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Executive summary

Mexico proposed that gamma-hexachlorocyclohexane (lindane) be added to Annex A of the
Stockholm Convention. The Review Committee evaluated Annex D information presented by

Mexico at its first meeting and concluded that “Lindane meets the screening criteria specified in
Annex D”.

International initiatives on Lindane include the Protocol on Persistent Organic Pollutants of the
Convention on Long Range Transboundary Air Pollution; the Rotterdam Convention; the OSPAR
Commission for the Protection of the Marine Environment of the Northeast Atlantic, the Great
Lakes Binational Toxics Strategy between the United States and Canada, and a North American
Regional Action Plan on Lindane and Other Hexachlorocyclohexane Isomers under the
Commission for Environmental Cooperation between Canada, United States and Mexico.

For each ton of lindane produced, around 6-10 tons of other isomers are also obtained. In the last
years the production of lindane has rapidly decreased and it appears that only Romania and India
are current producing countries. Lindane has been used as a broad-spectrum insecticide for seed
and soil treatment, foliar applications, tree and wood treatment and against ectoparasites in both
veterinary and human applications.

Once released into the environment, lindane can partition into all environmental media. Hydrolysis
and photolysis are not considered important degradation pathways and reported half-lifes in air,
water and soil are: 2.3 days, 3-300 days and up to 2 to 3 years, respectively. A half-life of 96 days
in air has also been estimated.

Lindane can bio-accumulate easily in the food chain due to its high lipid solubility and can bio-
concentrate rapidly in microorganisms, invertebrates, fish, birds and mammals. The
bioconcentration factors in aquatic organisms under laboratory conditions ranged from
approximately 10 up to 4220 under field conditions, the bioconcentration factors ranged from 10 up
to 2600. Although lindane may bioconcentrate rapidly, bio-transformation, depuration and
elimination are also relatively rapid, once exposure is eliminated.

Many studies have reported lindane residues throughout North America, the Arctic, Southern Asia,
the Western Pacific, and Antarctica. HCH isomers, including lindane, are the most abundant and
persistent organochlorine contaminants in the Arctic where they have not been used, pointing at
evidence of their long-range transport.

The hypothesis that isomerization of gamma HCH to alpha HCH in air emerged as a possible
explanation for higher than expected alpha HCH/gamma HCH ratios in the Arctic. However no
conclusive experimental evidence of isomerization taking place in air has been produced to date.
Also, although there is evidence that bioisomerization of lindane can take place through biological
degradation, it seems that this process may play an insignificant role in the overall degradation of
gamma-HCH.

Lindane can be found in all environmental compartments, and levels in air, water, soil sediment,
aquatic and terrestrial organisms and food have been measured worldwide. Humans are therefore
being exposed to lindane as demonstrated by detectable levels in human blood, human adipose
tissue and human breast milk in different studies in diverse countries. Exposure of children and
pregnant women to lindane are of particular concern.
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Hepatotoxic, immunotoxic, reproductive and developmental effects have been reported for lindane
in laboratory animals. The US EPA has classified lindane in the category of “Suggestive evidence
of carcinogenicity, but not sufficient to assess human carcinogenic potential”. Lindane is highly
toxic to aquatic organisms and moderately toxic to birds and mammals following acute exposures.
Chronic effects to birds and mammals measured by reproduction studies show adverse effects at
low levels such as reductions in egg production, growth and survival parameters in birds, and
decreased body weight gain in mammals, with some effects indicative of endocrine disruption.

These findings and the evidence of its long range transport, as well as the fact that lindane is
currently the object of local and global action initiatives, that also include thorough analysis and
selection procedures, should be sufficient to warrant global action under the Stockholm
Convention.

i. Introduction
1.1 Chemical identity

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

proposal”.!

Lindane: gamma-hexachlorocyclohexane
Chemical formula: C¢HgCl,

CAS number: 58-89-9

Molecular weight: 290.83

Physical and Chemical properties of gamma-HCH

Physical state Crystalline solid
Melting point 112.5°C
Boiling point at 3234 °C

760 mmHg

Vapor pressure at 4.2x107 mmHg
20°C

Henry’s Law 3.5x10° atm m’/mol
constant at 25°C

ATSDR, 2005

Lindane is the common name for the gamma isomer of 1,2,3,4,5 6-hexachlorocyclohexane (HCH).
Technical HCH is an isomeric mixture that contains mainly five forms differing only by the
chlorine atoms orientation (axial or equatorial positions) around the cyclohexane ring. The five
principal isomers are present in the mixture in the following proportions: alpha-
hexachlorocyclohexane (53%-70%) in two enantiomeric forms ((+)alpha-HCH and (-)alpha-HCH),
beta-hexachlorocyclohexane (3%-14%), gamma-hexachlorocyclohexane (11%-18%), delta-
hexachlorocyclohexane (6%-10%) and epsilon-hexachlorocyclohexane (3%-5%). The gamma
isomer is the only isomer showing strong insecticidal properties.

' UNEP/POPS/POPRC.1/8 and UNEP/POPS/POPRC. 1/INF/8
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Structure of alpha, beta, gamma, delta and epsilon HCH isomers
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Modified from Buser et al., 1995.

The term “benzene hexachloride (BHC)” is also commonly used for HCH, but according to IUPAC
rules this designation is incorrect. Nevertheless the term is used and therefore, gamma-BHC also
designates lindane. In the present risk profile document, lindane refers to at least 99% pure gamma-
HCH and the BHC term is not used.

12 Conclusion of the Review Committee regarding Annex D information

The Committee has evaluated Annex D information at its first meeting held in Geneva, from
November 7 to 11% 2005, and has decided that “the screening criteria have been fulfilled for
lindane” and concluded that “Lindane meets the screening criteria specified in Annex D.” 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”.

1.3 Data sources

Data sources provided by the proposing party, Mexico:
1. ATSDR Toxicological Profile Information Sheet 2001
2. AMAP. 1998. Persistent Organic Pollutants. Arctic Monitoring and Assessment Program
(AMAP), 183-373. Oslo, Norway.
DeVoto, E., L. 1998. Arch. Environ. Health 53:147-55.
Extoxnet.1996. USDA/Extension Service/National Agricultural Pesticide Impact
Assessment Program.
Gregor, 1989. Environ. Sci. technol. 23: 561-565.
IARC Monographs, http://monographs.iarc.fr
Mossner, S., 1994. Fres. J. Anal Chem. 349: 708-16.
Raum, E, A. 1998. J. Epdiem. Commun. Health 52 (suppl 1): 50S-5S.

bl
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9. U.S Environmental Protection Agency. IRIS.

10. Walker, K., 1999. Environ. Sci. Technol. 33:4373-4378.
11. Wania,F | 1999 Environ. Toxicol. Chem. 18: 1400-1407.
12. WHO. 1991. Environmental Health Criteria 124 Lindane
13. Willett, K., 1998. Environ. Sci. Technol. 32: 2197-207.
14. Y1, F. L., Sci. and Technol. Vol 30, No 12, 1996.

Data sources used by the Committee:
1. UNEP/POPS/POPRC.1/8
Nagabe, et al., Environmental Science and Technology. 27: 1930-1933. 1993.
Harner, T. et al., Environmental Science and Technology. 33: 1157-1164. 1999.
Harner, T. et al., Geophysical Research Letters. 27: 1155-1158. 2000.
Environmental Health Criteria No. 124: Lindane. International Programme on Chemical
Safety.

DR wN

6. UNEP, I1.O, WHO. Geneva. 1991].
(http://www inchem.org/documents/ehc/ehc/ehc124 htm).
7. Brock et al., Alterra Report 89, Netherlands. 2000.
8. Guidance document on risk assessment for birds and mammals under Council Directive

9. 91/414/EEC. European Union. SANCO/4145/2000 — final, Brussels. 2002.

10. Arctic Monitoring and Assessment Programme. Norway. 2002.

11. Gregor, D, et al., Environmental Science and Technology. 23: 561-565, 1989,

12. Brubaker, W. W, and Hites, R.A. 1998. Environmental Science and Technology 32: 766~
769.

The following parties and observers have answered the request for information specified in Annex
E of the Convention: Republic of Macedonia, International HCH & Pesticides Association,
Republic of Armenia, Haiti, World Wild Fund for Nature, CropLife International, International
POPs Elimination Network, Morocco, Republic of Mauritius, European Community, Brazil,
Republic of Lithuania, Canada, United States of America, Australia, Japan, Mexico, Lebanon and
Poland. A more elaborated summary of the submissions is provided as separate
UNEP/POPS/POPRC.2/INF.18 document. Summary of data submitted by Parties and observers
Jor information specified in Annex E of the Convention.

The following lindane assessment reports are publicly available through the internet:

e Assessment of Lindane and other Hexachlorocyclohexane Isomers. USEPA. February 2006
http:.//www.epa.gov/fedrgstr/EPA-PEST/2006/February/Day-08/p1103 htm

e Toxicological Profile for Hexachlorocyclohexane, Agency for Toxic Substances and
Disease Registry, US Department of Health and Human Services, updated in 2005.
http://www atsdr.cdc.gov/toxprofiles/tp43 .html

e USEPA Reregistration Eligibility Decision (RED) for Lindane. 2002. See RED and
supporting  health and €co assessments  included in the  docket.
http://www epa.gov/oppsrrd I/REDs/lindane_red.pdf

e The North American Regional Action Plan (NARAP) on Lindane and Other
Hexachlorocyclohexane (HCH) Isomers. Draft for Public Comment. October 2005. North
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American Commission for Environmental Cooperation
http://www.cec.org/files/PDF/POLLUTANTS/Lindane-NARAP-Public-Comment_en.pdf

e Health risks of persistent organic pollutants from long-range transboundary air pollution,
Joint WHO/convention task force on the health aspects of air pollution. WHO/Europe.
2003. Chapter 3: Chapter 3/ Hexachlorocyclohexanes
http://www.euro. who.int/Document/e78963.pdf

o Technical Review Report on Lindane. Reports on Substances Scheduled for Re-assessments
Under the UNECE POPs Protocol. Prepared by Austria in 2004 (available:
http://www .unece.org/env/popsxg/docs/2004/Dossier_Lindane.pdf)

e IPCS International Programme on Chemical Safety. Health and Safety Guide No. 54
LINDANE (Gamma-HCH) HEALTH AND SAFETY GUIDE. United Nations
Environment Programme. International Labour Organisation. World Health Organization.
Geneva, 1991. http://www.inchem.org/documents/hsg/hsg/hsg054 . htm

1.4 Status of the chemical under international conventions

Lindane is listed as a “substance scheduled for restrictions on use” in Annex II of the 1998
Protocol on Persistent Organic Pollutants of the Convention on Long-Range Transboundary
Air Pollution. This means that products in which at least 99% of the HCH isomer is in the gamma
form (i.e. lindane, CAS: 58-89-9) are restricted to the following uses: 1. Seed treatment. 2. Soil
applications directly followed by incorporation into the topsoil surface layer 3. Professional
remedial and industrial treatment of lumber, timber and logs. 4. Public health and veterinary topical
insecticide. 5. Non-aerial application to tree seedlings, small-scale lawn use, and indoor and
outdoor use for nursery stock and ornamentals. 6. Indoor industrial and residential applications. All
restricted uses of lindane shall be reassessed under the Protocol no later than two years after the
date of entry into force. The Protocol entered into force on October 23th, 2003. 3

Lindane, as well as the mixture of HCH isomers, is listed in Annex III of the Rotterdam
Convention on the Prior Informed Consent Procedure as “chemicals subject to the prior informed
consent procedure”. The Rotterdam Convention entered into force 24 February 2004. 4

Hexachlorocyclohexane isomers, including Lindane, the gamma isomer, are included in the List of
Chemicals for Priority Action (Updated 2005) under the OSPAR Commission for the Protection
of the Marine Environment of the Northeast Atlantic. Under this initiative, the Hazardous
Substance Strategy sets the objective of preventing pollution of the maritime area by continuously
reducing discharges, emissions and losses of hazardous substances, with the ultimate aim of
achieving concentrations in the marine environment near background values for naturally occurring
substances and close to zero for man-made synthetic substances. The OSPAR Convention entered
into force on 25 March 1998. °

*Convention on Long-range Transboundary Air Pollution http://www unece.org/env/lrtap/
* Rotterdam Convention http:/www _pic_int.
> OSPAR Convention for the Protection of the Marine Environment of the Northeast Atlantic. http:/www.ospar.org/

Bv‘
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HCH (including lindane) is listed as a Level II substance in the Great Lakes Binational Toxics
Strategy between the United States and Canada, which means that one of the two countries has
grounds to indicate its persistence in the environment, potential for bioaccumulation and toxicity.

A North American Regional Action Plan (NARAP) on Lindane and Other Hexachlorocyclohexane
Isomers is under development under the Sound Management of Chemicals project, which is an
ongoing initiative to reduce the risks of toxic substances to human health and the environment in
North America. This program is part of the Pollutants and Health Program of the Commission for
Environmental Cooperation between the three NAFTA countries: Canada, United States and
Mexico. (CEC, 2005)

Lindane is also listed under the European Waterframework Directive. This Directive is a piece
of water legislation from the European Community. It requires all inland and coastal water bodies
to reach at least “good status” by 2015. Lindane is one of the listed priority hazardous substances
for which 7quality standards and emission controls will be set at EU level to end all emissions within
20 years.

2. Summary information relevant to the risk profile
2.1 Sources

a) Production, trade, stockpiles

The manufacture of technical-HCH involves the photochlorination of benzene, which yields a
mixture of five main isomers. This mixture of isomers is subject to fractional crystallization and
concentration to produce 99% pure lindane, with only a 10-15 percent yield. The production of
lindane is therefore inefficient as for each ton of lindane (gamma isomer) obtained, approximately
6-10 tons of other isomers are also obtained (IHPA, 2006). According to the International HCH &
Pesticide Association (IHPA) (report and Annexes), there have been variations in the production
methods for HCH and lindane, as well as for HCH isomers destruction or re-use. However, most of
the methods to process or re-use the waste HCH isomers have been given up over the years and
consequently, most of the waste products have been dumped over the last 50 years (IHPA, 2006).
The lindane industry claims that modern production technology processes the waste isomers into
TCB (trichlorobenzene) and HCI (hydrochloric acid) thereby reducing or eliminating environmental
contamination from these byproducts (Crop Life, 2006).

Historical production of technical HCH and lindane occurred in many European countries,
including the Czech Republic, Spain, France, Germany, United Kingdom, Italy, Romania, Bulgaria,
Poland, and Turkey, and took place mainly from 1950 or earlier and stopped in 1970 to the 1990s .
According to a research by IHPA, technical HCH and lindane have also been produced in other
countries including Albania, Argentina, Austria, Azerbaijan, Brazil, China, Ghana, Hungary, India,
Japan, Russia, Slovakia and the United States. Exact information is difficult to obtain, as many
countries do not keep records of historical pesticides production, sales and usage or the industry
considers this to be proprietary information (IHPA, 2006).

Great Lakes Binational Toxics Strategy http://www epa.gov/glnpo/gls/index. html
” European Union Water Framework Directive htip://ec.europa.cw/environment/water/water-framework/index en.html
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It is estimated that global lindane usage from 1950 to 2000 for agricultural, livestock, forestry,
human health and other purposes amounts to around 600 000 tons. The next table shows
agricultural lindane usage in different continents in the period from 1950 to 2000 (IHPA, 2006).

Continent Usage (tons)
Europe 287,160
Asia 73,200
America 63,570
Africa 28,540
Oceania 1,032
Total 435,500

It appears that in the last years the production of lindane has rapidly decreased leaving only a small
number of producing countries. Romania, India, and possibly Russia are the only countries in the
world still currently producing Lindane (IHPA, 2006 and USEPA, 2006, CEC, 2005 Annex A).
Other sources indicate that Russia (Li et al., 2004) and China (USEPA, 2006) have stopped
producing lindane. India produces and uses lindane for the control of mites in sugarcane at 200
tonnes per year.

Global lindane production between 1990 and 1995 was around 3 222 tons per year. In Europe, the
top 10 countries with highest lindane usage between 1950 and 2000, representing 96% of the total
usage in Europe, were: Czechoslovakia, Germany, Italy, France, Hungary, Spain, Russia, Ukraine,
Yugoslavia and Greece (IHPA, 2006). '

The 1998 Food and Agriculture Organization Inventory of Obsolete, Unwanted and/or Banned
Pesticides found a total of 2785 tons of technical-grade HCH, 304 tons of lindane, and 45 tons of
unspecified HCH material scattered in dumpsites in Africa and the Near East (Walker et al., 1999).

According to the information from the Arctic Council’s Arctic Contaminants Action Program
(ACAP) project on obsolete pesticides, possibly up to 1,000 tonnes of obsolete stockpiles of
technical HCH and lindane still exist in the Russian Federation after the ban of production in the
beginning of the 1990s.

b) Uses

Lindane has been used as a broad-spectrum insecticide, which acts by contact, for both agricultural
and non-agricultural purposes. Lindane has been used for seed and soil treatment, foliar
applications, tree and wood treatment and against ectoparasites in both veterinary and human
applications (WHO, 1991).

As a consequence of its toxic, suspected carcinogenic, persistent, bioaccumulative and suspected
endocrine disrupting properties, lindane became a substance of scrutiny for countries in the
Furopean Community. All uses of HCH including lindane have been banned, but Member States
may allow technical HCH for use as an intermediate in chemical manufacturing and in products
with at least 99% of the isomer content in the gamma form (lindane) for public health and
veterinary topical use only, until December 31" 2007 (UNECE, 2004). Currently, the only
registered agricultural use for lindane in the United States is for seed treatment and for lice and
scabies treatment on humans (CEC, 2005). In Canada the major use of lindane has been on canola

10
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and corn, but the only current allowable use of lindane is for public health purposes, as a lice and
scabies treatment (CEC, 2005).

Information on current uses as informed by countries may be found on POPRC/LINDANE/INF . 1

c) Releases to the environment

Considering every ton of lindane produced generates approximately 6 - 10 tons of other HCH
isomers, a considerable amount of residues was generated during the manufacture of this
insecticide. For decades, the waste isomers were generally disposed of in open landfills like fields
and other disposal sites near the HCH manufacturing facilities. After disposal, degradation,
volatilization, and run off of the waste isomers occurred (USEPA, 2006).

If the estimate of global usage of lindane of 600,000 tons between 1950 and 2000 is accurate, the
total amount of possible residuals (if it is assumed that a mean value of 8 tons of waste isomers are
obtained per ton of lindane produced) amounts to possibly 4.8 million tons of HCH residuals that
could be present worldwide giving an idea of the extent of the environmental contamination
problem (IHPA, 2006).

Air releases of lindane can occur during the agricultural use or aerial application of this insecticide,
as well as during manufacture or disposal. Also, lindane can be released to air through volatilization
after application (Shen et al , 2004). Evaporative loss to air from water is not considered significant
due to lindane’s relatively high water solubility (WHO/Europe, 2003).

2.2 Environmental fate
Persistence

A half-life for lindane in air of 2.3 days was estimated, based on the rate constant for the vapor-
phase reaction with hydroxyl radicals in air; a tropospheric lifetime of 7 days due to gas-phase
reaction with hydroxyl radicals was estimated, and a lifetime of 13 days was estimated for
atmospheric reaction with OH radicals in the tropics (Mackay, 1997). Brubaker and Hites (1998)
estimated a lifetime in air of 96 days for lindane. Lindane has half-lifes of 3-30 days in rivers and
30 to 300 days in lakes. Other studies report calculated or experimental hydrolysis half-lifes
ranging from 92 to 3090 hours depending on the study; a persistence of about 2 to 3 years in soil is
also reported (Mackay et al., 1997).

Once released into the environment, lindane can partition into all environmental media, but it is
demonstrated that evaporation is the most important process in the distribution of lindane in the
environment. Several studies focusing on the adsorption-desorption characteristics of lindane have
shown that mobility of lindane is very low in soils with a high content of organic material, and
higher in soils with little organic matter. The diffusion of lindane has also been investigated,
showing it is strongly influenced by the water content of the soil and by temperature. The
International Program on Chemical Safety states that when lindane suffers environmental
degradation under field conditions, its half-life varies from a few days to three years depending on
many factors including climate, type of soil, temperature and humidity (WHO, 1991).

11
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Hydrolysis is not considered an important degradation process for lindane in aquatic environments
under neutral pH conditions. Lindane is stable to hydrolysis at pH 5 and 7 with a half-life of 732
days and a half-life of 43 to 182 days at pH 9. Also, different estimated and calculated half-life
values for lindane have been reported to be: 1.1 years at pH 8 and 20°C in seawater; 42 years at pH
7.6 and 5°C in Lake Huron, and 110 years in the Arctic Ocean at pH 8 and 0°C (USEPA, 2006).

Lindane is stable to light. Since lindane does not contain chromophores that absorb light, direct
photolysis either in air, water or soil is not expected to occur. Even when indirect photolysis could
occur with a photosensitizing agent, there is no clear evidence of lindane photodegradation.
Lindane degrades very slowly by microbial action with a calculated half-life in soil of 980 days
under laboratory aerobic conditions. Degradation takes place faster under anaerobic conditions than
in the presence of oxygen. Possible degradation products are pentachlorocyclohexene, 1,2,4,-
trichlorobenzene, and 1,2,3-trichlorobenzene (USEPA, 2006).

Bioaccumulation

The bioconcentration factors (BCF) in aquatic organisms under laboratory conditions ranged from
approximately 10 up to 6000; under field conditions, the bioconcentration factors ranged from 10
up to 2600 (WHO, 1991). Other studies report bioconcentration factors (log BCF) ranging from
2.26 in shrimp to 3.85 in rainbow trout in early life stages on lipid basis and 4.3 in zooplankton and
a bioaccumulation factor (log BAF) up to 4.1 in rainbow trout (Mackay et al., 1997). Also, uptake
and elimination rate constants ranging from 180 — 939 h! and 0.031 = 0.13 h™' respectively have
been reported for rainbow trout in early life stages on lipid basis (Mackay et al., 1997).

Lindane can bio-accumulate easily in the food chain due to its high lipid solubility and can bio-
concentrate rapidly in microorganisms, invertebrates, fish, birds and mammals. Bioconcentration
factors (BCF) within aquatic species vary considerably, with experimental data revealing
bioconcentration factors of 3-36 (Berny, 2002); 43-4220 on a wet weight basis, and a mean BCF of
11,000 on a lipid basis (Geyer et al., 1997); and also 1200-2100 (Oliver et al., 1985).

An average log BCF of 2 28 in invertebrate species and an average log BCF of 2.87 in vertebrate
species can be calculated from different studies (Donkin et al., 1997, Renberg et al., 1985, Thybaud
et al., 1988, Yamamoto et al., 1983, Butte et al., 1991, Carlberg et al., 1986, Kanazawa et al., 1981,
Kosian et al., 1981 La Rocca et al., 1991, Oliver et al., 1985, Vigano et al., 1992). In the same way,
an average log BAF of 2.94 in invertebrate species, and an average log BAF of 3.80 in vertebrate
species can be calculated from other studies (Oliver et al., 1988, Chevreuil et al,, 1991, Hartley et
al., 1983, Caquet et al_, 1992). Bioconcentration factors of 780 for fillet, 2500 for viscera and 1400
for whole fish tissues have also been reported (USEPA, 2002).

In an experiment carried out by Geyer et al. (1997), bioconcentration factors are shown to be
dependent on the fish species and their lipid content; additionally, different modes of uptake,
metabolism, sources of contamination and even experimental conditions, taken together could
explain the significant variation observed for BCF values. Also, most data suggest that, although
lindane may bioconcentrate rapidly, bio-transformation, depuration and elimination are relatively
rapid once exposure is eliminated. (WHO, 1991).

The bioaccumulation of lindane has been observed for most taxonomic groups, from plants and
algae to vertebrates. The environmental consequences of the combination of this bioaccumulation
potential with a high toxicity — no-observed-adverse-effect levels (NOAELs) as low as 0.3 mg/kg
body weight/day — and ecotoxicity — aquatic ecosystem no-observable-effect concentration (NOEC)
below 1 pg/l (Environmental Health Criteria No. 124, 1991; and Brock et al., 2000) — should be

12

-





