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I. Introduction

1. At its fifteenth meeting, the Persistent Organic Pollutants Review Committee adopted
decision POPRC-15/3 on methoxychlor (UNEP/POPS/POPRC.15/7, annex 1), by which the
Committee decided to establish an intersessional working group to further review the proposal to list
the chemical in Annexes A, B and/or C to the Convention (UNEP/POPS/POPRC.15/4) and to prepare
a draft risk profile in accordance with Annex E to the Convention.

2. In accordance with decision POPRC-15/3 and the workplan adopted by the Committee
(UNEP/POPS/POPRC.15/7, annex I11), the intersessional working group has prepared a draft risk
profile, which is set out in the annex to the present note, without formal editing. A compilation of
comments and responses relating to the draft risk profile is set out in document
UNEP/POPS/POPRC.16/INF/5.

Il.  Proposed action
3. The Committee may wish:

@) To adopt, with any amendments, the draft risk profile set out in the annex to the
present note;

(b) To decide, in accordance with paragraph 7 of Article 8 of the Convention and on the
basis of the risk profile, whether methoxychlor 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;

(©) To agree, depending on the decision taken under subparagraph (b) above:

(M To invite all Parties and observers to provide information pursuant to Annex F
to the Convention, to establish an intersessional working group to develop a
draft risk management evaluation and to agree on a workplan for completing
that draft evaluation; or

(i) To make the risk profile available to all Parties and observers and set the
proposal aside.

* Reissued for technical reasons on 2 December 2020.
** UNEP/POPS/POPRC.16/1.
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Executive summary

1. The POPs Review Committee at its fifteenth meeting concluded that methoxychlor fulfilled the screening
criteria in Annex D (decision POPRC-15/3) and to prepare a risk profile in accordance with Annex E to the
Convention.

2. Methoxychlor is an organochlorine pesticide (OCP) which has been used as a replacement for DDT. It has
been restricted/banned in several countries for more than 15 years. In response to the call for information (Annex E
information submission (2019)), no Parties have indicated current use of methoxychlor. However, a literature search
made for the purpose of drafting the risk profile suggests that recent use of methoxychlor may have occurred in
certain countries. In 1975, three U.S. companies produced 2500 tonnes of methoxychlor. The production decreased to
193 tonnes in 1991. After 1992, production of methoxychlor in the U.S. was significantly reduced until its ban in
2000. No information on the current production or use of methoxychlor at a global scale is publicly available.
Methoxychlor does not occur naturally in the environment. It is released to the environment mainly as a result of its
application to crops and livestock as a pesticide. Smaller amounts of methoxychlor may be released to the
environment during its production, formulation, storage, shipment and disposal. Based on a maximum historical
estimate of 8,000 tonnes/year of methoxychlor produced worldwide (circa 1975), peak historical atmospheric releases
during production were estimated to be up to 4 tonnes/year. In the U.S., a total of 1.04 tonnes of methoxychlor was
released in 2018 from on- and off-site disposal (or other releases) (US EPA, 2020a).

3. Methoxychlor is persistent in the environment. Numerous studies have reported detections and/or
quantifications of methoxychlor in sediment, water, seawater, groundwater, drinking water and in a variety of biota.
Contamination with methoxychlor is especially apparent in the vicinity of intensive agricultural activities as a result of
the historical use of methoxychlor as a pesticide. Based on a weight-of-evidence approach, the results from the
laboratory study and monitoring data indicate that methoxychlor is persistent in aerobic sediments and may be
persistent in some anaerobic sediments. Measured data have indicated that methoxychlor continued to be detected in
surface waterbodies in Europe and Canada, and in French groundwaters, years after it was phased out, thus providing
some evidence that the substance is persistent in water. Monitoring data from an Arctic lake and surface seawater in a
region covering the North Pacific to the Arctic Ocean, further indicate that the substance may be persistent in the
surface water and marine water compartments. Based on a weight-of-evidence approach, the results from the
laboratory studies and monitoring data indicate that methoxychlor may be persistent in some aerobic soils. However,
the presence of methoxychlor in the surface water, seawater and soil mentioned above can also be a result of
long-range transport.

4, Methoxychlor is a strongly hydrophobic substance with an experimental octanol-water partition coefficient
(log Kow value) of 5.08. The BCF values for methoxychlor vary largely between different aquatic species as a result of
species differences in the capacity to metabolise and excrete methoxychlor (BCFs in the range of 667-8,300).
Laboratory studies indicate that methoxychlor has a bioaccumulation potential in some fish species with BCF values >
5,000. Supporting information in a bivalve (BCF of 12,000) and in snails (BCF in the range of 5,000-8,570) also
indicate a bioaccumulation potential in aquatic invertebrates. Combination of the bioaccumulation potential of
methoxychlor with a high toxicity and high ecotoxicity gives reason for concern. Toxicokinetic and metabolism
studies would suggest that methoxychlor does not accumulate in mammals.

5. Based on measured data, methoxychlor has been frequently detected in the environment including in urban
cities, rural areas and in regions that used methoxychlor as a pesticide in agricultural activities. It has been found in
the Arctic (in air, snow, ice cores, lake waters and seawater, in biota samples (terrestrial, avian and marine)) and
Antarctic (in marine biota samples) regions far away from any sources of release thus suggesting that long-range
atmospheric and oceanic transport has occurred.

6. Based on measured data, exposure of the general population takes place by consumption of contaminated food
and drinking water, and by respiratory uptake of dust and aerosols containing methoxychlor and through oral uptake
of dust and soil. Small children may play close to the ground and are therefore more likely than adults to come in
contact with dirt and dust. Children may also intentionally or unintentionally ingest dust or soil that contains low
levels of methoxychlor. Methoxychlor has been detected in human serum, adipose tissues, umbilical cord blood and
human breast milk. Based on measured data, children can be exposed to methoxychlor in utero via the placenta and
after birth via lactation.

7. Due to its persistence, methoxychlor is still found in drinking water, waterbodies and sediments, in regions
where regulations and phase-outs have been implemented. Environmental trend data are not available, and the
available measured data are insufficient to draw a clear conclusion on trends. However, from 1999 to 2014, it was
observed that the concentrations of methoxychlor in Southern elephant seals in Antarctica had increased. No data are
available on exposure trends of methoxychlor in humans.

8. Concerns exist regarding methoxychlor’s toxicity to aquatic organisms, wildlife and human health.
Methoxychlor is very toxic to aquatic invertebrates and fish. Methoxychlor is suspected to have endocrine disruptive
effects in fish, amphibian, and sea urchin fertility, growth, and development. It also has a potential endocrine
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disrupting property with toxic effects to reproduction in mammals in both female and male rats. Furthermore,
observations in rats indicate that methoxychlor has the potential to promote the epigenetic transgenerational
inheritance of disease and associated sperm epimutations. Methoxychlor has been demonstrated to be a neurotoxicant
at high doses and can act on cognitive functions on the developing brain at lower doses. In addition, developmental
and adult dietary exposure to methoxychlor in rats modulates immune responses. Finally, in certain defined cases, the
simultaneous exposure of methoxychlor to other environmental chemicals has resulted in additive effects.

9. Methoxychlor has been detected in environmental compartments such as surface water, seawater,
groundwater, drinking water, sediment, atmosphere, biota (including wildlife) and humans globally. Methoxychlor is
persistent, bioaccumulative, toxic to aquatic organisms and to terrestrial animals (including humans) and transported
to locations far from its production and use. Therefore, it is concluded that methoxychlor is likely to lead to adverse
human health and/or environmental effects such that global action is warranted.

1. Introduction

10. In May 2019, the European Union and its Member States submitted a proposal to list methoxychlor in Annex
A to the Stockholm Convention. The proposal (UNEP/POPS/POPRC.15/4) was submitted in accordance with Article
8 of the Convention and it was reviewed by the Persistent Organic Pollutants Review Committee (POPRC) at its
fifteenth meeting held in October 2019.

1.1 Chemical identity of the proposed substance

11. Pure methoxychlor is a pale-yellow powder that has a slightly fruity or musty odour (Agency for Toxic
Substances and Disease Registry (ATSDR), 2002).

Table 1: Names and registry numbers

Common name Methoxychlor*

IUPAC 1,1'-(2,2,2-trichloroethane-1,1-diyl)bis(4-methoxybenzene)
1-methoxy-2-[2,2,2-trichloro-1-(4-methoxyphenyl)ethyl]benzene
1,1-(2,2,2-trichloroethane-1,1-diyl)bis(2-methoxybenzene)

CAS registry number 72-43-5; 30667-99-3; 76733-77-2; 255065-25-9; 255065-26-0; 59424-81-6;
(non-exhaustive list) 1348358-72-4
EC number 200-779-9

Synonyms and Trade name | 1,1-Bis(para-methoxyphenyl)-2,2,2-trichloroethane
2,2-Bis(para-methoxyphenyl)-1,1,1-trichloroethane
2,2-Di-para-anisyl-1,1,1-trichloroethane
para,para’-Dimethoxydiphenyltrichloroethane
Dimethoxy-DDT

Dimethoxy-DT

Di(para-methoxyphenyl)trichloromethyl methane
DMDT

para,para’'-DMDT

ENT1716

Higalmetox

Methoxychlore

Maralate

Marlate

OMS 466

para,para'-Methoxychlor

Metox

Methoxy-DDT

Prentox
1,1,1-Trichloro-2,2-bis(para-methoxyphenyl)ethane
1,1,1-Trichloro-2,2-di(4-methoxyphenyl)ethane
1,10-(2,2,2-Trichloroethylidene)bis(4-methoxy-benzene)
Ethane, 1,1,1-trichloro-2-(o-methoxyphenyl)-2-(p-methoxyphenyl)-
2,4'-Methoxychlor

0,p-Methoxychlor

0,p'-Methoxychlor

Benzene, 1,1'-(2,2,2-trichloroethylidene)bis[2-methoxy-
Benzene, 1-methoxy-3-[2,2,2-trichloro-1-(4-methoxyphenyl)ethyl]-
Benzene, 1,1'-(2,2,2-trichloroethylidene)bis[3-methoxy-
Abbreviations MXC

*Methoxychlor refers to any possible isomer of dimethoxydiphenyltrichloroethane or any combination thereof.
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Table 2: Structure

Molecular
formula

C16H15Cl302

Molecular mass

345.65 g/mol

Structural
formulas
examples
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Cl Cl
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Cl Cl
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Table 3: Overview of relevant physicochemical properties of methoxychlor

Property Value References

Physical state at 20°C Solid (pale-yellow powder) ATSDR, 2002

and 101.3 kPa

Melting/freezing point 87°C (experimental) Lide, 2007

(MP) 129.34°C (EPI Suite, MPBPVP v1.43 estimate, Mean or weighted MP) [ US EPA, 2012
(within applicability domain (parametric))

Boiling point (BP) 346°C (experimental) US EPA, 2012
377.87°C (EPI Suite, MPBPVP v1.43 estimate, Adapted Stein & Brown [ US EPA, 2012
method) (within applicability domain (parametric))

Vapour pressure 5.56 x 10" Pa at 25°C (EPI Suite, MPBPVP v1.43 estimate, modified US EPA, 2012

grain method; input experimental MP and BP, temp 25°C) (within
applicability domain)

Henry’s Law constant

2.03 x 107 atm.m¥mol at 25°C (or 2.06 x 10 2 Pa.m?/mol)
(experimental) (in HENRYWIN validation set and calculated from
Altschuh et al. (1999) study)

9.75 x 10 atm.m3/mol (or 9.88 x 10 -* Pa.m®/mol) (EPI Suite
HENRYWIN v3.20 estimate, Bond method)(within applicability domain)

Altschuh et al., 1999
US EPA, 2012

Water solubility

0.040 mg/L at 24°C (experimental, 99% purity)
0.10 mg/L at 25-45°C (experimental, shake flask-UV)
0.12 mg/L at 25°C (experimental, in WSKOW training set)

0.302 mg/L at 25°C (EPI Suite, WSKOW v1.42 estimate) (within
applicability domain)

Verschueren, 1996

Richardson and Miller,
1960

Zepp et al., 1976
US EPA, 2012

Organic carbon
normalized adsorption
coefficient (log Koc)

4.9 (experimental, in KOCWIN training set)

4.43 (EPI Suite, KOCWIN v2.00 estimate, MCI method) (within
applicability domain)

Schiidrmann et al., 2006
US EPA, 2012

Octanol/water partition
coefficient (log Kow)

5.08 (experimental, in KOWWIN training set)
5.67 (EPI Suite, KOWWIN v1.68 estimate) (within applicability domain)

Karickhoff et al., 1979
US EPA, 2012

Octanol/air partition

10.48 (experimental, GC retention time method)

Odabasi and Cetin, 2012

coefficient (log Kaw)

Henry’s Law Constant)

coefficient (log Koa) 10.161 (EPI Suite, KOAWIN v1.10 estimate; log Kow and Henry's Law | US EPA, 2012
constant experimental values as input) (within applicability domain
(parametric))

Air/water partition -5.081 (EPI Suite, KOAWIN v1.10, calculated from experimental US EPA, 2012

1.2

Conclusion of the Review Committee regarding Annex D information

12. The Persistent Organic Pollutants (POPs) Review Committee evaluated the proposal by the European Union
to list methoxychlor under the Stockholm Convention at its fifteenth meeting. The Committee concluded that
methoxychlor met the screening criteria specified in Annex D (decision POPRC-15/3).
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1.3 Data sources
13. The draft risk profile is based on the following data sources:

(@) Proposal submitted by the European Union and its Member States that are Parties to the Convention
(UNEP/POPS/POPRC.15/4), 2019;

(b) Information submitted by Parties and observers according to Annex E of the Convention (Annex E,
2019 and 2020): Austria, Canada, Egypt, Hungary, Monaco, New Zealand, Qatar, Republic of Belarus, Republic of
Korea, Romania, State of Palestine, Thailand, the Netherlands, International Pollutants Elimination Network (IPEN)
and Alaska Community Action on Toxics (ACAT);

(c) Peer-reviewed scientific journals, as well as information from reports such as: Toxicological Profile
for Methoxychlor (ATSDR, 2002 and 2012); Methoxychlor in Drinking-water, Background document for
development of WHO Guidelines for Drinking-water Quality (WHO, 2004); and the Protection of the Marine
Environment of the North-East Atlantic (OSPAR) Background Document on Methoxychlor (OSPAR, 2004).

1.4  Status of the chemical under International Conventions
14. Methoxychlor is subject to a limited number of international actions and Conventions, as follows:

(@) The OSPAR Commission included methoxychlor in the List of Chemicals for Priority Action in 2000
(OSPAR, 2004);

(b) Serbia as part of the UNECE Working Group on Environmental Monitoring and Assessment
(WGEMA) added methoxychlor as a new parameter for measurement under diffuse soil contamination monitoring.*
Methoxychlor was then added to the Shared Environmental Information System (SEIS) of the WGEMA,

(c) Methoxychlor has a water-quality objective of 0.04 ppb for the Great Lakes.? The water-quality
objectives related to persistent organic substances have been established under the responsibility of the International
Joint Commission according to the provisions of the 1978 Great Lakes Water Quality Agreement;

(d) According to the State of Palestine (Annex E, 2019), methoxychlor is subject to the terms and
conditions of the Basel Convention in accordance with Annex | (category of wastes to be controlled) category Y3
(waste pharmaceuticals, drugs and medicines).

2. Summary information relevant to the risk profile

2.1 Sources

2.1.1 Production, trade, stockpiles

15. According to ATSDR (2002), methoxychlor was first synthesised in 1893 by the reaction of chloral hydrate
with anisole in the presence of acetic acid and sulfuric acid. It is produced commercially by the condensation of
anisole with chloral in the presence of an acidic condensing agent (the International Agency for Research on Cancer
(IARC), 1979; Sittig, 1980 as cited in ATSDR, 2002). Commercial production of methoxychlor in the United States
(U.S.) was first reported in 1946. In 1975, three U.S. companies produced methoxychlor (IARC, 1979 as cited in
ATSDR, 2002). Very few data on the levels of production of methoxychlor are readily available. According to Gétz et
al. (2008), the peak production of methoxychlor in the U.S. was in the late 1970s to early 1980s. After that period,
production of methoxychlor continuously decreased over time. U.S. production in 1975 was 2500 tonnes (IARC 1979,
as referenced by ATSDR 2002), decreasing to 193 tonnes in 1991 (Kincaid Enterprises 1992, as referenced by
ATSDR 2002). After 1992, production of methoxychlor in the U.S. was significantly reduced until its ban in 2000
(US EPA, 2004).

16. Methoxychlor is not approved as a plant protection product (PPP) in the European Union (EU) (Commission
Regulation (EC) No 2076/2002) and the authorisations for use as PPP were withdrawn by 25 July 2003. Some EU
Member States had imposed a ban of the use prior to 2003. Based on the WWF (2001) report for OSPAR (as cited in
OSPAR, 2004), no existing producers or importers of methoxychlor have been reported in Europe since it has been
phased out in 2002. Methoxychlor is not approved as an active substance in the EU under the Commission Regulation
(EC) No 2032/2003 concerning the market and use of biocidal products as of 1 September 2006. Methoxychlor is not

! This information is available on the UNECE website at the following link:
https://www.unece.org/fileadmin/DAM/env/europe/monitoring/15thMeeting/Official/Questionnaire 2014 Eng fi
nal_Serbia.pdf

2 This information is available on the UNECE website at the following link:
http://www.unece.org/fileadmin/DAM/env/water/publications/documents/Reco E/Reco_waterquality crit_obj W
S1.pdf
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https://www.unece.org/fileadmin/DAM/env/europe/monitoring/15thMeeting/Official/Questionnaire_2014_Eng_final_Serbia.pdf
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approved for use as a veterinary medicinal product in the EU according to Regulation (EC) No 726/2004 on the
procedures for the authorisation and supervision of medicinal products for human and veterinary use.

17. Monaco, Qatar, Republic of Korea and State of Palestine do not currently produce methoxychlor (Annex E
(2019) submission information). Canada and Thailand do not currently produce, import or export methoxychlor
(Annex E, 2019). Furthermore, methoxychlor has never been manufactured in Belarus (Annex E, 2019). No stockpiles
of methoxychlor have been registered in Costa Rica. Egypt does not currently produce or import methoxychlor (it has
been banned in Egypt since 1996 by ministerial decree no. 55/1996 (Annex E, 2019)). Vanuatu does not currently
import methoxychlor. There is no official data of import of methoxychlor in Ghana. Within the framework of the
import authorization procedure, Mexico has not registered any import of methoxychlor since 2010.

18. No further data on the current levels of production or import of methoxychlor are publicly available.
2.1.2 Uses

19. Methoxychlor is an organochlorine pesticide (OCP) and it has been used as a replacement for DDT, a
structural analogue. In veterinary practices, methoxychlor was used as an ectoparasiticide® (US EPA, 2000).
Methoxychlor was also used against the elm bark-beetle vectors of Dutch elm disease (US EPA, 2000). Methoxychlor
has been used as an insecticide against a wide range of pests, including houseflies and mosquitos, cockroaches,
chiggers, and various arthropods commonly found on field crops, vegetables, fruits, stored grain, livestock, and
domestic pets (EPA?, 1988b and Verschueren, 1983 as cited in ATSDR, 2002). Methoxychlor can be applied to large
areas such as beaches, estuaries, lakes, and marshes for control of fly and mosquito larvae by aerial application
(EPA, 1988b as cited in ATSDR, 2002). Other uses include the spray treatment of barns, grain bins, mushroom
houses, and other agricultural premises and the spraying or fogging of garbage containers, sewer manholes, and
sewage disposal areas (EPA, 1988b as cited in ATSDR, 2002). In the U.S., approximately 28% of methoxychlor was
used for home and garden purposes, 15% for industrial and commercial purposes, and 57% for agricultural purposes
(Kincaid Enterprises, 1992 as cited in ATSDR, 2002). Pesticide workers usually dissolve methoxychlor in a
petroleum-based liquid and apply it as a spray, or they mix it with other chemicals and apply it as a dust (AT SDR,
2002). Methoxychlor has been formulated as wettable powders, dusts, emulsifiable concentrates, ready-to-use
products (liquids), and pressurised liquids (US EPA, 2004).

20. According to Gotz et al. (2008), methoxychlor was used extensively from 1974-1985 as a replacement
product for DDT. Between 1986 and 1992, the usage of methoxychlor in the U.S. continuously decreased. After 1992,
the use of methoxychlor was heavily reduced. For modelling purposes, G6tz et al. (2008) estimated the worldwide use
of methoxychlor to be three times higher than the use in the U.S. (i.e. worldwide maximum of 8,000 tonnes/year),
based on extrapolation factors used for other pesticides, such as trifluralin or DDT. Information on the use of
methoxychlor in the U.S. from early 1970s to 1995 is reported in Figure 1 a) and b) (see Appendix). Pesticide uses of
methoxychlor in the U.S. were suspended in 2000, and all products were expected to have been voluntarily
discontinued by 2004 (US EPA, 2004).

21. It is reported that the use of methoxychlor as a pesticide ceased in most EU countries between the 1970s and
2000 (OSPAR, 2004). In Austria, the volume of methoxychlor used in agriculture was 1 kg/year in 1991-1992 with
no use since 1993 (Annex E, 2019). Methoxychlor has been phased out in the European Union since 25 July 2003,
with some Member States having put bans in place prior to this (e.g. the substance was not used in Hungary since
1972, in the Netherlands since 1990 and in Austria since 1993 (Annex E, 2019)). The European Agency for the
Evaluation of Medicinal Products (EMEA) reported that methoxychlor was not used in veterinary medicines in EU
Member States (OSPAR, 2004). According to Langford et al. (2012), methoxychlor is no longer registered for use in
Norway. The registration of methoxychlor in Canada was withdrawn in 2002, with a phase out period of three years
(Annex E, 2019). In Australia, the only methoxychlor product registration was discontinued in mid-1987 (information
available from APVMA).® Annex E (2019) information from New Zealand indicated that methoxychlor is not
approved in New Zealand under the Hazardous Substances and New Organisms Act 1996 (HSNO Act). In Belarus,
the use of methoxychlor as an insecticide was banned in 1999 (Annex E, 2019). Egypt indicated that the use of
methoxychlor as an insecticide has been banned in Egypt since 1996 by ministerial decree no. 55/1996 (Annex E,
2019). Monaco, Qatar, Republic of Korea, State of Palestine and Thailand do not currently use methoxychlor

(Annex E, 2019). Methoxychlor is no longer used in Costa Rica since the permits for the use of this substance were
cancelled in 2013. According to Mexico, since August 1991, methoxychlor is a restricted pesticide than can only be
used under the supervision of trained and authorized personnel. Furthermore, since the implementation of the
“Regulation on the registrations, import and export authorizations, and export certificates for pesticides, fertilizers and
toxic or dangerous substances and materials” on 28 March 2005, Mexico does not have data about any application for
a registration of pesticides for their environmental evaluation, related to active ingredient methoxychlor. According to

3 A medicine used to kill parasites that live on the exterior of their host.
4 EPA in this document refers to US EPA in ATSDR (2002).

5 This information is taken from the Australian National Environment Protection (Assessment of Site
Contamination) Measure 1999, available at the following link.


https://www.google.fi/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=2ahUKEwjeyaLVro_mAhXwQEEAHY-wB0EQFjAAegQIAhAC&url=https%3A%2F%2Fwww.legislation.gov.au%2FDetails%2FF2013C00288%2F4b4beeaa-cabd-4a50-9c9c-0d1bb721ad75&usg=AOvVaw3iq1UCABE79NKdLY7irKeO
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the PAN International Consolidated list of Banned Pesticides,® methoxychlor is banned in the following countries:
Guinea, Indonesia, Mauritania, Oman and Saudi Arabia (Annex E, 2019). According to Cindoruk et al. (2020),
methoxychlor has been banned in Turkey since 2012. According to Kao et al. (2019), OCPs have been banned in
Taiwan Province of China, since 1975. China indicated that they have stopped the registration of methoxychlor as a
pesticide since the 1990s. Currently there is no evidence of use either legally or illegally. Ghana indicated that the use
of OCPs such as methoxychlor has been discontinued for several years in Ghana. There are no official data of use of
methoxychlor in Ghana.

22. Based on a literature search made for the purpose of drafting this risk profile, recent use of methoxychlor may
have occurred in the following countries (non-exhaustive list): Egypt and Turkey.

2.1.3 Releases to the environment

23. Methoxychlor does not occur naturally in the environment (ATSDR, 2002). It is released to the environment
mainly as a result of its application to crops and livestock as a pesticide. Since the use of methoxychlor is highly
seasonal, the amount that is released to the environment can be expected to be greater during periods of insect control
(spring and summer). Smaller amounts of methoxychlor may be released to the environment during its production,
formulation, storage, shipment and disposal (ATSDR, 2002). According to the Toxics Release Inventory (TRI),
methoxychlor processing facilities listed for 1998 (TRI99 2001) report that the major portion of methoxychlor
released to the environment is released to the land (ATSDR, 2002).

24, Methoxychlor is released to soils primarily through its use as an insecticide for agricultural crops, home
orchards, and ornamentals. Some methoxychlor may be released to soils through leaks at storage and waste sites.
According to TRI (TRI99 2001), three processing facilities in the U.S. reported that no methoxychlor was released to
soil in 1999 (ATSDR, 2002). The TRI data should be used with caution since only certain types of facilities are
required to report; therefore, the information may not be exhaustive. Methoxychlor has been identified in 46 soil and
11 sediment samples collected from 58 of 1613 National Priorities List (NPL) hazardous waste sites (HazDat, 2002 as
cited in ATSDR, 2002). According to TRI data for the year 2018 (US EPA, 2020a), 1.02 tonnes of methoxychlor was
released from on-site disposal (or other releases) and 0.02 tonnes of methoxychlor were released from off-site disposal
(or other releases). In the U.S., a total of 1.04 tonnes was released in 2018.

25. Release of methoxychlor to the atmosphere occurs mainly as a result of its use as a pesticide. Releases to the
atmosphere during production, formulation, and disposal of methoxychlor have been estimated to be 0.5 kg/metric ton
produced (Archer et al., 1978). Based on the 193 tonnes of methoxychlor produced in the U.S. in 1991 (Kincaid
Enterprises, 1992 as cited in ATSDR, 2002), atmospheric release during production may be estimated to be 96.5
kg/year. According to TRI (TRI199 2001), three processing facilities in the U.S. reported the release of 13 kg of
methoxychlor to the air in 1999 (ATSDR, 2002). G6tz et al. (2008) estimated the worldwide use of methoxychlor to
be three times higher than the use in the U.S. (i.e. worldwide maximum of 8,000 tonnes/year). The maximum
production of 8,000 tonnes/year is extrapolated from information on production in the U.S. during the late 1970s-
early 1980s and since the recent global production figures are not available. Based on a maximum historical estimate
of 8,000 tonnes/year of methoxychlor produced worldwide (circa 1975), peak historical atmospheric releases during
production were estimated to be up to 4 tonnes/year.

26. Methoxychlor can be released directly to surface water on farms when used to control larvae of insects (Stoltz
and Pollock, 1982 as cited in ATSDR, 2002). Methoxychlor was approved for use on cranberries (EPA, 1988b as
cited in ATSDR, 2002), which are grown in bogs, and therefore methoxychlor could have been released directly to
surface water where cranberries are grown. Methoxychlor may be released to water from runoff from soil, industrial
effluents or from leaks at storage and waste sites (ATSDR, 2002). According to Howard (1991), field studies have
shown that methoxychlor does not leach significantly in soil. However, groundwater monitoring data suggest that
some leaching of methoxychlor may take place (see section 2.3.1 environmental monitoring data). According to TRI
(TRI99 2001), three processing facilities in the U.S. reported that no methoxychlor was released to water in 1999
(ATSDR, 2002). Methoxychlor has been detected at 58 of 1613 National Priorities List (NPL) hazardous waste sites.
At those 58 sites methoxychlor was identified in 19 groundwater and seven surface water samples (HazDat, 2002 as
cited in ATSDR, 2002). Methoxychlor loading into Lake Ontario from the Niagara River was estimated to be 3
kg/year on suspended solids and < 20 kg/year in raw water. Furthermore, loading to Lake Superior from precipitation
was estimated to be 120 kg/year (Howard, 1991).

217. Annex E (2019) information from Canada indicated that there are currently no releases of methoxychlor in
Canada and information on historical releases is not available. No other information was provided by other Parties on
the releases of methoxychlor to the environment while there is some evidence from the literature that the substance
may be released to the environment in certain countries (see section “2.1.2 Uses” for further details).

6 http://pan-international.org/pan-international-consolidated-list-of-banned-pesticides/.
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2.2  Environmental fate
2.2.1 Environmental distribution

28. Information on the substance adsorption/desorption, volatilisation and distribution modelling can be found in
the Appendix.

2.2.2 Persistence
2.2.2.1 Screening information based on modelling data

29. The aerobic biodegradation potential of the substance was assessed by using BIOWIN v4.10 (U.S. EPA,
2012). The predictions for the structure of methoxychlor are BIOWIN 2: 0.0162, BIOWIN 3: 1.5126 and BIOWIN 6:
0.0063. These values are all well below the screening values, indicating that methoxychlor is not expected to
biodegrade rapidly and hence is potentially ‘persistent or very persistent’ in accordance with the REACH Guidance
Chapter R.11 (ECHA, 2017; see further details in the Appendix).

2.2.2.2 Abiotic degradation
Hydrolysis

30. The effect of hydrolysis on the persistence of methoxychlor under environmentally relevant conditions is
expected to be negligible. Wolfe et al. (1977) investigated the hydrolytic degradation pathways in water at
environmentally relevant pH values (3-9), using a standard solution of 1.0 x 108 M methoxychlor in distilled water,
titrated to pH 5.0 with hydrochloric acid. Five mL aliquots were placed in ampules, sealed and allowed to equilibrate
at the target temperature. Rate constants at four temperatures (45, 65, 75, and 85°C) were obtained employing the
integrated first-order rate expression using a least-squares analysis of the data. The measured rate constant at 45°C
and pH 7 was 3.2+0.4 x 107 s’ Extrapolation of the methoxychlor data obtained at elevated temperatures to 27°C at
pH 3-7 gives a first order rate constant of 2.2 x 108 s, which corresponds to a half-life of 367 days. The calculated
half-life of methoxychlor at higher pH (pH 9) was much longer (2100 days at 27°C; calculated from first-order rate
constants assuming buffered conditions). Studies with natural waters were carried out with methoxychlor. At 85°C the
reaction obeyed first-order Kinetics, and there was no detectable change in the rate of hydrolysis in the Oconee River
(Athens, GA, USA) water (pH 6.6) or Alabama River (Birmingham, AL, USA) water (pH 7.2) (Wolfe et al.,1977).

31. According to Wolfe et al. (1977), the major products of methoxychlor hydrolysis at pH 7 are anisoin, anisil
and DMDE [2,2-bis(p-methoxyphenyl)-1,1-dichloroethylene]. However, the quantification of these hydrolysis
products is not reported. Based on a separate experiment (details not reported) and based on structure reactivity
relationships and reported rate constants of other compounds, the authors anticipate that anisoin and anisil undergo
degradation much faster than methoxychlor. The minor product, DMDE, is more stable to hydrolysis than
methoxychlor and might be anticipated to build up to a small extent. Not all experimental details are reported and
there are some variations from the current OECD TG 111. Sensitivity of the analytical method and the analytical
recoveries are not reported. It is unclear if the test substance was incubated under dark conditions and which method
was used for extrapolation to 27°C. The study is therefore reliable with restrictions. According to Katagi (2002) as
cited in HSDB (2009), the hydrolysis half-lives of methoxychlor in distilled water varies considerably with pH, with
half-life values at 27°C of 1 year (pH 7) and 5.5 years (pH 9). The half-lives from the Katagi (2002) study (as cited in
HSDB (2009)) are in agreement with the Wolfe et al. (1977) study.

Photolysis

32. Remucal (2014) suggested that methoxychlor undergoes negligible direct photolysis because it does not
absorb light in the solar spectrum. Experimental evidence suggests that methoxychlor is susceptible to dissolved
organic matter-sensitised indirect photolysis. The addition of dissolved organic matter from natural waters has been
reported to accelerate the photodegradation of methoxychlor in water when irradiated at wavelengths >290 nm
(Remucal, 2014).

33. Zepp et al. (1976) developed a laboratory scale study to assess the direct photolysis of pesticides in the aquatic
environment. The investigations included light-induced degradation of methoxychlor in distilled and natural water
samples. Assuming first-order kinetics, the direct photolysis half-life of methoxychlor in natural waters was much
more rapid (2 to 5 hours; solution in sealed quartz cells exposed to midday May sunlight, latitude 34°N) than that in
distilled water (4.5 months; assuming 12-h days exposure and latitude 40°N), suggesting that photochemical processes
other than direct photolysis can cause more rapid degradation of methoxychlor in some natural aquatic environments.
The major product of methoxychlor photolysis in distilled water was DMDE (Zepp et al., 1976). This study indicates
degradation in specific conditions under influence of sunlight. Although photolysis rates of methoxychlor seem
moderate, photolysis is not expected to contribute to the degradation significantly as photolysis only takes place in the
top layer of the water column.

10



UNEP/POPS/POPRC.16/3

34. Dry, thin films of methoxychlor exposed to direct sunlight readily decomposed. In 6 days, 6.6% of a 10 mg
sample of methoxychlor disappeared. After 12 days, 91.4% of a 5 mg sample of methoxychlor disappeared, but the
total amount lost was approximately the same over the 12-day exposure period (NRCC, 1975). Films of pure
compound on solid surfaces absorb sunlight more rapidly than dilute solutions (Zepp et al., 1976). ASTDR (2002)
reported that based on photodegradability of methoxychlor in water and the photodegradation of a structural analogue
(ethoxychlor) in soil (Coats et al., 1979 as cited in ATSDR, 2002), photodegradation is likely to occur in soil, but only
at the very surface. Because methoxychlor is mostly found in the upper layer of soil (top 5 cm of soil on which it was
applied (Golovleva et al., 1984 as cited in ATSDR, 2002), photochemical degradative processes would probably be
more important for methoxychlor applied to crops. However, soil monitoring data (Abong’o et al., 2015; Bolor et al.,
2018; Thiombane et al., 2018) indicated that methoxychlor was found in the plough layer (0-30 cm) and groundwater
monitoring data (US EPA, 1987; Plumb, 1991; Helou et al., 2019; Affum et al., 2018) suggest that some leaching in
soil may take place. According to Katagi (2004), the depth of light penetration (photic depth) in soil is not larger than
few millimetres. This is confirmed by the draft OECD test guideline on phototransformation of chemicals on soil
surfaces (2002), where the test protocol refers to the preparation of soil thin-layers of about 2 mm thickness in order to
measure phototransformation on irradiated dry soil surfaces. As a consequence, methoxychlor photodegradation in
soil at depths below a few millimetres is not expected to happen.

35. Methoxychlor may undergo photolysis on soil surfaces, which is based on studies reporting the photolysis of
dry methoxychlor films exposed to sunlight and on the photodegradation of a structural analogue (ethoxychlor) in soil.
The effect of hydrolysis and photolysis in water and soil on the persistence of methoxychlor in the environment is
expected to be negligible.

2.2.2.3 Biotic degradation

36. Degradation rates of methoxychlor in water, sediment and soil are shown to be impacted by the relative
presence or absence of oxygen. The aerobic degradation rate is slow, possibly negligible, but the anaerobic
degradation rate is faster (OSPAR, 2004). As is discussed in the following paragraphs, this is likely to be explained by
the biotic and abiotic processes, and microbial species prevailing under anaerobic conditions.

37. Muir and Yarechewski (1984) studied *C-methoxychlor (*C-ring-labelled) degradation in water-sediment
systems (water-sediment ratio: 20:1; weight of pond or lake sediments: 10 g dw) under aerobic and anaerobic
laboratory conditions using respirometer flasks. Lake (79% clay, 21% silt and 6.0% organic matter) and pond

(75% clay, 24% silt, 6.3% organic matter; pH=7.6) sediments were incubated in a controlled environment (22.5°C)
using a photoperiod of 16-hour light and 8-hour darkness. Nitrogen aerated flasks were darkened by covering them
with aluminium foil. Respirometer flasks were connected to a manifold which delivered air (CO; free grade) or
nitrogen presaturated with water and included traps for collecting volatiles that were routinely changed up until and
including day 224. Flasks were removed for analysis at intervals over a 448-day period. It was observed that
methoxychlor added to sediment-water mixtures (methoxychlor concentration of 0.1 pg/mL

(or 100 pg/L) in each flask, from diluting 0.1 mL prepared in acetone) was slowly biodegraded under aerobic
conditions (half-lives (assuming first-order Kinetics) were 115.9+74.1 days and 206.3+186.8 days for pond and lake
sediment, respectively; Eh 220 to 464 mv) and degraded more rapidly anaerobically with half-lives of <28 days for
both lake and pond sediment (Eh less than -50 mv). Large confidence limits on the half-lives likely reflect the small
number of data points (generally 6 points). These results suggest that the degradation of methoxychlor under aerobic
conditions, e.g. on suspended sediment or at the sediment-water interface, is relatively slow. Under anaerobic
conditions, rapid breakdown of methoxychlor can be expected with dechlorinated methoxychlor (DMDD) and mono-
and di-hydroxy degradation products being the major residues present in sediments. However, several deviations from
the OECD TG 308 have been noted.

38. The main deviations from the OECD TG 308 are as follows: the water-sediment ratio exceeded the
recommended range of between 3:1 and 4:1, the water was not collected from the same site as the sediment
(dechlorinated water was used), the test duration exceeded 100 days and it is unclear if microbial activity was in
decline, the aerobic test was not performed under totally dark conditions and it is unclear if a solvent control was
included in the test. It is also unclear if the pH of the water increased due to delivery of CO; free air to the
respirometer flasks. Due to these deviations from the test guideline OECD TG 308 (which was unavailable at the time
of the test), the study is considered reliable with restrictions. The presence of non-extracted methoxychlor from
sediment was not taken into account in the calculation of the half-lives and the calculated half-lives may not therefore
represent the most conservative case for methoxychlor.

39. According to WHO (2004), methoxychlor residues may persist in top soil for up to 14 months. A half-life in
soil of 120 days was reported by Chen (2014) and Wauchope et al. (1992). However, the temperature is unknown and
further detailed information was not available in both citations. It seems that the half-life of 120 days was derived
from three other studies (Wauchope et al., 1992) having the following half-lives for methoxychlor: 7-60 days,

170 days and 151-210 days. However, it was only possible to review the original reference for the result of

151-210 days by Guth et al. (1976). Guth et al. (1976) reported half-lives in soil of 151 (soil 1) and 210 days (soil 2)
for methoxychlor (calculated by the first-order rate law and obtained in the laboratory at 22+2°C; at pH 4.8 (soil 1)
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and pH 6.5 (soil 2); soil type: sandy loam with 1% OC (soil 1) and 2.2% OC (soil 2)). German standard soils were
incubated with the pesticides in Erlenmeyer flasks closed with cotton wool plugs to allow air exchange. As details of
the study method are missing in Guth et al. (1976), the results of this study should be considered with caution. Based
on the limited information available for half-lives in soil, cited above, it is not possible to draw a definitive conclusion
as to whether methoxychlor is persistent in soil. The half-life in soil of 210 days has been used as input data for the
distribution modelling (Mackay Level 11 Fugacity Model) and for the OECD Pov and LRTP Screening Tool.

2.2.2.4 Monitoring data

40. After its ban in September 2006 in the EU and based on the Water Framework Directive (WFD) factsheet,’
methoxychlor was quantified in 1.26 % of the 4201 inland surface water samples between 2006 and 2014 representing
four countries (Lettieri and Marinov personal communication, May 2020). Fifty-three of the 4201 samples showed
quantified concentrations of methoxychlor above the Predicted No Effect Concentration (PNEC) value of 0.0005 pg/L
(or 0.5 ng/L; derived by INERIS) (limit of detection (LOD) of 0.007 pg/L (or 7 ng/L) and limit of quantification
(LOQ) of 0.02 pg/L (or 20 ng/L)). Regarding the monitored fractions in these quantified samples, only two samples
are indicated as ‘dissolved fraction” while all other quantified samples are ‘whole water’. Based on the available
information, no use that is exempted from the general ban had been authorised in the respective EU Member States
after September 2006 and may therefore be linked with these findings. The European Working Group on Standards
(WG-S) concluded that data quality of these monitoring data for methoxychlor was not sufficient to propose it as a
candidate for quality standard derivation (due to the large number of unquantified results and limited number of
Member States for which data was available). In Slovakia, chlorinated pesticides (such as methoxychlor) have been
detected in the drinking water at the level of 10 pg/L (or 10,000 ng/L) which is higher than the EU general limit in
drinking water for individual pesticides of 0.1 pg/L or 100 ng/L (EC, 1998). This level reflects a past contamination to
these pesticides which were used in Slovakia for agricultural purpose in the 80-90s (Slovak Republic, 2016).

41. Monitoring data® from France indicated that methoxychlor was detected in 73 of the 202,923 samples taken
from surface waterbodies between 2000 and 2018 at concentrations above the method detection limits. Methoxychlor
was measured in one or more surface water samples from France in 2005, 2007, 2008, 2009, 2010, 2011, 2013, 2014,
2015, 2016, 2017 and 2018. The measured concentrations were in the range of 0.005-0.269 pg/L (or 5-269 ng/L), and
the corresponding method detection limits ranged from 0.001-0.3 pg/L (or 1-300 ng/L). The highest measured
concentration following phase out of methoxychlor in France (in 2006) was 0.269 pg/L (or 269 ng/L) (in 2013). In
French groundwaters, methoxychlor was detected in 30 of the 118,563 samples taken from 19,428 monitoring sites®
between 1990 — 2018. The majority of these sites are from tap water survey network. Methoxychor was quantified
from 1998 to 2018 at least in one site every year except in 2000, 2002, 2003, 2006-2009, 2015. The measured
concentrations were in the range of 0.001- 0.089 pg/L (or 1— 89 ng/L), and corresponding method detection limits
ranged from 0,00001-100 pg/L (or 0.01-100,000 ng/L). The highest concentration (0.089 ug/L (or 89 ng/L)) was
measured after phasing out of methoxychlor, in 2010.

42. In addition, Annex E (2019) information from Canada indicated that methoxychlor was detected in 16 of the
1582 samples taken from surface waterbodies between 2000 and 2015 at concentrations above the method detection
limits. Methoxychlor was measured in one or more surface water samples from Canada in 2001, 2002, 2007, 2008,
2009, and 2011. The measured concentrations were in the range of 0.027-7.9 ng/L, and the corresponding method
detection limits ranged from 0.0916-7.9 ng/L. The highest measured concentration following phase out of
methoxychlor in Canada (in 2006) was 5.25 ng/L (in 2009). These data indicate that methoxychlor continued to be
detected in European and Canadian surface waterbodies (and in French groundwaters) for years after it was phased
out (September 2006 in the EU and January 2006 in Canada), thus providing some evidence that the substance is
persistent in the water compartment. However, presence of methoxychlor in European and Canadian surface
waterbodies can also result from its long-range transport.

43. Three chemicals, methoxychlor, endosulfan and pentachloroanisole were found in an Arctic lake at
concentrations in the range of 0.017-0.023 ng/L (Muir et al., 1995b as cited in AMAP, 1998). Gao et al. (2019)
monitored methoxychlor in surface seawater (from 33°N to 83°N) in a region covering the North Pacific to the Arctic
Ocean. Samples were collected from 12 July to 23 September 2016 and from 27 July to 7 October 2017.
Methoxychlor concentrations in the North Pacific Ocean were <MDL°-0.54 ng/L (mean 0.13+0.13 ng/L; MDL of
0.01 ng/L) and in the Chukchi Sea <MDL-0.38 ng/L (mean 0.15+0.11 ng/L). The presence of methoxychlor in an
Arctic lake water and in the Arctic Ocean provides some evidence that methoxychlor is persistent in marine and
freshwater compartments. This conclusion is supported by findings in European and Canadian waterbodies years after

" The WFD factsheet for methoxychlor is available at the following link:
https://circabc.europa.eu/webdav/CircaBC/env/wfd/Library/working_groups/priority substances/2a%20-%20Sub-
Group%200n%20Review%200f%20Priority%20Substances%202014%?20start/ Monitoring%20based%20exercise/
Factsheets/Methoxychlor draft%20Factsheet _annex%20monitoring%20report.pdf.

8 Link to database : http://www.naiades.eaufrance.fr/acces-donnees#/physicochimie.

9 Link to database: https://ades.eaufrance.fr/Recherche/Index/QualitometreAvance?q=933c15.

10 Method Detection Limit (MDL).
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it was phased out. However, the presence of methoxychlor in the Arctic lake and seawater can also result from its
long-range transport.

44, Pinto et al. (2016) found methoxychlor in sediment core from the upper part of Obidos lagoon (Portugal).
Sediment samples were collected in November 2013. Methoxychlor was found at concentrations ranging from 21.8 to
89 ng/g dw in the core sediment between 16 and 40 cm depth (Pinto personal communication, September 2019). As
the sedimentation rate is not available, it was not possible to date the concentrations found below 14 cm depth.
However, the presence of methoxychlor in sediment core below 14 cm provides evidence of high inputs in the past
(before its phase out in the EU in 2006) and that the substance may be persistent in some anaerobic sediments.
Sediment is expected to be anaerobic at this depth (1640 cm). The fast biodegradation under anaerobic conditions
reported in the laboratory study of Muir and Yarechewski (1984) (see section “Biotic degradation™) is not supported
by the field study of Pinto et al. (2016). Considering the results of Pinto et al. (2016), the substance may be persistent
in some anaerobic sediments.

45, Duodu et al. (2017) found methoxychlor in sediment samples collected between 2014 and 2015 from the
Brisbane River estuary of Southeast Queensland in Australia. The sediment samples were collected in the months of
June (winter), September (spring), December (summer) 2014, and May (autumn) 2015; thus, spanning both dry and
wet seasons. A total of 22 sampling points were selected along a 75 km stretch of the river from the mouth. Grab
sediment (0—3 cm depth) samples were collected with laboratory recoveries > 85% for methoxychlor. The average
concentrations of methoxychlor were consistent among the four physio-geographical areas (namely rural, residential,
commercial and industrial; average: 4.3+0.2 ng/g; range: 4.1-4.8 ng/g; detection frequency: 100%; the MDL ranged
between 0.06 and 2.3 ng/g with relative standard deviation (RSD) < 10%). It is likely that the measured concentrations
underestimate the real concentrations of methoxychlor because aged sediments will sorb the substance more strongly
than a spiked sample generated for recovery purposes in the laboratory. These data suggest that the input of
methoxychlor was historical in nature. The Brisbane River estuary is micro-tidal, with limited inflow of freshwater.
Due to the relatively low freshwater inflow, strong tidal mixing acts as a dominant mixing mechanism in the estuary,
thereby causing resuspension of fine sediment. This study provides evidence that methoxychlor is persistent in
sediment, which in this study is expected to have been aerobic (0-3 cm depth from a river). In Australia, the only
methoxychlor product registration was discontinued in mid-1987 (information available from APVMA) 1!

46. Annex E (2019) information from Canada indicated that methoxychlor was detected in 48 of the 301 samples
of Great Lakes sediments (0—15 cm depth but most of the samples were taken from surface sediments) between May
2013 and September 2017. The mean concentration of these 48 detections was 3.7 ng/g (with concentrations ranging
from 0.075 ng/g to 36 ng/g). These data indicate that methoxychlor continued to be detected in Canadian sediments
years after its phase out (January 2006), thus supporting evidence of its persistence in the sediment compartment.

47, Thiombane et al. (2018) studied contamination levels of OCPs in urban and rural soils from central and
southern Italy. Topsoil samples (n= 148; 0-20 cm top layer) were collected from early April to the end of September
2016 in urban and rural areas throughout 11 regions from the centre to southern Italy. In each region, the main urban
areas and the nearest rural areas (where most of the land is devoted to agricultural activities) were selected.
Methoxychlor was found in the range of n.d.—53.23 ng/g (mean value: 3.64 ng/g) in urban areas and n.d.-521.79 ng/g
(mean value: 10.96 ng/g) in rural areas (LOD of 0.025 ng/g). According to Thiombane et al. (2018), methoxychlor
was found to represent 12.17% of the total OCPs detected in soils from urban areas, which the authors state was likely
to be related to recent applications (particularly in Apulia), while the use of the substance has been banned in plant
protection products since 2003 and in biocidal products since 2006 in the European Union. However, based on the
available information, no use that is exempted from the general ban had been authorised in Italy after September 2006,
i.e. the use of methoxychlor (as plant protection product or biocide) due to special circumstances of a danger that
cannot be contained by other means and provided that the authorisation is notified to the European Commission and
the other Member States. These data indicate that methoxychlor continued to be detected in European soils years after
its phase out, thus providing some evidence that the substance may be persistent in some aerobic soils. However,
presence of methoxychlor in European soils can also result from its long-range transport.

2.2.2.5 Summary on persistence

48. Modelling data (BIOWIN 2, 3 and 6) indicate that methoxychlor is not expected to biodegrade fast, and hence
is potentially persistent. It is noted that the available hydrolysis studies indicate that hydrolysis is expected to be
negligible in the environment. Although photolysis rates of methoxychlor seem moderate, photolysis in water is not
expected to contribute to the degradation significantly as photolysis only takes place in the top layer of the water
column. In addition, methoxychlor may undergo photolysis on soil surfaces, which is based on studies reporting the
photolysis of dry methoxychlor films exposed to sunlight and on the photodegradation of a structural analogue
(ethoxychlor) in soil.

11 This information is taken from the Australian National Environment Protection (Assessment of Site
Contamination) Measure 1999, available at the following link.
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49. The degradation half-life of methoxychlor in one of two aerobic sediments exceeds the persistence criterion
(115.9+74.1 days for pond and 206+186.8 days for lake (half-life > 6 months; Muir and Yarechewski (1984)). In the
same study, methoxychlor degraded more rapidly anaerobically with half-lives of < 28 days for both lake and pond
sediment. However, these calculated half-lives may not represent the most conservative case for methoxychlor since
non-extracted methoxychlor from sediment was not taken into account. Persistence of methoxychlor in aerobic and
anaerobic sediments is supported by monitoring data. Methoxychlor was found in sediment samples from Portugal,
Australia and Canada several years after methoxychlor was banned in these countries (Pinto et al., 2016; Duodu et al.,
2017 and Annex E, 2019 information from Canada). Based on a weight-of-evidence approach, the results from the
laboratory study and monitoring data indicate that methoxychlor is persistent in aerobic sediments and may be
persistent in some anaerobic sediments. Monitoring data have indicated that methoxychlor continued to be detected in
surface waterbodies in Europe and Canada, and in French groundwaters, years after it was phased out, thus providing
some evidence that the substance is persistent in water. Monitoring data from an Arctic lake and surface seawater in a
region covering the North Pacific to the Arctic Ocean, further indicate that the substance may be persistent in the
surface water and marine water compartments. Soil laboratory studies reported degradation half-lives in the range of
7-210 days (Chen, 2014; Wauchope et al., 1992 and Guth et al., 1976). However, due to study limitations it was not
possible to draw a definitive conclusion as to whether methoxychlor is persistent in soil. Methoxychlor was found in
soil samples from Italy several years after methoxychlor was banned in the EU (Thiombane et al., 2018). Based on a
weight-of-evidence approach, the results from the laboratory studies and monitoring data indicate that methoxychlor
may be persistent in some aerobic soils. However, the presence of methoxychlor in the surface water, seawater and
soil mentioned above can also be a result of long-range transport.

2.2.3 Bioaccumulation
2.2.3.1 Screening information based on modelling data

50. Methoxychlor is a strongly hydrophobic substance with an experimental log Kow Value of 5.08 (Karickhoff et
al., 1979). The substance has an estimated log Kow value of 5.67 (KOWWIN v1.68 (US EPA, 2012) which is
consistent with the experimental value. Both experimental and estimated log Kow Values indicate a bioconcentration
potential of methoxychlor in aquatic organisms (log Kow >5).

51. The predicted BCF and BAF values are reported in the Appendix. The BAF value (9001 L/kg) predicted by
the Arnot-Gobas method (upper trophic) suggest bioaccumulation potential of methoxychlor in aquatic organisms
(BAF > 5,000).

2.2.3.2 Bioconcentration and bioaccumulation studies in aquatic organisms

52. The BCF values for methoxychlor vary largely between different aquatic species as a result of species
differences in the capacity to metabolise and excrete methoxychlor (BCFs are in the range of 667-8,300). The
maximum laboratory derived BCF value for methoxychlor is 8,300 in fathead minnow, as presented in Veith et al.,
1979.

53. Veith et al. (1979) developed a method for estimating BCFs using a laboratory experiment exposing adult
fathead minnows (Pimephales promelas) (~6 months old) to a non-lethal dose of methoxychlor (included in an
acetone solution) in a continuous-flow system at 25+0.5°C. The test water came from Lake Superior. The arithmetic
mean of the pH was 7.4920.15. Dissolved oxygen varied with the number of fish in the tanks and was maintained > 5
mg/L. The fish were fed daily with frozen brine shrimp. The concentration of the substance in the water was measured
daily (methoxychlor mean exposure/concentration in water; 3.5 pg/L). Thirty minnows were placed in the tank with
the test substance (five fish in the control tank). Five fish were analysed after 2, 4, 8, 16, 24 and 32 days of exposure
to methoxychlor. The accuracy of the analytical methods was examined by determining the recovery of known
amount of the chemical in water or tissue. The experimental procedures were adjusted so that at least 90% of the
added substance was recovered. The water and tissue concentrations were not corrected for recovery in the calculation
of bioconcentration factors. The steady-state bioconcentration factor was calculated from the concentrations in fish
and water at day 32 of exposure. A BCF value for methoxychlor of 8,300 was reported. The study authors do not
confirm whether steady-state was reached at day 32. The BCF may have been higher than 8,300.

54. It was noted by the authors that at early stages of this study, occasional spawning was observed, and spawning
tiles were used in the exposures to reduce the excitability of the fish. Some experimental details are missing so it is
difficult to fully assess the validity of this study. It is unclear if the following validity criteria of the OECD TG 305
have been met: the concentration of the test substance was maintained within £ 20% of the mean of the measured
values during the uptake phase and the mortality of fish in both control and treated fish is less than 10% at the end of
the test. In addition, no depuration phase was performed in the test and it is most likely that the BCF for methoxychlor
was not lipid and growth corrected. However, the BCF result is considered to be reliable with restrictions since the
experiment follows the key principles of the OECD TG 305 and methoxychlor was tested in a flow-through system at
a concentration below its water solubility.

14



UNEP/POPS/POPRC.16/3

55. The OECD Guidelines for Testing of Chemicals (TG 305) outlines a method for determining a chemical’s
bioaccumulation in fish by exposing test fish to either food or water spiked with the test substance. In a validation
study of a ring test for the OECD TG 305 dietary exposure test, the results from eight different laboratories were
assessed (OECD, 2012a and OECD, 2013).1? The studies were conducted using rainbow trout (Oncorhynchus mykiss)
with one laboratory conducting a further study using carp (Cyprinus carpio) (OECD, 2012a). BCF values for
methoxychlor were derived from the dietary test data as follows: the equivalent uptake rate constant of methoxychlor
from water (k1) was estimated using the “best” methods identified from a review of 13 different existing methods
from the literature. Inter-laboratory kinetic BCF values were then estimated as the ratio of the estimated k; value from
seven different methods of calculation to the overall mean measured depuration rate constant (kz), or to the mean
measured growth corrected depuration rate constant (kag). Using the kog value, estimated BCF values for methoxychlor
from six laboratories ranged between 3,335 L/kg and 5,926 L/kg for rainbow trout (mean = 4,421 L/Kkg), and 1,006
L/kg to 2,015 L/kg for carp (mean = 1,537 L/kg; one lab), using a 3% feeding rate of wet body weight per day
(OECD, 2012a). The mean estimated lipid-normalised (5% lipid) and growth-corrected BCF for rainbow trout is
2,941-6,991 (excluding the data from laboratory 5 which had some uncertainties) and for carp is 667-1,867
(Environment Agency, 2014). Estimated BCF values using a 1.5% feeding rate were lower compared with values
estimated using the 3% feeding rate (not growth corrected; OECD, 2013). The mean growth-corrected, lipid-
normalised biomagnification factor (BMFg.) for methoxychlor in rainbow trout estimated from the ring tests is 0.14
with a relative standard deviation of 71 % for a feeding rate of 3% and 0.022 from a single test using a feeding rate of
1.5% (OECD, 2017). It is noted that several highly bioaccumulative substances exhibit in fish dietary tests BMFs < <
1 and such results are not directly indicative of lack of field biomagnification potential.*®

56. Inoue et al, 2012 performed dietary exposure tests according to OECD TG 305. Common carp were exposed
via diet to a mixture of methoxychlor, musk-xylene and o-terphenyl and the reference substance hexachlorobenzene.
The lipid- and growth-corrected BMF for methoxychlor was 0.034 + 0.001. The paper also cites a steady-state, lipid
normalised BCF of 810 for methoxychlor, obtained from Japanese Chemical Substances Control Law test reports.

57. Renberg et al. (1985) studied the bioconcentration potential of methoxychlor in a bivalve Mytilus edulis. A
continuous-flow system was used for the duration of the 21-day study. Bivalves are known to close their valves under
unfavourable conditions, which occasionally may bias the results. In order to overcome this disadvantage, an internal
standard (pentachlorobenzene) was added to the water simultaneously with methoxychlor. Although there is a risk for
interactive effects, the authors stated that unexpected variations in the uptake can be compensated by relating the
concentration of the test substance to the concentration of the internal standard in the organisms (benchmark
approach). The bivalves were collected at a depth of 1-3 m in the Baltic bay Tvéren and were kept up to 8 months at
10°C. Mussels with an approximate size of 3.5 cm were selected and 20 individuals were spread over each of the two
glass plates which were transferred to the aquarium used for the experiment. The stock solution consisting of an
acetone solution of the test substance (level of purity: 100%) was mixed with brackish water using a magnetic stirrer.
Recovery experiments for both water and organisms showed recoveries over 85% for the test substances. Mussels
were fed with unicellular green algae. A BCF value of 12,000 was observed for methoxychlor at day 21. A steady-
state was not completely reached at the end of the 21 days suggesting that the BCF value could be even higher than
12,000 for Mytilus edulis. Additional static tests performed over 8 days gave BCF values of 8,020 and 8,400 but
steady-state was not reached over such a short time period. Experimental details are missing (e.g. water quality
parameters, temperature) so it is difficult to fully assess the validity of this study. Since a reliable experimental set up
was used and methoxychlor was tested in a flow-through system at a concentration below its water solubility, the
results can be used to indicate that the BCF for Mytilus edulis is > 5,000.

58. Anderson and DeFoe (1980) conducted an experiment exposing stoneflies, caddis-flies, isopods, snails and
bullheads to methoxychlor in a flowing-water test system for 28 days and unfiltered lake water was used under
realistic natural conditions (temperature, pH, dissolved oxygen etc.). Methoxychlor BCFs were determined in the
snails Physa integra with an average BCF of 6,945 (range of 5,000 to 8,570 depending on the concentration tested). It
is unclear if steady-state was achieved at the end of the experiment (at day 28). The study aimed to determine toxicity
of methoxychlor as well as bioaccumulation and although no mortality of Physa integra was observed, it is not clear
whether there were any sub-lethal effects and thus whether the test concentration was too high. Therefore the BCF of
6,945 is only used as supporting information.

59. The environmental consequences of the combination of the bioaccumulation potential of methoxychlor with a
high toxicity (NOAEL as low as 0.6 mg/kg bw/day (Aoyama et al., 2012)) and high ecotoxicity (NOECs* below

1.3 pg/L (or 1,300 ng/L) for fish and aquatic invertebrates (Anderson and DeFoe (1980), HSDB (2009) and US EPA
(2019)) and HCs of 0.37 pg/L or 370 ng/L for freshwater arthropods (Maltby et al. (2005))) gives reason for concern.

12 OECD (2012) considers the results from eight laboratories (including those in UK, Germany, France, USA,
Canada, Norway, Switzerland, Japan).

13 Please, see further discussion on the difficulty to interpret BMF results from a dietary bioaccumulation test in
ECHA Guidance (ECHA, 2017), section R.11.4.1.2.3.

14 No Observed Effect Concentrations (NOEC).
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60. Methoxychlor has been reported in the Arctic in biota samples (terrestrial, avian and marine; Vorkamp et al.,
2004 and Savinov et al., 2011) and in Antarctica (in marine biota samples and in milk of elephant seals (Filho et al.,
2009). In addition, methoxcyhlor has been found in human breast milk (Damgaard et al., 2006).

2.2.3.3 Toxicokinetic and metabolism studies

61. Absorption: Studies in mammals (mice, rats and goats) indicate that methoxychlor is well absorbed by the
gastrointestinal tract and to a lesser extent by the skin (ATSDR, 2002). However, some of the data from animal
studies come from ruminant animals, which may have limited relevance to humans and other non-ruminant species.

62. Distribution: Studies in mammals (dogs, rats, sheep and goats) (as reported in ATSDR, 2002) indicate that
once in the bloodstream, methoxychlor appears to distribute to most tissues of the body, with highest levels usually
found in fat (however, levels of methoxychlor do not remain elevated for very long after exposure).

63. Metabolism: Studies in mammals (rats, mice, goats) (as reported in ATSDR, 2002) indicate that
methoxychlor is metabolised rapidly by the liver and neither the parent compound nor the metabolites tend to
accumulate in fat or other tissue. The metabolism of methoxychlor has been fairly well studied in vitro and in vivo in
animals and with human liver microsomes. Both sets of data indicate that methoxychlor undergoes demethylation to
form phenolic derivatives, with dechlorination and dehydrochlorination reactions occurring to a lesser extent.

64. Elimination: Studies in mammals (rats, mice, goats) (as reported in ATSDR, 2002) indicate that most of the
ingested dose of methoxychlor is eliminated in the feces via biliary excretion of metabolites. Urinary excretion
contributes to a lesser extent (approximately 10% of the total administered dose as indicated in mouse studies).
Methoxychlor and/or its metabolites have been detected in milk following oral exposure of animals to methoxychlor
during lactation. The toxicokinetics of methoxychlor in humans is expected to be similar to the toxicokinetics of
methoxychlor observed in animals (ATSDR, 2002).

2.2.3.4 Conclusion on bioaccumulation

65. Available studies suggest that the BCF values of methoxychlor vary largely between different aquatic species
(BCFs in the range of 667-8,300). Laboratory studies indicate that methoxychlor has a bioaccumulation potential in
some fish species with BCF values > 5,000. Supporting information in a bivalve (BCF of 12,000) and in snails

(BCF in the range 5,000 to 8,570) also indicate a bioaccumulation potential in aquatic invertebrates. The potential for
bioaccumulation is supported by experimental and estimated log Kow values > 5 that predict that bioaccumulation of
methoxychlor in aquatic organisms is likely. Combination of the bioaccumulation potential of methoxychlor with a
high toxicity and high ecotoxicity gives reason for concern. Toxicokinetic and metabolism studies would suggest that
methoxychlor does not accumulate in mammals.

2.2.4 Potential for long-range environmental transport
2.2.4.1 Screening of physicochemical properties

66. The experimental Henry's Law constant is 2.06 x 102 Pa.m®/mol at 25°C (US EPA, 2012) and the estimated
vapour pressure for methoxychlor is 5.56 x107 Pa at 25 °C (EPI Suite, MPBPVP v1.43; US EPA, 2012), both values
suggest a low potential for volatilisation of methoxychlor to the atmosphere. The reliability of the predicted
vapour-pressure can be considered good because it is within the parametric domain of the model and there are
structurally similar compounds in the training set. However, concentrations of methoxychlor found in remote regions
suggest that atmospheric transport has occurred. Vapour-phase methoxychlor will be degraded in the atmosphere
primarily by reaction with photochemically-produced hydroxyl radicals. The rate constant for the vapour-phase
reaction of methoxychlor with hydroxyl radicals has been estimated as 5.4 x10t'cm3/molecule-s at 25°C (AOPWIN
v1.92; US EPA, 2012). The estimated half-life of methoxychlor in air is 2.4 hours in continuous light, or 0.2 day
based on a 12-h photoperiod with 1.5 x 10 OH/cm?® (AOPWIN v1.92; US EPA, 2012). There is some uncertainty
associated with the reliability of the AOPWIN prediction since although the substance is within the parametric
domain of the model, the substances in the training set of the model are structurally different to methoxychlor.
Furthermore, it has been shown for the structural analogue DDT that AOPWIN overestimates the reactivity with OH
radicals of large molecules. For DDT, AOPWIN v1.92 gives a 2"%-order rate constant of 3.435 x 10712
cm®/(molecule-s). In contrast, Liu et al. (2005) found a measured value of 5 x 10713 cm3/(molecule-s) for DDT, which
is by a factor of 7 lower than the AOPWIN estimate. Because the sorbed fraction is likely to be resistant to
atmospheric oxidation, the AOPWIN half-life value based on reaction with hydroxyl radicals is most probably an
underestimation of the half-life in air.

67. Modelling estimates predict that a portion of methoxychlor in air may be sorbed to particulates, which may
increase its residence time and potential for long-range transport. Model estimations of the fraction of methoxychlor
sorbed to atmospheric particles range from 0.5 to 22% (AEROWIN v1.00). The reliability of the modelled value can
be considered good because the input values for vapour pressure and log Koa (applied in AEROWIN) are within the
applicability domains of the respective models (EPI Suite, MPBPVP v1.43 and KOAWIN v. 1.10). As cited in
ATSDR (2002), Kelly et al. (2004) describe that methoxychlor is expected to exist in both the vapour and particulate
phases (bound to particulate matter) and, to a small degree, in the vapour phase in the atmosphere. The residence time
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and dispersion of methoxychlor in air is, therefore, a function of particle size, windspeed, and precipitation (ATSDR,
2002).

68. Based on monitoring data, the majority of methoxychlor in the atmosphere may be removed by wet or dry
deposition processes with a residence time of <1 month (Hoff et al., 1992 as cited in ATSDR, 2002). However,
evidence of wide dispersion of methoxychlor in the atmosphere by its detection in Canadian Arctic snow suggests that
some methoxychlor may remain in air for extended periods of time (Welch et al., 1991). Methoxychlor has been
frequently detected in rain (Strachan 1985, 1988 as cited in ATSDR, 2002). In a 6-year study (1986-1991) conducted
in the Great Lakes Region, the mean annual concentration of methoxychlor in rain was 2.4 ng/L (Chan et al., 1994 as
cited in ATSDR, 2002). These data suggest that wet deposition processes significantly contribute to the removal of
methoxychlor from the atmosphere. However, wet deposition of methoxychlor will depend upon the amount of
precipitation and will vary from year to year. Dry deposition due to gravity will also act to remove methoxychlor from
air (ATSDR, 2002). In the Great Lakes region, dry deposition of chlorinated pesticides was estimated to be

1.5-5.0 times as great as wet deposition (Eisenreich et al., 1981 as cited in ATSDR, 2002). The OCPs, endosulfan,
methoxychlor, and pentachloroanisole, were detected in an Arctic lake. Muir et al. (1995b; as cited in AMAP, 1998)
found all three compounds present at similar concentrations (0.017-0.023 ng/L) in water from Peter Lake, a large
oligotrophic lake near Rankin Inlet (Northwest Territories (NWT)). The presence of these compounds is consistent
with their presence in Arctic air as reported in 1997 (Barrie et al., 1997 as cited in AMAP, 1998).

69. If released to soil, it is expected that wind erosion of the upper layers of the soil can transport methoxychlor
that has not degraded and has been incorporated to soil particles.

2.2.4.2 Long-range transport model predictions

70. Overall persistence (Pov) and the potential for long-range transport (LRTP) of methoxychlor was estimated
using the OECD Pov and LRTP Screening Tool (Wegmann et al., 2009; see further details in the Appendix). The
results obtained for methoxychlor suggest that it has a low LRTP: characteristic travel distance (CTD) of 498 km, Pov
of 303 days and transfer efficiency from air to surface media of 0.02 %. However, the Pov of methoxychlor (303 days)
is higher than the Pov of a-HCH (195 days). The results from this modelling are associated with uncertainty due to the
uncertainties of the input parameters. Muir et al. (2004) and Hoferkamp et al. (2010) suggest that the presence of
methoxychlor in the Arctic can be explained by atmospheric transport via the gas phase or on dust during periods
without rainout events and lower rates of photodegradation than predicted from standard assumptions, due to transport
in periods of lower photolytic activity. Muir et al. (2004) note that the OECD Pov and LRTP Screening Tool and
other similar models assume continuous low rates of precipitation which are not reflective of conditions found in all
regions during all seasons.

71. The experimental log Kow (5.08), log Koa (10.48) and log Kaw (-5.081) values for methoxychlor suggest high
potential to reach the Arctic and to accumulate in the Arctic human food chain according to the criteria cited by
Brown and Wania (2008). Indeed, the area of elevated Arctic Contamination and Bioaccumulation Potential
(AC-BAP) selected by Brown and Wania (2008) comprises the following criteria: log Kow> 3.5; log Koa > 6; 0.5 > log
Kaw > -7; log Kaw <-1.78 % log Koat14.56.

2.2.4.3 Confirmation based on measurements in remote areas

72. The potential for long-range transport of methoxychlor is strongly indicated by monitoring studies and
measurements in environmental and biota samples from remote regions.

73. Methoxychlor has been detected in various media in the Arctic, including in air from a region covering the
North Pacific to the Arctic Ocean between 2016 and 2017 (concentrations in the range of 0.02-0.42 ng/m?®

(mean 0.08+0.10 ng/ m3; Gao et al., 2019), in brown snow sampled in May 1988 (0.234 ng/L; Welch et al., 1991), in
an ice core drilled in 1998 from an ice cap in the Svalbard archipelago of Arctic Norway (a peak concentration of

4.7 ng/L associated with the early 1980s; Hermanson et al., 2005), in an Arctic lake water (methoxychlor, endosulfan
and pentachloroanisole collectively, in concentrations in the range of 0.017-0.023 ng/L; Muir et al., 1995b as cited in
AMAP, 1998), in terrestrial, avian and marine biota samples (concentrations in the range of n.d.*® to 86 ng/g lipid
weight (Iw) between 1999 and 2005 (Vorkamp et al., 2004 and Savinov et al., 2011; see details in section 2.3
Exposure) and in plants (concentrations in saxifrage were in the range 0.1-1.0 ng/g (dw); France et al., 1998 as cited
in AMAP, 1998). Methoxychlor was also detected in seals sampled from the Antarctic Peninsula and South Shetland
Islands during the 2013-2014 austral summer (concentrations in the range 7.97-40.13 ng/g lw; Vergara et al., 2019).
The presence of methoxychlor at sites remote from known point sources such as the Arctic and Antarctic therefore
indicates long-range transport.

74. Monitoring data available from sites remote from known point sources, such as the Arctic and Antarctic
demonstrate long-range environmental transport with transfer to the receiving environment, including to biota
(Vorkamp et al., 2004; Savinov et al., 2011; Filho et al., 2009; Vergara et al., 2019). In particular, methoxychlor has
been found in ice cores in Svalbard (Norway) with peak concentrations between 1979 and 1992 (Hermanson et al.,

15 Not detected (n.d.).
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2005 and Ruggirello et al., 2010). The measured levels in ice cores reflect trends in volumes used at lower latitudes,
providing further evidence for long-range transport as a source of methoxychlor to these remote regions (see details of
the monitoring data in section 2.3.1).

2.2.4.4 Summary of long-range environmental transport

75. While modelling predictions indicate a low potential for long-range transport, monitoring data indicate that
transport of methoxychlor to remote areas (Arctic and Antarctic) has taken place. The presence of methoxychlor in
remote areas can be explained by atmospheric transport in the gas phase or on particles during dry periods and during
periods of lower photolytic activity (Muir et al., 2004; Hoferkamp et al., 2010). Furthermore, considering the
collective concentrations of methoxychlor, endosulfan and pentachloroanisole in the range of 0.017-0.023 ng/L in an
Acrctic lake (Muir et al., 1995b as cited in AMAP, 1998)), and measured levels in surface seawater in the Arctic Ocean
and Chukchi Sea (concentrations in the range <MDL-0.38 ng/L (mean 0.15+0.11 ng/L); Gao et al., 2019), long-range
transport potential through water and ocean currents is also possible. In the absence of known local or regional
sources, detection in environmental and biota samples from the Arctic and Antarctica are resulting from long-range
environmental transport of methoxychlor.

2.3 Exposure
2.3.1 Environmental monitoring data
2.3.1.1 Monitoring in remote areas (far from point sources)

76. Methoxychlor has been detected in various media in the Arctic (in air, snow, ice cores, lake waters and marine
waters, in biota samples (terrestrial, avian and marine)) and in the Antarctic (in marine biota samples).

77. Hung et al. (2005) monitored methoxychlor in air at two Canadian and one Russian Arctic sites (between
1993 and 1995), namely Tagish, Yukon; Kinngait, Nunavut and Dunai Island, Russia. Weekly air samples were
collected using a high-volume air sampler that sampled air over 7 days at a time, resulting in approximately 52
samples per year. For each sample, air was drawn through a glass fibre filter (GFF) and two polyurethane foam (PUF)
plugs to collect the respective particle and vapour fractions. Field blanks were collected every 4 weeks by handling a
PUF and filter in the same manner as a sample, but without airflow, in order to establish method detection limits.
Samples of air were taken weekly. The reported air concentration data were not blank- or recovery-corrected. Annual
(arithmetic mean) concentrations of methoxychlor were between 0.12 and 0.41 pg/m? at the three Arctic sites,
representing the sum of methoxychlor collected in the filter and plugs. As Halsall et al. (1998) (as cited in Hung et al.
(2005)) have found, concentrations of organochlorines (OCs) were similar at all sites indicating a uniformity in
contamination in Arctic air. Concentrations of methoxychlor in Arctic air were higher than the concentrations found
for the POP endrin at the same sites and time (annual arithmetic mean concentrations between 0.15 and 0.29 pg/m?;
before inclusion of endrin to the Stockholm Convention in 2001). Gao et al. (2019) monitored methoxychlor in the
atmosphere (from 61°N to 31°N) in a region covering the North Pacific to the Arctic Ocean. Samples were collected
from 12 July to 23 September 2016 and from 27 July to 7 October 2017. Among three monitored insecticides,
methoxychlor was the most abundant insecticide in the atmosphere with concentrations of 0.02-0.42 ng/m®

(mean 0.08+0.10 ng/ m3). This contrasts with the undetected results of Su et al. (2008) (as cited in Gao et al., 2019) in
the Arctic atmosphere. Based on methoxychlor seawater-atmosphere fugacity ratio (between 4.52x107 and
3.57x107?), Gao et al. (2019) concluded that methoxychlor had higher concentrations in the atmosphere than in
seawater.

78. Methoxychlor has also been detected in brown snow in the Canadian Arctic at levels of 0.234 ng/L in May
1988 (Welch et al., 1991), representing the combined concentration of methoxychlor in melted snow and associated
filtered particles.

79. Methoxychlor has been detected in the Russian Arctic ice caps at a concentration range of 72-2100 ng/L
(MDL of 1 ng/L; Boyd-Boland et al., 1996). However, the date when the samples were collected is not clear. Also,
the description of sample preparation is limited, and it is possible that the levels reported represent levels spanning
several years or decades (Hoferkamp et al., 2010). A 1998 ice core drilled from the Austfonna ice cap on Svalbard,
Norway was analysed for contaminants, with the top 70 m corresponding to the years 1906 (+5) to 1998 (Hermanson
et al., 2005). Methoxychlor was found in sections of the core dating to the early 1950s and concentrations were found
to increase over subsequent years with a peak concentration of 4.7 ng/L associated with the early 1980s, which is
expected to be the period of peak use of methoxychlor globally. The measured levels in the core seem to follow
roughly the use volumes at lower latitudes hence providing measured evidence of long-range transport. Ruggirello et
al. (2010) drilled in April 2005 an ice core on Holtedahlfonna (125 m deep) on Svalbard, Norway to measure the
input of pesticides. Methoxychlor was detected in all analysed segments of the ice core beginning 1953-1962. The
inputs grew to a peak flux value of 19.6 pg/cm?/year in the core segment dated 1971-1980 and generally declined
from there to the surface layer (10.7 pg/cm?/year; MDL of 33 pg/L equivalent to ca. 1.7 pg/cm?/year). The authors
compared the ice core burdens and peak flux years in the Holtedahlfonna core (peak flux year
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1971-1980) with the ones in the Austfonna core (peak flux year 1986) and noted about a 10 times greater burden in
the ice core at Austfonna.

80. Methoxychlor was found in surface seawater in the Arctic Ocean and Chukchi Sea in
2016-2017 (concentrations <MDL-0.38 ng/L (mean 0.15+0.11 ng/L); MDL of 0.01 ng/L; Gao et al., 2019; see
further details in section 2.2.2.4 Monitoring data).

81. Measured data in biota are available for methoxychlor at various trophic levels. The substance was found in
muscle, liver, blubber or kidney of various terrestrial species (hare, lamb, caribou, muskox), marine invertebrates
(snow crab, shrimp, Iceland scallop) and fish (Arctic char, Atlantic cod, Atlantic salmon, wolffish, capelin, shorthorn
sculpin), seabirds (thick-billed murre) and marine mammals (ringed seals, harp seals, beluga, minke whale, narwhal)
from Greenland in 1998-2001 (Vorkamp et al., 2004), in ringed seals from the Russian Arctic in 2001-2005 (Savinov
etal., 2011) and in elephant seals from Antarctica in 1999-2000 (Filho et al., 2009). Methoxychlor concentrations in
biota from Greenland were in the range of n.d. to 86 ng/g Iw (Vorkamp et al., 2004). The highest concentrations for
methoxychlor were observed in the following tissues of species collected from Greenland: snow crab liver (1.7 to

86 ng/g Iw), capelin muscle (n.d. to 55 ng/g Iw), thick-billed murre muscle (n.d. to 37 ng/g Iw), Atlantic cod muscle
(n.d. to 33 ng/g Iw), shrimp muscle and narwhal liver (n.d. to 32 ng/g Iw), muskox blubber (n.d. to 25 ng/g Iw),
shorthorn sculpin liver (n.d. to 22 ng/g lw), Arctic char muscle (n.d. to 16 ng/g Iw), wolfish muscle (1 to 15 ng/g lw)
and minke whale muscle (n.d. to 12 ng/g Iw)) (Vorkamp et al., 2004). In the Russian Arctic, methoxychlor was
detected in the blubber of adult ringed seals from one of three sampling locations (Kalgalaksha Bay, White Sea) at
levels ranging from <0.05-8.36 ng/g lw between 2001 and 2005 (MDL of 0.05 ng/g Iw; Savinov et al., 2011). Similar
levels were found by Vorkamp et al. (2004) in the blubber of ringed seals sampled from Ittoggortoormiit in Greenland
(n.d. =7.8 ng/g Iw). Methoxychlor was detected at lower levels in the blubber of ringed seals sampled from
Qegertarsuag in Greenland (n.d. —2.8 ng/g Iw; Vorkamp et al. (2004)).

82. Methoxychlor has also been measured in elephant seal (Mirounga leonina) pups on Elephant Island in
Antarctica during the 1999-2000 austral summer (Filho et al., 2009). Mean concentrations of methoxychlor in
samples collected from 7 dam/pup pairs of southern elephant seals were: 2.91 + 1.17 ng/g lipids in dam blubber,

1.79 £ 0.32 ng/qg lipids in milk and 1.86 + 0.40 ng/g lipids in pup blubber. Mean concentrations of methoxychlor in
dam/pup blubber and milk were higher than the mean concentrations found for the POPs hexachlorobutadiene
(0.38-0.43 ng/g lipids) and a-HCH

(0.21-0.39 ng/g lipids) before their inclusion to the Stockholm Convention. The authors concluded that methoxychlor
as a contaminant in Antarctica may reflect contamination from potential use at the time of sampling or historical use
for agriculture purposes in the southern hemisphere. As these elephant seals are resident to Antarctica (i.e. not a
migratory species), the observation of methoxychlor in the tissues of dams and pups suggests long-range transport
from sources outside of Antarctica, where uses of these insecticides may still have been occurring during the sampling
period of the study (1999-2000).

83. Vergara et al. (2019) analysed for methoxychlor in the blubber of adult seals (Southern elephant seals,
Antarctic fur seals, Weddell seals, Leopard seals and Crabeater seals) sampled from two locations in the Antarctic
Peninsula. Samples were collected during the 2013—-2014 austral summer. Mean concentrations of methoxychlor were
in the range of 7.97-40.13 ng/g Iw (LOD of 1.49 ng/g and LOQ of 4.97 ng/g) in the blubber of all five species of
Antarctic seals collected from Gabriel Gonzalez Videal Station. Methoxychlor was detected in the blubber of one of
three species collected from Cape Shirreff Field Station, with a mean concentration of 21.92 ng/g lw. The mean
concentration of methoxychlor found in Southern elephant seals in this study (27.94 ng/g Iw) is higher than the mean
concentration found in elephant seals collected from Elephant Island during the study of Filho et al. (2009) conducted
during the 1999-2000 austral summer (2.91 £ 1.17 ng/g lipids in dam blubber).

84. France et al. (1998) (as cited in AMAP, 1998) detected the widely used OCPs, tetra- and pentachlorophenol
(as anisoles), endosulfan, methoxychlor, trifluralin, and triallate in lichen and saxifrage from Ellesmere Island
(Canada). Concentrations of these pesticides in saxifrage were in the 0.1-1.0 ng/g (dw) range, similar to levels of
other individual OCs such as dieldrin and chlordane isomers (before their inclusion to the Stockholm Convention in
2001) (France et al., 1998 as cited in AMAP, 1998).

2.3.1.2 Monitoring in rural and urban areas

85. In 1974, methoxychlor was detected at a concentration of 254 ng/m? in air samples collected from a pesticide
formulation plant in Southern Florida (USA; WHO (2004) and HSDB (2009)). In a survey (conducted during the
years 1987, 1988, and 1989) of pesticide levels in air in two U.S. cities, the mean levels of methoxychlor in indoor,
outdoor, and personal air samples from Jacksonville, Florida were 200-300, 0-100, and 100-600 pg/m?, respectively
(EPA 1990e as cited in ATSDR, 2002). Levels of methoxychlor were below the level of detection (approximately

36 pg/md) in these air samples in Springfield, Massachusetts. In a survey of ambient air measurements, atmospheric
levels of methoxychlor (from data taken at two locations in the United States from 301 samples) ranged from n.d. —
7,000 pg/m?® (Kelly et al., 1994 as cited in ATSDR, 2002). In Canada, the yearly mean level of methoxychlor in air
was 1.7 pg/m? from 1988 to 1989 (Hoff et al., 1992 as cited in ATSDR, 2002). Air levels tended to be higher during
insect control periods (up to 27 pg/m3), whereas levels were generally below the detection limit (0.04-0.1 pg/m®)
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during non-use periods (ATSDR, 2002). Sofuoglu et al. (2004) collected air samples of OCPs in May 2003 in Izmir
(Turkey). Concentrations of methoxychlor in air (reported as the sum on particles and in the gas phase) ranged from
43 to 990 pg/m?® (mean value: 220+255 pg/m?; n=20; detection frequency=100%; methoxychlor recovery> 1108).

86. Adu-Kumi et al. (2012) measured methoxychlor in urban (mean: 0.8 pg/m%; n=2) and suburban (range:
0.83-13.25 pg/m®; mean: 3.88 pg/m?; n=5) residential air samples from Ghana. Air samples were taken from January
to December 2008. Recoveries of surrogate standards were higher than 76% for all samples. Data were not corrected
for recovery rate. Guida et al. (2018) measured methoxychlor in atmospheric air samples in Brazilian mountains
2000 meters above sea level. Air samples were collected between September 2013 to October 2015 at two National
Parks in Southeast Brazil where hundreds of endangered species and many endemic species live. Procedural mean
recovery for methoxychlor was 91.08%. Average concentrations of methoxychlor were 9+17 and 19+40 pg/m? at the
two sites. Minimum and maximum values were in the range of n.d. to 115 pg/m? (LOD of 58 pg/m?). The authors
noted that methoxychlor was only measured in two sampling periods at each site, which was less than half of all
sampling periods. The authors reported that one of the National Parks was surrounded by intensive agricultural
activities which may explain concentration levels found at the sampling site. It should be mentioned that
methoxychlor was found in the blank controls (it was found at a concentration above its LOD in only one of them). In
addition, the concentrations reported in the samples have been corrected from the blanks of each analytical batch.

87. No data were found for methoxychlor degradation products and their levels in air (ATSDR, 2002).

88. Strachan and Huneault (1979) reported levels of methoxychlor in snow samples collected in February 1976
and in rain samples collected from seven locations in May—November 1976, from the Canadian side of the Great
Lakes. Mean concentrations of methoxychlor measured in rain and snow ranged between 1.6-13.1 ng/L (n=50
samples) and 0.1-5.8 ng/L (n=34 samples), respectively. These values were sometimes higher than other measured
OCPs such as DDT, lindane and dieldrin, particularly in rain. The authors attributed the presence of methoxychlor in
rain in appreciable quantities as a reflection of current use at the time of the study rather than historical use. In a
6-year study (1986-1991) conducted in the Great Lakes Region, the mean annual concentration of methoxychlor in
rain was 2.4 ng/L (Chan et al., 1994 as cited in ATSDR, 2002).

89. Only 1 out of 71 groundwater samples from rural areas in the U.S. contained methoxychlor at 0.09 pg/L

(or 90 ng/L), but concentrations of methoxychlor up to 50 pg/L (or 50,000 ng/L) were detected in both surface water
and groundwater close to agricultural areas where it was applied before its phase out in the U.S. in 2000 (US EPA,
1987). According to Helou et al. (2019), measurable levels of methoxychlor (concentration range: n.d. —4.7 ng/L;
average: 1.8 ng/L; n=4; sampling in 2011-2012) were detected in grab samples of Litani riverbed surface water
(Lebanon). In the same study, methoxychlor was detected below the imit of quantification in grab samples collected
from the Orontes River (n=6).

90. Zeng et al. (2018) found methoxychlor in the surface water (reservoirs, ponds and stream) of Qingshitan
Reservoir in Southwest China from 2014 to 2016. Methoxychlor concentrations in water samples (n=283; 22
sampling sites) ranged from n.d. —13.90 ng/L, with mean values ranging from 2.25 to 2.37 ng/L in reservoirs, ponds
and streams and with a detection rates >88.57% (the MDLs of OCPs were in the range: 0.02—2.03 ng/L).

91. Affum et al. (2018) measured the concentration of pesticides in surface water sources in an agricultural
catchment dominated by cocoa crops in the Ankobra River Basin in the Western Region of Ghana. Sampling started a
month after the cocoa crops had been sprayed with pesticides and were collected between August and October 2016.
Methoxychlor was detected in 54% (n=6) of surface water samples at concentrations in the range of n.d.—0.020 ug/L
(or 20 ng/L) (recovery rate: 70%; LOD of 0.010 pg/L or 10 ng/L; Affum personal communication, June 2020).
Basheer et al. (2002) measured methoxychlor in coastal seawater samples collected in 2002 from the sea surface in
the Straits of Johor, located between Singapore and the Malaysian peninsula. Methoxychlor concentrations in
seawater were in the range of 0.053-0.616 pg/L or 53-616 ng/L (LOD of 0.041 ug/L or 41 ng/L and methoxychlor
recovery >92.59+8.14%. The authors mentioned that some minimal agricultural activities remained in Singapore at
the time of the measurement.

92. Austria have confirmed that sum parameter measurements of 4,4-methoxychlor (p,p'-methoxychlor) and
2,4-methoxychlor (o,p”-methoxychlor) were below the limit of detection for lower Austria surface (n=9) or
groundwater (n=13) samples collected in 2014 and in 2018. These measurements were made after the ban of its use in
Austria in 1993 (Annex E, 2019). Similarly, 4,4-methoxychlor (p,p'-methoxychlor) and 2,4-methoxychlor
(0,p”-methoxychlor) were not detected in 9 of 9 groundwater samples from Austria in 2018. As well, Austria indicated
that the sum parameter of methoxychlor (as defined above) was not detected in 15 out of 15 solid waste samples
collected in 2016 and in 2018.

93. Methoxychlor has been detected in groundwater at waste disposal sites. A review of groundwater monitoring
data from 479 waste disposal sites located throughout the U.S. indicates that methoxychlor was detected in
groundwater at 14 (3%) of the sites (Plumb, 1991). According to Helou et al. (2019), reported methoxychlor in
groundwater sampled in 2012 from the Hasbani basin of Lebanon (average: 0.88 ng/L; range: n.d.—-3.4 ng/L; n = 11),
and methoxychlor concentrations in the groundwater collected from 15 sites Akkar province in North Lebanon were
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in the range of n.d. to 250 ng/L (average: 57 ng/L; n=30; samples collected in 2015). According to Affum et al.
(2018), methoxychlor was detected in 64% (n=7) of the groundwater samples in the Ankobra Basin (Ghana) at a
concentration equal to the LOD of 0.010 pg/L or 10 ng/L (samples collected between August-October 2016; Affum
personal communication, June 2020).

94. Abong’o et al. (2015) found methoxychlor in soil samples (0—30 cm plough layers) from six farms in the
Nyando River catchment area of the Lake Victoria in Kenya. Soil samples were collected over a period of two years
in 2005-2006. Of all the measured pesticides, methoxychlor was found in the highest concentration (138.97+1.517
pg/kg soil or 138,970+1,517 ng/kg). The authors state that methoxychlor was commonly used in Kenya at the time of
sampling. Bolor et al. (2018) found methoxychlor in groundwater and topsoil (0—30 cm depth) samples near farms in
Kumasi, Ghana. Samples were collected in September 2014. Methoxychlor was found in the groundwater at 3 of 5
sites and in soil samples collected at all 5 sites at mean concentrations ranging from 1.53-8.87 pg/kg

(or 1,530-8,870 ng/kg) and 2.61-58.30 pg/kg (or 2,610-58,300 ng/kg) respectively (LOD of 10 ng/kg and recovery
rate: 101.73% (Boadi personal communication, April 2020)). Monitoring data from agricultural soils in Belarus after
its ban in 1999, indicate that methoxychlor concentrations in soil samples collected in 2007, 2008 and 2011 were, in
most cases, below the detection limit (Annex E, 2019). There is no data regarding the application of methoxychlor to
the fields from where the soil samples were collected.

95. Panday et al. (2011) measured methoxychlor in surface sediments collected from six different sampling
locations along the Yamuna river in Delhi (India). Sediment samples were collected in the pre-monsoon (June),
monsoon (August) and post-monsoon (October) seasons in 2006. Methoxychlor was found at all sites for all seasons
with concentrations in the range of 7.72-62.78 ng/g. In 2010, another study collected eighty-four samples of surface
sediment from 14 locations on either side of the Yamuna river in Delhi (India) during the post-monsoon/winter
(February), pre-monsoon/summer (June) and monsoon (September) seasons (Parween et al., 2014). Methoxychlor
was detected in sediments only during the monsoon (mean: 0.15 ng/g) and winter (mean: 0.11 ng/g) sampling periods
(mean including summer: 0.09 ng/g). Methoxychlor has also been measured in sediments from a coastal lagoon
watershed (Argentina) in 2001 (<0.2-127 ng/g; Menone et al., 2001 as cited in Panday et al., 2011), coastal marine
sediment (Singapore) in 2005 (<0.4-1.2 ng/g; Wurl and Obbard, 2005 as cited in Panday et al., 2011), from Tampa
Bay, Florida (U.S.) in 2004 (0.1 ng/g; Grabe and Barro, 2004 as cited in Panday et al., 2011), and from the Pearl river
estuary (China) in 2001 (n.d. —1.49 ng/g; Li et al., 2001 as cited in Panday et al., 2011).

96. Tao et al. (2019) analysed OCPs from one sediment core (depth: 20 cm) collected from one bay of the third
largest freshwater lake (Lake Taihu) in China in 2012. OCPs recoveries varied from 71.3 to 94.2%. Across the core,
which was dated to 1948 to 2012, methoxychlor had the fifth highest average concentration of the 13 OCPs analysed
(7.01£2.82 ng/g dry weight (dw); MDL for the OCPs ranged from 0.003 to 0.080 ng/g dw). Castafieda-Chavez et al.
(2018) measured the concentrations of methoxychlor in sediments (0-20 cm) from 41 sites of the Alvarado lagoon
system in Veracruz (Mexico). The sediment collection was performed in triplicate during the dry season
corresponding to April-June 2011 (Navarrete-Rodriguez personal communication, January 2020). Concentrations of
methoxychlor measured in 20 out of 41 sampling sites were in the range of 1.13-29.40 ng/g dw (mean: 5.650 ng/g dw
and standard deviation: 6.561 ng/g dw; LOD for the OCPs of 0.01 ng/g dw).

97. Annex E (2019) information from Canada indicated that methoxychlor was detected in 3 out of the 141
samples of fish collected between 1977 and 1993. Methoxychlor was detected in a single fish sample collected during
each of 1981 (2 pg/kg; n=6), 1988 (18 pg/kg; n=44), and 1990 (5 pg/kg; n=9). Fish data show measurable levels
of methoxychlor in fish tissues during the period methoxychlor was used in Canada. No fish tissue information is
available for Canada after 1993 (Annex E, 2019). Unyimadu et al. (2018) found methoxychlor in high concentrations
in brackish water fish from the Niger River (Nigeria) (concentration range of 29.3-740.8 pg/kg fresh weight; n=60;
recovery rate: 77+3.3 %; fish purchased from the landing sites in July 2009 (Unyimadu personal communication,
January 2020)). Enbaia et al. (2014) found methoxychlor in fish collected from the Tripoli market in Libya during
September-November 2013. Mean concentrations of methoxychlor in 5 of 15 species of fish were in the range of
0.8-4 pg/kg.

98. Nalley et al. (1975) measured the concentration of methoxychlor in omental fat samples of raccoons (Procyon
lotor) live-trapped in two counties of southern Florida. Methoxychlor was detected in 10 of the 20 samples in the
concentration range 0.16-3.07 ppm, with a single measurement of 36.82 ppm in one adult female. Salvarani et al.
(2019) studied concentrations of OCPs in the eggs of two sea turtle species (Eretmochelys imbricata and Chelonia
mydas) collected from the Punta Xen and Isla Aguada (Mexican coast) in 2014 and 2015. Methoxychlor was
identified in all 114 of the eggs analysed (mean concentration range of 0.059-1.060 ng/g dw; recovery >85%).
According to the International Union for Conservation of Nature (IUCN) Red list, the hawksbill sea turtle
(Eretmochelys imbricata) is a critically endangered species, while the green turtle (Chelonia mydas) is in the category
‘least concern’. Buah-Kwofie et al. (2018) studied the accumulation of OCPs in fat tissues of live wild Nile crocodiles
from iSimangaliso Wetland Park (South Africa). The park forms part of a biodiversity hotspot. A total of

15 crocodiles were sampled in 2016-2017. The sampled population consisted of nine adults and six sub-adults.
Methoxychlor concentrations in fat samples of Nile crocodiles were in the range of 79-300 ng/g wet wt (mean value:
170+62 ng/g wet wt; LOD in the range: 0.12-0.4 ng/g wet wt; detection frequency=100%).
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99. Cindoruk et al. (2020) monitored OCPs in pine (Pinus pinea) (needles and branches) from Gemlik (Turkey)
between January and December 2016. The maximum concentration determined for methoxychlor was 4.4 ng/g dry
weight for pine branches (for OCPs LODs < 3.25 pg and LOQs < 9.087 pg; methoxychlor recovery rate: 69.9 + 7%;
Cindoruk personal communication, May 2020). Methoxychlor had higher concentrations in branches than in needles.
Austria indicated that methoxychlor was detected but not quantified (<10 pg/kg) in 1 out of 13 herb samples collected
in 2012, after the ban of its use in Austria in 1993 (Annex E, 2019).

2.3.2 Human exposure

100.  According to US EPA (2000), the most probable route of exposure to methoxychlor would be from inhalation
or dermal contact by workers involved in the manufacture, handling or application of this compound. Farmers and
pesticide applicators who use methoxychlor are the populations most likely to receive above average exposures
(ATSDR, 2002).

101.  The general population can be exposed to low levels of methoxychlor by inhaling dusts and aerosols in air
surrounding areas where methoxychlor is used. Based on the results of the Non-Occupational Pesticide Exposure
Study (conducted between 1986 and 1988 before its phase out in the U.S. in 2000), inhalation exposure (indoor and
outdoor air) to methoxychlor ranged from 0.002 to 0.012 pg/day (for an adult of 70 kg) in Jacksonville, Florida that is
representative of an area of U.S. with relatively high pesticide use (US EPA, 1990). In a survey of methoxychlor
residues in house dust in 28 homes in an agricultural area of Colorado where pesticide use was common, levels ranged
from 1.6 to 103 mg/kg (mean: 14.9 mg/kg) in 8% of the homes of farmers, from 1.9 to 144 mg/kg (mean:18.2 mg/kg)
in 9% of the homes of pesticide formulators, and from 1.5 to 29 mg/kg in 2% of the homes of the control group (Starr
etal., 1974 as cited in ATSDR, 2002). It is not clear if the presence of methoxychlor in the homes of the control group
was due to migration of methoxychlor from nearby buildings or fields where it was applied by farmers, or to in-house
use of methoxychlor-containing products by the residents. Populations that live or work on or near a farm where
methoxychlor has been used recently on crops or livestock or that live near a hazardous waste site that contains
methoxychlor could be exposed to above-average levels of methoxychlor in soil and possibly in water (ATSDR,
2002).

102.  Although methoxychlor is poorly soluble in water, it has been found in surface water, groundwater and
drinking-water (WHO, 2004).

103.  Prior to the phase-out and ban of methoxychlor in the U.S. and Canada, the most likely source of exposure to
methoxychlor to the general population outside of higher exposure areas was from low-level contamination of food. In
a market basket survey performed in 1980-1982 in 13 American cities, dairy products and cereals/grain products
contained levels ranging from a trace to 0.004 mg/kg (Gartrell et al. 19864, as cited in ATSDR (2002)). The FDA’s
Total Diet Study program monitors chemical contaminants in the U.S. food supply and has calculated average daily
intakes of methoxychlor in adults (age 25-65) ranging from 0.1 to 0.3 ng/kg/day for the period 1986-1991
(Gunderson, 1995b as cited in ATSDR, 2002), 0.6-0.9 ng/kg/day for the period 1984-1986 (Gunderson, 1995a as
cited in ATSDR, 2002), and 4 ng/kg/day for the period 1980-1982 (Gartrell et al.,1986b as cited in ATSDR, 2002). A
decrease in the average daily intakes of methoxychlor is noted for period 1980-1991. In Canada from 1980 to 1985,
methoxychlor was generally not detected in vegetables, fruits, meats, or dairy products (Davies, 1988; Frank et al.,
1987b as cited in ATSDR, 2002). However, low levels (4 pg/kg) were detected in strawberries (Frank et al., 1987a as
cited in ATSDR, 2002). Exposure to methoxychlor from food may be elevated in persons who consume large amounts
of fish and seafood from methoxychlor-contaminated waters. However, fish from the Great Lakes generally did not
contain detectable levels of methoxychlor and high levels ranging from 10 to 120 pg/kg were infrequently reported
(Camanzo et al., 1987; Devault, 1985 as cited in ATSDR, 2002).

104. The 2018 pesticide monitoring results in the EU (including Iceland and Norway) (EFSA, 2020) summarised
the results provided by the reporting countries and identified areas of concern regarding sample compliance with the
legal limits of pesticide residue in foods. EFSA also assessed the consumer dietary exposure to pesticide residues in
the sampled food commaodities and performed an analysis of the chronic and acute dietary risks for European
consumers. Based on the analysis of the 2018 pesticide monitoring results in the EU (including Iceland and Norway)
(EFSA, 2020), methoxychlor was quantified in 5 out of 56,428 food samples from 30 countries (quantification rate
0.01%). Methoxychlor was quantified in one animal product sample (in equine fat) and in four coffee bean samples
(imported from outside the EU: Brazil, Ethiopa, Peru and Uganda) at concentrations in the range of 0.01-0.05 mg/kg
(LOQ of 0.01 mg/kg). It was concluded that the acute dietary exposure to this pesticide, would not be expected to
pose a concern to consumer health. The chronic exposure to methoxychlor is according to the lower and adjusted
upper bound scenarios in the range of 0.095-1.9 % of the ADI. EFSA concluded that the chronic dietary exposure to
methoxychlor residues in food commodities analysed, is unlikely to pose concerns for consumer health. The outcome
of the pesticide monitoring for 2013 and 2016 is presented in the Appendix.

105.  Shaker and Elsharkawy (2015) analysed raw buffalo milk samples from Upper Egypt for OCPs. Samples were
collected in the city of Assiut between February and August 2013. According to the authors, pesticides in milk
originate from contaminated feed, grass or corn silage, and from direct application of pesticides on dairy cattle.
Methoxychlor was detected in 66% of the samples (n=30). Concentrations of methoxychlor in raw buffalo milk were
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in the range of 0.130-0.200 mg/kg. Methoxychlor was banned in Egypt in 1996, however, according to the drafter of
this dossier, the levels detected in buffalo milk suggest the possibility that it was still being used in Egypt at the time
of sampling.

106. Bolor et al. (2018) studied the levels of OCP residues in 3 different vegetables: lettuce, onion and cabbage
from farms in Kumasi, Ghana in September 2014. Mean concentrations of methoxychlor in the vegetables were in the
range of 9.02-184.1 pg/kg (or 0.009-0.184 mg/kg). The authors reported that the measured concentrations were
higher than the EU MRL of 0.01 mg/kg for these vegetables (EU Pesticides Database, 2019). However, rather than
being based on specific risks, the EU MRL for methoxychlor is based on the default lowest limit of analytical
determination in EU law. Furthermore, Bolor et al. (2018) reported that estimated daily intakes of methoxychlor
resulting from the levels measured in vegetables did not exceed an acceptable daily intake (ADI) of 0.005 mg/kg/day
established by the US EPA. Therefore, the levels reported did not result in identified risks to the population. However,
levels detected in some of the vegetables significantly exceeded levels in corresponding soil samples.

107.  Adeleye et al. (2019) studied concentration of methoxyc