MICHIGAN DEPARTMENT OF ENVIRONMENTAL QUALITY

INTEROFFICE COMMUNICATION

TO: Update to File for Methylene chloride (CAS # 75-09-2)
FROM: Doreen Lehner, Toxics Unit, Air Quality Division
DATE: March 26, 2012

SUBJECT: Update of Screening Levels for Methylene chloride (CAS # 75-09-2)

The initial risk screening level (IRSL) for methylene chloride (CAS # 75-09-2) is 60 ug/m® annual
averaging time. The secondary risk screening level (SRSL) for methylene chloride is 600 pug/m?®
annual averaging time. The initial threshold screening level (ITSL) for methylene chloride is 2,000
ug/m® annual averaging time and an acute ITSL is 14,000 ug/m® based on a 1-hour averaging
time.

The Environmental Protection Agency Integrated Risk Information System (IRIS) released a final
assessment for methylene chloride (CAS# 75-09-2) also known as dichloromethane (DCM). A
review of the IRIS assessment found that the studies used in the assessments for the quantitative
estimate of carcinogenic risk from inhalation exposure — inhalation unit risk (IUR) of 1 x 10 per
ug/m?® and the reference concentration for chronic inhalation exposure (RfC) of 6 x 10™" mg/m?® were
derived from well performed and the results were statistically significant. The Agency for Toxic
Substances and Disease Registry (ATSDR) has an acute inhalation minimal risk level (MRL) of 0.6

ppm.

According to Rule 231(1) the IRSL is determined using the equation below:
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The EPA determined the IUR of 1 x 10 per ug/m® using the benchmark dose software multistage
model with linear extrapolation from the point of departure (BMDL ). “EPA has concluded, by a
weight of evidence evaluation, that dichloromethane is carcinogenic by a mutagenic mode of
action. As a result, increased early-life susceptibility is assumed and the age-dependent
adjustment factors (ADAFs) should be used when estimating age-specific cancer risks.” (EPA,
2011). The IUR was based on Mennear et al., (1988) and NTP (1986) study on male B6C3F;
mice, which developed hepatocellular carcinomas or adenomas and bronchalveolar carcinomas or
adenomas after exposure of groups of 50 mice/sex/group to either 0, 2000, or 4000 ppm
methylene chloride for two years.

ADAFs should be used since methylene chloride is carcinogenic by a mutagenic mode of action.
The EPA states that a 10-fold adjustment should be used for ages 0 to <2 years of age for
increased early life susceptibility. The EPA also states that a 3-fold adjustment should be used for
ages 2 to <16 years of age. Over a 70 year lifespan, the ADAF TWA = 1.6571.
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According to Rule 231(4) the averaging time is annual. Therefore, the IRSL for methylene chloride
is 60 ug/m® based on an annual averaging time and the SRSL is 600 ug/m® based on an annual
averaging time.

The EPA also determined a chronic inhalation RfC of 6 x 10" mg/m®, based of a 2-year rat
inhalation bioassay by Nitschke et al. (1988a). Groups of 90 male and 90 female Sprague-Dawley
rats were evaluated following inhalation of methylene chloride concentrations of 0, 50, 200, 500
ppm methylene chloride for 6 hr/day, 5 days/week for 2 years. Five rats/sex were sacrificed at 6,
12, 15, and 18 months. All animals were examined histopathologically. No adverse effects on
mortality rates, body weights, organ weights, clinical chemistry values, or plasma hormone levels
were noted in animals exposed to methylene chloride in any of the exposure groups. Statistically
significant increased incidences of nonneoplastic liver lesions (hepatic lipid vacuolation and
multinucleated hepatocytes) occurred only in females in the 500 ppm group. Incidence of
hepatocyte vacuolation was elevated at 500 ppm in male rats, but was not statistically significant.
“In female rats exposed for only 12 months to 500 ppm, significantly increased incidences of
nonneoplastic lesions compared with controls were restricted to liver cytoplasmic vacuolization
(16/25 = 64%) and multinucleated hepatocytes (9/25 = 36%) in rats exposed during the first 12
months of the study; rats exposed only during the last 12 months of the study showed no elevated
incidences of the liver lesions....Data from a similar two-year inhalation bioassay in Sprague-
Dawley rats by Burek et al. (1984) provide additional support for the Nitschke et al. (1988a)
observations; an increased incidence of hepatic vacuolation, correlated with fatty changes, was
seen at exposures between 500 and 3,000 ppm. Because Nitschke et al (1988a) examined a
lower range of exposures than was included in the Burek et al. (1984) study, the former study was
selected as the principal study for derivation of a chronic inhalation RfC.” (EPA, 2011).

A study by Aranyi et al. (1986) “...demonstrated evidence of immunosuppression following a single
100 ppm dichloromethane exposure for 3 hours in CD-1 mice. This exposure is lower than the
POD for the liver effects that serve as the critical effect for the RfC. This study used a functional
immune assay that is directly relevant to humans (i.e., increased risk of Streptococcal pneumonia-
related mortality and decreased clearance of Klebsiella bacteria). (EPA, 2011). This study and
others “suggest a localized portal-of-entry effect within the lung rather than a systemic
immunosuppression. Because the Aranyi et al. (1985) study involved a single acute inhalation
exposure, interpretation of the findings from this study in the context of chronic inhalation exposure
is unclear.” (EPA, 2011).

A PBPK model for the rat was used to estimate rat internal doses from the Nitschke et al. (1988a)
study. The EPA used an uncertainty factor of 30 (3 [10%°] for extrapolation from rat to human, 3
[10°°] for variations to protect sensitive populations, and 3 for uncertainty reflecting database
deficiencies). The EPA’s justification for the database gap uncertainty factor involves a limitation in
the design of the available developmental studies and lack of neurodevelopmental endpoints. The
EPA cites several developmental studies including a two-generation inhalation reproductive study
in rats (Nitschke et al., 1988b) that used 30 male and female F344 rats/group exposed to 0, 500,
1200, or 1500 ppm. It is hard to justify the uncertainty factor of 3 for database deficiencies as
methylene chloride has been well studied, with repeated dose inhalation studies, two-year
inhalation studies on rats, as well as reproductive and developmental studies. Therefore, the final
uncertainty factor of 3 for database deficiencies will not be used to develop an ITSL for methylene
chloride. The EPA derived PBPK point of departure (POD), 1% percentile human equivalent



concentration was calculated to be 17.2 mg/m® for hepatic effects (hepatic vacuolation). Using this
value along with the uncertainty factor of 10 (3 [10%°] x 3 [10°]) gives the following result:

17.2™m¢/
POD: %” =1.72
UF 10

ITSL = inhalationRfC = e/ =1,7204/, =2,000%/,

According to rule 232(2)(a) the averaging time is 24 hours, but as this ITSL is based on a two-year
inhalation study and as there is also be an acute ITSL, the averaging time for this ITSL will be
annual. Therefore, the ITSL for methylene chloride is 2,000 pg/m3 based on an annual averaging
time.

There are several acute benchmarks for methylene chloride which are summarized in the following
table.

Table 1. Methylene chloride acute toxicity benchmarks and candidate acute ITSLs.

Available Value (ug/m?) Candidate acute Candidate ITSL
Benchmark type ITSL (in descending averaging time
order)
ERPG-1 1,000,000 1,000,000 1 hour
AEGL-1 700,000 700,000 1 hour
Cal EPA acute REL | 14,000 14,000 1 hour
OSHA PEL-STEL 400,000 PEL/100 = 4,000 1 hour
ACGIH TLV-TWA 200,000 TLV/100 = 2,000 8 hour
ATSDR acute MRL | 2,000 2,000 24 hour
OSHA PEL-TWA 90,000 PEL/100 = 900 8 hour

AIHA set an ERPG-1 value for methylene chloride at 300 ppm (1.0 x 10° pg/m®). An ERPG "is the
maximum concentration in the air below which it is believed nearly all individuals could be exposed
for up to one hour without experiencing other than mild transient adverse health effects or
perceiving a clearly defined objectionable odor." (http://www.atlintl.com/DOE/teels/teel/teeldef.html)
ERPG values are not meant to be used in evaluations to fully protect public health from potentially
repeated exposures and are only used with caution to derive an acute ITSL on a case-by-case
basis.

The EPA set an interim AEGL-1 value for methylene chloride at 200 ppm (7 x 10° ug/m?®) for a 1-
hour exposure duration based on Stewart et al. (1972) which studied humans that were exposed to
concentrations of 868 and 986 ppm (n=3) could lead to light-headedness and speech difficulties.
"These effects were absent at a 1-h exposure to 514 (n=3) or 515 ppn (n=8). The concentration of
514 ppm is used as point of departure for AEGL-1. These effects could be attributed to the DCM
concentration in the brain rather than to CO. The human brain concentration of DCM following a
1-h exposure to 514 ppm was calculated to be 0.063 mM, using the human PBPK-model. Since
susceptibility for gross CNS-depressing effects do not vary by more than a factor 2-3, an
intraspecies uncertainty factor of 3 is considered sufficient, resulting in a maximum target
concentration of DCM in the human brain of 0.021 mM" (NAS/COT, 2009) which was used in the
PBPK-model calculation to determine the AEGL-1 of 200 ppm for a 1-hour exposure duration.


http://www.atlintl.com/DOE/teels/teel/teeldef.html

Cal EPA has set an acute inhalation REL at 14,000 pg/m® for a 1-hour exposure based on a study
by Putz, et. al., (1976) showing impaired performance on dual-task and auditory vigilance tests on
12 human volunteers (6 non-smoker male and 6 non-smoker, non-pregnant females between 18-
40 yrs of age) after a 4-hour consecutive exposure with to 195 ppm methylene chloride (to produce
~ 5% carboxyhemoglobin [COHb]). Each subject was his or her own control and were tested
before methylene chloride exposure and after 90 minutes exposure to 195 ppm, on a visual-
manual, dual task, and an auditory vigilance task of varying degrees of difficulty followed by taking
samples of blood and expired air. No subjective symptoms, such as headache, nausea, or
irritation of the nose and throat were reported. Performance measures decreased after exposure
to methylene chloride levels that result in a 5.1% blood carboxyhemoglobin level (from 1.35% pre-
exposure carboxyhemoglobin level), which is believed to be an indication of a temporary decrease
in the level of central nervous system activation. Therefore, methylene chloride levels in the
atmosphere could detrimentally impact job performance (Putz, 1976). Cal EPA gave a total
uncertainty factor of 60 (uncertainty factor of 6 for a LOAEL and an uncertainty factor of 10 for
individual variability in response). Cal EPA determined an equivalent 60 minute exposure from the
90 minute exposure using the Haber equation (C" * T = K) where n=2. Using the above data, Cal
EPA derived an acute REL of 14,000 pg/m® for a 1 hour averaging time (Cal EPA, 2008). As Cal
EPAs RELs are peer reviewed, this value will be adopted as the acute ITSL for methylene chloride.

Based on the above information, the initial risk screening level (IRSL) for methylene chloride (CAS
# 75-09-2) is 60 pyg/m® annual averaging time. The secondary risk screening level (SRSL) for
methylene chloride is 600 ug/m® annual averaging time. The initial threshold screening level (ITSL)
for methylene chloride is 2,000 ug/m?® annual averaging time and an acute ITSL is 14,000 pyg/m®
based on a 1 hour averaging time.

References:

Act 451 of 1994, Natural Resources and Environmental Protection Act and Air Pollution Control
Rules, Michigan Department of Environmental Quality.

Aranyi, C; O'Shea, WJ; Graham, JA; Miller FJ. 1986. The effects of inhalation of organic chemical
air contaminants on murine lung host defenses. Fundam Appl Toxicol. 6(4);713-720.

Burek, JD; Nitschke, KD; Bell, TJ; Wackerle, DL; Childs, RC; Beyer, JE; Dittenber, DA; Rampy,
LW; McKenna, MJ. 1984. Methylene chloride: a two-year inhalation toxicity and oncogenicity study
in rats and hamsters. Fundam Appl Toxicol. Feb;4(1):30-47.

CAL EPA. 2008. Acute Toxicity Summary for Methylene Chloride (dichloromethane, methylene
dichloride) CAS Registry Number: 75-09-2. Available online at
http://oehha.ca.gov/air/acute_rels/pdf/75092A.pdf

EPA. 2011. Integrated Risk Information System. Dichloromethane. Retrieved data on
12/13/2011. Available online at http://www.epa.govV/iris/subst/0070.htm

Mennear, JH; McConnell, EE; Huff, JE; Renne, RA; and Giddens, E. 1988. Inhalation and
carcinogenesis studies of methylene chloride (dichloromethane) in F344/N rats and B6C3F, mice.
Ann NY Acad Sci 534:343-351.

NAS/COT. 2009. Methylene chloride (CAS Reg. No. 75-09-2) CH2CI2 Interim Acute Exposure
Guideline Levels (AEGLs) for NAS/COT Subcommittee for AEGLSs.
http://www.epa.gov/oppt/aegl/pubs/methylene chloride interim dec 2008 v1.pdf



http://oehha.ca.gov/air/acute_rels/pdf/75092A.pdf
http://www.epa.gov/iris/subst/0070.htm
http://www.epa.gov/oppt/aegl/pubs/methylene_chloride_interim_dec_2008_v1.pdf

Nitschke, KD; Burek, JD; Bell, TJ; Kociba, RJ; Rampy, LW; and McKenna, MJ. 1988a. Methylene
chloride: a 2-year inhalation toxicity and oncogenicity study in rats. Fundam Appl Toxicol.
Jul;11(1):48-59.

Nitschke, KD; Eisenbrandt, DL; Lomax, LG; and Rao, KS. 1988b. Methylene chloride: two-
generation inhalation reproductive study in rats. Fundam Appl Toxicol. Jul;11(1):60-67.

NTP. 1986. Toxicology and carcinogenesis studies of dichloromethane (methylene chloride) (CAS
No. 75-09-2) in F344/N rats and B6C3F, mice (inhalation studies). Public Health Service, U.S.
Department of Health and Human Services; Research Triangle Park, NC. Available online at
http://ntp.niehs.nih.gov/ntp/htdocs/LT rpts/tr306.pdf

Putz, VR; Johnson, BL; Setzer, JV. 1976. A comparative study of the effects of carbon monoxide
and methylene chloride on human performance. J Environ Path Toxicol 2:97-112.

Stewart, RD; Fisher, TN; Hosko, MJ; Peterson, JE; Baretta, ED; and Dodd, HC. 1972.
Experimental human exposure to methylene chloride. Arch Env Health 25(5):342-348.

DL:Ih


http://ntp.niehs.nih.gov/ntp/htdocs/LT_rpts/tr306.pdf


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 480
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.54375
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 520
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50962
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 8
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


