation and dermal application have been conducted. There is a
lack of dose-response data after oral exposure in all relevant species. For the present risk
profile, the most important findings concerning the hazard assessment have been reviewed.
For further studies and details the more comprehensive toxicological profiles should be
consulted (IPCS, 1992; ATDSR, 2005; EPA, 2006).

Acute Toxicity/ Neurotoxicity

The concentration range for lethal acute toxic effects is - according to IPCS (1992) -
150 mg/kg to > 16000 mg/kg in mice and 600 mg/kg to > 8000 mg/kg in rats. Symptoms of
acute toxicity affect mainly the nervous system: excitation, hunched posture, rough fur,
dyspnoea, anorexia, tremors, convulsions and cramps.

Subchronic toxicity

In a 13-week study in rats, the effects of oral exposure to beta-HCH (0, 2, 10, 50, 250 mg/kg
diet) were investigated. In all dose groups, liver effects were observed. At the highest dose
tested (250 mg/kg diet) half of the animals died following ataxia, progressive inactivity, and
coma. Observed effects included growth inhibition, decrease of red and white blood cells,
increase of liver enzymes and liver effects (increase in organ weight, centrilobular hepatocytic
hypertrophy). A decrease in thymus weight (50 and 250 mg/kg) and atrophy of the testes
were observed. The females showed atrophy of the ovaries with impaired oogenesis and
focal hyperplasiea as well as metaplastic changes of the endometrial epithelium, which was
interpreted as a possible estrogenic action of beta-HCH (van Velson, 1986). A NOAEL of
2 mg/kg diet (equivalent to 0.1 mg/kg bw/day) was established (IPCS, 1992; EFSA, 2005).

Chronic Toxicity

A long-term study (52 weeks) in rats with 10, 100 and 800 mg/kg beta-HCH in their diet (i.e.
0.5, 5 and 40 mg/kg bw/day) led to liver enlargement and histological changes. Nearly all
animals died.

A two-generation reproduction study of rats exposed to 10 mg/kg diet resulted in increased
mortality and infertility. The NOAEL was 2 mg beta-HCH/kg diet (equivalent to 0.1 mg/kg
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bw/day) (van Velsen in IPCS, 1992).

Genotoxicity
Beta-HCH was not mutagenic to bacteria (Salmonella typhimurium strains TA 98, TA 100, TA

1535 and TA 1537) with and without metabolic activation and did not induce DNA damage in
bacteria. Positive results were seen in an in-vivo rat bone marrow chromosomal aberration
study (EFSA, 2005).

Carcinogenicity
Studies of the carcinogenicity of beta-HCH are limited. Several studies in mice were

performed, but their value is limited. On the one hand their duration, due to high mortality,
was too short; on the other hand histopathological evaluations were missing. Studies in rats
have been inadequate due to high mortality and small animal numbers.

One study in mice is adequate for an evaluation of the carcinogenicity of beta-HCH.
200 mg/kg beta-HCH in the diet (equivalent to 40 mg/kg bw/day) for 110 weeks led to liver
enlargement, hyperplastic changes and an increase in benign and malignant tumours in the
exposed mice.

In a 32 weeks study where 0, 100, 300, 600 mg/ per kg diet were given to mice, liver toxicity
and atypical proliferation was observed in all dose groups (IPCS, 1992). In a 24-week study in
mice - given 0, 50, 100, 200, 500 mg beta-HCH /kg diet - liver tumours and nodular
hyperplasia in the highest dose group was observed (IPCS, 1992).

In a 26-month study, liver cancer in mice was observed at a daily dose of 34 mg/kg (ATSDR,
2005). Based on these data beta-HCH has been classified as possible human carcinogen by
IRIS (Integrated Risk Information System).

Studies on the mode of action of carcinogenicity showed no clear initiating potential of beta-
HCH. In one study the hepatocarcinogenic action of beta-HCH was shown with PCBs as
promoting agent (ATSDR, 2005).

It was suggested that the neo-plastic response observed with beta-HCH most likely occurs
due to a non-genotoxic mechanism (IPCS, 1992). Beta-HCH has been shown to have
tumour-promoting activity.

The International Agency for Research on Cancer (IARC) classified beta- HCH in group 2B:
limited evidence for carcinogenicity. A positive association has been observed between
exposure to beta-HCH and cancer, for which a causal interpretation is considered by the
Working Group to be credible, but chance, bias or confounding could not be ruled out with
reasonable confidence. USEPA has classified technical HCH and alpha-HCH as probable
human carcinogens and beta-HCH as a possible human carcinogen (ATSDR, 2005).

Neuroendocrine mediated toxicity

Degenerative changes in male reproductive tissues and sperm abnormalities in rats and mice
were described (ATDSR, 2005). In a 13-week study, 0, 50, 150 mg beta-HCH/kg diet were
given to Wistar rats. At 150 mg/kg diet, atrophy of the testes in males and increase in uterine
weights in females and significantly reduced weight gains were reported (IPCS, 1992).
Several other studies showed effects such as decrease in sperm counts and sperm
abnormalities as well as histological effects on the testes and uterus at high doses of beta-
HCH exposure (USEPA, 2006).

Animal studies and a study with MCF-7 cells showed weak estrogenic effects of beta HCH.

Reproductive toxicity
Beta-HCH has been shown to increase fetal deaths within 5 days of birth at a dose of
20 mg/kg/day given to rat dams (USEPA, 2006).

Immunotoxicity
Mice, treated with beta-HCH (60 mg/kg/day) orally for 30 days showed decreased
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