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Compartment Country/region Levels Comments References Year
Switzerland 05-4 ugkg dw From varnious locations (e.g. Submitted Annex E 2002
cities, industry, rural) information by Switzerland,
2007
Moss Antarctica 0.43 — 4 ng/g dw Borghini et al., 2005 1999

Environmental levels can still be high in the proximity of sources. HCH concentrations in contaminated soil of

40 - 225mg/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., 1998). 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 (dnguila 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 £ 2.5 ng/g ww in eels (UNEP, 2003). Concentrations of
alpha-HCH in perch from the Latvian coast were up to 21 ng/g lw (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 parasitizing domesticated reindeer (Li et al., 2004). However, no quantitative estimates of these
exposure levels exist.

2.3.2  Exposure as a result 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 (Hamer 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 (2004a) 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 (Hamer 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, 2004a).

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 Iw between 1982 and 1997 in the southeast Baffin Bay
(AMAP, 2004a). Levels of up to 196 ng /g ww were reported from Alaska (submitted Annex E information by IPEN,
2007) 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, 2004a). No decline of Y 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 Y HCH 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 lw) of alpha-HCH residues in Arctic cod
liver between 1987 to 1998 (Sinkkonen and Paasivirta, 2000).
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Alpha-HCH has been detected in the muscle and liver of Arctic foxes (1.5 and 3 ng/g ww) in Canada (AMAP, 2004a).
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 western Hudson Bay
(concentrations up to 260 ng/g lw) from 1991 — 2002 (Verreault et al., 2005). Residues of alpha-HCH in East Greenland
polar bears increased from 18 - 25 % during the 1990s (AMAP, 2004a).

2.3.3 Food

Daily intake values of alpha-HCH for the general population in adult human diets between 1986 and 1991 in the

United States were reported to be 0.008 ug/kg. In the USA, the age dependent average daily intake of alpha-HCH declined
from 3.3 — 16.1 ng/kg bodyweight (bw; 1982 — 84) to 0.5 — 2.7 ng/kg bw (1986 — 91) (ATSDR, 2005). In the Total Diet
Study conducted by FDA in 2003 on 100 food items, alpha-HCH was detected in 35 items (submitted Annex E information
by IPEN, 2007). 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 pg 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 (ATSDR, 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 (ATSDR, 2005).

Fish and clam samples from India contained 0.01 — 0.02 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; levels are
reported under section 2.3.2.). Indigenous populations in the Arctic are particularly vulnerable from dietary exposure to
alpha-HCH through subsidence food such as caribou, fish, seal and whale.

2.3.4  Body burden

Median tevels of alpha-HCH in 25 American patients were 0.04 ng/g in the whole blood and 1.1 ng/g (maximum 9.6 ng/g)
in biopsy fat (ATSDR, 2005). A Spanish study reported mean alpha-HCH levels of 1.43 ug/g (maximum 6.75 pg/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 pg/l) (Becker et al., 1998). Alpha-HCH was detected in
blood serum from three of 186 (=1.6 %) Brazilian children (mean: 1.8 ppb) (ATSDR, 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 malana
control. Blood serum contained up to 0.45 mg/l alpha-HCH, whereas adipose tissue contained up to 0.30 mg/kg. Breast
milk contained 0.16 mg/l (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 mg/kg on dry lipid weight; max: 0.476 mg/kg). Alpha-HCH has also been
detected in semen (ATSDR, 2005).

2.3.5 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 (ATSDR, 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 - 2001) 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 — 2001), 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., 2006). 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) (Fiirst, 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
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concentrations between 0.002 — 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 ~ 0.038 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/1 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.

24 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 animal studies of the toxicity of alpha-HCH via inhalation and dermal application
have been conducted. Studies on 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. For more details please consider the reports listed under
heading 1.2.

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 central nervous stimulation: excitation, hunched posture, rough fur,
dyspnoea, anorexia, tremors, convulsions, and cramps (IPCS, 1992).

Subchronic foxicity: 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 was 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; the LOAEL was 10 mg/kg diet) (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 alpha-HCH /kg food (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

(NOAEL 50 mg/kg, LOAEL 100 mg/kg dict) (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 (ATSDR, 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
2B: possibly carcinogenic to humans. USEPA categorized alpha-HCH as probable human carcinogen. The department of
Health and Human Services (DHHS) has determined that HCH (all isomers) may reasonably be anticipated to cause cancer
in humans (ATSDR, 2005).

Immunotoxicity: Mice, treated with alpha-HCH (50 and 250 mg/kg/day- i.c. 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 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 (ATSDR,
2005). Inhalation of HCH (mixed isomers) may lead to irritation of the nose and throat (IPCS, 2006). The observation of
serious hepatic effects in animals (e.g., fatty degeneration and necrosis) suggests that the same results could potentially
occur in workers following prolonged occupational exposure to HCH isomers.
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A German study on organochlorine 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 (Gerhard, 1993).

In a pilot study with limited statistical power a possible association between exposure to organochlorines and the risk of
childhood aplastic anacmia was shown. Alpha-HCH was significantly higher in children with aplastic anacmia 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)

FEffects in non-target organisms: Data on effects in non-target species are extremely limited. Alpha-HCH is acutely toxic to
aquatic organisms. Effect concentrations in algae, zooplankton (brine shrimp and water flea) and fish of < 1 mg/l were
reported (detailed values in IPCS, 1992; ECOTOX database, 2007). A LC50 of approximately 1.4 mg/l was determined in
an acute test (duration 24 hours) in zebra fish (Oliveira-Filho and Paumgarten, 1997). In a long term study (70 days) with
snails (Lymnaea stagnalis) a 50 % reduction of reproduction was found at a concentration of 65 pg/l. In fish no
histopathological changes or influence on growth and behaviour could be detected in long-term experiments (test
concentration 800 pg/L, duration 50 days, speciecs guppies or pellets containing 10 - 1250 mg alpha-HCH/kg, duration

3 months, species rainbow trout) (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, 2004a).

Risk characterisation

USEPA performed a dictary 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 t - 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
NOAEL of 0.1 mg/kg/day (the LOAEL is 0.5 mg/kg/day) established in a subchronic toxicity study in rats and applying an
uncertainty factor of 100 (USEPA, 2006). For inhalation the reference concentration (RfC) of alpha-HCH is

0.00025 mg/m’ based on a NOAEL of 0.025 mg/m’ for observations of liver and kidney toxicity determined in an
subchronic inhalation study in rats and applying an uncertainty factor of 100 (RIVM, 2001 in USEPA, 2006).

The acute dictary exposure estimates are not of concern according to USEPA (2006). USEPAs 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 (% cRID) are 57 - 390 for adult males, 67 — 460 for
adult females, 210 — 5 100 for children (1 - 6 years) and 73 - 500 (7 - 12 years). The estimated cancer risk for adult males is
3.2x107 to 2.5x10 and 4.2x107 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 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.

3 Synthesis of the information

Technical HCH, a mixture of five stable HCH-isomers, contains 55 — 80 % 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 tonnes. 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 “cold
condensation” on a global scale. In addition, the low Henry’s Law Constant contributes 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.
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Hydrolysis contributes to the overall removal of alpha-HCH in aqueous solution under alkaline pH, but under
environmental conditions has minor importance. Alpha-HCH may undergo enantioselective degradation which depends on
the site and medium. Reported half-life and residue 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, an 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 act on 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 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. The dietary risks of these populations are of concern.
Nevertheless it should be emphasized that traditional foods have unique social, cultural, spiritual and economic value and
therefore it is strongly recommended to avoid foods in which alpha-HCH levels are of concern.

4 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. The continued production
and existing stockpiles of these waste isomers have been 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). 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 expected in polluted areas, which are still present around the globe. High exposure ois also possibly expected
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 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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