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considered. For example, when measured field levels in earthworms (0.3 mg/kg for a soil
containing 80 pg/kg) are weighed against mammalian toxicity data (Environmental Health Criteria
No. 124, 1991;) using a realistic food intake ratio of 0.63 (Guidance document on risk assessment
Jor birds and mammals 2002.) the comparison indicates an area of ecotoxicological concern which
should be further explored.

Lindane has been reported in seabirds, fish and mammals in the Arctic (ATSDR, 2005). Lindane
concentrations in marine mammals are found at equivalent or even higher levels than some of the
more hydrophobic contaminants such as polychlorinated biphenyls (PCBs) and DDT (ATSDR,
2005). In addition, lindane has been reported in human breast milk among Inuit in the Arctic and in
marine mammals ( Arctic Monitoring and Assessment Programme, 2002).

Potential for long-range environmental transport

Many studies have reported HCH residues, particularly alpha and gamma isomers throughout North
America, the Arctic, Southern Asia, the Western Pacific, and Antarctica. HCH isomers, including
lindane, are the most abundant and persistent organochlorine insecticide contaminants in the Arctic,
and their presence in the Arctic and Antarctic, where technical HCH and lindane have not been
used, is evidence of their long-range transport. HCH isomers, including lindane, are subject to
“global distillation” in which warm climates at lower latitudes favor evaporation into the
atmosphere where the chemicals can be carried to higher latitudes. At midlatitudes, deposition and
evaporation vary with season. At high latitudes, cold temperatures favor deposition (Walker et al |
1999).

Use of lindane in countries such as Canada, where usage was ~ 500 tons in 2000, and certain
European countries, such as France, has contributed to gamma-HCH levels present in the Arctic air.
Concentrations of lindane were detected at Alert in the Arctic and varied from 10-11 pg/m® in 1993
decreasing to 6.4 pg/m’ in 1997 (CACAR, 2003).

In a study completed by Shen et al. in 2004, 40 passive air sampling stations were located along
transects from the Canadian Arctic, down the east coasts of Canada and the U.S., along the Canada
- U.S. border and in southern Mexico and Central America for one year. The elevated alpha-HCH
levels (sampler volumetric air concentrations between 1.5 and 170 pg/m’) in eastern Canada were
explained by outgassing of alpha-HCH from cold arctic water flowing south, warming, and
releasing the alpha-HCH back to the atmosphere. High concentrations of gamma-HCH (sampler
volumetric air concentrations between 5 and 400 pg/m®) were found in the Canadian prainies, north
of Lake Ontario, southern Québec, the middle Atlantic states and southern Mexico, reflecting the
influence of regional lindane usage (Shen et al, 2004). Transport over the Pacific Ocean of lindane
was measured at a sampling site in Yukon and ranged 4-18 pg/m’ (Bailey et al, 2000). HCH
isomers, including lindane, were measured at a mountain site at Tenerife Island from June 1999 to
July 2000. Air concentrations of gamma-HCH at this site ranged 18 - 31 (mean 26) pg/m’ (Van
Drooge et al., 2002).

Lindane is very prevalent in the marine environment and soils, and its atmospheric long range
transport potential has been demonstrated for the European Union, (WHO/Europe, 2003) especially
by the European Monitoring and Evaluation Program (EMEP). High concentrations of gamma-
HCH 1n air occurred in France, Portugal, Spain, the Netherlands and Belgium. These can be
explained by the high emission densities of lindane in these countries. Relatively high air
concentrations were also found in Germany, Italy, Switzerland and Luxembourg, despite the lower
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lindane emission densities in these countries. These elevated air concentrations were probably
explained by atmospheric transport from the former high-density emission European countries
(Shatalov and Malanichev, 2000; Shatalov et al., 2000).

a) Isomerization

The hypothesis that isomerization of gamma-HCH to alpha-HCH could be taking place in air
emerged as a possible explanation for alpha-HCH/ gamma-HCH ratios that were found in the 80’s
as high as 18, when this ratio was expected to be around 5 according to the fraction of these two
isomers found in the technical HCH mixture. (Oehme et al 1984a, Oehme et al., 1984b, Pacyna et
al., 1988) However no conclusive experimental evidence of isomerization taking place in air has
been produced to date.

In the same line, Walker et al. (1999) noted that if photochemical transformation of gamma-HCH to
alpha-HCH in air takes place, one should see significant concentrations of alpha-HCH in the
Southern Hemisphere air. However, recent measurements have found alpha-HCH levels are
dropping over time in the Southern Hemisphere as well as in the Arctic Ocean, which is not
consistent with the isomerization theory and a continued use of lindane. The ratio of alpha-
HCH/gamma-HCH in air sampled in the Southern Hemisphere during the 1980s - 1990s was
generally 1 to 2.3 (Ballschmiter et al., 1991, Bidleman et al., 1993, Iwata et al., 1993, Kallenborn et
al , 1998, Lakaschus et al., 2002; Schreitmiller et al., 1995) and was 0.81 in the most recent study
in Antarctica (Dickhut et al., 2005).

Other studies have suggested that differential air-sea gas exchange rates could lead to fractionation
of the HCH isomers and preferential accumulation of alpha-HCH in air during long range transport
over the oceans. This could account for some portion of the elevated alpha-HCH/gamma-HCH
ratios observed during wintertime, but not for the very high ratios found in summer in the early
studies. (Pacyna et al., 1988 and Oehme et al., 1991). Walker et al. (1999) concluded that even
when the experiments show that photoisomerization is possible, evidence that this process i1s a
substantial contributor to the high alpha/gamma ratios observed in the Arctic is indirect and subject
to several interpretations.

Several studies have also reported photolytic isomerization of gamma-HCH  to alpha-HCH.
However, these studies have demonstrated isomerization in condensed media, but there is no
evidence that isomerization takes place in the gas phase under ambient atmospheric conditions.
Laboratory evidence shows that gamma-HCH can be transformed into other isomers in soil or
sediments through biological degradation, but although the bioisomerization of lindane can take
place, it seems that this process may play an insignificant role in the overall degradation of gamma-
HCH (Walker et al., 1999 and Shen et al., 2004).

b) Environmental monitoring data

Poland reported concentrations of gamma-HCH in river sediments ranging from 2.4 to 9.4 ngkg.
Results from the National Veterinary Residue Control Programme in Poland indicate that food of
animal origin contains levels of gamma-HCH below the level of action of 1000 pg/kg (Annex E
information provided by Poland, 2006).

The Ministry of Environment in Japan has monitored Lindane in water finding a concentration of

Lindane of 32 to 370 pg/l in 60 surveyed water specimens across the country in 2003. A total of
186 bottom sediment specimens were also surveyed in 2003 and Lindane was detected in all the
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specimens, with a concentration of Lindane from traces (1.4) to 4000 pg/g dry, with a geometric
mean of 45 pg/g dry. A recent survey in 2003 on shellfish, fish and birds shows that Lindane was
detected in all the specimens with concentrations ranging from 5.2 to 130 pg/g-wet for shellfish,
130 pg/g-wet for fish, and 1,800 to 5,900 pg/g-wet for birds. Lindane was detected in all 35
specimens from 35 sites in Japan for ambient air in the warm season in 2003 with a concentration
of Lindane ranging from 8.8 to 2,200 pg/m® with a geometric mean of 63pg/m’. The survey on the
same sites excluding one site during the cold season in year 2003 indicates a concentration of 3.1 to
330 pg/m’ with a geometric mean of 14pg/m’ (Annex E information provided by Japan, 2006).

Australia reported that none of the meat and crop samples monitored for residues in the country
contained detectable levels of lindane (Annex E information provided by Australia, 2006).

The United States reported that gamma-HCH, was below the level of detection in all samples
analyzed for the Third National Report on Human Exposure to Environmental Chemicals. Lindane
was detected in fish tissue from lakes and reservoirs in the US EPA national Lake Fish Tissue
Study, with levels ranging from 0.652 to 8.56 ppb. Lindane is being monitored in air and
precipitation with the Integrated Atmosphenc Deposition Network in the Great Lakes reglon with
average concentration of 15-90 pg/m’ in the early 90s, decreasing to 5-30 pg/m’ since 2000.
Average concentrations in precipitation (volume-weighted mean) at seven main sites during the
years 1997- 2003 were 690-1400 pg/L. for lindane. The most recent years of available analytical
data in the U.S. EPA's Great Lakes Fish Monitoring Program indicate the concentration of Lindane
in sport fish fillets (Chinook and Coho Salmon and Steelhead Trout) have ranged between trace
detection and 0.005 ppm between 1982 and 2000. The National Oceanic and Atmospheric
Administration’s National Status and Trends (NS&T) Program has measured lindane in the tissues
of bivalves throughout the coastal US and Great Lakes from 1986 to present. Over the Program’s
history, a total of 283 sites throughout the contiguous US, Alaska, Hawaii, and Puerto Rico have
been sampled, with a total of 4,990 records for the gamma isomer. Median measured concentration
for gamma-HCH was 0.56 (range 0-71.0) ng/g dry weight. A trends assessment using data pooled
for the entire USA, indicates that there has been a statistically significant decline in lindane levels
from 1986 through 2003. (Annex E information provided by the United States of America, 2006).

In Canada, a project was undertaken in 1999-2000 by Alberta Environment to characterize the
pesticides found in a number of Alberta locations, and to determine their relative levels and
seasonality. Lindane was detected in ambient air at Lethbndge in all samples starting from May to
August. Lindane levels peaked on June 15 at 1.15 ng/m’, while the low level of 0.23 ng/m’ was
present in ambient air on June 22, 1999. As lindane is used on treated seed that is planted in April
and early May, lindane is then released into the atmosphere following seeding and hence the higher
levels in May followed by a slow decline to low and/or undetectable levels in August and
September (Kumar, 2001).

2.3 Exposure

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 (WHO/Europe, 2003).

A special area of concern is the fact that HCH isomers, including lindane, accumulate in colder
climates of the world. High concentrations of HCH isomers, including lindane, are found in the
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Beaufort Sea and Canadian Archipelago (CEC, 2005). Through environmental exposure, gamma-
HCH can enter the food chain and accumulate in fatty animal tissue constituting an important
exposure pathway for Arctic or Antarctic animals as well as for humans who rely on these animals
for their subsistence diets (USEPA, 2006)

General population exposure to gamma-HCH can result from food intake, particularly from animal
origin products like milk and meat, as well as water containing the pesticide. Lindane was found to
be 10 times higher in adipose tissue of cattle than in the feed (ATSDR, 2005) showing that animals
may be exposed to the compound through food and even through ectoparasite treatment. Lindane
has been detected in cow’s milk in countries that still use the chemical as a pesticide. In a study
performed in Uganda, Africa, the concentrations of gamma-HCH in cow’s milk was 0.006-0.036
mg/kg milk fat, respectively. Mean levels of gamma-HCH analyzed in cow’s milk samples from
two separate areas in India were 0.002 and 0.015 mg/kg. A monitoring study of 192 samples of
cow’s milk from Mexico revealed 0.002-0.187 mg/kg of gamma-HCH (ATSDR, 2005).

Determinations of the lindane content in body tissues in the general population have been made in a
number of countries. The content in blood in the Netherlands was in the order of < 0.1-0.2 pg/l. In
the early 1980s, mean concentrations of gamma-HCH in human adipose tissue in Czechoslovakia,
the Federal Republic of Germany and the Netherlands were 0.086, 0.024-0.061 and 0.01-0.02
mg/kg, respectively, on a fat basis. In total-diet and market-basket studies to estimate daily human
intake of gamma-HCH, clear differences were observed with time: intake in the period around 1970
was up to 0.05 pg/kg body weight per day, whereas by 1980 intake had decreased to 0.003 pg/kg
body weight per day or lower (WHO/Europe, 2003).

Individuals living in rural areas and on a non-vegetarian diet are more likely to be exposed to
gamma-HCH as shown by a study performed in India, where women who consumed red meat, eggs
and chicken had higher pesticide levels, including lindane, in blood than vegetarian women
(ATSDR, 2005). Other sources of direct exposure include facilities at which lindane is still being
produced, abandoned pesticide plants, and hazardous waste sites (USEPA, 2006).

Exposure of children to lindane is a particular concern. Gamma-HCH has been found in human
maternal adipose tissue, maternal blood, umbilical cord blood and breast milk. Lindane has also
been found to pass through the placental barrier. Mean breast milk concentration of lindane was
0.084 mg/l in a study in India. An average level of 6 ppb lindane in breast milk was obtained in a
study in Alberta, Canada (ATSDR, 2005). In a study looking at organochlorine pesticides in human
breast milk collected from 12 regions in Australia, lindane was detected in all samples with a mean
of 0.23 ng/g lipid and a range of 0.08-0.47 ng/g lipid (Annex E information provided by Australia,
2006).

Lindane levels have also been found in human breast milk from different countries including
Canada, Germany, the Netherlands and the United Kingdom. Lindane levels ranged from <0.001 to
0.1 mg/kg on a fat basis (WHO/Europe, 2003).

An additional exposure route for children exists in regions where lindane is applied directly to milk
and meat producing livestock for pest control. On a body weight basis, children consume more milk
per unit body weight than adults, and thus may be exposed to significant concentrations of lindane
residues through drinking milk (CEC, 2005). Medical use of products to treat head lice and scabies
is also of concern when applied to children, although most adverse effects have been observed after
misuse. Another exposure to possibly significant amounts of lindane might occur through
household dust in certain conditions, and are also of concemn especially for children (ATSDR,
2005).
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2.4 Hazard assessment for endpoints of concern

Lindane is the most acutely toxic HCH isomer affecting the central nervous and endocrine systems.
In humans, effects from acute exposure at high concentrations to lindane may range from mild skin
irritation to dizziness, headaches, diarrhea, nausea, vomiting, and even convulsions and death
(CEC, 2005). Respiratory, cardiovascular, hematological, hepatic and endocrine effects have also
been reported for humans, following acute or chronic lindane inhalation. Hematological alterations
like leukopenia, leukocytosis, granulocytopenia, granulocytosis, eosinophilia, monocytosis, and
thrombocytopenia, have been reported, following chronic human occupational exposure to gamma-
HCH at production facilities (ATSDR, 2005).

Additionally, gamma-HCH has been detected in the blood serum, adipose tissue and semen of
occupationally and environmentally exposed individuals (ATSDR, 2005). Serum luteinizing
hormone levels were significantly increased in men occupationally exposed to gamma-HCH. Also,
the mean serum concentration of follicle stimulating hormone was increased and testosterone was
decreased in exposed individuals, but these trends were not statistically significant compared to
unexposed controls (ATSDR, 2005).

The most commonly reported effects associated with oral exposure to gamma-HCH are
neurological. Most of the information is from case reports of acute gamma-HCH poisoning.
Seizures and convulsions have been observed in individuals who have accidentally or intentionally
ingested lindane in insecticide pellets, liquid scabicide or contaminated food (WHO/Europe, 2003).

In India, blood levels of gamma-HCH were significantly higher in 135 breast cancer patients, 41-50
years of age, compared to a control group without the disease. However, in similar studies in other
countries, a correlation between breast cancer incidence and elevated levels of gamma-HCH in
blood was not observed (ATSDR, 2005).

Rats exposed to various concentrations of gamma-HCH through inhalation for 4 hours exhibited
concentration-related neurological effects when observed for up to 22 days after exposure. Slight-
to-moderate sedation was observed after exposure to 101 mg/m’; slight-to severe sedation was
noted after exposure to 378 mg/mJ; restlessness, excitation, and ataxia were seen after exposure to
642 and 2,104 mg/m3; and spasms were also noted at the highest concentration of 2,104 mg/m3
(ATSDR, 2005).

Hepatotoxic effects of lindane have been demonstrated in laboratory animals by numerous studies.
Increases in cytochrome P-450 levels after inhalation of lindane aerosol at 5 mg/m” for 90 days and
increases 1n cytochrome P-450 activity cytoplasmic superoxide dismutase, lipid peroxidation in rats
after being fed 1.8 mg/kg body weight for 15 and 30 days, have been demonstrated. Chronic studies
with a dose of 7-8 mg/kg body weight of lindane in the diet showed liver necrosis and fatty
degeneration in rats exposed for 38 to 70 weeks, and hypertophy in Wistar rats exposed for 104
weeks (WHO/Europe, 2003). Rats exposed to 15 mg gamma-HCH/kg/day for 5 days and 2.5 mg
gamma-HCH/kg/day for 21 days, showed significant increases in absolute liver weight, P-450 and
EROD activity in a dose- and time-dependent manner (ATSDR, 2005).

Some evidence is available for immunotoxic effects, like immunosuppression and suppressed
antibodies responses, caused by lindane in laboratory animals. Immunosuppression was observed in
rats exposed to 6.25 and 25 mg/kg body weight for 5 weeks. Primary antibody response was
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suppressed in albino mice being exposed to 9 mg/kg body weight per day in the diet for 12 weeks,
and secondary antibody response suppression was observed after 3 weeks at the same dose
(WHO/Europe, 2003).

Reproductive effects of lindane have been recorded in laboratory animals: female rats exposed
orally to 10 mg/kg body weight per day for 15 weeks presented anti-estrogenic properties. Female
rabbits exposed to gamma-HCH at 0.8 mg/kg body weight per day, 3 days per week for 12 weeks
had a reduced ovulation rate (WHO/Europe, 2003). In male rats, reductions in the number of
testicular spermatids and epididymal sperms were observed after an oral dose of 6 mg/kg body
weight for 5 days, or a single dose of 30 mg/kg body weight of gamma-HCH. Testicular atrophy,
seminiferous tubules degeneration and disruption of spermatogenesis were also reported in male
rats fed 75 mg/kg body weight per day for 90 days (WHO/Europe, 2003). Lindane has therefore
characteristics of an endocrine disrupting compound. Exposure to lindane during gestation with a
single dose of 30 mg/kg of body weight at day 15 of pregnancy, induced altered libido and reduced
testosterone concentration in male offspring rats (USEPA, 2006).

Developmental effects of lindane have also been reported. Decreased fetal weight, fetal thymic
weight, and placental weight were observed in mice treated at 30 and 45 mg/kg by gastric
intubation at day 12 of gestation. Fetotoxic effects of lindane were also observed and may be due to
induced oxidative stress, enhanced lipid peroxidation and DNA single strand breaks in the fetal and
placental tissues (WHO/Europe, 2003). Rats exposed to 1.7, 3.4 and 6.8 uM corresponding to
exposure doses that might be encountered in contaminated vegetables (80-250 pg/kg) or
contaminated drinking water (0.02 pg/l) for 12 weeks, showed an affected growth rate, decreased
spermatozoid count, as well as decreased testosterone levels during gestation, lactation or weaning
(WHO/Europe, 2003). Evidence of increased susceptibility of the young animal was noted in a rat
multi-generation reproduction study and rat developmental neurotoxicity study (USEPA, 2002).

The available genotoxicity data indicate that gamma-HCH has some genotoxic potential. Gamma-
HCH has been shown to increase chromosome clastogeny in bone marrow cells in mice exposed to
1.6 mg per kg body weight per day by gavage for 7 days (ATSDR, 2005). Nevertheless, lindane is
not classified as genotoxic by the European Union (WHO/Europe, 2003). DNA damage was
observed in cultures of rat nasal and gastric mucosa cells, and human nasal mucosa cells exposed to
gamma-HCH and induced unscheduled DNA synthesis in certain types of cells, like human
peripheral lymphocytes (ATSDR, 2005).

The International Agency for Research on Cancer (IARC) has classified lindane as possibly
carcinogenic to humans; it has also classified technical HCH and alpha-HCH as possible human
carcinogens (ATSDR, 2005). The US EPA has recently reclassified lindane in the category
“Suggestive evidence of carcinogenicity, but not sufficient to assess human carcinogenic potential”.
USEPA has classified technical-grade HCH and alpha-HCH as probable human carcinogens while
beta-HCH is a possible human carcinogen (ATSDR, 2005).

Carcinogenicity of lindane has been tested by oral administration in different experiments. Some
studies have shown no significant increases in endocrine, thyroid, pituitary, adrenal gland, liver, or
ovary tumors in rats fed 10.8-33 mg/kg/day in the diet for 80 weeks, or 0.07-32 mg gamma-
HCH/kg/day in the diet for 104 weeks, but poor survival rates limited the significance of such
results (WHO/Europe, 2003). While other studies have reported hepatocellular carcinomas in mice
exposed to 13.6-27.2 mg/kg/day in the diet for 80 or 104 weeks, and in mice exposed to 27.2
mg/kg/day in the diet for 96 weeks, these results were obtained in a strain of mouse that has a
dominant mutation resulting in an increased susceptibility to formation of strain-specific
neoplasms.
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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. Acute aquatic toxicity data on lindane indicate that it is highly toxic to both freshwater
fish (LCso ranges of 1.7 to 131 ppb) and aquatic invertebrates (LCs, ranges of 10.0 to 520 ppb).
Chronic aquatic toxicity data for freshwater organisms show reduction in larval growth in
freshwater fish at a NOAEC of 2.9 pg/l, and decreased reproduction in aquatic invertebrates at a
NOAEC of 54 ug/l (CEC, 2005 and USEPA, 2006).

Lindane produced statistically significant sex ratio effects (71% males) in frogs at a level of 0.1 ppb
and estrogenic activity as well as altered sperm responsiveness to progesterone and induced
expression of vitellogenin and estrogen receptors in in vitro tests (USEPA, 2006). Reproductive and
population effects were found at a LOAEL of 13.5 pg/l lindane in invertebrate in a 35 day study.
Lindane at 100 ppm and 25 ppm caused reduced hatchability in both laying hens and Japanese
quails, respectively (USEPA, 2006).

In 2002, USEPA published a dietary risk assessment for indigenous people in the Arctic for
lindane. This dietary risk assessment is based on a number of hazard and exposure assumptions,
and estimates risk to communities in Alaska and others in the circumpolar Arctic region who
depend on subsistence foods, such as caribou, seal and whale. The total dietary intakes for adults
ranged from 0.000055 to 0.00071 mg/kg/day. For non-cancer effects, the Level of Concern was
(LOC) =0.0016 mg/kg/day. The dietary risks for lindane did not exceed the LOC (USEPA, 2002).

Although the decision to include lindane in the Stockholm Convention would be based on the
gamma isomer alone, the POPRC agreed that discussions could include the alpha and beta isomers.
Therefore, information from a 2006 USEPA risk assessment on the alpha and beta isomers is
included below.

In February 2006, USEPA published for public comment a risk assessment that discussed risks
from lindane and the alpha- and beta-HCH isomers, by-products of the lindane manufacturing
process (USEPA, 2006). Total dietary intakes were estimated for adults and children and ranged
from 0.00057 to 0.051 mg/kg/day for alpha-HCH, and from 0.00037 to 0.01 mg/kg/day for beta-
HCH. These dietary intakes were compared to USEPA’s chronic level of concern (LOC). For non-
cancer effects, the LOC is ¢cRfD=0.00006 mg/kg/day for beta-HCH and a ¢cRfD=0.001 mg/kg/day
for alpha-HCH, based on the dose at which USEPA has concluded will result in no unreasonable
adverse health effects. The cancer LOC is when the estimated upper bound cancer risk exceeds one
in one million. The dietary risk assessment indicates that the chronic and cancer dietary risk
estimates for alpha- and beta-HCH are above the USEPA levels of concern (LOC) for these Arctic
populations based on high-end dietary intake estimates.

3. Synthesis of information
Lindane has been shown to be neurotoxic, hepatotoxic, immunotoxic and to have reproductive
effects in laboratory animals. Human acute intoxication data show that lindane can cause severe

neurological effects, and chronic data suggest possible haematological effects. The International
Agency for Research on Cancer (IARC) has classified lindane as possibly carcinogenic to humans
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(ATSDR, 2005). The US EPA classified lindane in the category “Suggestive evidence of
carcinogenicity, but not sufficient to assess human carcinogenic potential”.

Human exposure to lindane, particularly in pregnant women and children, is a concern heightened
by the ongoing presence of HCH isomers, including lindane, in human tissues and breast milk.
Direct exposure from the use of pharmaceutical products for scabies and lice treatment should be of
concern. Exposure from food sources is possibly of concern for high animal lipid content diets and
subsistence diets of particular ethnic groups (USEPA, 2006 and CEC, 2005). Occupational
exposure at manufacturing facilities should be of concern, because lindane production implies
worker exposure to other HCH isomers as well, for example the alpha isomer is considered to be a
probable human carcinogen (USEPA, 2006).

Lindane is very prevalent in the marine environment and soils, with higher concentrations often
found in colder regions. The atmospheric long range transport potential of lindane has been
demonstrated for the European Region (WHO/Europe, 2003).

Although current production of lindane seems to be declining with only a few producing countries
remaining, the inefficient production process used to manufacture this insecticide over the years has
been a world wide contamination problem which has left, and might still be leaving behind, an
enormous legacy of contaminating waste products (IHPA, 2006).

The evaluation of laboratory experimental data of lindane would suggest a lower potential of
bioaccumulation and biomagnification than that expected for other organochlorine pesticides. In
fact, lindane should be considered a border case in terms of its potential for bioaccumulation.
Fortunately, there is a large amount of monitoring data on biota allowing a real estimation of the
risk profile of lindane in comparison with other organochlorine pesticides. The information
provided by this huge amount of real field data is conclusive: lindane concentrations in biota
samples collected far away from use areas is similar to that observed for other organochlorine
pesticides, confirming the concern for persistence, bioaccumulation and long-range transport.

As the toxicity of lindane is also similar or even higher than that observed for other organochlorine
pesticides, it should be considered that the concern related to the POP characteristics of lindane is
equivalent to that observed for other chemicals already included in the Stockholm Convention. For
example, Weisbrod et al., (2000) found lindane levels in pilot whales similar or just slightly lower
than those found for aldrin, endrin, heptachlor or mirex. Also Sermo et al. (2003) and Kannan et al.
(2004) found equivalent levels for the sum of HCHs and for the sum of chlordanes in gray seal and
sea otters respectively.

4. Concluding statement

Lindane has been the subject of numerous risk assessment reports by different agencies, diverse
country regulations and international initiatives, indicating the general concern raised by this
organochlorine compound and indicating global action has already been undertaken.

The information provided in the present document, as well as the information contained in the
numerous risk assessment reports published on lindane, indicate that lindane is persistent,
bioccumulative and toxic, and is found in environmental samples all over the world as well as in
human blood, human breast milk and human adipose tissue in different studied populations,
especially impacting Arctic communities that depend on subsistence foods. These findings indicate
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that lindane 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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