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The attached human health risk assessment f'D the active ingredient maneb summarizes risks.
- associated with its use as a fungicide on agricultural crops, ornamentals and turf. The document

has been revised in response to comments provided during the public comment pertod.

Changes include:

. Reduction of the database uncertainty factor from 10 to 1 for chronic dietary exposures,
inctdental oral exposures, and dermal exposures.

¢ Modification of residue values for tornatoes and leaf lettuce.

J Assessment of toddler turf exposure at the existing label rate and the proposed reduced
rate.
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1.0  Executive Summary

QOverall Summary |
In general, risks from maneb per se and its metabolite ethylene thiourea (ETU) are below HED’s

level of concern. Risks from food are below HED’s level of concern for acute and chronic
(cancer and non-cancer) exposures, Residential postapplication exposure to maneb and ETU
residues on treated turf from sod farms results in risk concerns using the existing label rate,
requiring a pre-harvest interval (PHI) of 5 to 9 days for mitigation. Shorter PHIs are required
when using the lower, proposed application rate. Acute and chronic (cancer and non-—cancer)
aggregate risk from exposure through food and water are not of concern.

Occupational handler risks for maneb and ETU are highest for mixer/loaders using wettable
powders, and engineering controls are required in some cases to mitigate these risks. Potato seed
piece handler risks can be mitigated with a dust mask or engineering controls. Seed treatment
risks can be mitigated with additional PPE or engineering controls. Postapplication risks are of
concern based on re-entry in accordance with registered labels (i.e., after 24 hours). Short-term
postapplication risks for maneb per se are of concern for high exposure activities for fruit trees
and grapes, requiring up to 26 days following application to achieve the target margin of
exposure (MOE). Postapplication ETU cancer risks are in the range of 1 x107% to 1 x 10 on the
day of application.

Use and Uisage Overview Provided the rnisks noted above for occupational workers and toddlers
exposed to residues on turf can be migated, HED has no objection to reregistration of the active
ingredient maneb. Recommendations for reassessed tolerances will be provided when
modifications to all relevant sections of 40 CFR have been determined, and upon submission of
field tnal residue data to support tolerance assessment and reassessment.

Maneb |manganese ethylenebisdithiocarbamate] is a member of the ethylene bisdithiocarbamate
(EBDC) group of fungicides, which includes the related active ingredients metiram and
mancozeb. Maneb is a broad spectrum fungicide registered for foliar applications to a variety of
fruit, vegetable, nut, and field crops. Maneb is also registered for seed and seed piece treatment.
Horucultural uses include ornamental plants in nurseries and greenhouses and on sod farms.
Maneb end-use products are available as wettable powder (WP), dry flowable (DF), liquid
flowable and dust (D) formulations. Approximately 2 %2 million pounds of maneb are used in

agricultural settings on an annual basis Agricultural uses are concentrated in (but not limited to)
the following states: FL ME., MN ND NJ. Rl TX, and WL

Regulatory Background T'he EBDCs have been the subject of several Special Reviews. In 1977.
the Agency initiated a Special Review and Continued Registration of Pesticide Products
containing EBDCs based on evidence suggesting that the EBDCs and ethylenethiourea (ETU), a
contaminant, metabolite and degradation product of these pesticides, posed potential risks to
human health and the environment. In 1982, the Agency concluded this Special Review by
1ssuing a Final Determination (PD 4) which required risk reduction measures to prevent
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unreasonable adverse eftects pending development and submission of additional data needed
improved risk assessment

In 1987. EPA issued a sevond Notice of Inttiation of Special Review of the EBDC pesticides

" because of health concerns caused by ETU, including potential carcinogenic. developmental and
thyroid effects. The Special Review’s Preliminary Determination (PD 2/3) was published on
12/20/89 (54 FR 52158) and the Final Determination (PD 4) on 3/2/92 (57 FR 7484}, The
Agency concluded that the dietary risks of EBDCs exceeded the benefits for the tollowing
food/feed uses for which one or more of the EBDC pesticides were registered: apricots, carrots.
celery, collards, mustard greens, nectarines, peaches, rhubarb, spinach, succulent beans, and
turnips. Accordingly, EPA canceled all maneb and other EBDC products registered on the

above-listed food/feed crops.

In the 1992 Special Review, and in the current risk assessment for maneb, exposure to both the
parent EBDC, maneb, and its metabolite/degradate ETU have been considered, tor dietary (food
and water). residential (dermal), and occupational (dermal and inhalation) risk assessments.
Crops treated with maneb may contain both maneb and ETU residues: in addition. cooking
and/or processing may result in conversion of maneb residues to ETU. or in concentration o
reduction of existing ETU residues. Therefore, both parent maneb and ETU residues may be

~ consumed in the diet. During application of products containing maneb. workers may b
exposed to ' TU residues which torm during degradation of the tank mix over a typical workday..
and the Agency has data to indicate these potential exposures. Additional exposure to both
maneb and L TU may occur during activities conducted 1n and around growing crops following
treatment with maneb, including residential exposures following contact with treated turf.
Finally, for both occupational and dietary exposures, including oral. dermal and inhalation routes
of exposure. a 7.5% in vivo metabolic conversion of absorbed maneb to } Tl has heen used
based on rat metabolism data. and has been accounted for in estimating ¢\posurc o | 1t

A separate risk assessment document is under preparation for each of the three EBDCs and ET1 .
The ETU risk assessment contains more detailed discussions of ETU hazard characterization.
FQPA considerations. endpoint selection, and dose-response assessment. Relevant information
is presented in the maneb risk assessment (see Appendix 1), inorder to appropriatels address
potential exposure to ETU resulting from maneb uses. The other EBDCs. with their difierent use
profiles, also have chemical-specific assessments of exposure to ETU. along with associated
risks. The ETU risk assessment document discusses potential exposure to ETU from all sources,
and characterizes such exposures 1n a broader sense.

Maneb Hazard Assessment The hazard database for maneb is incomplete: the missing studies
include a subchronic inhalation study in the rat and a rat developmental neurotoxicity study.
Other studies are reserved pending the outcome of a rat comparative thyroid assessment with the
maneb metabolite ETU. However, the available toxicity data have been used to select endpoints
for risk assessment for dietary and non-dietary routes of exposure. and for a variety of durations
of exposure. Refinements to the current risk estimates may be possible with the submission of

PJ
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missing toxicity data.

Maneb is not acutely toxic to rats via the oral and inhalation routes of exposure or to rabbits via
the dermal route of exposure. Maneb is not a skin or eye irritant, but it is a strong dermal

~ sensitizer.

Multiple studies demonstrate that the thyroid is a target organ for maneb after single and multiple
doses via oral, dermal, and inhalation routes of exposure and across species [rat, dog, mouse,
monkey]. Thyroid effects observed include changes in clinical chemistrv parameters indicative |
of thyroid toxicity, increased thyroid weights, follicular (thyroid) cell hyperplasia, decreased T,
(serum thyroxin), and increased incidence of diffuse follicular epithelial hypertrophy/hyperplasia.

Neurotoxicity is also a toxic effect observed following both acute and subchronic exposures to
‘maneb. These effects include impaired forelimb grip strength in rats following acute oral
exposure, and impaired mobility, decreased fore- and hind-limb grip strength, and high carriage,
as well as a dose-related decrease 1in neurotoxin esterase [NTE] activity following subchronic
oral dosing. There was an increase in digestion chambers in the peripheral nerves of rats of both
sexes. Clinical signs of neurotoxicity included unsteady gait, dragging of the rear limbs,

. diminished sensitivity to pain 1n affected limbs, and paresis of rear limbs. In a mouse
carcinogenicity study, there was a dose-related decrease in absolute brain weight Tremors were
observed in rats in a subchronic oral study. There was an increased incidence ot microscopic
lesions of the skeletal muscle of rats following long-term exposure.

Maneb degrades and/or is metabolized to ETU. In oral rat metabolism studies with radiolabeled
maneb and other EBDCs, an average 7.5% in vivo metabolic conversion of EBDC to ETU
occurred, on a weight-to-weight basis. While this metabolic conversion has been included in the
maneb exposure and risk assessments, there is inherent uncertainty in assuming the metabolic
conversion occurs following dermal and inhalation dosing because absorption after dermal and
inhalation exposure bypasses the liver. Metabolism data indicate maneb does not bio-
accumulate,

Maneb has been tested in a series of in vitro and in vivo genotoxicity assays, which have shown
that maneb exhibits weak genotoxic potential. There is an acceptable mouse carcinogenicity
study for maneb, but the study in the rat was considered unacceptable. Historically, maneb’s
potential for carcinogenicity has been based on its metabollte ETU, which 1s classified as Group
B2, with a cancer potency factor [{Q,*, 0.0601 (mglkg/day} ] for risk assessment. Because -
maneb 1s known to be converted to ETU, it has also been classified as Group B2 for
carcinogenicity, and after applying the metabolic conversion factor for EBDC to ETU (0.075).
the ETU cancer potency factor has been used in past and current risk assessments for assessing
cancer rzsk associated with maneb uses. |

There 1s no evidence of prenatal developmental toxicity in the rat, but there is increased
quahitative fetal susceptibility in rats. There is no evidence of increased susceptibility in the rat
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two-generation reproduction study. ['he Hazard idennfication Assessment Revicw v ommited
(HIARC) concluded that there is qualitative evidence of susceptibility based on the tesulits of the
rat developmental toxicity study in which fetal effects (decreased fetal viability) were observed at
a dose level that produced less severe maternal toxicity (decreased body-weight gain/food
consumption). However, there is low concern for the qualitative susceptibility obscrved in the
rat developmental study because the dose-response was well-characterized. there was a cicw
NOAEL/LOAEL for maternal and developmental toxicity, the developmental effects were seen
in the presence of maternal toxicity, and because the doses selected for overall risk assessment
address concerns seen in the prenatal developmental toxicity study.

Since there are no residual uncertainties tor pre- and or post-natal toxicity, the special FQPA
Safety Factor was removed (reduced to 1X) for maneb. A database uncertainty factor (10X, 18
required for acute dietary exposures due (o the lack of a developmental neurotoxictty study.
Database uncertainty factors are not needed for other exposures and durations.

ETU Hazard Assessment The database for ETU 1s Irmited based on guideline studies. and HED
has relied on a combimation of guideline data and several studies in the open hiterature to assess
hazard for ETU. The thyroid is a target organ for ETU as it 1s for the EBDCs fungicides: thyroid
toxicity in subchronic and chronic rat, mouse, and dog studies included decreased levels of T,.
increases or decreases in T,. compensatory increases 1n levels of TSH, increased thyroid weight.
and microscopic thvroid changes. chiefly hyperplasia. Overt liver toxicity was observed 1n one
“chronic dog studs

Developmental detects in the rat developmental study included hydrocephaly and related lesions.
skeletal system detects. and other gross defects. These defects showed increased susceptibility to
fetuses because they occurred at a dose which only caused decreased maternal food consumption
and body weight gain. Although the data provided evidence for increased susceptibility 1o
fetuses following dosing with ETU, HED removed (reduced to1X) the Special FQPA Satety
Factor because the teratogenic effects were well characterized in numerous studies n the
published literature. as well as in a guideline study submitted by the registrant. In addition. the
dose-response relationship was well characterized. and doses selected tor overall risk
assessments addressed concerns for developmental and thyroid toxicity. However. due to the
lack of several guideline studies. HED retained a 10X database uncertainty factor tor dietary.
residential and aggregate risk assessments for ETU.

Maneb Dose Response Assessment For the acute dietary assessment tor {females 13-30. HED
has selected an endpoint from the rat developmental study. Effects observed were post-
implantation loss. increased resorptions. and decreased fetal viability. The No Observed Adverse
Effects Level (NOAEL) for thewe etfects was 20 mg/kg bw/dav | o the general US population
HED selected an endpoint of ~hieht impairment of the forelimb ¢nip strength at 2000 mg/kg/day
(rat acute neurotoxicity studyv) where a NOAEL of 1000 mg ko dav was observed.  Thvroid
effects observed 1n the subchronic rat study were selected for the chronic dietary assessment. the
incidental oral assessment (any duauon). and the inhalation assessment (any duration). The
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inhalation absorption is assumed to be 100%. The NOAEL observed was 5 mg/kg/day. Finally
thyroid effects observed in the 21-day dermal rabbit study were selected as the endpoint for
dermal exposures, any duration. The NOAEL from this study was 300 rg/kg/bw/day. The
combined Uncertainty Factors (UFs) for all assessments, with the exception of the acute dietary
assessment. are 100x. The combined UFs for the acute dietary assessment is 1000x.

ETU Dose Response Assessment For ETU risk assessments, HED has selected developmental
effects as the most sensitive endpoint for short- and intermediate-term risks, based on a
registrant-submitted guideline developmental rat study and on a developmental rat study from the

open literature.

Exposure Route, Duration ETL Dose in mg ke day (study/effects)
Acute dietary (females 13-50).  NOAEL of 5 (Developmental rat/developmental brain defects)

Chromic dietary (gen. US pop.) NOAEL ot §.18 \Chronic dog/thyroid toxicity)

Incidental oral, any duration NOAEL of 7 (4-week Dog/thyroid toxicity)

Dermal, Short/Int-Term NOAEL of 5 (Developmental rat/developmental brain defects)
-Dermal, Long-Term - NOAEL of 0.18 (Chronic dog/thyroid toxicity) -
Inhalation, Short/Int-Term NOAEL of 5 (Developmemal rat/developmental brain defects)
[nhalation,-Long-Term NOAEL of 0.18 {(Chronic dog/thyroid toxicity)

[Thé UF for ETU occupational assessments are 100x; and the Uf for residential and dietary assessments are 1000x.
Dermal absorption for ETU is 26%, while inhalation absorption is 100%. Derma! and inhalation exmsures can be

combined, since the toxic effects from these two routes of exposure are similar for smu!dr durations. ]

Residential Assessment The use pattern for maneb is expected to result in exposure to maneb
and ETU for the general population through food and drinking water. The use on sod farms may
result in residential postapplication exposure due to contact with treated transplanted turf.

Maneb and ETU Dietary (Food) Exposure and Risk The residue chemistry database for maneb is

generally adequate for risk assessment purposes, but additional field trial data are needed to
reassess tolerances. The nature of maneb residues is adequately understood. both for tolerance
enforcement and risk assessment purposes. The HED Metabolism Assessment Review
Committee (MARC) has concluded that residues of concern for risk assessment include maneb
[and metabolites converted to carbon disulfide (CS,)] and the metabolite ETU; residues of
concern for tolerance enforcement include maneb and metabolites converted to CS,.

HED has recommended a change to the existing tolerance expression (40 CFR §180.1 10) for
maneb, and for simijar changes in other EBDC tolerances Reassessed tolerances for all 3
EBDCs will be calculated in terms of CS,. rather than in terms of zineb, an EBDC that is no
longer registered. Adequate analytical methods are available for tolerance enforcement.

Highly refined dietary exposure and risk assessments were conducted for maneb and maneb-
derived ETU using anticipated residues based on field trial residue data and monitoring data from
the EBDC/ETU Market Basket Survey. In addition, processing factors derived from extensive
processing and cooking and consumer practices studies and estimated percent crop treated (%CT)

-
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information were used. Anticipated residue esumates for ETU include (1) ETL present
commodities analyzed in field trial and market basket survey data, (2} ETLU formed trom manc
during processing, and (3) ETU formed based on 7.5% metabolic conversion of maneb wo b 1+

residues.

Acute dietary exposure and risk from maneb and ETU are below HED s level of « oncern tor the
oseneral population and of the population subgroups. For females 13-49 years old «sumated
dietary exposure to maneb per se was 0.018 mg/kg/day, or 89% of the acute population adjusted -
dose (aPAD) of 0.02 mg/kg/day. Risk for the general US population and population subgroups
including infants and children were all much lower, at less than 2% of the aPAD of 1.0
mg/kg/day. For ETU. an estimated exposure of (.0026 mg/kg/day for ifemales 13-49 corresponds
to 52% of the ETU aPAD (0.005 mg/kg/day).

Chronic dietary exposure and risk from maneb and ETU are below HED s level of concern for
the general US population and various population subgroups. All ot the population subgroups
are exposed at levels that correspond to “1% of the chronic population adjusted dose (¢cPAD) ot
0.05 mg/kg/day. For ETU. children 1-2 vears old had an estimated exposure of 0.000029
mg/kg/day. or 14% cPAD (0.0002 mg kg‘day).

- The cancer risk estimate for ETU was based on the same anticipated residues derived for the
chronic dietary exposure assessment. The estimated dietary exposure of 0.000016 mg/kg/day tor
the general US population corresponds to a cancer risk of 9.6 x 10,

Maneb and ETU Residential Exposure The registrants have agreed to cancel the two maneb
labels that are intended for home gardens as these products are no longer being sold.  The
registrants have also agreed to modify the agricultural labels to ehnunatce the possibility thai
maneb would be applied to turf in areas such as lawns, patks and golf courses. The only
remaining exposure scenario is one that can occur after treated turf 1s transplanted from the sod
farms o areas such as residential lawns. Because toddlers are the most sensttive sub-population
that 1s potentially exposed to maneb treated sod farm turf installed on residential lawns, risk
management decisions that are based upon the toddler risks will also provide adequate risk
mitigation for the adult sub-population.

Short term non-cancer MOEs were caiculated for all of exposure pathwavs that can anise when
children (i.e. toddlers) are exposed to sod farm turf treated with maneb and subsequently
transplanted to residential lawns. [t was assumed that the turf would be harvested one day afier
apphication (PHI = 1 day) and that it would take two days to harvest and transplant the turf. The
MOESs were calculated at the label application rate of 17.4 1b ai/acre and the proposed rate of 8.7
Ib ai/acre. If the label application rate of 17.4 Ib ai/acre is used. the Total MOEs for maneb and
ETU rise to the target MOEs with a PHI of 5 days. If the proposed appiication rate of 8.7 Ib
ai/acre 1s used. the Total MOEs for maneb and ETU rise to the target MOEs with a PHI of 3
days.

O
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Drinhing Water Assessment The OPP Environmental Fate and Effects Division (EFED)
prepared the drinking water assessment for maneb reregistration. The parent EBDC fungicides
are very short-lived in soil and water, and would not reach water used for human consumption
whether from surface water or ground water. However, ETU 1s highly water soluble, and may
reach both surface and ground water under some conditions. The drinking water exposure
assessment for maneb (and for mancozeb and metiram) addresses concentrations of ETU only.
Estimated drinking water concentrations (EDWCs) for surface water were derived using a

combined modeling/rnonitoring approach.

The monitoring data were from a targeted surface water monitoring study conducted by the ETU
Task Force 1in which none of the tested water samples had concentrations above the limit of
detection of 0.1 ppb. Information from the surface water monitoring study was used to refine
outputs from the linked PRZM-EXAMS models, which determined ETU drinking water
concentrations based on application of maneb to peppers in Florida. A ground water EDWC
was selected from a targeted ground water monitoring study conducted in FL in a known EBDC
use area. Surface water estimates were 25,2 ppb (acute/peak), 0.1 ppb (chronic/non-cancer), and
.08 ppb (cancer). The ground water estimate was (.21 ppb, to be used in acute/chronic and
cancer assessments for risk from ground water sources of drmkmg water. |

- Maneb Aggregate Exposure Assessments Residues of rnaneb per :fe are not expected in drinking
water, so the aggregate risks consist of exposures from food and residential sources. However.
the only residential exposures are expected to be rare events (transplanted turf), so it is not
appropriate to include the residential exposures in an aggregate assessment.

ETU Aggrepate Exposure Assessment It is also not appropriate to aggregate residential ETU
exposures. so the aggregate assessments inciude only food and drinking water. For the ETU
acute, chronic, and cancer aggregate assessments, the ETU surface and ground water EDWCs
provided by EFED were incorporated into a dietary food and water only exposure assessment
using the DEEM-FCID™ model. Acute analysis was only required for Females 13-49 |
population. The total dietary food and water exposures correspond to 86% of the aPAD.
Aggregate chronic non-cancer exposure was below 100 %cPAD for the general US population®
and all population subgroups. The most highly exposed population subgroup was children 1-2
years old (0.000036 mg/kg/day), or 18 %cPAD. The general US population estimated exposure
of 0.000020 mg/kg/day which corresponds to a cancer risk of 1.2 x 10®, which is not of concern:
most of the estimated exposure was from food.

Occupational Handler Exposure and Rish Occupational populations (handlers) are potentially
exposed to manceb and ETU while making applications to a variety of tree fruits, nuts, fruits.
vegetables, row crops, sod. ornamentals , potatoes (foliar and seed piece), and during seed
treatments. In addition. post application exposure to maneb and ETU occurs after application
when workers contact foliage during crop maintenance. In both handler and postapplication
exposure assessments, risks for both maneb per se and ETU were calculated. For both handler
and postapplication assessments. the maneb dose was multiplied by 0.075 to take into account
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the 7.5 % in vivo metabolic conversion of maneb to ETU. This "metabolic™ E1L was added
the ETU exposure from handler and postapplication activities to obtain the total L 111 exposu
Handler assessments addressed combined dermal and 1nhalation exposures. but postapplicatio
risks were derived solely from dermal exposure

Current maneb labels typically require that occupational handlers wear an apron, coveralls and
cloves over baseline clothing which includes long pants and long-sleeved shirts. For some o1 the
mixer loader scenarios mnvolving wettable powder formulations, the non-cancer maneb risks for
this PPE ensemble are ot concern and additional PPE over and above the fabel. such as
respirators, are required to achieve Agency risk targets. Ina few cases, such as those involving
sod farm application rates. engineering controls such as water soluble bags are needed. The risks
for mixig and loading dry flowable (DF) and hiquid flowable formulations are much {ower and
can be nitigated in most cases with single layer PPE 1n place of the double layer PPL required by
the label ( respirators are required for some turt and almond scenarios). The nisks for applying
sprays using mechanized equipment such as aircratt. groundboom and airblast sprayers are not ot
concern with baseline clothing without gloves regardless of the tormulation type. The risks of
mixing/loading/applying sprays using handheld equipment such 4> handwands and backpack
‘sprayers are not of concern if single layer clothing with gloves is worn.

The labe] for the dust tormulation used for potato seed treatment requires double laver PPE with
PF10 respiratory protection. The non-cancer maneb risks for loading dusts during commercial
potato seed piece treatment are of concern with the label required PPE and may require -
engineering controls. The risks during the application of the dust during potato seed treatment
could not be evaluated because unit exposure data are not available.

The risks for commercial and on-farm seed treatment are generally not of concern. The scenarios
of concern include commercial seed treatment of oats and sorghum and planter box treatment of
peanuts, rice and oats. It is understood that most peanut and rice seed are treated commercially.
and the planter box scenarios were assessed only because they were included on the labels.

Risk calculations were also performed to assess the risk of ETU that is contaminant 1n the spray
mix and i1s metabolized trom absorbed maneb. The non-cancer short/intermediate term

risks for ETU are in all cases less than the corresponding maneb risk across all scenanos and are
not risk drnivers. The non-cancer long term risks for ETU are of concern for a tew scenarios.
however. these risks can be mitigated with single layer PPE (the labels require double layer PPE).
The cancer risks were also calculated tor ETU using 30 exposure days per vear. Most of the risks
are below 1 0x10™ without mitigation and aimost all ot the cancer nsks are below L Ox10™ with
the mihigavon recommended to address the non-cancer maneb risks. Many of the risks are also
below 1 0\107 with mitigation and some are below 1.0x10™°. Some of the high volume
commercial mixer/loader scenarios, however. remain above 1.0x10™ with engineering controls
and might be of concern 1f 1.0x1 0" is chosen as a risk mitigation goal.

Maneb and E'TU Occupational Postapplication Assessments Current fabel requirements specii
24 hour Restricted Entry Intervals (REIs) while Pre-Harvest Intervals (PHIs) ranve trom zero
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days for ornamentals to 145 days for almonds. A variety of postapplication exposure scenarios
were identified by the type of activity involved, and by the range of exposure expected, i.e., low,
medium and high exposure activities. Low exposure activities include irngation and scouting of
immature plants; medium exposure activities include irrigation and scouting of mature plants and
high exposure activities include pruning apple trees and harvesting cut flowers or greens.

Six chemical-specific dislodgeable foliar residue (DFR) studies were submitted for maneb. two
each on apples, grapes and tomatoes. These data show that maneb residues are much higher than
ETU residues, which were often low or nondetectable. The best available DFR data were
translated to all other crops based on the region and crop type, and were adjusted proportionally
for application rate. These data were used with typical HED transfer coefficients and typical -
HED assumptions to estimate postapplication exposure and risk. For turf, the mancozeb TTR
study was used to estimate postapplication residues of maneb.

Occupational Postapplication Risks

-Post-application risk calculations for workers entering treated fields or greenhouses mdlcated that
maneb non-cancer risks are of concern at the current REI for sweet and seed corn, apples and

- grapes. The time for these risks to decline to Agency targets is 5 to 11 days for cor, 5 to 6 days
for apples and 14 to 26 days for grapes with the exact number of days dependent upon the
regional dissipation rate and the specific worker task evaluated. The short/intermediate term
ETU exposures are of a similar concern as the maneb exposures; -however, the long term ETU

~ exposures are of greater concemn for the scenarios involving greenthouse grown cut flowers.
Except for apples and grapes, the cancer risks are less than 1x10 ~ on the day of appllcatlon for
all scenarios, however, the risks for some ot the scenarios do not decline to less than 1x10 until
more than 80 days after application. The registrant has proposed removing the grape apple and
sweet corn uses for maneb.

2.0 Physical/Chemical Properties

Technical maneb 1s a yellow powder which dt’:‘CDl‘HpOSES at 135 C, and has a density of 0.4-0.5
kg/L; 1t has a neghglble vapor pressure of <10~ mbar at 20 C. Maneb is moderately soluble in
water (0.417 ¢/ at 22-24 C), and is practically insoluble in organic solvents (<0.0010¢g/L in
toluene, 0.0033 ¢ L 1n hexane, 0.0137 g/L in dichloromethane. and 0.133 g/L in methanol at 22-

24 C). Maneb decomposes with heat and under acidic conditions. Other identifying codes and
characterlstlce are as follows:

Empirical Formula: = (C,H.MnN.S,),
Molecular Weight:  (265.3),

CAS Registry No.:  12427-38-2

PC Code: 014505

The structures of maneb and its metabolite. ethylene thiourea (ETU), are shown below:
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maneb ethylenethiourea

3.0 Haiard Characterization

The maneb toxicology database is incomplete; however, the available data have been used 10
select dietary. incidental oral. dermal and inhalation endpoints for risk assessment. Data gaps
include a developmental neurotoxicity study in the rat and a subchronic inhalation study 1n the rat
(with special emphasis on thyroid and neurotoxic effects). A comparative thyroid assessment in
rats (young and adult animals) is required for the metabolite ETU. A toxicity profile of maneb is
presented in Tables 3.2 and 3.3.

3.1 Hazard Profile

Maneb is a fungicide in the class of ethylenebis dithiocarbamates, which also includes mancozeb
and metiram; all of these compounds have a common metabolite/degradation
product/contaminant ¢thylenethiourea (ETU). The findings 1n multiple studies demonstrate that
the thyroid is a targct ergan for maneb afier single and multiple doses via the oral. dermal. and
inhalation routes ol (\posure and across species [rat, dog, mouse, monkey|]. Neurotoxicity is
also a major toxic effect observed tollowing both acute and subchronic exposures 10 maneb.

Acute toxicity data show that maneb is not acutely toxic to rats via the oral and inhalation routes
~of exposure or to rabbits via the dermal route of exposure. Maneb 1s not a skin or eye rritant. but
it 15 a strong dermal sensitizer.

Thyroid eftects in dogs dosed with maneb included changes in clinical chemistry parameters
indicative of thyroid toxicity, increased thyroid weight and follicular (thyroid) hyperplasia:
increased thyroid weights were also observed in monkeys. In rats, increased thyroid weighits.
follicular cell hyperplasia and decreased 1 (serum thyroxin) were observed after 90-day and 2-
“year exposures.; 1in a 2-generation reproduction study in rats, there was increased 1incidence ot
diffuse follicular epithehal hypertrophy/hyperplasia. Following 21days ot dermal exposure,
increased thyroid weight and thyroid follicular cell hypertrophy were observed in rats; in mice
dosed with maneb, thyroid etffects included decreased T, and increased thyroid weights.

Neurotoxicity has been observed following exposure to maneb. Following acute oral exposure. a
slight impairment of forelimb grip strength was observed 1n female rats. Following oral exposure

10
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in a 90-day neurotoxicity study in rats, impaired mobility, decreased fore- and hindlimb grip
strength, and high carriage were observed in female rats, and a dose-related decrease in
neurotoxin esterase [NTE] activity was observed in male rats. There was also a higher incidence
of microscopic lesions (digestion chambers) in the peripheral nerves of both sexes. Treatment-
related clinical signs, including unsteady gait, dragging of the rear limbs, diminished sensitivity
to pain in affected limbs, and paresis of rear limbs, were observed in a rat range-finding
“developmental toxicity study; these findings were similar to those seen in the definitive study, in
which impaired mobility, dragging of hindlimbs, hunched posture, and prostration were
observed. In the mouse carcinogenicity study, there was a dose-related decrease in absolute brain
weight. Tremors were observed 1n several rats 1n a subchronic oral toxicity study. There was an
increased incidence of microscopic lesions of the skeletal muscle of rats following long-term (2

years) exposure,

There is increased qualitative fetal susceptibility in rats; in the rat developmental toxicity study,
fetal effects (decreased fetal viability) were observed at a dose level that produced less severe
maternal toxicity (decreased body-weight gain/food consumption) “There is no evidence of
increased susceptibility in the rat two-generation reproduction study. There is no acceptable
rabbit developmental toxicity study; this study is reserved pending outcorne of a similar study
with the metabolite ETU. - |

Following oral administration, maneb was rapidly and extensively absorbed from the
gastrointestinal tract, and the metabolites were rapidly eliminated in the urine and feces. The
major metabolites were ethylene thiourea (ETU), ethylenebisisothiocyanate sulfide (EBIS) and
ethylene urea (EU). A major portion of the radiolabeled metabolites were polar water-soluble
compounds that could not be adequately isolated for positive identification. There is'no evidence
of bioaccumulation.

Maneb has been tested in a series of in vitro and in vivo genotoxicity assays. Maneb is negative
for gene mutation in both the bacterial/Ames assay with and without S9 and in the CHO/HGPRT
assay with and without metabolic activation. Maneb did not cause structural chromosomal
aberrations, and was negative in the host-mediated assay and the unscheduled DNA synthesis
assay. In the assay for sister chromatid exchange [SCE] in Chinese hamster ovary cells [CHO},
maneb was ncgauve with and without metabolic activation.

There is an acceptable mouse carcinogenicity study for maneb, but the study in the rat was
considered unacceptable. In mice, there was a treatment-related increase in hepatocellular
~.adenomas in both sexes at the high dose level (350-440 mg/kg/day) at the terminal sacrifice, and
there was an apparent increase in the incidence of alveogenic adenomas in the high dose males.
Table 3.1 below provides a comparison of tumor data for ETU, mancozeb, maneb, and metiram.

i
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Table 3.1 Tumor Incidence in EBDC/ETU Ca;tinogicity Studies in Rats and Mice.

Species

Rats

uMiCE !

— — — @ A ————— e T——— e ————— e L ———————— A R ——— —{— e E———— it ———

[Numbers in brackets represent ETU “dose” levels basedona 7

Historica
other £ B
 classitied

ETU

Thyroid follicular cell
l adenomas and
carcinomas at 83 & 250

ppm

adenomas and
carcinomas, pituttary
adenomas.
hepatocellular
adenomas and
carcinomas at 1000

ppm

Thyroid tollicular cell ‘ No mncrease in wwmor of

any type at 1000 ppm
(HDT)

Thyroid follicular cell
adenomas and
carcinomas at /50 ppm
(HDT}

|56 ppm ETU]

[75 ppm ETL!]

No increases 1n tumor
of any type at 1000
ppm (HDT)

[75 ppm ETU]

Increased incidence of
hepatocellular
adenomas and

| alveogenic adenoma- 1n
the {ungs at 2400 ppni

320 ppm (HDT)

|

:

i

[180 ppm E 1L |

[ —— T T S ———raew T Ryl S SR T L R S — PPN e

5% conversion of parent EBDC to ETU]

il

Metiram

No increases n
tumor of anv type a

el Al ®,

{24 ppm ETU]
nnsme S—

NO increase i |
tumors of any type at |
1000 ppm

[75 ppm ETU

ly. 1t has been assumed that maneb’s potential for carcinogenicity {(as well as that ot the
DCs, mancozeb and metiram) 1s due to the formation of the metabolite ETU. which 1
as a probable human carcinogen {B2), with a cancer potency factor (Q, } of 0.0601

(mg/kg/day)’ for nisk assessment. On this basis, maneb cancer risk has been calculated by
estimating exposure to maneb-derived ETU (including the metabolic conversion) and using the
ETU cancer potency factor to provide a quantitative estimate of risk. In a 1999 ud hoc meeting of
the Cancer Assessment Review Committee, HED concluded that cancer risk for maneb and the

other _ZBDCs should continue to be evaluated in this way.

The acute toxicity protfile for maneb is shown in Table 3.2, while the hazard profile. based on
submitted data, 1s presented in Table 3.3

Guideline
No.

870.1100
870.1200
| 870.15300
870.2400

870 2600
£70.6200

e — T ———— | e ——— L & AL LIl R p—

Study Type

Acute Oral - rat

Acute Dermal - rabbit
Acute Inhaldtion - rat

Primary Eve Irritation

Dermal Sensitization

§70 2500 41975605  [not a skin rman:

Acute Neurotoxicity

DESSS————T ¥ PR s ] s SN T EE L E ki emm———ra P o T———T

MRID #-.-u—-n-m—-—_w-----—__-. T Toxicity
- Category
41975601 (LD, = >000 mg/kg Y
41975602 LD, = 2000 mg/kg ‘ H
41975603 |LC = | *mg/L . I
- 41975604 |not an eye uTitant I
]
41975606 |a dermal sensitizen N/A
43947601 INOAEL 1000 mg/kg: LOAEL @ 2000 N/A
nie ke based on a slight impatrment
lorelimb orip strength __ —
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Table 3.3. Tﬁmlty Profile of Maneb Techmc.al

Subchronic feeding - rat | 40982601

(870.3100]

———— -

00129980
00130306
00161552
Acc. No.
263810
Acc. No.

Subchronic feeding -
monkey

[870.3150]

6-month

[
1

|

263821

e r—_

Subchronic feeding - dog
(870.3150]

!

21-Day dermal toxicity - [40876101
rabbit

[870.3200]

—

LOAEL=2000 mg/kg, based on shight 1mpamnent in forelimb grip

| 80 ppm [males 5/females 6 mg/'kg/da'y],
400 ppm [males 24/ females 30 mg/kg/day)

— TR — —— T T — | — T !

[500, 1000, 2000 mg/kg]
NOAEL 1000 mg/kg,

strength in females.

1
e e e e L S e -

1300 ppm [males 77/females 103 mg/kg/day]

NOAEL not determined, based on the increased incidence of renal
tubular pigment observed at alt dose levels.

NOAEL for thyroid effects 1s 80 ppm [males 5/females 6 mg/kg/day|;
LOAEL for thyroid effects [increased thyroid weights and follicular cell
hyperplasia in males and decreased T, in both sexes] 1s 400 ppm [males
24/temales 30 mg/kg/day|. Tremors were observed in 2 mid-dose and
2 high-dose females during weeks 5, 8, 9, and 12.

{100, 300, 3000 ppm]

NOAEL=100 ppm [5.2-5.7 mg/kg/day; 7.3 mg/kg/day from IMPR,
1993}

LOAEL=300 ppm [15.5-16.8 mg/kg/day], based on increased thyroid
welght In males. -

L]
e e B, T T
u

At the 30060 ppm [144.8-171.0 mg/kg/day] dose level, there was a
decrease in body-weight gain and food consumption, reduced 'l

absorption and a lower mean percentage of protein-bound '*'1, enlarged
thyroids, increased thyroid weight, and histopathological lesions in the

thyroids.

see chronic dog

100, 300, or 1000 mg/kg/day

Systemic NOAEL=100 mg/kg/day;

Systenue LOAEL=300 mg/kg/day, based on microscopic thyroid
changes [both sexes). Slight dermal irritation was observed at all dose
levels at the site of application. T3/T4/TSH not monitored.

13  Table 3.3 continued on following page
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l Table 3.3. Toxicity Profile of Maneb Technical.

Study Type MRID No Doses

[Guideline No.| Results . -
Subchronic inhalation - 00162084 10, 30, and 100 mg m’

rodent 40982701

40982601 LOAEL=100 mg/m’ [0.10 mg/L]. based on slightly fower mean T,

| concentrations in both sexes, an apparent treatment-related increase in
lung + trachea weight in both sexes, decreased T, concentrations in the
females. and decreased thyroid + parathyroid weight i fcmales.

|[8?0.3465] 40982401  |NOAEL=30 mg:m’ {0 03 mg/L].

i
41975901 100 mg/m?® {4 weeks dosing)

Maneb, Mn, and ETU were detected in [ung tissue in both sc
following the 4-week exposure but not following the 2-weceh rccovery

period.
[75, 300, 1200 ppm]

ma

Subchronic neurotoxicity §43947602

- rat .
[870.6100)

NOAEL=300 ppm [21/23 mg/kg/day],
LOAEL=1200 ppm {80/100 mg/kg/day], based on decreased NTE in
males and decreased forelimb grip strength in females. |

| | ~
Chronic toxicity - rat 00129979/00 |30 ppm jmales 2.18/females 2 24 mg/kg/day |

[870.4100] 130305 100 ppm [males 6.60 temales 7 32 mg/kg/dayv]
40125101740 | 300 ppm [males 20.4 temales 2 1.8 mg/kg/day]
559201 | 1000 ppm [males 68.4/females 74.5 mg/kg/day]

NOALDL - »00 ppm [males 20.4/females 21.8 mg/kg/day]|.
LOAEL 1000 ppm [males 68 4/female~ 74 ~ me/kg/day]. based on
thyroid ettects [© half-life for '''l-retention  mean T, content at 6 and
|2 months, and 1 thyroid weight in both sexes] and | incidence of
urinary bladder lesions (epithelial dyspiasia in males|.

Chronic toxicity -~ dog 42251601 50 ppm [males 1.53/temales 1.71 mg/kg/day]
[870.4100] 200 ppm [males 6.36/females 7.18 mg/ke/day]
1000 ppm [males 33.84/females 35.25 meg/kg/day]
2200 ppm [males 66.47/females 72.93 mg/kg/dayv]

- T

F LN T

NOAEL=200 ppm [males 6.36/females 7.18 mg/ke dav |

LOAEL=1000 ppm [males 33.84/females 35.25 mg ke dav|. based on
clinical chemustry parameters indicative of thyrotd rov ity increased
weight. and follicular (thyroid) hyperplasia.

| : thyroic

| 4 Table 3 3 continued on following puve
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[Gmdelme No.]

Carcinogenicity - mouse
[3.70.4200]

——— e s ——tremmm T

irat
[370.3700]

L]
D e T ——— e T e L Y
a
a
.

Developmental toxicity -
{rabbit
‘ (870.3700]

Developmental toxicity -

Lo oy puann— L LT I E—_ | T E—_ P

MRID No

42642401

42520001

4098240)

Table 3.3. Toxlclty Pmﬁle of Maneb Technical.

'
'
- '
~
.
] e e e e Tt et T T e T e
-
—_—— . . —————r_———————————m —— A,

Results

60 ppm [males 8.6/females 10.8 mg/kg/day]
240 ppi [males 34.8/females 45.0 mg/kg/day]
2400 ppm [males 354.7/females 439.3 mg/kg/day]

NOAEL=Not determined

There was a dose-related decrease in the mean thyroxine {T,} values in
females at study termination, and no NOAEL for this effect in females
was attained. At the high-dose level, both sexes displayed an increased
incidence of hepatoceliular adenomas, and the high-dose males
displayed an apparent increase in-alveologenic adenomas in the lungs.

120, 100, 500 mg/kg/day]

Maternal NOAEL=20 mg/kg/day |
Maternal LOAEL=100 mg/kg/day based on increased clinical signs
[soft stool], decreased body-weight gain and food consumption.

Developmental NOAEL=20 mg/kg/day
Developmental LOAEL=100 mg/kg/day, based on increased post-
implantation loss, increased resorption and decreased fetal viability.

At 500mg/kg, dams had loss of body weight, and neurobehavioral signs
were observed by day 11 of gestation, which increased in incidence
with time during dosing, and persisted throughout the study.

Developmental effects observed at the high-dose level included
decreased fetal body weight and an increased incidence of -
malformations [bent limb bones) and developmental variations
[retarded skeletal ossification and bent ribs].

5, 20, 80 meg/ke/day]

No NOAEL or LOAEL was established for maternal or developmental
toxicity in the rabbit due to deficiencies in the study.

15 -Table 3.3 continued on following page
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reproduction - rat
[870.3800]

Chronic
ltox./carcinogenicity - rat
[870.4100]

Developmental
neurotoxicity - rat
[870.6300] -

Table 3.3. Toxicity Profile of Maneb Technical

00129979/
00130305
40125101/
40559201

| o ssatent of carcinogaie potential.

Study Type MRID No. Doses
[I[Guideline No. | | | Results ~
2-Generation 42049401 75 ppm {FO males 5.3 /FO females 6.0 mg/'kg/day:

F1 males 53.8/F1 females 6.4 mg'kg/day]

300 ppm [FO males 21.2/F0 females 241 mgskg/dav: Fi males 2» ¢}
females 25. 1 mg/kg/dayj

| 1200 ppm ppm [FO males 83/FO temaies 100 mg/ky day |
92/F 1 females 106 mg/ke/day]|.

malcs

Matemal NOAEL=75 ppm ( FO 6.0/F1 6.4 mg/kg/day):
Maternal LOAEL=300 ppm (FO 24.1/F1 23.1 mg/kg/day). based on
ldecreased body welght/bodv-weight gain and food consumption.

Paternal NOAEL=75 ppm (F0 5.3/F1 5.8 mg/kg/day).

Paternal LOAEL=300 ppm (FO 21.2/F1 23.1 mg/kg/day). based on a
signiticant i 'in lung [both generationsj and Liver {F1| weight and.an’
incidence of diffuse follicular epithelial hypertrophy/hyperplasia [F) |

Reproductive NOAEL=300 ppm |males FO 21.2/F1 232 mg/kg/day:
females FO 24 1/F1 25.1 mg/kg/day]:

Reproductive LOAEL=1200 ppm [males FO 83/F1 92 mg/kg/day:
females FO 100 I'1 106 mg/kg/day]. based on delayed vaginal opening
in the F1 femaie ollspring.

P RTE T TR T T T

30 ppm [males 2 1% temales 2.24 mg/kg/day]
100 ppm [males 6.60/temales 7.32 mg/kg/day|
300 ppm [males 20.4/females 21.8 mg/kg/day]
} 1000 ppm [males 68.4/temales 74.5 mg/kg/day]

| See under chronic toxicity.| The data on tumor incidence have not
[ been submitted for statistical review to date. Due to the fack of any
sigmficant etfect on survival or body-weight gain during the first 90-
day interval. it appears that the rats could have tolerated higher dose
levels It is cond luded that the dose levels were not adequate for the

e BT —

DA T A GAP

T

4
-

|

1O - Table 3.3 continued on following page
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Table 3 3 TﬂIlClty Prof le of Maneb Technical.

=

40091302
Mutagenicity
Salmonella

[Ames]

Gene Mutation
[870.5100)
{870.5300) .

00149569
40091303
43788901
| ir vitro

mammalian
| CHO/HGPR

T .

| ‘ 00153177

- ‘ 00153178

fmouse host-

‘ mediated]

Cymgenetms /Structural
Chromosomal

Aberrations
(870.5900] chromatid

[370 5385 exchange
[ assay

00149568
40091301
l in vitro sister

l(SCE/CHO)

100149570

| in vivo bone
marrow
cytogenetics

00149571
|40163901
Unscheduled
DNA
Synthesis
Dominant
[.ethal

Other Genotoxic Etfects
r [870.5550]

00149572
00164348

] 1IN VITO
transformatio
[ n [C3H-
10T'4 cells]

[ — T T T T

[ SEE——— ST E— L TR e L e T

Dose range 3-300; negative for base pair substitution and frameshift
mutations with and without metabolic activation. |

Negative with rat 89, without rat §9, and with mouse S9.

Neganve B6C3F1 mouse, TA1530; dose levels, 05 2,5 g/kg i
Negative w/metabolic activation; positive without metabolic activation ;
up to 30 pug/mL

Single 4.9 g/kg and 5x 1.64 g/kg: no significant increase in-
chromosomal aberration in bone marrow samples over the complete
mitotic ¢ycle with activation; positive without activation.

Negative - rat hepatocytes, did not appear 10 induce unscheduled DNA
synthesis; dose range 0.5-100 pg/mL

ncgative for induction of neoplastic transformation in absence of
metabolic activation; 0.05-0.2 ng/mL

TR —— R ———————_ S\ ) '
.

17 Table 3.3 continued on following page
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Studv Tvpe
|Guideline No. |

Metabolism - rat
[B7(H 748 5]

Table 3.3. Toxicity Profile of Maneb Technical

MRID No.

Acc. Nos.:
250890,
263913

TR Py B

Dermal absorption MRID
870.7600 41669301
|
!
3.2 FQPA Considerations

wole bolons the T of o eotton |
e e e e . et 2 - e s

Doses
Results

i
Following both single & repeated low-dose exposures. majority ot the !
|
5

radiolabel was excreted in both the urine & feces within the first 24
hours (low dose) or 24-120 hours (high dose). i.ess than 19 of the
dose was eliminated as CO. following all exposures.

[n single-dose study, elimination and tissue distribution were apular 1o
those observed in the 3-dose study. There were no sex differences. and
more radiolabel was tound m the urine than in the feces. Thvroid. hver,
and kidneyv displayed the highest levels of radiolabel. The amouni of
maneb per s¢ in urine as a % of the radiolabel was .3% in maies and :
(}. 1596 in temales. %
g

FETU was the major metabolite in the urine and feces of both sexes.

Dermal absorption = 2%. Dermal absorption of maneb is relatively
small. Dermal absorption [as a % of dose} was below the himit of ;
detection tor the first 10 hours. In order to produce measurable i
absorption. a total exposure period of 72 hours. which included 24
hours of maneb exposure and a wash, was required. Four to five umes &
as much maneb {(applied as an aqueous solution{ remains on/in skin
after washing as found following exposure to the formulation-vehicle
suspension. Time-related dermal absorption was greater with the
agueous maneb solution than with the formulation vehicle suspenston.
| he wimount absorbed mcreased with time of exposure, ranging from
01’6 tollowing a hali-hour «xposure to 5 1% following a 24-hour
ovposure period, a wash and wacrifice 48 hours later. Measurable |
gquanuucs uf the dose remain on the skin following a wash and. when
appited as an aqueous.solution maneb appears to remain on the skin for
contimued absorpnion n gencral whole blood/plasma concentrations

CTY
r

=
T

P i il

The potential for increased susceptibility of infants and children from exposure to maneb was
reevaluated by the Health Fttects Division Hazard Identification Assessment Review Committee
(HIARC) on February 20, 2003, The purpose of that HIARC meeting was to reevaluate maneb
and the other EBDCs in accordance with the February, 2002 OPP FQPA 10X Safety Factor
cguldance document. The potential for susceptibility was reevaluated subsequently by the EBDC
team on July 30, 2004 to follow policy outlined in a new guidance document, Claritication on the
Application of Database Uncertainty Factors as Described 1n the 2002 OPP FQPA 10x Guidance

(September, 2003).

Studies available for FQPA consideration include an acceptable developmental toxicity study in
rats and an acceptable reproduction study in rats. Data gaps for maneb with respect to FQPA

18
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include a developmental neurotoxicity study 1n rats [DNT| on maneb, a comparative thyroid
toxicity study in adult and young animals on ETU, and a rabbit developmental toxicity study with

ETU.

The data indicate a qualitative susceptibility in the rat developmental toxicity study on maneb in
that decreased fetal viability is observed at a dose level that produces decreased body-weight
gain/food consumption in the maternal rat. The decreased fetal viability is considered more
adverse than decreased body weight/food consumption. There is no evidence of increased
susceptibility in the 2-generation reproduction study in the rat.

There is no adequate rabbit developmental toxicity study with which to assess susceptibility.-
However, there is low concern for the qualitative susceptibility seen 1n the rat developmental
toxicity study since the dose-response is well characterized; there are clear NOAELs/LOAELSs for
maternal and developmental toxicities, and the developmental effects are seen in the presence of
maternal toxicity. There are no residual uncertainties for pre and/or postnatal toxicities in the rat
since the doses selected for overall risk assessments will address the concerns seen in the prenatal
developmental toxicity study. With respect to the issue of thyroid effects in the young, available

~ data show that the thyroid effects occur only at high-dose levels in the adult animal; and the
required comparative thyroid study on ETU will address thyroid effects. Since there ts a clear
NOAEL for the thyroid effects observed in the adult animals, and the effects were observed only
at dose levels above the doses selected for overall risk assessment, there are no residual
uncertainties with regard to thyroid toxicity. Therefore, there are no residual uncertainties, and the
hazard-based Special FQPA Safety Factor (10X) is removed (1X). |

There 1s concern for developmental neurotoxicity resulting from exposure to maneb, due to the
developmental effects observed in the rat and evidence of neurotoxicity observed in several
studies on maneb. A developmental neurotoxicity study [DNT] is required.

A comparative thyroid study tn young and adult animals had previously been required for maneb
and the other EBDC fungicides, as well as their common metabolite/degradate ETU. Cerexagri,
Inc. suggested that the comparative thyroid study be conducted with ETU and evaluated prior to
any similar testing with maneb, because ETU is believed respon51ble for thyrmd toxicity occurring
in the EBDC tOXlClty studtes,

The EBDC risk assessment team agrees that it is appropriate for the comparative thyroid study to
be conducted with ETU. ETU is a direct-acting thyroid toxicant which inhibits thyroid peroxidase
enzyme and is believed to be responsible for the thyroid toxicity with the E :BDCs. The
comparative thyroid study should be conducted using ETU and requirement for a comparative
thyroid study with maneb, as well as the other EBDC fungicides, is reserved.

A dose analysis was conducted on maneb in order to determine the need for and size of a database

uncertainty factor {UF ;] in the absence of a submitted developmental neu -otoxicity study (DNT)
for maneb. Assuming the doses tested in the required DNT will be similar to those in the available

19
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2-generation reproduction study jthe NOAEL 1n the subchronic neurotoxicity studs on maner

21 (males)/23 (females) mg/kg/dayj. the doses {from reproduction study| will be > 6 21 _4 ik
83/100 mg/kg/day. In the following table the assumed NOAEL for offspring etiecr i the [N
[in this case we will assume 5/6 mg/kg/day i1s the clear NOAEL] 1< compared this NOAEL 0 1
doses selected for risk assessment. Only the doses selected tor the acute dietary endpoints exceed
the assumed DNT NOAEL, so a database uncertainty factor is only required for these risk

assessments.

Endpoint '

Acute Dietary -
Females 13+

Dose Selecred

Assumed NOAEL of
DNT mye kpsda

————— el = Ll R R TTT T T T T,

me ke das

ONCiusion

The DNT NOAEL is lower than the dose
selected for nisk assessment and a UF; of
3X is required-

The DNT NOAEL is lower than the dose
selected for risk assessment and a UF,,; of

The DNT NOAEL is in the same range as
the dose selected for risk assessment and no
LI, 1~ required.

L

The DNT NOAEL 1s the same as the dose
selected for risk assessment and no UF,,, 15

The DNT NOAEL 15 the same as the dose
selected for risk assessment and no UF,,, 15

The DNT NOAEL is the same as the dose
selected tor risk assessment and no LF,,, s

The DNT NOAEL 15 the same as the dose
selected for risk assessment and no UF,,, i3

—

The DNT NOAEL 15 the same as the dose
sefected for risk assessment and no UF,,, s

The DNT NOAEL is the same as the dose
setected for risk assessment and no UF,,,, 15

The DNT NOAEL 1s the same as the dosc
selected tor risk assessment and no UF, 1<

Acute Dietary -
(General 1000 | 5/6 |
Population * | 10X is required.
Chronic Dietary 5 5/6
Short-Term < C o
| Incidental Oral .
required. -
Intermediate-Term - _
. 3 5/6
Incidental Oral .
required.
Short-Term .
& 36
Dermal '
required.
Intermediaté-Term 6 (2% Dermal »
Dermal Absorption Factor) ,
required.
—t —e
Long-Term 6 (2% Dermal. "
Dermai Absorption Factor) | .
required.
Short- Term ) $/6
Inhaiation “ ” .
' l required.
Intermediate-. and |
L.Oﬂg-TEI'I‘n 5 376
Inhalation required.

- i

'The shaded rows indicate endpoints whre a database uncertainty factor should be applied.

e L 1L | PR "R R TTTE T —— |\ | S N N I ——— T T T — e s w————— e e — e —
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3.3  Dose Response Assessment

The HIARC evaluated the toxicology database of maneb on February 20, 2003 and selected the
doses and endpoints for rish assessment based on a variety of exposure pathways. Since exposure
to the metabolite and degradate ETU occurs in conjunction with the use of maneb, endpoints and
doses for ETU selected at the February 18, 2003 HIARC meeting are included in Appendix 1.

VManeb Acute Dietary Endpoint (Females 13-50 vears old) The rat developmental toxicity

study was used 1o establish an acute reference dose for females 13-50 years old, based on
increased post-implantation loss and resorptions and decreased fetal viability at the LOAEL of
100 mg/kg/day. Application of the standard 100X combined uncertainty factors (UFs) for
interspecies extrapolation and intraspecies variability, as well as a 10X database UF (UF ) to the
NOAEL of 20 mg/kg/day results in an acute reference dose (aRfD) of 0.02 mg/kg/day. Since the
Special FQPA SF was reduced to 1X, the acute population adjusted dose (aPAD) is the same as
the acute RfD. 0.02 mg/kg/day. The endpoint is relevant for acute dietary nsk assessment as
defined in OPP, since the toxic effects are assumed to occur fo]lowmg a single exposure, and
would be protective of this population subgroup

Maneb Acute Dietaﬂ Endpoint (General US Population) An acute neurotoxicity study in the

rat was used to establish an acute reference dose for the general population, based on slight
impairment of forelimb grip strength at the LOAEL of 2000 mg/kg/day. Application of the
standard 100X combined uncertainty factors (UFs) for interspecies extrapolation and Intraspecies
variability, and the 10X UF; results in an acute reference dose (aRfD) of 1.0 mg/kg/day. With a
Special FQPA SF of 1X. the aPAD is the same as the aRfD, 1.0 mg/kg/day. The study is -
considered appropriate because the effect was seen after a single dose.

Maneb Chronic Dietary Endpoint The chronic reference dose (cRID) for the general
population was selected from a subchronic oral toxicity study in rats. The endpoint selected was
“thyroid effects, i.e. increased thyroid weights and follicular cell hyperplasia in males and
decreased T, (serum thyroxin) in females, observed at the LOAEL of 24 mg/kg/day. After
application of the standard 100X combined uncertainty factors (UFs) to the study NOAEL of §
mg/kg/day, the ¢cRfD 1s 0.05 mg/kg/day. With a Special FQPA SF of 1X, the chronic population
adjusted dose (cPAD) of 0.05 mg/kg/day is equivalent to the chronic RfD. This study was
considered the most appropriate for selecting the chronic endpoint and dose, since it had a clear
NOAEL for target organ (thyroid) effects

When HIARC selects an endpoint for chronic risk assessment from a subchronic study, an
additional UF of either 3X or 10X is typically applied to account for the shorter dosing duration.
However, in this case the- HIARC concluded there was no cumulative toxicity for the target organ -
tollowing long-term exposures, and no additional uncertainty factor is needed for risk assessment.
Additionally, a database uncertainty factor [UF,] is not required for this exposure scenario
because 1t is not expected that the required DNT will identify a lower effect/no-effect dose.
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However. it is noted that this results 1n an apparent “discrepancy  between the acute PAL tor
population sub-group [females {3-+] for which a UF; is needed, resulting in an aPAD ol » 00,
mg/kg/day. and the chronic PAD. resulting 1n a cPAD of 0.05 mg/kg dav  1he chrome Ri1)
greater than the acute RfD for females 13+. This anomaly i1s likely a result of the difterences m

- application of database uncertainty factors. dose spacing (the acute study had greater spacing
between dosing, possibly resulting in an artificially low NOAEL), or the differences 1n exposure
method (gavage in the acute study while the dose in the sub-chronic study was administered in the

diet.

Maneb Incidental Oral (Short- and Intermediate-1erm) Endgoiﬁts For incidental oral

exposures occurring over 1 to 30 days (short-term) or for 30 days to 6 months (intermediate-term j.
the endpoint selected was thyroid effects, 1.¢. increased thyroid weights tolhicular cell hyperplasia
and decreased T, {serum thyroxin), observed at the LOAEL ot 24 mg kg/day. lhc thvroid is the
‘target organ 1n several species following oral exposures over various durations. Although this 13-
week study was selected for exposures from 1 to 30 days, HTARC concluded that the etfects
observed in the study could have occurred earlier; for example, thyroid lesions were seen i ihe
21-day dermal toxicity study. The standard 100X UFs, are considered applicable to the selected
dose for risk assessment. Therefore. the target MOE for residential incidental oral exposures 1s
100.

Dermal Absorption Factor The HIARC selected a value of 2% from an acceptable rat dermal
absorption study However, since a route specific study was selected for all durations of dermal

exposure, this 1s not applicable.

Maneb Dermal Endpoints (Any Duration) The results of a 21-day dermal toxicity study 1n
rabbits were used to select dermal endpoints following short-, intermediate- and long-term dermal

exposures, 1.e, exposures lasting from 1 day up to more than 6 mornths of exposure. The endpoint
for risk assessment was microscopic thyroid changes (follicular cell hypertrophy) 1n both sexes
and 1ncreased thyroid weights in males at the LOAEL of 1000 mg/kg/day {oral equivalent. 20
mg/kg/day). The study NOAEL 1s 300 mg/kg/day (oral equivalent, 6 mg/kg/day) and 1s the dose
for dermal risk assessment. The dermal toxicity study was chosen for dermal risk assessments
because effects were observed in the target organ via the exposure route of concern. The study
was chosen for both intermediate- and long-term exposures because oral studies have indicated
that etfects on the thyroid do not intensify with time; this also obviates the need for additional
uncertainty factors to extrapolate from shorter to longer durations of exposure.

The Margin ot Exposure (MOE) 1s the ratio of the dose selected for risk assessment to estimated
exposure on a mg/kg basis. OPP nisk assessments typically use the MOE as a measure of risk
from dermal and inhalation exposures. In order to be protective. the desired. or target MOE is the
combined UF's associated with the dose and endpoint. For maneb dermal risk assessments, the
combined UF (target MOE) for occupational assessments is 100, which includes the standard 10X
factors to account for interspecies extrapolation and intraspecies variability. The combined UF 1s
also 100 for residential dermal exposures because the FQPA database uncertainty factor is not

R
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required.

Mianeb Inhalation Endpoints (Any Duration) -A subchronic oral toxicity study conducted in

rats was used to select endpoints to assess risks from inhalation exposures lasting from 1 day to

 more than 6 months. The NOAEL was 5 mg/kg/day, based on thyroid effects [increased thyroid
weights and follicular cell hyperplasia in males and decreased T, (serum thyroxin) in females] at
the LOAEL of 24 mg/kg/day. The oral study was preferred over the subchronic inhalation study,
which was considered unacceptable because the doses were too low. In the absence of relevant
information, toxicity by the inhalation route is considered to be equivalent to toxicity by the oral
route of exposure, and a 100% oral absorption factor is used in risk assessment. The study
endpoint of thyroid ettects 1s considered appropriate tor all durations of exposure, since the |
thyroid is a target organ in several species and over subchronic and chronic durations, and because.
available data indicate thyroid effects do not intensify over time.

For maneb inhalation risk assessments, the combined UF (target MOE) for occupational and
residential assessments 1s 100, which includes the standard 10X factors to account for interspecies
extrapolation and intraspecies variability. For residential inhalation exposures, no FQPA
database uncertainty factor is required because it is not expected that the DNT will identify a

~ lower effect/no-effect dose. |

e e e e e e e e e} B e — — | — e — e — L THE Y A S — —_——— . — i e e — e ———— e — e —————— J— e JE——

‘ —m_—ﬂ"_w Maneb Toxicological Doses/Endpmnts for Use n R1sk Assessment

[R—— [ T T —— — ——————

———— . o ———— -—_————— o — ———r -

Expesure Des Used in Risk Assessment FQPA SF and Endpmnt for BN _m“""“_m—’
Uncertainty Factors (UFs) Risk Assessment Stucly and Toxicological Effects
Maneb Dietary Exposures . |
NOAEL = 20 mg/kg/day z ?}]ZA Special Safety Factor Developmental Tesieity, Rt
UF=100X (inter and intraspecies)
VUF=10X ;0 aPAD= Acute RiD

Total UF=1000X FQPA SF

Acute Dietary

Females 13+

LOAEL=100 mg/kg/day, based

on increased post-implantation '
10ss and reserptlens decreased
fetal viability

Acute RfD = 0.02 mg/kg/day - |aPAD= 0.02 mg/kg/day

NOAEL=1000 mg/kg/day FQPA Speciatl Safety Factor

= 1X Acute Neurotoxicity, Rat

UF=100X (inter and intraspecies) |
PAD= Acute R{D
UF=10X, .base 8 _F‘ES_P%S—I; LOAEL=2000 mg/kg/day, based
| Total UF=1000X ' on slight impairment of forelimb
‘ arip strength |

Acute Diétary
General Population

IAeute RfD=1.0 mg/kg/day . aPAD=1.0 mg/kg/day

NOAEL=5 mg/kg/day FQPA Special Safety Factor |Subchronic toxicity, Rat {

! | =1X
Chronic Dietary UF=100X (inter and intraspecies) LO AELZE mg/kg/day based on
, cPAD = Chronic RiD thyroid effects {increased
General Population | . )
Total UF=100X : FQPA St thyroid weight and follicular celi
| | hypertrophy in males and
Chronic RID = 0.05 meo/hg cPAD = 0.05 mg/kg/da decreased T, In females

I~
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Table 3.4 Maneb Toxicological Doses/Endpoints

Exposure
Scenario

Carcinogenic Risk
[oral/dermal/inhalatio

f]

Any duration
[1-30 days]
[->30 days to 6 mos. ]

Any Duration

[1-30 days]

[>30 days to 6 mos.]
[>6 mos. ]

Any Duration

1-30 days]

>30 days to 6 mos.]
>6 mos. ]

34

Dose Used in Risk Assessment.
Uncertainty Factors (UFs)

or Use 1n Risk Assessment.

FQPA SF and Endpomt for
Risk Assessment

Study and Toxicological Effects

1

Q,* = 6.01x10 (mg/kg/day)"

Maneb Incidental Oral Exposures (Residential, Postapplication)

NOAEL=5 mg/kg/day

(JF=100X (inter and intraspecies)

Maneb 15 classified as a Group B2 carcinogen: use ow-dose
extrapolation for human risk assessment. based on £ T

FQPA Special Safety Factor
=1X

Residential MOE=1(()

Maneb Dermal Exposures

| Dermal NOAEL=300

mg/kg/day

L'F - 100X (inter and intraspecies)

}

FQPA Special Safety Factor
= 1X

Residential MOE=100
Occupational MOE=100

Maneb Inhalation Exposures

NOAEL=S mg/kg/day

UF=100X (inter and intraspecies)

Inhalation Absorption=100%

Endocrine Disruption

FQPA Special Safety Factor
=1X

Residential MOE=100
Occupational MOE=100

i, iy’

Subchronie towcity Ko,

LOALLD Z4mg ke di based on
thyrond ctfects [mmcreased
thyroid weighs and tolhicular cell
hypertrophv in males and
decreased T, in females)

.

ikl irerhli s, Y.

 ManchDermal Bxposures i ]
2i-day Dermal Toxwits Rabbit

:

1(JAE1 N {}(}0 M I\E,r NI
based on microscopic thvroid
changes {follicular cell
hypertrophy} in both s
mcreased thyrord swercin s

g

males.

e E———

 Subchronic toxictty, Rat

LOAEL 24 mg/kgsday based on
thyroid eftects [increased
thyvroid werght and fothcular cell

hypertrophy in males and
) ' N .l r BT

i ——

il i
+.

m_1 |

el

EPA 1s required under the FFDCA, as amended by FQPA, to develop a screening program to
determine whether certain substances {including all pesticide active and other ingredients) "may
have an effect in humans that is similar to an cffect produced by a naturally occurring estrogen.
or other such endocrine effects as the Administrator may designate.” Following the
recommendations of its Endocrine Disruptor Screenng and Testing Advisory ( ommitiee
(EDSTACQ), EPA determined that there were scientific bases for including. as part of the
provram, the androgen and thyroid hormone systems, 1n addition to the estrogen hormone
system  EPA also adopted FDSTAC s recommendation that the Program include evaluations of
potential effects in wildhite For pesticide chemicals, EPA will use FIFRA and. to the extent that
etfects in wildhite may help determine whether a substance may have an ettect in humans.
FFDCA authonty to require the wildlife evaluations. As the science develops and resources
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allow, screening of additional hnrmbne systems may be added to the Endocrine Disruptor
Screening Program (EDSP). |

When the appropriate screening and/or testing protocols being considered under the Agency’s
EDSP have been developed, maneb and ETU' may be subjected to additional screening and/or
testing to better characterize effects related to endocrine disruption. Maneb and ETU have

demonstrated effects on thyroid hormones.

4.0  Exposure Assessment and Characterization

4.1 Summary of Registered Uses

Maneb is a contact fungicide widely used 1n agricuiture and horticulture to prevent downy
mildews, anthracnose, rusts, leaf spots and blight. Maneb formulations include wettable
-powders, dry flowables, liquid flowables and dusts. Agricultural uses include pome fruit crops
(e.g., apples), field grown fruits and vegetables (€.g., cucumbers, onions, tomatoes, and grapes),
some row crops (€.g.. corn and potatoes), potdto seed piece treatment and seed treatment (e.g.
rice, wheat and cotton). Horticultural uses include ornamental plants in nurseries and
greenhouses and on sod farms. -

‘There are currently 29 active maneb labels and 1 section 24C (State) registration. The application
rates in agriculture range from 1.2 b ai/acre for corn to 6.4 1b ai/acre for almonds. Multiple
applications are permitted per season, ranging from 3 for cranberries to 15 for sweet corn, with
application intervals of 7 to 14 days. Some uses (e.g., grapes) have separate rates for eastern and
western regions. The application rates in horticulture are 1.2 Ib ai/acre for most ornamentals up
to 17.4 1b ai/acre for turf. Horticulture and turf applications are allowed as much as once weekly
with no annual limit.

Application methods include aerial, airblast, groundboom, chemigation, and hand application
methods such as handwand and backpack sprayers. The application methods for seed and seed
piece treatment include commercial stationary equipment, on farm stationary equipment and
tractor drawn planter boxes.

The maximum application rates were derived from the labels and/or the Use Closure Memo of
April 21, 1999. The typical rates were primarily taken from the EPA Quantitative Usage
Analysis (QUA) for Maneb of December 2, 2002. In some cases. application rates were taken

- from the National Agriculture Statistics Service (NASS) use data, California Department of

- Pesticide Regulation (CA DPR) use data and from use data provided by EIf Atochem following
the SMART meeting. A summary of use sites and application rates for agricultural crops is

shown in Appendix 2. Application rates for seed treatment, also found in Appendix 2, were
derived from labels.

2
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[n response to comments in the Phase 3 Public Participation Process for the EBDC REDs. BEAD
has provided updated usage information in as Screening Level Usage Analysis (SLUA) (J

Carter, 3/31/05). Percent crop treated (PCT) values from both the QUA and SLU'A were used i
this assessment. In general the PCT values are similar from both analyses. The newer PCT
values were used in most cases; however. i1f a commodity was not listed in the SLUA. but was
included in the QUA, then the value in the QUA was used. Commodities that are not included mn
either assessment are assumed to be 100% crop treated.

Maneb uses in hortuiculture are primarilv on cut cultivated greens (1.¢.. terns) according 10 the
NASS Floriculture Survey. Only small amounts (<1000 1bs) were used on cut flowers or other

horticulture sites.
4.2  Dietary Exposure/Risk Pathway

Maneb is included in a listing of dithiocarbamate pesticides under 40 CFR §180.3(e)(3). The
following statement appears under 40 CFR §180.3(d)(5): Where tolerances are established for
more than one member of the class of dithiocarbamates listed in paragraph (e)(3) on the same
raw agricultural commodity, the total residue ot such pesticides shall not exceed that permitted
by the highest tolerance established for any one member of the class, calculated as zinc

- ¢thylenebisdithiocarbamate (zineb).

Tolerances for maneb residues, calculated as zineb, are established in/on numerous crops under
40 CFR §180.110. Currently established tolerances range from 0.1 ppm (almond and potato) to
45 ppm in sugarbeet tops.

Mancozeb and metiram, the only other ethylenebisdithiocarbamate pesticides with curient
registrations, have tolerances for residues in apples and potatoes as does maneb. \ddiuonal
tolerances 1n numerous other commodities have been established for residues of mancozeb

The HED Metabolism Assessment Review Commuttee (MARC) has recommended a change n
the tolerance expressions for maneb, mancozeb and metiram. The EBDC tolerance expressions
will be revised at a later date to include residues of the parent EBDC (and metabolites converted
to CS,). calculated as CS.. rather than as zineb. which no longer has active registrations. This
change will serve to update the CFR to include only those EBDCs with registered uses or import
tolerances, and will also allow the Agency to harmonize its EBDC tolerance definitions with
CODEX. Dietary exposure and risk assessments for each EBDC will include residues of the
parent EBDC (and metabolites converted to (CS,) and the common metabolite and degradate,

ethylenethiourea (ETU).
The proposed revised tolerance expression for maneb (40 CFR §180.110) 1s as follows:

Tolerances are established forresidues of the fungicide maneb (manganous
ethylenebisdithiocarbamate), calculated as carbon disulfide. ('S, 1n or on raw agricultural
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commodities.

The qualitative nature of maneb residues in plants and livestock 1s adequately understood based
on acceptable metabolism studies conducted on lettuce, potato, and tomato and 1n goats and hens.
In plants and livestock, the terminal residues of concern for risk assessment are maneb (and
metabolites converted to CS.) and ETU; however, for tolerance reassessment, only the parent
maneb (and metabolites converted to CS,), calculated as CS.,, must be included in the tolerance
expression. The metabolite ETU has been determined not to be a useful regulatory indicator of -
misuse. . The plant and livestock metabolism studies indicate that the bulk of total radioactive
residues (TRR) represents the incorporation of carbon fragments into natural products.

The enforcement methods for dithiocarbamates in plants are listed in the Pesticide Analytical
Manual {[PAM, Vol. II, Methods I - IV]. These methods are based on the decomposition of
dithiocarbamates with release of carbon disulfide (CS,), which 1s determined colorimetrically as
a measure of the original dithiocarbamate. The Keppel colorimetric method (Method HI in PAM
Vol. II) 1s currently the preferred enforcement method for residues of maneb per se. HED
recommends that the data collection method for EBDC remdues be included in PAM [T as an
alternate enforcement method.

. Although enforcement methods that are specific to maneb (and mancozeb and metiram) are not
available, no additional analytical methodologies are required for reregistration. The Agency has
concluded (in the Maneb Update to the Registration Standard) that analytical methods converting
all EBDCs and some metabolites to carbon disulfide are considered adequate for both data
collection and enforcement of tolerances in plant and livestock commodities.

Although not necessary for tolerance enforcement, specific data collection methods are available
for ETU. The Onley GC method (AOAC 14th Edition 29.119:554) provides acceptable results
when properly validated with recovery and control data. An HPLC method with electrochemlcal
detection (ECD) is available to analyze ETU In crop samples with an LOQ) of 0.005 ppm.

Maneb and ETU are not recovered using any FDA Multiresidue Protocols (specifically,
Multiresidue Protocol A-E and 232.3). The 10/99 FDA PESTDATA database (PAM Volume |,
Appendix 1) indicates ETU is not recovered using method Sections 303 (Mills, Onley, and
Gatither method; Protocol E), and 304 (Mills method for fatty food); however, there is a small
recovery (<50%) of ETU using multiresidue method Section 302 (Luke method; Protocol D).

Residue data submitted in support of reregistration, in combination with MBS data, are generally
adequate for risk assessment purposes. -However, the maneb reregistration data requirements for
magnitude of the residue data are ounly partially fulfilied. Adequate field trial data depicting
maneb and ETU residues in some commodities are available, have been evaluated, and support
the use patterns eligible for reregistration as per the PD 4. The integrity of samples collected
from the adequate field trials was generally maintained by appropriate storage procedures and
supported by adequate storage stability data. In many cases, however, the registrants have not
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responded to deticiencies detailed in the 1992 Residue Chemistry Chapter of the tipdate to the
Registration Standard. Thus 1eassessment of only some tolerances 1s possible. Data gaps
include directions for use, storage stability, magnitude of the residue studies. and processing
studies. With a few exceptions the basic registrants have complied with the label changes
previously required by the Agency findings as per the EBDC PD 4.

[n conjunction with the EBDC Special Review concluding 1n 1992. chemical-specitic processing
and cooking information for maneb (and for metiram and mancozeb) were submitted to the
Agency. The resuits of these studies were incorporated into the 1991 dietary exposure
assessment. These data have been reevaluated. along with any additional processing information
requested under the Special Review and submuitted afier 1992, for use in the current EBDC risk
assessments. The chemical specific washing, cooking, peeling, eic. studies for EBDCs and ETU-
have been used to calculate average processing factors (PFs) and cooking factors (CFs) for use in
all three EBDC risk assessments. This 1s appropnate because of the similar structures and
chemical properties ot these compounds. and because average processing factors allow use of the
best available data for all three actives. In general. these studies have demonstrated that parent
and ETU residues are largely surface residues. but some translocation does occur through the
skin of certain vegetables and fruits, generally those with thinner skins.

The processing studies indicate EBDC (and maneb per se) residues in vegetables and fruits are
largely reduced through typical consumer and commercial practices such as washing. peeling.
juicing, and canning. However, EBDC residues 1n grain concentrate in processed fractions such
as bran, and are not reduced in other fractions, such as flour, meal and oil. In potatoes. EBDC
residues concentrate 1n both flakes and flour. Available information for ETU. while limited.

indicates reduction of existing residues during cooking or processing.

Processes that involve cooking certain commodities. such as processing potatoes into flakes.
coohing canning or drying. result in conversion ot EBDC residues to ETU. This has been
accounted for in the maneb (and metiram and mancozeb) dietary exposure and risk assessments
by using empirical EBDC-to-E'TU conversion factors from processing/cooking studies.

in oral rat metabolism studics conducted with radiolabeled parent EBDCs. there was an average
71.5% in vivo conversion of the L BDC to ETU. on a weight-to-weight basis. This 7.5%
conversion was used 1n the rish assessments for the 1992 Special Review. and has also been used
for maneb and the other EBDCs 1n the current exposure and risk assessments, in order to
estimate total dietary exposure to ETU resulting from application of EBDCs to agricultural crops.

In order to include in vivo metabolic conversion. estimated maneb residues (including processing
or cooking factors. where appropriate) were multiplied by 0.075 to estimate ETUJ exposure trom
metabolic conversion. This "metabolic” ETU was added to anticipated residues ot ET1U in the
raw agricultural commodities (including any cooking or processing). and the total ETU was
compared to the relevant toxicological endpoints for risk assessment.
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In addition to the field trial data submitted in support of registration and reregistration for maneb,
mancozeb and metiram, the EBDC/ETU task forces conducted an extensive EBDC/ETU market
basket survey (MBS) in conjunction with the 1989 - 1992 Special Review. Although the data are
more than 10 vears old, they have been incorporated into the current dietary exposure and risk
assessments for EBDCs because the magnitude and frequency of detected residues in the survey
are still considered either relevant to or protective for the current use pattern in terms of the
percent crop treated (%CT) and the amount apphied per acre. This assumption is based on
assessment of trends in EBDC usage for a wide variety of crops; estimates of %CT for individual
EBDCs; information the EBDC Task Force presented to the Agency in SMART meetings
conducted 10/98; and mformation about application rates 1n effect at the time the survey data
were collected, prior to the completion of the Special Review. The lack of significant changes in
use patterns over time, for most commodities, is largely due to the restrictions placed on usage
and rates at the conclusion of the Special Review in 1992. The rate restrictions included rate
reductions for some crops, so the residue levels detected in the MBS are considered, in general,
to be the same as or higher than those expected in the same foods under current usage. and
‘therefore current exposure estimates are conservative. |

- The EBDC/ETU MBS was conducted during 1989 and 1990, and the results incorporated into an -
Agency dietary exposure and risk assessment (for parent EBDCs and the metabolite/degradate
ETU) in 1991. The commodities surveyed included dry beans ("fresh” and canned); broccoli
(tresh and frozen), sweet comn (fresh, frozen and canned); cucumber; head lettuce; meat; milk:
onion; potato (fresh and frozen), and tomato (fresh, juice, ketchup, paste and puree). The
EBDC/ETU MBS was the largest survey of its kind, reflecting analysis of close to 6,000 samples
and 12,000 analyses (300 samples for each-of 10 crops/19 food forms). The survey included a
randomized probability design to estimate national annual mean residue levels found on foods in
grocery stores. Although there were some problems with the timing of sampling for certain
commodities, the Agency concluded that sampling was representative of regions and store
volume categories. The sampling was not likely seasonally representative, but the Agency

- concluded this had httle bearing on the estimated risks, noting that the peak usage months for the
- surveyed crops were May through June, and survey samples were collected May through July.

Sampies collected for the EBDC/ETU MBS were analyzed for both EBDC (CS,, calculated as
zineb) and ETU, but the analyses did not distinguish between the EBDC active ingredients.
Results for both EBDC and ETU were reported for all samples. For some commodities, such as
potatoes, more than one EBDC is registered for use. In the current dietary exposure and risk
assessments. individual parent EBDC risks (i.e., maneb, mancozeb, or metiram) were estimated
assuming the EBDC residues in the MBS were attributable to use of each EBDC active
ingredient individually, and that the corresponding ETU residues were alsc derived from that use.
For estimating ETU risk resulting from the individual active ingredients, it was assumed that all
detected ETU was derived from the parent active ingredient. This approach considers residues to
be from one EBDC active ingredient in one assessment. and another EBDC active ingredient in
the next. While this will necessarily exaggerate risks for one or more of the actives. it is Stlll the
most refined assessment possible considering analytical constraints.
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There are no EBDC monitoring data available from the USDA Pesticide Data Program. An
evaluation of FDA and state Monitoring data in 1991 concluded that there were 1nsutficient
samples (S. Hummel, 10/24/91) for risk assessment purposes. In addition. very few samples
were analyzed for both EBDC and ETU. so 1t would be ditficult to ensure that both the E'TU and
EBD(C residue distributions would be representative. HED has reviewed the FDA data for the
vears [99{-2000 and has concluded that the recommendation made in 1991 1s stll vahd.
insutficient FDA surveillance data are available tor use 1n a quantitative exposure assessment.
However, the FDA data are consistent with the market basket survey data in that residues found
are generally much lower than the residues found in field tnai studies.

4.3  Water Exposure/Risk Pathway

The OPP Environmental Fate and Ettects Division (EFED) prepared a drinking water exposure
assessment for ETU. which 1s applicable for maneb, as well as the other EBD( s  the EBDC
fungicides, Metiram, Maneb and Mancozeb are very short lived in soil and 1in water and would
not themselves be expected to remain in surface water long enough to reach a location that would
supply water for human consumption whether from surface or groundwater. However, ETU 1s
highly water soluble. and may reach both surface and ground water under some conditions. The
drinking water exposure assessment for mancozeb. maneb and metiram addresses concentrations

of ETU only.

The ETU estimated drinking water concentrations (EDWCs) were generated using data from
monitoring and modeling. See sections 4.3.2 and 4.3.3 below. tor more details.

ETU Surface Water EDWCs (from PRZM-EXAMS modeling and from monitoring dataj-
acute (peak) surface water = range of 0.1 (monttoring) to 25.2 ppb (modeling)
chronic/cancer surface water = 0.1 ppb (from monitoring)

ETU Ground Water EDWC (from a [argeted Monitoring Study in FLj:
acute/chronic/cancer ground water = (.21 ppb (from monitoring)

4.3.1 Environmental Fate

The EBDC metabolite/degradate ETU has an acrobic soil half-life of about 3 days: in the absence
of data, the aquatic acrobic metabolism half-life was assumed to be about 6 days. or double the
“sotil half life. The measured anaerobic aquatic metabolism half-life, however. is substantially
longer (149 days) possibly leading to the periodic detections in ground water. ETU is highly
soluble 1n water (20.000 ppm); highiyv vulnerable to indirect photolysis (halt-life= 1 day). and
moderately mobile (288 L/kg). It also has a relatuvely high vapor pressure but high solubihity
reduces the possibility of losses from surtace water due to volatilization.
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4.3.2 Surface Water

Water Monitoring The EBDC/ETU Task Force conducted a national surface water monitoring
survey from 2001-2003. A total of 22 sites were chosen to represent vulnerable and high EBDC-
use sites. Surface water sites were sampled twice monthly for three months during each
application season and quarterly for the three remaining quarters of each year for a period of 2
years. There were no detections of ETU in surface water during this period. The limit of

quantitation for the study was 0.1 ppb.

The Agency has been unable to locate any other surface water monitoring data for the EBDC
fungicides or for ETU. The EBDCs and ETU were not included in the US Geological Survey
(USGS) National Water Quality Assessment (NAWQA) sampling program because EBDC/ETU
test methods were incompatible with NAWQA test methods. The USGS is currently planning to
begin method development and limited EBDC/ETU monitoring in late 2004,

Water Modeling The ETU surface water estimates were calculated using the linked USEPA
PRZM (Pesucide Root Zone Model) and EXAMS (Exposure Analysis Model System) simulation
models. This type of modeling provide high-end estimates for surface water pesticide
concentrations. Calculation includes pesticide-specific properties, multiple years of actual
weather variations, and crop-specific information. In addition to runoff from the field, the model
takes into account surface water residues resulting from spray dnft (aerial or ground).
Conservative assumptions included the use of a vulnerable drinking water reservoir surrounded
by a runoff-prone watershed, maximum use rate, lowest application intervals, and no buffer zone.
Modeling was done for 22 crop scenarios.

The highest one-1n-ten year acute surface water EDWC was 25.2 ppb and the lowest value was
4.5 ppb. These values were calculated using the national percent cropped area (PCA) value of
0.87. It the maximum regional PCA value (0.56 California PCA) is used, then the highest acute
surface water EDWC was 13.9 ppb and the lowest is 1.4 ppb.

The hlghest chronic concentration value was 1.9 ppb and the lowest value was 0.2 ppb. This was
calculated using the national mammum PCA. |

Acute Surface Water EDWCs: The ETU surface water estimated drinking water concentrations
(EDWCs) were gencrated using a combined monitoring/modeling approach. The targeted ETU

monitoring found no surface water concentrations above the detection limit of 0.1 ppb. Because
. samples were taken every 14 days during the application season and acute values may have been

missed, a range of acute surface EDWCs was established with a [ower limit based on monitoring
and an upper limit based on PRZM/EXAMS modeling.

The range of acute EDWCs was 0.1 ppb (monitoring) and the upper limit was 25.2 ppb. The
values were adjusted by the national maximum default percent cropped area (PCA) value of 0.87.
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Chronic Surface Water EDWC  The chronic EDWC 15 0.1 ppb from the targeted | 1t

-~ monitoring program mentioned above. No surface water concentrations were found above th
detection limit of 0.1 ppb and the Agency beheves that monitoring demonstrates that iong-tern:
average chronic values would not exceed the detection Iimit.

4.3.3 Ground Water

Water Monitoring A monitoring program of community ground water systems was conducted
by the EBDC Task Force from 2001-2003. Untreated and associated treated ground water were
sampled for a period of two years in 84 sites chosen to represent high EBDC-use sites. ETU was
detected above the detection limit intermittently in untreated water from two ground water sites
The highest concentration was 0.21 ppb in untreated water 1n Florida. There were no detections
in treated water in any of the 84 community water sites; including those two sites where ETU
was detected 1n the untreated water.

A montitoring program of priv die wells was conducted by the EBDC Task Force trom 2001-2003.
Raw ground water was sampled monthly for a period of two years in 125 sites chosen to
represent high L13DC-use sites. ETU was detected in the range of 0.10 to 0.25 ppb continuously
~ at 2 sites in Flonda and intermittently at six sites: three in Florida and one each in New York.
IHinois and Maine (Figure 3). The highest detected ETU concentration measured for a private
well near an EBDC treated field was 0.57 ppb 1n an apple growing region of New York. No
detection of ETU was observed 1n all the other 117 sites. Such higher groundwater concentration
values. tound 1n private areas in rural areas, are very rare and are unlik¢iv 1o represent ground
water ETU concentrations expected in drinking water relevant for use 1n a national assessment,

In 25 years of monitoring wn Calitorma. there has been only one ETU detection (0.75 ppb).
Additionally. ground water monmitoring 1n Holland resulted in only 8§ positive samples with a
maximum concentration of 1.5 ppb

Water Modeling The ETU EDWCs in ground water, derived from the industry's targeted ground
water monttoring study, were evaluated by comparing them to concentrations predicted by the
SCI-GROW model. This i1s a screening model used to estimate pesticide concentrations in
vulnerable ground water. The SCI-GROW estimate is based on environmental fate properties of
the pesticide, maximum application rate, and existing data from small-scale prospective ground
water monitoring studies at sites with sandy soils and shallow ground water (1« exceptionally
vulnerable ground water). Pesticide concentrations estimated by SCI-GROW represent
conservain e or high-end exposure values and 1n most cases, use areas will have groundwater that
1s less vulnerable to contamination than the areas used to derive the SCIGROW estimate. The
SCI-GROW modeling indicates that the upper level ETU concenirations trom the targeted
monitoring study are unlikely to be exceeded even under the most vulnerable condinons.

Ground Water EDWCs (acute and chronic) For ETU. the EDWC value for both acute and
chronic exposure 1s 0.21 ppb. This value 1s from monitoring untreated water in Florida.
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4.4  Dietary Exposure and Risk

Maneb and ETU dietary exposure assessments were conducted using the Dietary Exposure

- Evaluation Model software with the Food Commodity Intake Database (DEEM-FCID™, Verston
1.3), which incorporates consumption data from USDA’s Continuing Surveys of Food Intakes by
Individuals (CSFII), 1994-1996 and 1998. The 1994-96, 98 data are based on the reported
consumption of more than 20,000 individuals over two non-consecutive survey days. Foods “as
consumed” are linked to EPA-defined food commodities using publicly available recipe
translation files developed jointly by USDA/ARS and EPA. Consumption data are averaged for
the entire U.S. population and within population subgroups for chronic and cancer exposure
assessment, but are retained as individual consumption events for acute exposure assessment. -

Dietary risk assessment incorporates both exposure and toxicity of a given pesticide. For acute
and chronic assessments, the risk is expressed as a percentage of the aPAD or ¢cPAD,
respectively. For acute and non-cancer chronic exposures, HED is concerned when estimated
dietary risk exceeds 100% of the PAD. For cancer risk, the estimated chronic exposure is
multiplied by the cancer potency factor (Q,) to yield a unitless risk number which represents the
number of excess cancers potentially attributed to consumption of the pesticide over a lifetime.

- In general, HED is concerned when estimated cancer risk exceeds one in one million (i.e., >1x10°

ﬁ)-

4.4.1 Acute Dietary Exposure and Risk

HED typically uses two types of monitoring data in its probabilistic acute dietary exposure
assessments. For commodities constdered 1o be partially blended, such as juices or small fruits,
composite samples consisting of 2 to S bs are expected to have similar residues to smaller
quantities that would be consumed as a single serving. However, for non-blended commodities,
such as apples, residues in a 2 to 5 Ib composite are not considered representative of the highest
residue that might be present in a single fruit (single unit). Use of composite sample residues for
non-blended commodities in an acute probabilistic analysis would underestimate potential
dietary exposure and risk. If available, single unit (often referred to as single-serving) residue
data are used in acute assessments. In the absence of single unit monitoring data (e.g., from
USDA/PDP or regisirants), and in order to conduct a more refined dietary exposure assessment,
HED typically uses a statistical procedure known as ‘decompositing' to better estimate the
maximum potential residue levels (e.g., theoretical single unit residues) from composite
monitoring samples.

The EBDC/ETU MBS data for non-blended commodltles were not decomposited for the EBDC
acute dletary exposure assessments. Although this may underestimate acute dietary exposure 1o
some extent, HED has opted to use the composite data directly considering that: (1) the samples
taken for the MBS were of a smaller size than those collected tor most other monitoring studies,

- 33
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a more homogeneous residue distribution within the sample; (2) shoppers were instructed to
choose blemish-free fruit or vegetables (for fresh commodities), increasing the likelihood that
treated commodities were selected; (3) acute risks do not reflect the most sensitive endpoint for
EBDCs:; rather, the cancer risks are of primary concern, and use of compostte residue values 1s
appropriate for cancer exposure and risk assessment. Although acute dietary exposure and risk
from monitored commodities may be slightly underestimated because the MBS samples were not
decomposited, the risk from other (nonmonitored) commodities is likely to be greatly
overestimated because ficld trial data were used, and because, in some instances, an assumption

of 100 %CT was used.

Maneb per se Data Sources and Assumpuons To estimate maneb acute dietary exposure and
rish. a refined probabilistic assessment was conducted using a distribution of either field trial
data or monttoring data for commodities considered to be either nonblended or partially blended.
Average field trial or monitoring residues were used for blended commodities. For all RACs and
associated commodities. the estimated maximum %CT and relevant processing factors were

| mcluded 1n the assessment.

ETU (from Maneb) Data Sources and Assumptions To estimate maneb-derived ETU acute

dietary exposure and risk, the full distribution of field trial or monitoring residues was used for
nonblended and partially blended commodities; for blended commodities, the average field trial
or monitoring residue value was used. For all included commaodities, the estimated maximum
Y%CT, relevant processing and cooking factors, conversion of EBDC to ETU for certain cooked
commodities, and the 7.5% in vivo metabolic conversion of EBDC res;idues to ETU were
incorporated into the total ETU anticipated residues.

The results of the acute dietary exposure assessments for maneb per se and ETU are shown in
Table 4.1. For maneb, acute dietary exposures were compared to the aPAD of 1 mg/kg/day for
the general US population (and population subgroups including infants and children) or the
aPAD ot 0.02 my kg/day tor females 13-49. For ETU, exposures were compared to the aPAD of
0.005 mg/kg/day selected for fermales 13-49 years old. the only population with an endpoint for
acute dietary exposure.

For maneb per se. estimated acute dietary risk at the 99.9" percentile of exposure is below the
Agency's level of concern  For the general U.S. population, the estimated maneb dietary (food)
exposure was 0.014 mg kg dayv which corresponds to 1.4% of the aPAD. For females 13-49
years old, the most exposed population subgroup, an estimated maneb exposure of 0.018
mg/kg/day corresponds to 89% of the aPAD

- The maneb-derived ETU acute dietary exposure and risk at the 99.9% percentile for females 13-

49 years oid are below the Agency s level of concern; an estirnated ETU exposure of 0.0026
mg/kg/day corresponds ta 52% aPAD.

The registrant has proposed removing the uses on sweet corn, grapes, and apples. The dietary
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exposure and risk analyses were conducted eliminating these uses. The “0aPAD did not chane.
for any population group, indicating that these uses are not significant contributors to maneb and
ETU exposure 1n the diet.

Table 4.1. Maneb and ETU Acute Dietary Exposure and Risk.
.,.!__.H._..L_......__.__h.._._.,,.";._.._'_ par— .....—

0.000
0.012

hlldren [-" vedrs

outh 13-19 vears 0.015
Adults 20-49 vears U 0.016 - ,6_ f
Adults SO+ years | 10 0013 3
Females 13-49 vears _ 0.02 | 0.018 39
. ETU Acute Risk .
Females 13-49 years (all 0.005 | | 0.003 52

4.4.2 Chronic Dietary Exposure and Risk

To estimate maneb per se chronic dietary exposure and risk. a refined assessment was conducted
using average field trial residues or average monitoring residues. In addition, the average %CT
and relevant processing factors were included.

The maneb-derived ETU chronic dietary exposure (for both non-cancer and cancer risk
assessments) was estimated using average ETU residues from field trials or monitoring, along
with the average %CT. relevant processing and cooking factors, potential conversion of EBDC 10
ETU in certain cooked commodities. and the 7.5% metabolic conversion of maneb per se to

ETU.

Data that would be the most useful to turther refine HED s exposure and risk estimates are
representative residue data on leaf lettuce, preferably market basket survey data. [.ess critical,
but also useful for refinement. would be similar MBS-type data on endive. mustard greens. and

turnip greens.

The results of the chronic (non-cancer) dietary exposure assessments for maneb per se and t T\
are shown in Table 4.2. For maneb. chronic dietary exposures were compared to the cPAD o1
0.05 mg/kg/day for the general US population (and various population subgroups including
infants and children). For ETU. exposures were compared to the cPAD ot 6.0002 mg/kg/day.

'
(e
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Maneb per se chronic (non-cancer) dietary exposure and risk are below HED's level of concern
(1e <100% cPAD). For maneb per se, the highest exposed population subgroup is females 13-
49 vears old, with an exposure of 0.0001 mg/kg/day, which is less than 1% of the cPAD. Results
for this population and other population subgroups are shown in Table 4.2.

ETU chronic (non-cancer) exposure and tisk are below HED's level of concern (i.e., <100%
cPAD). For the general US population, an estimated exposure of 0.000016 mg/kg/day
corresponds to 7.9 %cPAD. The highest exposed population subgroup is children 1-2 years old
with an exposure of 0.000029 mg/kg/day, or 14% cPAD.

Apples, leaf lettuce, and sweet cormn are minor contributors to the chronic dietary exposure for
both ETU and maneb, and do not affect the %cPAD substantlally when removed from the dietary

analysis.

—_——— — [ R — ———— e 1

_Table 4.2._Maneb and ETU Chronic Dietary Exposure and Risk. —“—”“q
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4.4.3 Cancer Dietary Exposure and Risk

The estimated chronic dietary exposure to ETU (from sources attributable to maneb) of 0.000016
mg/kg/day for the general U.S. population corresponds to a cancer risk estimate of 9. 6x 107,
which is below the level of concern. When grapes, sweet corn, and apples are removed the I'lSk
is sllghtly reduced, 9.5 x 107

4.5  Residential Exposure/Risk Pathway

Maneb 1s used on sod farms and the labels currently state “Do not use on residential, pasture or.
range grasses.  [he registrants have agreed to modify the label to include a statement such as
"For Use on Sod farms Only™ which will eliminate the possibility that maneb would be applied
to turt in such areas as parks and golf courses where residential exposures might occur. The only
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s

remaining exposure scenario occurs after the treated turf 18 transplanted from the sod tarms i«
areas such as residential lawns.

4.5.1 Home Uses

Maneb registrants are not supporting home garden uses for maneb, and there are no active labeis
with residential uses for handlers (1.¢.. those involving a homeowner applying products in the

home or garden).
4.5.2 Postapplication/Recreational Uses

Provided the registrants modify the labels to prohibit uses on residential lawns, exposures arc
limited to postapplication. following contact with transplanted sod that had been treated on a ~od
farm. Based on this use pattern. only the most sensitive sub-population (toddlers) was evaluated
for postapplication exposure and risk. Preharvest intervals for sod farm turf established based on
- children’s exposure and risk will provide adequate protection to the less sensitive adult
populations. Toddlers™ postapplication exposure to residues on transplanted sod farm turf
consists of the combined estimates of dermal exposure tfrom playing on treated turf and
incidental nondietary ingestion. The three types of nondietary ingestion considered include (1)
hand-to-mouth exposure (occurs when children touch treated turf and then put their hands in their
mouths); (2) object-to-mouth exposure (results from children mouthing a handful of treated turf):
and (3) soil ingestion exposure (occurs when children ingest soil that has been treated with a

pesticide).

In assessing post-application exposure for toddlers. HED typically combines exposures from
dermal and nondietary ingestion. since these activities are assumed 10 co-occur; this approach
was also used to estimate exposures to maneb and ETU based on application to turf. In
accordance with HED policy. a cancer assessment for children (toddlers) was not conducted.
The target Margin of Exposure (MOE) for restdential risk is 100 for dermal and 1000 for
incidental oral. based on the combined uncertainty factors (UFs) associated with endpomt
selection for dermal and incidental oral risk assessments.

[n the absence of turf transterrable residue (TTR) data for maneb, a TTR study conducted with
mancozeb was used as a surrogate source of data. The study was conducted at 3 separate sites
and turf varieties. in CA. PA and NC. in which mancozeb was applied with a groundboom
sprayer to turf. Turf was treated at 0.6X to 0.9X the maximum label rate. Turf samples were
analyzed up to 14 days atter applications were made. The resulting mancozeb dissipation rates
on turt were translated to maneb. However. because ETU was not detected in the mancozeb
TTR study. exposure to ETU from turt was estimated from the amount of maneb assumed to be
present on turt, and on a 2.2% conversion of maneb to ETU. derived from maneb dislodgeable
tohar residue (DFR) studies on grapes. apples and tomatoes.

Assumptions Used to Calculate Residential Postapplication Risks (Toddlers)
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Short-term postapplication exposures to toddlers were estimated in accordance with the SOPs for
Residential Exposure. The following assumptions were used:

. Application is assumed one day before harvest; sod was assumed to be
transplanted 2 days after harvest. |
. The maximum application rate of 17.4 Ib al/A was used.
e . For hand-to-mouth risks, 0-day residue levels were assumed to be 5% of the
application rate. |
. For hand-to-mouth risks, 20 hand-to-mouth events occur per hour (assuming
20cm’ surface area and 50% saliva extraction efficiency).
. For object-to-mouth risks, 0-day residue levels were assumed to be 20% of the
application rate. |
. The mancozeb dissipation rates from the TTR study were used to estimate maneb

residues. To partially account for the fact that transplanted turf requires substantial
irrigation to become established, the TTR data from the California site, which
received 2.5 inches of i 1rr1gat10n during the study period, was used to determine
the dissipation rate.

. ETU residues on turf were calculated based on 2.2% conversion from maneb.

. Soil residues are in the top centimeter of soil, and soil density is 0.67 mL/g

. - Toddlers weigh 15kg.

. Dermal transfer coefficients were based.on the SOPs for Residential Exposure.

Residential Post Application Risk Summary

The maneb MOEs were calculated at the label application rate of 17.4 1b ai/acre and the proposed
rate of 8.7 Ib ai/acre. These MOEs are shown in Table 4.3. If the label application rate 0f 17.4 1b
ai/acre is used the Total MOE rises to the target MOE with a PHI of 5 davs. If the proposed
application rate of 8.7 b ai/acre 1s used, the Total MOE rises to the target MOE with a PHI of 3
days. -

Table 4.3: Summary of Maneb Postapplication Residential Risks for Toddlers Exposed to Turf .

MOE on Day 3
(PHI = 1 day¥)

Applitatiﬁn Exposure Pathway
Rate (Ib

ai/acre) -

Target | PHI Needed to Achieve
MOE the Target MOE

Dermal
Hand-to-Mouth (HTM)
Object-to-Mouth (OTM)

Soil Ingestion
Total MOE™

N i::j a::r. i 'ud
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o - g
1 Table 4.3: Summary of Maneb Postapplication Residential Risks for Toddlers Exposed to Tur{ |
T T b
Application Exposure Pathway MOE on Day 3 Target ! PHI Needed to Achieve |
Rate (Ib (PHI = | day*) MOE ! the Target MOL |
al/acre) |
{ —_ -
8.7 Dermai J 96 r 00 g | .
Hand-to-Mouth (HTM) L [24 00 |
Object-to-Mouth (OTM) | 500 iy f
Soil Ingestion 124000 100 ?
Total MOE' 49 | (00 l
—— ——— —
| * The current PHI is essentialiv | day because the REI i1s 24 hours.

— |

| + Total MOE = 1/((1/Dermal MOE»+{(I'HTM MOE) + (1/OTM MOE) +(1/So1l MOL))

The ETU MOEs are shown in Table 4.4, If the label application rate of 17.4 1b al/acre 1s used the
Total MOE risés to the target MOE with a PHI of S days. If the proposed application rate of 8.7
Ib ai/acre 1s used. the Total MOE rises to the target MOE with a PHI of 3 days.

e iy L - — e oo e

Table 4.4: Summary of ETU from Maneb Postapplication Residential Risks for Toddlers Exposed to Turf
Application Exposure Pathway MOLEL on Day 3 PHI Needed to Achieve the
Rate (1b (PHI = 1 day™) MOE Target MOF
ai/acre) ' | ’
17.4 Dermai 160 1000 |
Hand-to-Mouth F100 1000 - P
Object-to-Mouth 3600 1000 0 ?
Soil Ingestion 24000 1060 U
Total’ ' 300 1000 5 |
8.7 Dermal 92¢) 1 000 "i E
Hand-to-Mouth 2200 1000 '
Object-to-Mouth 7200 000 ;
Soil Ingestion 48000 1000 i |
Total 600 1000 3 E
— 1

* The current PHI is essentially Iday because the REI is 24 hours.

e ra g b sy g -

+ Total MOL -1 «(1/Dermal MOEW-(1/HTM MOE) + (1/OTM MOE) +(1/So1t MOE))

Short term non-cancer MOEs for both maneb and ETU were calculated for all of exposure
pathways that can arise when children (1.e. toddlers) are exposed to sod farm turt treated with
maneb and subsequently transplanted to residential lawns. [t was assumed that the wurf would be
harvested one day after application (PHI = 1 day) and that 1t would take two days to harvest and
transplant the turf. The MOEs were calculated at the label apphication rate of 17.4 1b ai/acre and
the proposed rate of 8.7 1b ai/acre. If the Jabel application rate of 17.4 1b ai/acre is used the Totai
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MOEs for maneb and ETU rise to the farget MOEs with a PHI of 5 days. If the proposed
apphication rate of 8.7 Ib ai/acre is used, the Total MOEs for maneb and ETU rise to the target

MOEs with a PHI of 3 days.

The risks for toddlers exposed to treated sod farm turf was calculated because it was thought that
some exposure could occur after this turf was installed in a residential setting. To partally
account for the fact that transplanted turf requires substantial irrigation to become established,
the TTR data from the California site, which received 2.5 inches of irrigation during the study
period, was used to determine the dissipation rate. Given that transplanted turf would typically
be irrigated at a higher rate, the toddler risks can be considered to be upper bound estimates.

The percentage of applied maneb that converts to ETU on the leaf surface (2.2 percent) is
possibly an overestimate because it was based on an average of seven maneb DFR studies, two of
which had very long storage times which may have caused excessive ETU formation. If these
two studies are excluded, the ETU formation rate drops by a factor of ten to 0.20 percent. The
measured ETU formation rate in the twelve mancozeb DFR studies was 0.61 percent and the
sample storage times were not excessive.

4.5.3 Other

Spray drift 15 a potential source of exposure to residents nearby to spraying operations. This is
particularly the case with aerial application, but could also be a potential source of exposure from
groundboom application methods. The Agency has been working with the Spray Drift Task
Force, EPA Regional Offices and State Lead Agencies for pesticide regulation and other parties
to develop the best spray drift management practices. The Agency is now requiring interim
mitigation measures for aerial applications that must be placed on product labels/labeling. The
Agency has completed its evaluation of the new data base submitted by the Spray Drift Task
Force, a membership of U.S. pesticide registrants, and is developing a policy on how to
appropriately apply the data and the AgDRIFT computer model to its risk assessments for
pesticides applied by air, orchard airblast and ground hydraulic methods. After the policy is in

~ place, the Agency may impose further refinements in spray drift management practices to reduce
off-target drift and risks associated with aerial as well as other application types where
appropriate.

5.0 Aggregate Risk Assessments and Risk Characterizations

in accordance with the FQPA, HED must consider and aggregate (add) pesticide exposures and
risks from three major sources: food. drinking water, and residential exposures. In an aggregate
assessment, exposures from relevant sources are added together and compared to quantitative
estimates of hazard (e.g., a NOAEL or PAD). or the risks themselves can be aggregated. When

aggregating exposures and risks from various sources, HED considers both the route and
duration of exposure.

40



HED Records Center Series 361 Science Reviews - File R110024 - Page 44 of 85

There is a potential for exposure to maneb (and ETU from maneb uses) m residenual setitng -
The maneb use on sod farms may result in postapplication exposure to treated turt that has been
transplanted to residential lawns. HED has assessed short-term postapplication exposure and sk
to toddlers from maneb per se and ETU: these risks had MOEs well below the tarver MOt <

- therefore cannot be added to exposure through food or drinking water,

For most pesticide active ingredients, water monitoring data are considered madequate 10
generate quantitative surface and ground water drinking water exposure estimates. so mode]
estimates have been used to estimate residues mn drinking water (EDWCs). In order to determine
if aggregate risks are of concern, HED then calculates drinking water levels of comparison, or
DWLOCs. The DWLOC 1s the maximum amount of a pesticide in drinking water that would be
acceptable 1n hieht of combined exposure from food and residential pathways. The calculated
DWLOCs are then compared to the EDWCs provided by EFED: if model-denved EDW('s
exceed the DWLOCs for surface or ground water, there may be a concern tor dietarv exposure to
residues in drinking water, and monitoring data may be required.

In order to tully implement the requirements of FQPA, HED and EFED have been working
toward refining the screening-level DWLOC approach to conductuing aggrepate risk assessments
that combine exposures across all pathways. As part of this process L L P and HED have
agreed that chronic and cancer | DW Cs can be used directly in chronic/cancer dietary exposure
assessments to calculate aggicgate dietary (food + water) risk. This 1s done by using the relevant
PRZM-EXAMS value as a residue tor water {all sources) in the dietary exposure assessment
conducted using the DE M-FCID™ model. The principal advantage of this approach 15 that the
actual individual body weight and water consumption data from the CSFIY are used. rather than
assumed weights and consumpuon estimates for broad age groups.

Since exposure to maneb per se 1s not expected from the water pathway aggregate exposure and
risk for maneb per se are limited to combined food and residential exposures  [However, the
residential exposures are limited to transplanied turt that had been treated at a sod farm. HED
does not consider aggregating the turt exposures as these are expected to be rare events.
Therefore, maneb aggregate risk assessments are not required.

For ETUN agyvegate risks include dietary food + water + residential pathways of exposure. As
stated 1n the previous paragraph. HED does not consider it appropriate to aggregate the
residential exposures. Accordingly the following aggregate risk assessments are required.

(1YETU acute aggregate (tood + water)
(2) ETU chronic (food + water)
(3) ETU cancer (tood + water)

The only aggregate risk assessments that have been completed for maneb include acute and

chronic exposure to ETU through food and drinking water. The aggregate dietary exposure (food
plus water) was compared to the E1U acute and chronic PADs, and to the cancer potency factor
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(Q,). to determine the aggregate risk associated with the estimated exposures. It should be noted
that since the ETU EDW Cs were derived from all sources of ETU (i.e., from multiple EBDC
active ingredients), they are overestimates for maneb-derived ETU.

5,1  Aggregate Acute Risk Assessment

An acute dietajy exposure and risk from ETU 1n food and drinking water was conducted using
the DEEM-FCID™ model. Results are presented int Table 5.1 _below.-

Potential exposure 1o ETU from both ground and surface water sources of drinking water, when
combined with exposure through food. 1s below HED's level of concern for acute risk.

——

95"‘ Percent:le 99"‘ Percentlle 99, 9“‘ Percentlle

Population aPAD
Subgroup (mg/kg/day) Exposure - Ex posure Exposure o % aPAD
(Mg ke Jda aPAD f‘da PAD mg/kg/da;

—— .__.-n- —_——— PR— _—— P —_—

——  rerm s e — O

‘Females 13-49. 0.005 0.001290 - 0.002132
ears old

') FF L —— S —— S I — 1] P T L] (— [ — T ¥ P S U R S ——

*Estimated Drinking Water Concentration = 25.2 ppb

3.2 Aggregaté. Chronic Risk Assessment

The chronic dietary exposure and risk from maneb-derived ETU in food 1s below HED's level of
concern for the General US Population and various population subgroups. The ETU surface and
ground water EDWCs provided by EFED were incorporated into a dietary (water only) exposure
assessment using the DEEM-FCID™ model. Results are presented in Table 5.2 below. For the
chronic non-cancer assessment, the surface water EDWC of 0.1 ppb was used as the water

- residue value in the exposure assessment. For the cancer assessment, the surface water EDWC
of 0.08 ppb was used as the water residue value. For ground water exposure, the ground water
value of 0.21 ppb was used. The most highly exposed subgroup was Children, 1-2 years old,
with a food and drinking water exposure (using the ground water EDWC) at 18% of the ¢cPAD.
This ts below the level of concemn.
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l Table 5.2. ETU Chronic (Non-Cancer) Aggregate Risks - Surface/Ground Water |
Surface Water EDWC Groundwater FDWC :
| 0.1 ppb 0.21 pphi
tPopuiation Subgroup i‘ cPAD | |
(mg/kg/day) Eiposure “% cPAD Eyposure ‘o CPAD ;
| {mp/hesday) (ma‘kpg/day i
General U S Population 0.0002 (r OO0 ] & 9] (0 6006 20 * i
]AH Infants (| vear oid) (.0002 0.000016 7.8 {30000 3 :
— - el — * — h—
Children 1-2 vears old 0.0002 0.000032 16 0.000035 i 5 i
Chiidren 3-5 years old ().0002 0.000026 | 3 (.000029 |
Children 6-12 years old (.0002 0.6000153 7.3 0.000017 B -
I—_———h——_—-—
Youth 13-19 years old 0.0002 0.000015 6.4 (0.00001 > N i
) ) o " .
Adults 20-49 years old (.0002 (0.0600016 8.1 (.000018 b |
Females 13-49 years old (.0002 0.000022 1] - 10.000024 Pl
Adults S0+ years old 0.0002 0.00001 7 8.4 0.000019 9.3 |

** [he values for the highest exposed population for each type of risk assessment are bolded.

5.3  Aggregate Cancer Risk Assessment

Aggregate ETU cancer nsks for the general US population are below HED's level of concern:
estimated exposure was at most 0.000020 mg/kg/day. which corresponds to a cancer risk of 1.2 »
10°. Most of the estimated exposure was from food.

6.0  Cumulative Exposure and Risk

Section 408(b)(2)(D)v) of the FFDCA requires that, when considering whether to establish, modify.
or revoke a tolerance. the Agency consider "available information™ concerning the cumulative effects
of a particular pesticide's residues and "other substances that have a common mechanism of

toxicity.”

T'he \gency has concluded that N-methyl carbamates subgroup should be designated as a common
mechansm group (CMG) based on their shared structural characteristics and similanty. and on their
shared ability to inhibit acetylcholinesterase (Report of 9/22/99 SAP Meeting) [ hiocarbamates and
dithiocarbamates (which include the EBDCs) have not been included 1n the ¢ MG because they do
not share cholinesterase inhibition as a common principal mechanism of toxicity

During previous Special Review of the EBDCs (maneb. metiram and mancozeb). the Agency
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considered the three active ingredients to be related due to the common effect, thyroid cancer,
resulting from formation of the common metabolite, ETU; exposure to residues in and oh crops as
well as in vivo conversion of EBDCs to ETU was included in the assessments. Previous and current
maneb risk assessments (from food and water, and in occupational settings) are based on combined
ETU exposure associated with maneb. The current series of EBDC risk assessments (including
maneb) consider formation of ETU from each active ingredient individually, and aggregate risks
from exposure to ETU from all three EBDCs are characterized in a companton E | L' nisk assessment

document

In 2001, the Agency proposed a common mechanism of toxicity for all dithiocarbamates based on
neuropathology related to CS8, formation. However {ollowing public comment and SAP review of
the data, OPP concluded there was no support for grouping dithiocarbamates, including EBDCs.
based on a common mechanism for neuropathology No determination of a commeon toxic effect or
mechanism of toxicity has been made for acute or chronic non-cancer risks from EBDCs. No other
dithiocarbamates are included in the risk assessment because they do not produce the metabolite

'ETU.

7.0 Occupational Exposure and Risk Assessment

Occupational populations (handlers) are potentially exposed to maneb and ETU while making
‘applications to crops, ornamentals, seed pieces and seeds. Some of these.exposures are expected to
occur in greenhouses, such as in the production of tomatoes or cut flowers. In addition, potential
exposure to maneb and ETU occurs after application, when workers contact foliage or harvest treated
crops or ornamentals (postapplication). Exposures are detined by the type of activity involved.
Workers detfined as "handlers" may prepare spray solutions (mixer/loader) tor application, they may
apply the pesticide (applicator), or they may combine these tasks (mixer/loader/applicator). The
Agency typically conducts an assessment for flaggers. who may be exposed during aerial application.

For maneb and ETU handler risk assessments, mixer/loader scenarios were 1dentified for each
formulation - dust, wettable powder, liquid and dry flowable - including mixing/loading sprays for
aerial, chemigation, groundboom, airblast and high pressure handwand applications. For applicators,
the scenarios include airblast, groundboom, aerial and high-pressure handwand applications. Two

- mixer/}oader/applicator scenarios were identified - low pressure handwand and high pressure
handwand and a flagger scenario was identified for aerial application. Potato seed piece scenarios
include loading or applying dusts, and secondary handler scenarios which involve loading treated
seed pieces for tractor planting, and planting seed pieces with a tractor. For seed treatments, the

~ following handler scenarios were identified - loader/applicator, bagger, sewer, multiple activities, on-
- farm planter box treatment, and loading and planting treated seed.

A variety of postapplication exposure scenarios were identified by the type of activity involved, and

by the range of exposure expected, i.e., low. medium and high exposure activities. Fxamples of low
exposure activities include irrigation and scouting; medium exposure activities may involve scouting
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of mature planis. or in greenhouses, hand pinching chrysanthemums. Potential high exposurc
activities include hand harvesting cut flowers and thinning and pruning apples. Both handter anc
postapplication risks were calculated for agricultural and greenhouse scenarios

Both handler and postapplication exposure and risk were estimated for maneb per se and 11s
metabolite/degradate ETU. - For handlers. most exposures were considered to be short- or
intermediate-term in duration, with the exception of greenhouse uses (such as tomatoes or cut
flowers). which may result in chronic (1.e.. 180 days) exposure. For both handler and
postapplication assessments. the maneb dermal (\posure (including a 2% dermal absorption tactor)
was multiplied by 0.075 to take into account the 7.5 % in vivo metabolic conversion of maneb to
ETU. This "metabolic” ETU was added to the ETU exposure from handler and postapplication

activities to obtain the total ETU exposure.

For maneb non-cancer handler and postapplication assessments the short- and intermediate-term
risks were the same. because the same endpoints-and doses were used to assess all durations of
exposure, and because there was no difference in the estimated daily exposure for these durations
{via both dermal and inhalation routes of exposure). The long-term exposure scenarios were all
based on uses 1n greenhouses. For ETU handler and postapplication assessments. non-cancer short-
term and intermediate-term risks were the same, but chronic risks were assessed using a different
toxicological dose and endpoint. |

For the handler assessments, maneb dermal and inhalation risks were combined. since the endpoints
(toxic eftects) selected for risk assessment, thyroid effects, were the same. Similarly. ETU non-
cancer dermal and inhalation exposures were combined because the endpoints (thyroid effects)
selected as the basis for risk assessment were the same Postapplication risk assessments included
only dermal exposures. For maneb non-cancer dermal risk assessments. the endpoint for risk
assessment was selected from a dermal study. so the 2V dermal absorption factor was not necessan
1t was used, however. to determine exposure to ETU tollowing absorption and metabolism (7.5%6) of
maneb in vivo. For maneb inhalation assessments, the endpoint and dose for risk assessment were
selected from an oral study. so a 100% inhalation absorption factor was used. For ETU dermal and
inhalation assessments (non-cancer and cancer), endpoints for risk assessment were selected from
oral studies, so 26% dermal and 100% inhalation absorption factors were applied.

For both occupational handler and postapplication risks. the dose selecied {or risk assessment, the
NOAEL. was divided by the estimated exposure to determine the Margin of Exposure (MOE). The
target MOE for maneb and ETU occupational exposure is 100, based on the combined uncertainty
tactors (UFs) associated with endpoint selection; MOESs less than 100 are of concern. and may
require mitigation through the use of personal protective equipment (PPE) or through changes in the
use pattern, such as application rate or re-entry interval (REI).
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7.1 Occupational Handler Risk Assessment

7.1.1 Handler Data and Assumptions

No chemical-specific handler exposure studies were submitted in support of the reregistration of
maneb, so Pesticide Handler Exposure Database (PHED, Version 1.1, 1698) data were used to
calculate unit exposure values to estimate occupational handler exposures 10 maneb and ETU during
application to crops and ornamentals. There are no recent or adequate data (either chemical-specific
or in PHED) that reflect the specifics of the potato seed piece treatment scenario. Therefore, PHED
data for other scenarios were extrapolated to seed piece treatment by assuming that the mixing and
loading of mixing tanks or hoppers on seed piece treatment equipment would produce similar
exposures as mixing and loading tanks or hoppers on pesticide application equipment. There were
no data to assess risks for planting treated potato seed pieces. No chemical-specific data were
submitied to evaluate exposureb from seed treatment so data from a recently-developed HED seed

treatment SOP were used.

Current maneb labels require mixer loaders to wear an apron, coveralls, and gloves over long pants
and a long-sleeved shirt. Applicators must wear similar clothlng, but are not required to wear the
apron. Maneb and ETU handler exposures and risks were estimated for workers wearing typical

- work clothing, or baseline, which includes a long-sleeved shirt, long pants, shoes, socks, and no
gloves or respiratory protection. Exposures and risks were also estimated using additional personal
protective equipment (PPE) such as gloves. These include Single Layer, or Baseline clothing with
gloves, and Double Layer, or Single Layer with coveralls.

For determining inhalation risks, both single ]ayer and double layer scenarios were also assessed Wlth
the addition of 2 different respirators, one with 80% inhalation protection (PF5) and one with 90%
protection (PF10). It should be noted that for the dust formulation for potato seed piece treatment,
labels require workers to wear long pants, long-sleeve shirts, gloves and coveralls, as well as a PF10
respirator. Both dermal and inhalation exposures were estimated with the addition of engineering
controls, such as an enclosed cockpit or cab, and water soluble packaging.

The PHED data for deriving unit exposures at the baseline, PPE and engineering control mitigation
levels (for exposure to the hand. dermal exposure and inhalation exposure) have been "graded" based
on the quality and quantity of the available studies. and these grades result in low, medium or high
confidence in the unit exposure values. In each handler assessment completed for maneb and ETU,
the best available data were used to estimate unit exposures. PHED unit exposure data were not
available for asses-ing exposure during mixing/loading of dry flowables with engineering controls
(e.g.. lock and load s\ stems) or for mixing/loading/applying DF and WP formulations with a
backpack sprayer.

For maneb handler risks, most PHED unit exposures were generated using data from studies with
medium to high contidence. Some low confidence data (generally due to a low number of replicates)
were used for dermal exposures for mixer/loaders (DF and WP fonnulanon s), inhalation expasures
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for airblast applicators with engineering controls, and dermal exposures 1or low and high pressu
handwand and backpack spraver applicators. Since there were no chemical- spocibic data 1o as~c»
potato seed piece treatment, surrogate data trom PHED were used to assess exposuyes along v
use information provided by potato industry experts.

The assumptions summarized below were combined with the PHED unit exposures and used i
agricultural handler risk assessments; these assumptions are typically used in HED risk assessments.
with the exception of potato seed piece assumptions, which were based on conversations with
experts in the potato industry. and seed treatment acres planted, which were based on conversations
with an in-house expert, Dr. Bernard Schneider. Risks associated with sced treatment were
calculated using unit exposures from the seed treatment SOP  Exposure scenarios evaluated i
studies included in the SOP are mixing/loading application bagging scevwing and multiple tasks (onc
or more of the above).

\ssumpuons used to Calculate Handier Risks

. Adult body werght - 70 for maneb, 60 kg for ETU short/intermediate term exposures:
70 kg for ETU chronic and hietime exposure

. (Generlc protection factors for clothing layers, gloves cngineering controls:

. ‘Maximum application tates for short- and intermediate-term risks:

. Ty pical application rates (where available) for cancer risk;

. Avcrage occupational workday = 8 hours;

. Acres treated per day:

- Aenal: 350 acres (most crops); 1200 acres (high acreage crops, ¢.g. wheat/corn).
- Chemigation: 350 acres (most crops)
- Groundboom: 80 acres (most crops); 200 acres (high acreage); 40 acres
(ornamentals)
- Arrblast 40 acres.
- High pressure handwand: 10 acres, assuming 100 gal/acre and 1000 gal/day.
- Backpack sprayer/low pressure handwand: 0.4 acres/day. assuming [0
gallons acre, and 40 gallons/day.
. Secd piece and Seed Treatment
- Potato seed piece: 500/30 tons treated per dav for commercial/on-tarm:
- Potato seed piece: 1 ton of seed planted/day 40 acres;
- Seed: amount-of seed treated per day was based on capacity of Gustafson
commercial equipment.
- Seed: the amount of seed planted per day was based on the amount of seed planted
per acre. multiplied by 80 acres/day.
3 For ETU cancer nsk. 30 days exposure/year

Because maneb (as well as the other EBDCs) is known to be unstable 1in tank mixes. the Agency
required data to quantity tormation of I.TU 1n spray solutions during mixing/loading and application
of maneb/EBDC formulations. These data were submitted to the Agency in conjunction with the
1992 Special Review. and were used to estimate occupational exposures to ETU. The tank mix data
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have also been used in the current risk assessment, with the underlying assumption that the
manufacturing processes for maneb (and EBDC) products have not chanved substantially. In
estimating mixer/loader risks, a 0.2% conversion of maneb to ETU was assumed, and for applicators
a 0.6% factor was used. These factors are not considered conservative; at the time the tank mix
studies were submitted, the Agency stated that the full range of field condttions was not adequately
represented. in the studies, and that certain conditions (higher temperature and humidity) could result

in a higher percent conversion to ETU.
‘7.1.2 Occupational Agricultural and Greenhouse Handler Risks

Maneb labels require double layer PPE and a chemical resistant apron for mixing/loading and-double
layer PPE without the apron for application. The labels do not require respiratory protection (with
the exception of the dust formulation for seed piece treatment, which requires a PF10 respirator).

Maneb Combined Dermal and Inhalation Risks Maneb long-term combined dermal and inhalation
risks were all below HED's level of concern (i.e., the MOEs were greater than 100 at all levels of

PPE, and for all handler scenarios). Maneb per se shart- and intermediate-term combined dermal

- and inhalation risks are shown in Table 7.1. Only the mixer/loader scenarios have risks of concern.
For some mixer/loader scenarios tnvolving wettable powder formulations, the non-cancer risks are of
concern based on label-required PPE, and respiratory protection is requiréd to achieve an MOE
greater than 100. The addition of respiratory protection achieves a much greater risk reduction than

~ the addition of a second layer of clothing. In a few cases, such as those involving sod farm
application rates, engineering controls such as water soluble bags are needed to attain the target
MOE. The risks for mixing/loading dry flowable and liquid flowable formulations are much lower
than risks for the wettable powder formulations, and can be mitigated in most cases (except for turf
and almonds) with baseline PPE and gloves (coveralls and respirators are not needed).

Risks for applicators and mixer/loader/applicators were all below HED’s level of concern, with
-MOESs >100. The risk for applying sprays using mechanized equipment such as aircratft,
groundboom and airblast sprayers is not of concern with baseline PPE without gloves (i.e. less PPE
than required by the label) regardless of the formulation type. Estimated risks for
mixing/loading/applying wettable powders using handheld equipment (e.g. handwand) are not of
concern due to the high spray volume (100 gallons per acre) which reduces the amount of area that
can be treated in a day. |

Calculations were also performed to assess the risk for ETU that was contaminant in the spray mix
and that was metabolized from absorbed maneb.

ETU Non-Cancer Risks Short- and intermediate-term MOEs for ETU are approximately .10 times
higher than corresponding MOEs for maneb. Like maneb, ETU MOEs are of concern for-high-
volume mixer/loader wettable powder scenarios with baseline PPE. Additional PPE. such as
respirators, or engineering controls are needed to achieve MOEs of 100. A summary of short- and
intermediate-term ETU non-cancer risks is provided in Table 7.2. Long-term ETU non-cancer

-

48




HED Records Center Series 361 Science Reviews - File R110024 - Page 52 of 85

MOEs are of concern with baseline clothing tor mixing/loading wettable powder or quid

formulations for application to ornamentals or tomatoes.

are added.

These MOLEs are above |

OO once gloves

ETU Cancer Risks ETU cancer risks were calculated assuming 30 exposure days per vear and arc

summarized in Table 7.3. Most of the risks are less than (<) 1x10™ with smgle layer PPE (which
includes gloves but not respirators) and all of the risks are less than 1x10™ with additional mitigation
¢such as respirators or water soluble bags) recommended to address the non-cancer maneb risks.
Many of the risks are also below 1x10 with maximum mitigation (engineering controls) and some

are below 1x10™

!

Table 7.1. Maneb Short/lntermedlate Term MOEs for Agrlcultural Handlers

C luthinngPF 3
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—————— e — —
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| I
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——— e
l_ Table 7.1. Maneb Short/Intermediate Term MOEs for Agricultural Handlers.'

Clothing/PPE’

——
L ek — e — e —y -, P T E— T E— I E— T S S

ne | _Resp Resp PF5 | PF10 _

RN S ———————— P E—— 1 p—______ " I —____ P
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LR ——— L P — L i aLL T

R ¥ L E———_
[ EE—— ] ] T — T — L T D "

Flagger - All MOEs >100 at Baseline clothing

*MOEs in bold are less than 100 and are of concern.

ND= No Data

i
‘ ' Margins of EEPGSUI‘E.{MOES} include both dermal and inhalation risks.
* Crop  (iroups |
Fruits and nuts- includes aimonds. cranberries, grapes and pome fruits.

‘ Field crops - includes com. dry beans, potatoes and sugar beets.
Vegelables - includes brassica. cucurbits, garlic, greens, lettuce. onions, peppers and tomatoes.

Baseline - includes long pants and long sleeve shirts without gioves.

~Single Layer {SL} - includes baseline PPE with chemical resistant gloves.
Double Layer (DL) - includes coveralls over baseline PPE and chemical resistant gloves - typically required by maneb labels.
PFS - Fihtering facepiece respirator {i.e. a dustmask) with a protection factor of 5. - . '

PF10 - Half face cartridge respirator with a protection factor of 10..
£C - Enzineering control - includes water soluble bags, closed luadn systems and enlnsd cabs.-

3 PPE Levels
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Table 7.2. ETU Short/Intermediate Term. MOE;s for Agricul'turﬂtl_Handlers;]
IExpusure Scenario Typical Crops ai/acre l;pz; | DL No . ‘ .
— ] Mine | Resp | ReSp __#
“[{Mixer/Loader (M/L) | | -
M/L (WP) tor Aerial or turf: sod farms 350

fruits and nuts
| field crops. vegetables

Chemigation

turf: sod farms [7.4

cranberries. grapes I 201048
field crops. vegetables | 1.2t0 24

M/L WP tor Airblast fruits and nuts 2.0t064d 40
M/, WP tor HP Handwand omamentals. tomatoes =1 000

350 300 370
> 1000 > 1000
()

M/L. WP for Ground-boom

M/L. Dry Flowable {DF) for
Aenal or Chemigation

turf: sod farms 17.4
fruits and nuts’ |20 6.4
ficld crops. vegetables | 1.210 2.4

M/L. DF for Groundboom turf: sod farms" | 174

>810 1000
401080 {>1000 {>1000 >1000 >1000  {>1000 |ND |
All other crops 12104.8 >1000 | >1000 1000 >1000  |=1000 |ND
M/L DV for Airblast 2.0 10 6.4 >1000 | >1000 >1000 >1000 | >1000
HM/L DF for HP Handwand 121024 _ >1000 >1000 >1000 | >1000
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e xesmmm—
» R
Table 7.2. ETU Short/Intermediate Term MOEs for Agricultural Handlers.
- . ¥
Clothing/PPE
E Scenari Typical Crops’ Ibs er ' ]
xposure Scenario ypical Crops ai/acre p | DL NG .y DI |
Res PFES | PFI10O FC
; l
M/L Liquids tor Acetial tert: sod tarms 174 Y R 00 S LUV |
or Chemigation All other crops 121064 | Oy 1 {0 f o Lo
M/L [Lguids tor Groundboom | turt: sod [ 173 10 1o 8 2 F o ot Lo b 4 1 1’
All other vrop 1 21048 =150 RLE Vi _L ik TR LI—, y {
M/L Liguids tor Airblast truits and nul, 201064 EiL =230 000 L RN - {
e - ——*-_ e A
ML Liguids tor HP ornamentals, fomatoes [ 2t 24 H > HKH R SRLUE I Y } 1
HHandwand ' } i
Applicator - All MOEs >100 at Baseline clothing !
Mixer/Loader/Applicator - Alt MOEs >100 at Bascline clothing
Flagper Al MOE. 14 at Baseline clothing

*MOE s i bold are less than 1) and are of concern. |

' Margins of Exposure (MOLSs) include both dermal and inhalation risks.

- (rop GOroups (see Table 13)

> PPE Levels {(see Table 13).

Table 7.3. ETU (from Maneb) Cancer RlSkS for Agrlcultural Handlers (30 Davs per Year) |
{ lmhmg!PPE
Exposure Scenario Tvypical Crops' Typical Rate ! S T
(1b) ay/acre ¥ Rase NO DI No
It Ht\ ) Resp DL PFS
T T s, SR TR WS TR T BN v W= R R0 L. T~ !
Mixer/Loader (M/L) "
""'"—l—""" L — — _—‘—1
M/l. WP tor Aerial Application wirf” sod tarms 7.4 350 2e-03 8e-04 Be-04 2.e-04 1e-04 Be-06
or Chemigation fruits and nuts | 810 3.6 <Se-04 | <2e-04 | <2e-04 | <Je-03 <3e-05 [ <2e-0f
ficid crops., vegetables [ { 21w 24 <3e-04 [<ielid [<le-B4d [ Ic-035 <205 |ie-06
M/L WE for Ground-boom turt: sod farms 174 80 Se-04 2e-04 le 04 ye-05 Je-(F 2e-(H
Alj other crops .2 t0 3.0 <9e-05  {<le O =05 | <8e-06 | <de-i B
M/ WP tor Airblast fruits and nuts 1.9t 36 40 <oc-05 | <le 00 2e-05 | <Se-lin
M/l WP tor HP Handwand [.2t0 14 L0 <6e-06 | <2e-06 | <2e-06 |-<Se-0°
M/LL DF tor Aenal Application turt: sod farms 174 350 de-03 de-05 Je-03 2e-03
or Chemigation Allother crops 1. 210 3.6 <Ge-06 | <Oe¢-06 | <7e-06 [ <3e-06
M/L DF {or Groundboom turt: sod farms 174 4 to 80 | je-05 Le-03 Be-( St
| All other crops I 210 3.0 <2g-06 1 <2eb6 ) 1e-06 oo T
M/A. DF for Airblast truits and nuts i 8w 36 SRR
M/L DF tor HP Handwand J.210 L4 PO <le«)7 {1 <le-07 | <Be-08 | <6e-0s

r
puiaam ik
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Table 7.3. ETU (from Maneb) Cancer Rusks for Agricultural Handlers (30 Days per Year)

— P (E———— T S —— .

e

Clﬂthlng;‘PPEz

et i L T ks —— PR

Exposure Scenario Typical Crops' Typical Rate :
. — | _Resp DL PFS | PF10 EC

M/L Lwauids for Aerial turf sod farms

Appliation or C hemtgalmn fruits and nuts
field crops. vegetables

M/L Liguids for Groundboom turf: sod farms 17.4 4010 80 [ 3e-04 7e-06 = | 6e-05 3e-06 2e-06 le-06
All other crops 1.2t03.0 <5e-05 |<le-f}6 f<le-06 |<3e-07 [|<d4e-007 §<2e-Q7

Applicator (App)

Aenal Applicator turf: sod farms 17.4 | 3e-06 |
All other crops 1.2t03.6 ' <Qe-07

Groundboom Applicator turf: sod farms 17.4 3e-06 Se-06 Se-06 2e-06 2e-06 9&-(}‘?
All other crops 210 3.0 <9e-07 | <9e-06 |[|<8e-(7 |<4e-07 |<3e-07 |<2e-07

Mixer/Loader/Applicator (M/L/A) ’

M/L/A WP with Backpack. No unit exposure data are available for these scenarios

M/L/A DF with LP Handwand.
M/L./A DF with Backpack

M/L/A Liquids with LP tomnatoes, ornamentats | 1.2to 1 4 <7e-06 |<8e-08 |<8e-08 [<3e-08 |<3e-08 [N/A
Handwand

Flagger

(14} Fiag Aerial Applications 17.4 le-05 be-05 te-05 8e-06 7e-06 -2':_”?
. ran nther Crops 12 w36 |, _1<3e-06 -=:3f:~06 | <3e-06 | <2e-06 | <le-06 |} <4e-08

L —— e el e g —— e e =

i*Cancer Risks in Bold Eqvai or Exceed 1e-04 which is equivalent to 1 x I[I"'

NI = No Data
N/A = Not applicable

! C rop Groups (See Table 12)
° PPE Levels (See Table 12)

T | — e e e
e e e e T o L ————— W, ra —— —_mm . .

7.1.3 Occupational Handler Risk for Potato Seed Piece Treatment

Only short/intermediate-term risks were calculated for seed piece treatment. Long term
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exposures are not anticipated, since the scenarios only occur for a few weeks or months at a i
and do not occur on a year-round basis.

Maneb Short/Intermediate-Term Risks Maneb non-cancer risks trom mixing/loading dusts ior
commercial seed piece treatment are of concern (i.e., combined dermai and inhalation MOLs are
<100) with maximum PPE (double layer clothing and PF10 respirators). and engineenng controls
are needed to achieve an MOE > 100. The risk for applying dusts to potato seed pieces could not
be calculated due to a lack of data for that scenario. However, risks for secondary handlers, or
those who load and _pianf the treated seed pieces, were not of concern. Maneb risks tor potato
seed piece treatment are shown in Table 7.4.

ETU Short Intermediate-Term Risks Combined dermal and inhalation MOEs tor potato seed
piece treatment are all above 100 for all scenarios provided gloves are worn.

ETU Cancer Risks The cancer risks from ETU based on apphication of maneb to potato seed
pleces were calculated assuming 30 days per year. For loading dusts, most of the risks are below
1.0x10™ with smgle layer PPE (which includes gloves but not respirators) and all of the risks are
below 1.0x10™* with the additional mitigation (such as respirators or water soluble bags)
recommended to address the non-cancer maneb risks. There were no data to assess cancer risk
for those applying dusts to seed pteces. Cancer risks for secondary handlers were all below 3x10
" at the baseline clothing scenaro. and were lower with the application of additional PPE.

e L =TT T~ =BT B e e e e S N sy S T~ B BT~T= B PR~ e e e e e e, e e e B By s 1 S S——( WL

YT gy b —

Table 7.4. Maneb Combined Short/Intermediate Term MOEs for Potato Seed Piece Treatment.

m ikl

Amount C lnthmg!PPL

Exposure Scenario Freatment lreated er |
Ime bL PES Fl{l PPHi Lnntrnls

Mix/Load Dusts
" '|
&1 H¥ l---H}U!’_}
§

75 o T

(1aj Commercral Seed Prece Treatment {008 th ai/cwt FODBO cwt (4.2

{1b) On-Farm Seed Piece Treatment (.08 th airowt S00 cwt 32

Applicator  No unit eyvposure data avallable tor this scenario

Secondary Handblor Exposure - All MOLEs 100}

| ;
PPL Level-
Baseline - includes fong pants and long sleeve shirts withoun Jlov,
Single Laver (51.) - includes baseline PPE with chemical resistant love

Doubke Laver (DU § - meludes coveralls over baseline PPE and Choaacal sosistant gloves,
< Filtering tace piece respirator (1. a dust mask) with a protection factor ol 3.
PELoc 11l Cwe e d e prrator with o protection tactor of 10

FC In_meerm_ oo |

N
t 3
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7.1.4 Qccupationpal Handler Risk for Seed Treatment

Seed treatment labels required a range of PPE, including single layer without respirator up to
double layer with a PF10 respirator. |

Maneb Short Intermediate-Term Risks With the exception of 2 multiple activity scenarios at
baseline clothing (treaung sorghum and oats) and 3 planter box scenarios with single layer
clothing and PF 10 respirator (treating oats, rice and peanuts), MOESs for all scenanios were
creater than 100. Risks for multiple activity scenarios are not of concern when single layer
(lothing and a PF5 respirator are used. Planter box MOEs for crops other than peanuts, rice and
oats were greater than 100, and not of concern for single layer clothing (no data were available to
assess MOE:s for the baseline clothing scenario). The MOE for peanuts was 18 and the MOE for
rice was 64 (based on Single Layer and PF10 respirator); however, most peanut and rice seed is
treated commercially, and the planter box scenarios were assessed only because they were
“included on the labels. The MOE for planter box treatment of oats was 72; there were no data to

determine exposure and risk at additional levels of PPE (Double Layer Wlth PF10 respirator) or
with engineering controls.

ETU Non-Cancer Risks ShorvVintermediate-term MOEs for seed treatment are greater than the
corresponding MOESs for maneb and are above 100 for all of the scenarios.

ETU Cancer Risks The cancer risks based on exposure to ETU following application of maneb
to seeds were calculated using 30 days per year for commercial seed treatment and 10 days per
year for on-tarm seed treatment. Risks for all levels of personal protection (other than the
baseline clothing scenario, for which there were no data) were at most 3x10° (planter box
treatment for peanuts), but in general were in the 10 and 107 range.

7.2 - QOccupational Postapplication Risk Assessment
7.2.1 Postapplication Data and Assumptions

Chemical-specific dislodgeable foliar residue (DFR) data have been submitted for maneb, and
were used to estimate potential exposures to maneb and ETU upon re-entry to treated areas,
either for harvest, scouting. irrigation or crop maintenance (e.g., pruning or thinning). One recent
study (1999) and 5 older studies (1988 - 1991) were used in the current assessment. These
consisted of 2 DFR studies on apples, a DFR and worker re-entry study on grapes, and 3 DFR
‘studies on tomatoes. In addition, a mancozeb turf transferable residue (TTR) study was used as a
~surrogate source of data to estimate postapplication risks for maneb uses on turf. Although TTR
data are not typically translated from one active ingredient to another, it was considered
appropriate in this case due to similarities between maneb and mancozeb. and based on a
comparison of available DFR data for the 2 active ingredients.
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The maneb DFR studies consisted of airblast and ground boom application methods both baxs;
and West regions. and 3 crops (apples, grapes and tomatoes); one each of the apple md tematk:
studies were considered 1nadequate for use in postapplication exposure calculations | b
remaining DFR studies were extrapolated to other crop types based first on the region tollowed
by apphcation method and crop type. Maneb dislodgeable residues were considerabhy hugher
than ETU residues on the day of application; L' TU residues were typically ar or wist above the
LOQ. while maneb residues ranged from 4 to 85 times the .OQ. Maneb half-hves ranged trom
7.2 (NY apples) to 32.8 (CA grapes) days. The ETU half-life could only be calculated in one Ny
and one WA apple study, and these were 8.4 and 17.7 days. respectively.

The mancozeb half-lite on turt ranged from 1.8 to 6.6 days; samples were not collected bevond
14 days after application. The ETU dissipation rate could not be directiv calculated for turf.

since ETU residues were very low even on the day of application.

Assumptions Used 1o Caleulate Postapphcation Risks:

. Adult body weight = 70 ky

. Maximum (label) application rates were used for non-cancer assessments

. Maximum (label) application rates were used for cancer assessments except for
almonds. apples and grapes. which relied on average rates from NASS data.

. ‘Single day exposures (rather than a rolling average) were used due to (1) fow
dissipation rate for maneb: and (2) multiple applications permitted.

. A pseudo-first order Kinetics analysis was used for maneb dissipation. as per
Agency guidelines,

. DFR data were extrapolated to other crops using a simple proportional approach
to account for application rate, which is typical in HED assessments.

. Cancer risks - 30 days days per vear,

. Risks tor pruning and harvesting almonds were considered negligible due to
apphication timing.

. Onlv the extended application rates are used for assessing the deciduous tree fruit

scenatios, because the pre-bloom application rates can only be used early in the
season when there is a lesser amount of foliage.

»  The very high exposures scenarios for grapes, which included cane turning and
girdling with a transfer coefficient of 10000 cm~/hr, were not assessed for the
following reasons:

A, The PHI for eastern wine grapes is 66 days which allows the last
application to be made approximately 3 to 4 weeks prior to cane turning
which occurs mid July to early August

B. In California maneb can only be used through bloom which occurs weli
before can turning which. according to C AL L PA. occurs 3 10 4 weeks
before harvest to improve the color of red table grapes.

C. Girdling 1s done only on table grapes in California. and it is done in June
and July which 1s outside the maneb window of application.
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D.  According to the USDA Crop Profile for California Table Grapes, 97
percent of the nation’s table grapes are grown in California. |

. Generic transfer coefficients were used as shown in Table 7.5. Although a grape
re-entry study was submitted, the resuits support the use of the generic transfer
coefficients. The transfer coefficients for ornamentals plants were taken from
ARTF studies #ARF039, #ARF043 and #ARF044. These studies were recently

‘submitted by the Agricultural Re-entry Task Force (ARTF) and have been -
reviewed by HED. These studies were found to be acceptable and mean values
were selected for risk assessment in accordance with Policy 003.1.
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Crop Type (Specific Crops)

Berry, Iluw (Cranberry)

Table 7.5. Post-application Exposure Scenarios and Transfer Coefficients.

i Post-application Exposure Scenarios

Low - Irrigation. scouting. pruming thtnning

T

!fd']l.,_rl:‘f 3
YR TRTR Ik J
TR BRI

- —.-J

Bunch/Bundle (Banana)

Cut Flowers

l.ow - Irrigation. band weeding, scouting immature/low foliage planis

Medium - [erigation and scouting mature/high foliage plants
High - Hand harvesting. stripping. training. thinmng. topping

- m—

Low - [rrigation. scouting. thinning weeding immature low foliage plants

Medium - irrigation. scouting mature/high fohage plants
High - Hand harvesting. pruning. thinning. pinching

e rr—arwh— - u—-—-—v—-“.T-"n:-

Tl

Field/Row Crops. Low/Medium
(I3rv beans and sugar beets)

Fieid/Row Crop. Tall {(Comi

vl

Low - lrmganon. scoutiag, thinming. weeding immalture plants
Medium - Same ds above on mature plants

Bl i

p—

NS

Medium - Scouling. weeding mere mature ptants
thich - Scouting. weeding. irngation mature plants
Verv High - Sweet corn hand harvesting or seed comn detasseling

[N

11 N

Omamentals
(Excluding Cut Flowers)

[.ow - pruning cirus
Medium - Hand pinching mums
[heh Rloving Potted Plangy

-

Tree. Fruit. Deciduuﬁﬁ
(apples)

Tree. Fruit. Evergreen (Papava)

L L

Vorv boow Peoppa
|« Irmie gt a_t'llllllg._i, ﬁ"l;.‘t.‘dil'lg
1ol Promng tomin 2, tying, thinning

i_ow - Irrizatton, scouting. hand weeding
Medium - Pruning. thinning, harvesting

hﬂ.ﬂ...m“u-m

Tree. Nut (almond) P ow - Imigation. scouting. thinning. weeding ol
High - Pruning. thimning i
= T FEY ! i |
Tuart Low - Mowing i
High - Transplanting. hand weeding i ? |
T s P E
Vegetabte, Brassica Low - Imigaton, scouting. thinning. weeding immature plants ; i
Medimm - Scoutme mature plants h e
High - Hand harvestung. rrigation. pruning. topping tving maturc plants | {
—— A —— e !
Vegetable. Cucurbit [ow - frnganon, scouning. thinning weeding immature plants T
(Cucumbers. squash. metons) Medium - Irnigation and scouting mature plants l
High - Hand harvesting, pulline, leat thinning. thinning. turning
e s " i 4
Vegetable. Fruiting L.ow - Ermgation. scouting. thinming. weeding immature plants |
(Tomato. peppers) Medinm - Irnigation and scouting mature plants
Lhieh - Hand harvesting. pruning. staking. tying E !
——— S - | e}
Vegetable. Leafy I oos nigations scouting, thinnimg. weeding immature plants
e din - Treiaato and seouting mature plants
izl Thmd hanve nng. pruning and thinning mature plants v
e ————— — - - —
V. -elable. Root Lo Imizane o coutmg. thinning weeding immature plants 1
thwy Omions. Potatoes) Sodioor Trocoty nomd scouting matore plants :
thoty - Hand harvesting , =
— - !
Vine/Trellis (Grape) fow - Hedeng. irmgation. scouting. hand weeding i
Mcedium - Scouting. tratming, tving | '
High - [eal pulling. thinnmge. pruning. training/tyving { , ;
Ve High - Girdling and Cane Turming ~ j

L L e s S e——

fJ.
~.]
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7.2.2 Postapplication Risks

Maneb Non-C ancer Postapphcation Risks Maneb postapplication risks were calculated for
ditferent crop groups as described above. Within each crop group, transfer coeffictents were
used 1o represent different types of cultural practices which are applicable to each crop group.

For grapes and deciduous tree fruit, MOEs for maneb are of concern (i.e. are less than 100) at the
currently labeled REI of 24 hours for certain high and very high exposure activites. The time
needed to achieve the target MOE of 100 ranges from 5 to 26 days, with the longest time needed
for some of the high exposure tasks involving western grapes. A summary of maneb

postapplication risks is shown in Table 7.6.

L ———— L e — T —

e T E—_ LT T — F P B — T T

—

————— L e —— —— T e

Table 7.6. Maneb Postappllcanon (Non-Cancer) Risks.

Nt W TIEE—— ¥ TP TR T S —— [T ——— N ——— [ S —— [ [ A S —— T 7 I - e o e ey g e —— L LA - — k. — i LL L

f—————— LB ——— - E—

| ﬂ Application MOE on Day 0 (Days when MOE > 100)

Crop Group | Rate
i Medium* M Very Hight

N . _ i
Bunch/bundle (Banana) 4000 300 200

Field/row crops, Low/Medium - West 1.6 8200 550 | NA NA |
Field/row crops, Low/Medium - East 1.6 5900 400 NA NA
Field/Row crop, tall (Corn) - West 2 NA 2700 1100 64 (5)
Field/Row crop. tall (Corn) - East NA 2000 ‘?90 46 (II)
Flowers and Greens, cut -- 200

Omamentals Excluding Cut Flowers - 4500 2000 - -

Tree, fruit, deciduous - East | 180 ~NA 58 (6)

Tree, fruit, evergreen (Papaya) 470 160

Turf - California I NA | 550 NA
Turf - North Carolina NA 960 NA
Turf - Pennsylvania NA 1200

Y -
| Vigetable, Brassica - West 410 210 160 NA
| \ egetable, Brassica - East 300 150 120 NA
Vegetable, Cucurbit - West 1600 550 330 NA
Vegetable, Cucurbit - East 1200 400 | 240 NA
1660 1200 820
790 560 | 400 . NA

sl P A,

Vegetable, fruiting - West
Vegetable, frinting - East
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Table 7.6. Maneb Postapplication (Non-—Caﬁcer) Risks.

Application MOE on Day 6 (Days when MOL > 1003
Crop Group Rate |

Ib a.l/acre Low?* Medium”* ngl'l"Jr VEI‘}' ngh? |
Vegetables, leafy - West | L6 1600 550 1 330 | NA |
Vegetables, leafy - East 1.6 1200 400 240 i NA
Vegetable, root - West 2.4 1800 370 220 NA b
Vegetable, root - East - 2.4 [300 260 160 NA
Vine/trellis { Grapes) West | 2.0 590 | 290 59 (26) NA
Vine/trellis (Grapes)  East 3.2 260 ' F30 26 (14) NA

* Task Descripuions for each crop and exposure scenario are provided in Table 7 °

The short/intermediate term endpoint for ETU was used to evaluate non-cancer risks tor all of the
crop groups and the results are summarized in Table 7.7. Some of the short/intermediate term
MOEs for ETU are below 100 at the REI and are of concern. The time needed to achieve an
MOE of 100 ranges up to 19 days with the longest time required for western fruit trees.

Table ™ 7 - ETU Postapplication Non-Cancer Risks (Short and Intermediate Term) _!
e e ettt e e e e e .
Crop Group Application MOE on Day 0 (Days when MOE > 108)
Raite S 1
(Ib a.i./acre) Very High*
Berry, low (Cranberry) 48 200 NA J. NA | NA :
Bunch/bundle (Banana) o 32000 I 2500 1600 NA 5
s e 1 B I R y
{ Field/row crops. Low/Medium - I I 6 52000 3500 NA E NA
Wesl .0 490060 3200 NA i NA
Field/row crops. 1 ow Medium - E |
Eant j
et e B PRl S PP
Field/Row crop, tall {Comn) - West 1.2 NA l 7000 6900 410 :
Field/Row crop. tall (Corn) - East }.2 NA 16000 ; 6500 580 |
Fi . cut ). 2600 | 1600 000 NA *
OWers. cu 0 900 4
Ornamental Plants I.2 59000 57000 | 16000 NA
' Tree, fruit. deciduous - West 2.4 | 50 NA 49(19) l- NA
Tree, fruit, deciduous - East 2.4 160 NA 534 (8) NA
Tree. fruit, evergreen (Papaya) R 3900 1300 NA | NA
1 e
Tree. nut (Almond) 6.4 110 NA NA NA j
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Table 7.7 - ETU Postapplication Non-Cancer Risks (Short and Intermediate Term)

Crop Group
| Rate

NA - 410
81000 NA 2500
110000 3400

| 2600 1300 1000
1.6 2400 1200 970

14000

Turf - California
Turf - North Carolina
Turt - Pennsylvania

Vegetable, Brassica - West
Vegetable, Brassica - East

Vegetable, Cucurbit - West
Vegetable, Cucurbit - East

) —
I|||||I|%|H||||||H||
||“‘|l‘|“||“|‘| E:
>

4500 2100 430

Vine/trellis (Grapes) - West
Vine/trellis (Grapes) - East

*Task descriptions for each crop and exposure scenario are included in Table 7.5 .

" Vegetable, fruiting - West 1.6 10000 7400 5200
Vegetable, fruiting - East . 6500 4600 3200
Vegetables, leafy - West 10000 | 3500 2100
Vegetables, leafy - East 9700 3200 1900

Vegetable, root - West . 2.4 ' 12000 2300 - 1400 -
Vegetable,-root - East 2.4 - 11000 2200 1300

L) D
b O

{ib a.i./acre) Low* - | Medium* High*

13060 3500 2100
9700 - 3200 1900

240 120 24 (17)

Application MOE on Day 0 (Days when MOE > 100)

Very High*

NA
NA

NA
NA

ZZ | Z22Z (22|22 |22 |Z
A e - e O I

The long term endpoint for ETU was also used to evaluate non-cancer risks for the two crop
groups that are thought to have long term exposures (greenhouse tomatoes and cut flowers).
With the exception of the cut flower scenario (which includes hand harvesting, pruning and
thinning). all of the ETU MOEs are greater than 100 on day 0. The MOE for the cut flower

scenario rises to 100 on day 18. These results are presented in Table 7 8§

Table 7.8 - ETU Postapplication Long term Non-Cancer Risks

| Crop Crnup | Application Long term MOE on Dﬁy 0 (Days when MOE >100)
| (lbl::;ecre) Low* m High*
| | . - High*
| OreenhouseTomaoes | 24 | 20 | 10 | o '

*Task descriptions for each crop and exposure scenario are included in Table 7.5
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The cancer risks dernve solely from ethylene thiourea (ETU) which 1s an envionmental devr ad i
and metabolite of maneb. The ETU dose was caiculated 1n the same manner as 1or qon cance
risks included both directly absorbed ETU and ETU that was metabolically converted fion
maneb. Cancer risks were calculated from the average daily dose in the same manoer « {o

- handlers.

The cancer risk calculations for maneb postapplication workers are summarized in Table
Cancer risks for were calculated assuming thirty days of exp(}%Hre per year. With the excepuon
of deciduous fruit trees and grapes. tfng cancer risks are <ix10 = on the day of application fur ail
of the scenarios epéd some are <<1x10 ~ . The risks for many of the scenarios, however. do not
decline to <Ix10 ~until two to >84 days (for western fruit trees) after application. {1t was not
possible to accurately calculate residue dissipation for periods longer than the length of the
respective DFR studies (1.¢. 84 days for western fruit trees) because the measured DFR values
towards the end of the study were close to the [.0OO and/or the negative controls.

I T T
Table 7.9 - Maneb Postapplication Cancer Risks (30 days per year) :
Crop Group Application Cancer Risk on Day 0 (Days when cancer risk <1e-06) :
Rate B f
_ (Ib Low”~ Medium™ High* Very High” !
a.ljacre) ' .
-1 1
Berry. low (Cranberry) N A N A N A *
! | T . ] -
Bunch/bundle {Banana) 24 0 de-Do( 22) Te-D6{.-22) 4_ NA ;
+ -—--—-L - ——‘. - —_— " _,i
1 ’ : ' L ¥ . o 2 ] o E
Field/row crops. L.ow/Medium .6 2e-07 je-uo (~28) NA : NA g
- West |6 2e-07 3e-06 (>22) NA | NA
Field/row crops. E
Low/Medium - East | :
o |
Fieild/Row crop, tall (Corn) - 1.2 NA He-07 2e-06 (9) Je-0s ¢ Ay !
West .2 NA 7e-07 20-06(91 1 03 0
Frield/Row crop. tall (Comn) - 2
East ;
L — O | |
Flowers, cut 1.2 d4e-06( 22) Te-06 (>22) le-O~ e 2y ‘ NA 5
- Omamental Plants I .2 2e-07 5e-(07 T J NA g
- R Il ] - |
Tree, fruit. deciduous - West 5.6 le-04 (>84) 2e-04 (>84) N A |
— e
Tree, frutt, deciduous - East 3.0 le-04 (>42) NA 2e-04 (>42) NA
e T ( .
Tree, fruit, evergreen (Papaya) 3e-06 {20) 8e-06 (>22) NA NA
S e o - 1
Tree., nut (Almond) k Se 051 84y NA N A NA i
b ' — — | d —
Turf - California 17.4 Se-07 NA 3e-08 1143y NA
Turf - North Carolina [ 7.4 le-07 NA de-06¢ 14 NA
Turt - Pennsylvania 17.4 9e-08 NA Je-tbod 1 h NA
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| Vegetables, leafy - West le-06 3e-06 (>28) | 5e-06 (>28) NA

Table 7.9 - Maneb Postapplication Cancer Risks (30 days per year)
Crop Group Application Cancer Risk on Day 0 (Days when cancer risk <le-06) |
Rate —————
(Ib ‘Low* | Medium* High* | Very High*
a.i/acre) | | |
Vegetable. Brassica - West 4e-06 (>28) | 8e-06 (>28) | 1e-05(>28) NA
Vegetable, Brassica - East 4e-06 (>22) 9e-06 (>22) le-05 (>22) NA
Vegetable. Cucurbit - West 16 le-06 3e-06 (>28) | 5e-06 (>28) NA | |
Vegetable. Cucurbit - East 1.6 le-06 3e-06 (>22) 6e-06 (>22) | '
Vegetable, fruiting - West 1.4 1e-06 1.2e-06(4) 2e-06 (12) NA
Vegetable, fruiting - East 1.4 le-06 1.3e-06 (6) 2e-06 (12) - NA .

Vegetables, leafy - East le-06 3e-06 (>22) 6e-06 (>22) | NA
Vegetable, root - West 24 9.2¢-07 5¢-06 (>28) | 8e-06(>28) |  NA
Vegetable. root - East 2.4 9.8¢-07 5e-06 (>22) 8e-06 (>22) NA
' ' Vinefrellis (Grapes) - West 1.8 2e-06 (34) 5e-06(64) 2¢-05(>80) | NA
| Vine/trellis {Grapes) - East 2.1 3e-05(41) 6e-05(>42) Je-04 (>42) ~ NA

*Task descriptions for each crop and exposure scenario are included in Table 7.5
Bold = Cancer Risk Exceeds 1e-04 on Day Zero

A summary ot all the occupational post-application risks for maneb is included in Table 7.10.
Current label requirements specify 24 hour REls. In some of the scenarios, the MOEs for maneb .
do not exceed the required uncertainty factor of 100 at the REI.  To a lesser extent the MOEs
for ETU also do not exceed 100 at the REL. A few of the scenarios also have cancer risks that
exceed 1.0x10™ on Day 1, however, the cancer risks are generally less severe than the maneb
non-cancer risks, particularly if 1.0 x 10™ is chosen as a risk target.

Table 7.10- Summary of Maneb Post-application Risks of Concern

Crop Group Risks of Concern on Day I (which is the REI)

Field’Row crop, tall (Corn} | Maneb non-cancer risk for sweet corn harvesting and seed corn detasseling.

Flowers, cut | ETU long term risk for medium exposure tasks (irrigation, scouting mature/high
i fohage plants) and high exposure tasks (hand harvesting, pruning. thinning and
pinching).

|  Tree, fruit, deciduous Maneb non-cancer risks for high exposure tasks (pruning and thinning).
{ - | ETU non-cancer risks for high exposure tasks.
Cancer risks for high exposure tasks.

Vine/trellis (Grapes) - West | Maneb non-cancer risk for high exposure tasks
(feaf pulling, thinning, pruning and training/tying)
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it Brwr

L — el _

Table 7.10- Summary of Maneb Post-application Risks of Concern

Crop Group Risks of Concern on Day 1 (which is the RE[)

Vine/trellis (Grapes) - East | Maneb and ETU non-cancer risks for high exposure rasi
Cancer risks for high exposure tasks.

L —— —— i

7.3 Incident Data Review

There were no incidents reported in the OPP Incident Data System from 1992 to 2001. There
were 37 exposures reported to the Poison Control Centers (1993-1998) and 24 recerved tollow-
up to determine medical outcome. Ten experienced no symptoms and 14 experienced minor
symptoms, primarily nausea and diarrhea. There were four reports of dermal effects and three
‘were considered to be related to maneb exposure. There were 18 cases reported 1n the € alifornia
Pesticide Iliness Surveillance Program (1982-1999) in which maneb was used alone or was
judged to be responsible for the health effects. Most of these cases (12) involved postapplication
exposure to field residues, and the most common ctlcct was skin rashes. The reports in the
literature also indicated that maneb causes skin sensinzation.

8.0  Data Needs/Label Requirements

The following data gaps have been noted 1n the supporting disciptinary chapters (1.e.. toxicology.
residue and product chemistry) for maneb reregistration. Although not specifically required. a
turf transferable residue study (TTR) for maneb would be usetul to refine estimated risks to
toddlers playing on treated turf. In addition, an acceptable DFR study on apples 1s needed.
because currently available data overestimate postapplication risks for apples.

Toxicology
Developmental toxicity, rabbit [870.3700].

Subchronic inhalation toxicity. rat [870.3465].
Developmental neurotoxicity. rat [870.6300].
Comparative thviond assay between young and adult amimals [Special Study].

Residue Chemistry

860.1200 Directions tor use.

860.1380 Storage stability data, plants.

- 860.1500 Crop hield trials {potato. turmp tops. green onions, endive. head and leat lettucce.

| loose-head Chinese cabbage. collards, kale. mustard greens. nonbell pepper.
apple, cranberry. almond hull. popcorn grain and stover, sweet corn (K + CWHR,
torage and stover). banana, fig. papaya, and seed treatment (barley. tield cor.
cotton. Hax. oats. peanuts. rice. rye, saftflower, sorghum. wheat).

-
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860.1520 Processing studies [apple, fig and potato].
860.1850 Confined Rotational Crop Study.

Product Chemistry
There are data gaps for the Cerexagri 86% FI; refer to the product cheml*:try chapter for detalls

90  Supporting Documents

1) Third Report of the Hazard Identification Assessment Review Commlttee 04/02/03, L.
Taylor, TXR NO. 0051764,

2) Toxicology Chapter for the Maneb RED, 3/08/00, L. Taylotr, DP Barcode D251 397.

3) Outcome of the HED Metabolism Assessment Review Committee Meeting of 1/ 16/02, C.
Swartz, 12/3/02, TXR # 0050408.

4) Maneb. Revised Product and Residue Chemistry Chapters of the HED RED. June 2005,

- F. Fort
5) Maneb. Revised Anticipated Residues for Dietary Exposure Assessment. F. Fort and W.
. Hazel, 10/12/04, DP Barcode No. D305870.
6) Maneb and Ethylenethiourea. Revised Acute/Probabilistic, Chronic and Cancer Dietary
- Exposure Assessments for the Reregistration Eligibility Demsmn F. Fort, June 2005, DP
Barcode No. D295410.

7) Mancozeb, Maneb, and Metiram: Processing and Cooking Factors for Use in Dietary
Exposure Assessments to Support Reregistration, C. Olinger, 11/05/03, DP Barcode
D289569, D289570, and D289571. |

8) Ethylene bisdithiocarbamates [Mancozeb, Maneb, and Metiram]. Summary of Percent
Crop Treated (%CT). and Justification for Use of the 1990 EBDC Market Basket Survey
In Dietary Exposure Assessments for Reregistration., C. Swartz, 09/04/03. DP Barcode
Nos. D290137, D290139 and D290140.

9) Occupational and Residential Exposure Aspects of the Maneb RED. T. Dole, June 2005,
DP Barcode No. D295411.

10)  Revised Incident Report, 12/17/02, J. Blondell and M. Spann, D286185.

11y  Rewision No. 2: Estimated Drinking Water Concentrations of Ethyleneb1sdlth10carbamate

(EBDC) Degradate Ethylenethiourea (ETU) for the Use in Human Health Risk
Assessment. 8/26/2004, Ronald Parker and Mohammed Ruhman. DP Barcode:
| D2906057

12)  Quantitative Usage Analysis for Maneb, F. Hernandez, 12/2/02.

13)  Screening Level Usage Analysis, J. Carter, 3/31/05.
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Appendix 1. ETU Hazard Profile. and Doses and Endpoints for Risk Assessment
ETU Hazard Profile

The toxicity database for ETU 1s limited. Of nine submitted studies evaluatied by HIARC, three
studies were unacceptable because ETU concentrations 1n feed varied widely and two other
studies had only one dose group. The HIARC (05/28/03 memo. TXR 0051924) named the
following studies as data gaps: developmental toxicity study (rabbit): 2-generation reproduction
(rat); comparative study for thyroid toxicinty 1n adults and offspring (rat); and developmental
neurotoxicity {rat).

The thyroid 1s a target organ for ETU as 1t 1s tor the EBDC fungicides. Thyroid toxicity in
subchronic and chronic rat. mouse, and dog studies included decreased levels ot the thyroid
hormone, T4, increases or decreases in the thyroid hormone, T3, compensatory increases in
levels of thyroid stimulating hormone, increased thyroid weight. and microscopic thyroid

changes. chietly hyperplasia.

Anemia occurred in the subchronic and chronic dog studies. Increased liver wetght and
hepatocellular hypertrophy occurred in several studies. however, overt liver toxicity was himited
to the chronic dog study in which hepatocellular necrosis was seen.

Developmental defects in the rat developmental study indicated increased qualitative
susceptibility since numerous, severe developmental defects occurred at a dose which only
caused decreased maternal food consumption and body weight gain. These developmental
defects were similar to defects seen 1n an accompanying developmental toxicity study with
mancozeb, however, E'TU was considered a more severe developmental toxicant than mancozeb
because: (a) it took a smaller dose of ETU (50 mg/kg/day) to cause developmental defects than
did mancozeb (512 mg/kg/day). (b) many of the same developmental defects occurred with
greater frequency with ETU than with mancozeb, (c) more types of developmental defects
occurred with ETU than with mancozeb. and (d) developmental defects which occurred with
ETU were accompanied by minimal maternal toxicity whereas developmental defects which
occurred with mancozeb were accompanied by more severe maternal toxicity.

The developmental defects seen in the rat developmental study with ETU included hydrocephaly
and related lesions. skeletal system defects. and other gross defects. These defects showed
increased susceptibihity to fetuses because they occurred at a dose which only caused decreased
maternal food consumption and body weight gain. A developmental study in rabbits was not
submitted. No reproductive toxicity was attributed to treatment in the 2-generation reproduction
study in rats. Neurotoxicity studies with ETU were not available.

Treatment with £E'TU produced increases in tumor incidence in rodents. Thyroid tollicular cel!
adenomas and carcinomas were increased 1n a study with F344 rats. Thyroid folhcular cell

11111

adenomas and carcinomas. hepatocellular adenomas and carcinomas. and pitwitary adenomas

- -r
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Appendix 1. ETU Hazard Profile, and Doses and Endpoints for Risk Assessment.

were increased in a study with B6C3F1 mice.

The HED Cancer Assessment Review Committee evaluated the carctnogenicity potential of ETU
and classified ETU as a group B2 probable human carcinogen (Bill Sette Ph D., 4/16/90).- The

- QI* for ETU. using a 3/4 scaling factor, was determined to be 6.01 x 10-2 mg/kg/day-1 based
upon female mouse liver tumors in an NTP study (memo, Bernice Fisher and Hugh Pettigrew, -
2/24/93). The Q,” for ETU is also used for the EBDC compounds, maneb, mancozeb and
metiram, which are metabolized to ETU (memo, HED Document No. 013554, 7/7/99).

ETU Endpoint and Dose Selection

The HIARC evaluated the toxicology database of ETU on February 20, 2003 and selected the
doses and endpoints for risk assessment based on a variety of exposure pathways resulting from
use of the EBDC tungicides.

ETU Acute Dietary Endpoint: The ETU acute dietary endpoint for females 13 - 50 years old was
selected trom a non-guideline developmental toxicity study in rats (Khera, K.S.; Teratology

- 7:243-252, 1973, MRID No. 4593760). The LOATI'L was 10 mg/kg/day based on developmental
effects of the brain, including exencephaly, dilated ventricles, and hypoplastic cerbellum The
NOAEL for the study was 5 mg/kg/day. Application of the combined standard 10X UFs to
account tor mntraspecies variability and interspecies extrapolation, and the 10X UF;, (database
uncertainty factor) results in an acute reference dose (aRfD) of 0.005 mg’kg day. The acute
population adjusted dose (aPAD) reflects incorporation of the Special FQPA SF into the RfD.
Since the Special FQPA SF was removed (reduced to 1X) for ETU, the aPAD is equivalent to the
aR{D, 0.005 mg/kg/day.

The ETU acute dietary endpoint applies only to females 13-50 years old, but is protective of the
general population including infants and children. No endpoint attributed 10 a sinele dose was
identified for the general pc}pulation 1n the other available toxicity studies.

E .TU Chronic Dietary Endpoint: HIARC selected the ETU chronic dietary endpoint from a
chronic toxicity study in dogs. The study NOAEL was 0.18 mg/kg/day based on decreased body
weight gain, increased thyroid weight, and microscopic changes in the thyroid observed at the
LOAEL ot 1.99 mg/kg/day. The combined 1000X UF (standard 100X and an additional 10X
Uk pg) results 1n a chronic reference dose, RfD, of 0.0002 mg/kg/day. The (PAD of 0.0002
mg/kg/day 1s the same as the RfD, since the Special FQPA SF was reduced to 1X.
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Appendix 1. ETU Hazard Profile, and Doses and Endpoints for Risk Assessment

ETU Incidental Oral Exposure (Short- and Intermediate-Term) Endpoints:
FTU Aggregate Children (Short- and Intermediate-Term) kndpoints:

A non-guideline 4-week range-finding toxicity study conducted in dogs was used (o select
incidental oral endpoints and doses for risk assessment. In addition. the HIARC concluded that
short- and intermediate-term aggregate exposures, combining dietary, incidental orai. dermal and
inhalation pathways. should be compared to this endpoint and NOAEL for risk assessment. The
study NOAEL was 7 mg/kg/day based on gross thyroid lesions and decreased thyroid hormone
levels at the LOAEL of 34 mg/kg/day. The endpoint 1s appropriate for the population
(infants/children) and duration of exposure (up to 30 days): in addition. the study can be used ton
intermediate-term incidental oral risk assessment. since it is supported by a subchronic toxicits
study in dogs in which the NOAEL for thyrotd effects was similar. at 6 mg/kg dav  The
combined UF applied to both short- and intermediate-term 1incidental oral risk assessments 1s
000X, based on the standard 100X UFE. as well as a 10X Uk,,. An additional UF 1o extrapolate
from a shorter- to a longer-term study was not needed, since the NOAEL for thyroid etfects in the
~ subchronic dog study was similar to that observed in the 4-week dog study.

LTU Dermal Absorption

ETU Dermal Absorption Factor: 26%, trom a dermal absorption study 1n rats. The value of 26%
dermal absorption was determined at the lowest dermal dose after 10 hours of exposure tollowed
by washing of the skin.

ETU Dermal Exposure (Short- and Intermediate-Term) Endpoints:
ETU Inhalation Exposure (Short- and Intermediate-Term) Endpoints
ETU Aggregate Femuales 13-30 (Short and Intermediate-Term) Endpoints:

In the absence of adequate dermal and inhalation toxicity studies for ETU. the non-guideline oral
study in rats (Khera) was used to select endpoints for short- and intermediate-term dermal and
inhalation risk assessments. The study NOAEL was 5 mg/kg/day based on developmental ctiects
of the brain. including exencephaly. dilated ventricles. and hypoplastic cerbellum. observed at the
LOAEL of 10 mg/kg/day: the endpoint is considered applicable for females 13 - 50 years old

Because an oral toxicity study was chosen. the 26% dermal absorption factor for ETU should be
used in the dermal exposure assessment. and 100% absorption for inhalation exposure should be
assumed for calculating inhalation exposure and risk. The target MOE for residential exposures
1s 1000, which includes the standard 100X combined U¥F, as weil as the 10X UF,, for an
incomplete database. The target MOFE for occupational assessments is 100,

The HIARC recommended that short- and intermediate-term aggregate risk assessments tor the
population females 13-50 be calculated by comparing aggregate exposure (dietary. dermal, and
inhalation) to the NOAEL from the developmental toxicity study in rats. The endpoint 1s
~considered relevant for the population (females 13 - 50) and duration of exposure.
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Appendix 1. ETU Hazard Profile, and Doses and Endpoints for Risk Assessment.

ETU Dermal Exposure (Long-Term ) Endpoint:
ETU Inhalation Exposure (Long-Term) Endpoint:

The HIARC selected long-term dermal and inhalation endpoints from the chronic toxicity study
in dogs The NOAEL is 0.18 mg/kg/day based on decreased body weight gain, increased thyroid .
welght, and microscopic changes in the thyroid at the LOAEL of 1.99 mg/kg/day. Since an oral
study was selected. estimated dermal exposure should be adjusted by 26%, the ETU dermal
absorption factor. For calculating inhalation risks, a 100% absorption factor should be used. For
residential exposures, the target MOE for ETU is 1000, based on the combined UFs of 100X for
Intra-specles varlability and interspecies extrapolation, and an additional 10X UF; for an
incomplete database. For occupational exposures, the target MOE for dermal and inhalation
exposures-is 100. | |
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Appendix 1. ETU Hazard Profile. and Doses and Endpomnts for Risk Assessment.

ETU Toxicological Doses and Endpoints for Use in Human Health Risk Assessment.

Acute Dhetary
Females 13 - 50

Acute Dietary
eneral Population

Scenario

e S T — T ) S I W TP N ]

UFs

NOAEL = 5 mu ke day

UF = 100X (inter and mtraspecies)
L] }_ = IUXdatahmc

Total UF = 1000X

Acute RfD = 0.005 mg/kg/day

Special FQPA SF and
Dose Used in Risk Assessment and |

ETU Dietary Exposures -

Endpoint for Risk
Assessment

e R P ————

Special FQPA SF = 11X

|aPAD = Acute RfD
FQPA SF

aPAD = 0.005 mg/kg/day

e e e re————————— .

Study and Toxicological Effects

Developmental Rat Toxicity l
{Khera Studv MRID N
45937601

LOAF! 10 mg/kg/das based |
on developmental defecis o
brain.

N/A

hronic Dietary

ancer
oral/dermal/inhalation]

hort-Term
1-30 days]

ntermediate-Term
>30 days to 6 months]

hort-Term
[-30 days]

ntermediate-Term
50 days - 6 months]

NOAEL = 0.18 mg/kg/day

LIt =J00X {(inter and intraspecies)
LIE - 10X

daabasc

Chronic RfD=0.0002 mg/kg/day

g —
N

(dose) was identified.
FQPA SF = 1X

¢cPAD = Chronic RfD
FQPA SF

Q,* = 6.01x107 (mg/kg/day)"

NOAEL = 7 mg/kg/day

UF = 100X (inter and mntraspecies)
UF o igxdﬂtahaat
Total UF = 1000X

NOAEL = 5 mg ke day

UF = 100X (inter and intraspecies)
IF — 10X gyapme

fTotal UF = 1000X

DA = 26%

ETU Incidental Oral Exposures

IFOPA = 1X

extrapolation approach for

Residential MOE = 1000

IOccupatiDnai MOE = N/A

ETU —Eermal Exposures

0 appropriate endpoint attributable to a single exposure

¢PAD = 0.0002 mg/kg/day

ETU 1s classified as a Group B2 carcil:ugen with a low-dos

ver tumors in female mice
Residential/Postapplication|

FOPA = 1 X !4-weel~: range-finding dog study

L

Dog Chrome Ol Toxicity

:

LOAEL ' 99 me kg/day based
on thvroid ot

human risk assessment. based ¢

LOAEL - 34 mg/kg/day based
thyroid toxicity

L

Residential MOYE - 1000

Occupational MOE = 100

Developmental Rat

Toxiciy
(Khera Studv. MRID No
45637601

LOAEL. -- 10 mg/kg/day. based
on developmental defects of
brain.

ong-Term
> 6 months]

NOAEL = 0.18 mg/kg/day

UF = 100X (inter and intraspecies)
UE - }Oxdatahasu

Total UF = 1000X

DA = 26%

[FOPA = 1X

{Residential MOE = 1000
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Occupational MOE = 100

Dog Chronic Oral Toviam

-iLC}AEL - 199 Iﬂgfkgfday Dascd
on thyroud toxicity
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ETU Tﬁxicﬁl{)gical Dnses and Endpoints for Use in Human Health Risk Assessment.
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Seenari UFs Assessment
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NOAEL = 5 mg/kg/day FQPA = 1X
UF = 100X (inter and intraspecies) |
UF = 10X,

Total UF = 1000X

1A = 100%

Developmental Rat Toxicity
(Khera Study, MRID No.
45937601} |
LOAEL = 10 mg/kg/day based
on developmental defects of
brain. |

Dog Chronic Oral Toxicity

Residential MOE = 1000

ntermediate-Lerm
30 days - 6 months]

I

Occupational MOE = 100

|
|

NOAEL = 0.18 mg/kg/day
UF = 100X (inter and intraspecies)

UF = 10X 00 Residential MOE = 1000
Total UF = 1000X
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Appendix 2. Maneb Application Rates

Crop Group

erry, Low
Bunch. Bundle

ield/Row Crop. Tall

rmamentals

T'ree. Fruit, Deciduous

ree. Nut

| urf

LVcgv:tabl:::. Brassica

[V cgetables. Cucurbil

F

J\/'ut:getaliz-lu.:. Frutting

Vegetable. Leafy

‘1eld Crop. Low/Medium

Kadota Figs .
Irece. Fruit. Evergreen Papayas 2

[Vegetable. Root

Vine/ Trellis

S TP S Era——— PR PR T e — e —— W TR

| - National Cranberry Institute Data.
2 - Maneb Usage Comparisons, Elf Atochem memo of Apnl 23, 1999,
3 - For leaty vegetables. rates are 1b ai/cutting. EPA QUA report of December 2. 2002.

4 - CA DPR Data:

1993 to 2001.

Label Application Rates (b ai/acre)

able A2-1. Maneb Agricultural Application Rates.

.

Average Application
Rates (Ib avacrej

Crop or Target _ - . _
Maximum Per| Minimum Per | Maximum Per Per Per Year
4.8 144 0 N
2.4 16 24 Ny N
Beans tdivy 1.6 t.2 9 6 2 AR
Sugarbects 0 2 A | i
Sweet Com. Popcomn, Sweet IRba - ‘ E
Corn for seed AR _ —
variety NA t- Lo N
Appies: Prebloom 1.8 NA J L
Apples: Extended 2.4 NA
2.4 NA D A
b6 ND N
Almonds 6.4 4.8 T 42
Sod Farms 17 4 3 O S
Broccoli/Brussel Sprouts T | 12 N I L
Cauliflower ‘ j {0 : |
Cabbage r | P2 X ~ f
Chinese Cabbage/Kohirabi j . » > 5 A : E
Cucumbers 1.6 i 'R ' ‘ ! - 1
jLEEpint i.b | : | §
Mlons: cantaloupes 10 ("~ S ) §
Vielons: honevdew b (7> ‘ r j :
Miclons watermeion s | 0.7 ) : : i
Pomp ko 0.6 P2 : 3 g
Sau | | 1.6 P2 T o E 4
Pepper West of Miss, .6 1.2 0 J |
Peppus. Last of Miss, i 1.2 - f ) “ e j
Tomatoes: West of Miss. 16 b2 | K |
Fomatoes: East of Miss 2.4 1.2 IR ; T
st s ——EY——— S — — o
Collards ]2 NA Ty N N
Kale b6 ‘ 1 12 i “ s | s
[ ettuce I (s é 1 > SRR EERY
Mustard Greens - 1.2 E NA E a ]
Turnip Tops il NA _ ! i
[Garlic .r 24 I | .6 X} ——I“ N ; '
Onions (drv bulb) 2 : | 6 ‘ | ;
Onions (green) 24 E | .6 o '| .u ] 1
Patatoes i 6 1.2 [ P - b
Grapes: West 20 {2 £ LR A
1ran - 3 ) 2 J 71 b=

5 - NASS data: Fruits (1993 to 2001). Vegetables (1992 to 2000). Field Crops (1993 1o 2001).
Floriculture and Nurserv {2000).
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6 - Rates for ornamentals are given in Ibs a1/100 gallons and were converted to lb ai/acre by

assuming that 100 gallons of spray would be applied per acre. |
7 - Use is limited to cut cultivated greens per 2000 NASS Floriculture and Nursery Survey.

ND - No data available.

—— e i T T L " & = — —— L f - ——————— e T ———————— S —— — - ——————— e e —

| able AZ-2. Maneb Application Rates for Seed and Seed Piece | rentment.
[| . Seed or Seed Piece Type Max Appl. Rate (Ib ar per cwt)
EIT]E}’ | 0.2

barley
lcorn (field) ' 0.27
otton (acid delinted) 0.15
potton (reginned) 0.3
o ——— 033
0.31
708
03
018
' X
EFE
0.06
04

heat

L |
‘ NOLE - Ve |oh vt ealis HU DOURC
e e T e e, ™ T R = g ! e R T — e —— e, —L e — e LA — e gy o — e ——— -

|
|
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Appendix 3. Tolerance Reassessment Summary

Maneb tolerances are established under 40 CFR §180.110(a) and §180.110(b). [he permaneni
tolerances listed under 40 CFR §180.110(a) are expressed in terms of the residues ot the
fungicide maneb {manganese ethylenebisdithiocarbamate), calculated as zinc
ethylenebisdithiocarbamate. The time-limited tolerance listed in 40 CFR §180.110(b) is
currently expressed in terms of the restdues ot maneb and 1ts metabolite ethvienethhourea (I |1

The only established maneb tolerances are tor plant commeodities. No maneb 1olerances have vel
been established 1n livestock or processed tood/teed commodities. The Agency 1s now
recommending that maneb tolerances also be established in livestock commodities. Based on 4
reevaluation of the available plant and livestock metabolism studies. the Agency has reattirmed
that the residues ot toxicological concern, 1.e. to be included in risk assessment, are the parent
EBDC (including maneb) and ETU (MARC decision dated 2/28/03; D288607, -08. and -09.
Swartz). For regulatory/enforcement purposes. the Agency recommends that tolerances 1 pilant
~and hivestock commodities at 40 CFR §180.110{a) be established for residues of maneb per sc.
HED has further proposed that EBDC (including maneb) tolerances be calculated as carbon
disulfide rather than as zineb.

Since issuance of the Maneb Update. the Agency has updated the list of raw agvicultural and
processed commodities and feedstuffs derived from crops (Table 1. OPPTS Gif N\ 860.1000). As
“a result of changes to Table | maneb tolerances for certain R AC s that have been removed from
the livestock feeds table need 10 be revoked. Also. some commuodity detinitions mnsi be
corrected. A summary of mancb tolerance reassessments is presented in Table \

Tolerances Fisted Under 40 CER §180.1 1uU¢a)

Suflicient data have been submitted (or were translated when appropriate) to reassess the
established tolerances in/on the following commodities, pending label amendments for some
crops: almonds: beans (dry form): broccoli: Brussels sprouts: cabbage: cauliflower; cucumbers:
eggplant; grapes: kohlrabi: melons: onions (bulb); pumpkins: sugar beet tops: summer squash:
winter squash: and tomatoes.

[nsufficient data arc available to reassess the «stablished tolerances in/on the following
commodities: apples: bananas: Chinese cabbace collards: cranberries: endive tescarole): figs:
Kale; lettuce: mustard ‘greens: onions {2reent papavas: peppers. potatoes: sweet corn (kernels
plus cob with husk removed): and turmip tops.

The established tolerances in/on the following commodities <hould be revoked since maneh uses
on certain crops were disallowed for reregistration as per [ BYC PD 4: apricots: beans (succulem

form); carrots: celerv: nectarines: and peaches.

A maneb tolerance for garlic has also not been estabhished and need not be proposed. In
accordance with 40 CFR §180.1. the reassessed tolerance for onions (dry bulb) may apply to
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Appendix 3. Tolerance Reass¢ssmént Summary

garlic; the registered use patterns of maneb on garlic and onions (dry bulb) are 1dentical.

Tolerances | o Be Proposed Under 40 CFR §180.110(a)

A tolerance is required and must be proposed in “beet, sugar, root” based on the available field
trial data.

Tolerances are required and must be proposed 1in/on the following commaodities after adequate
field trial data have been submitted and evaluated: almond, hulls; comn. pop, grain; corn, pop,
stover; corn, sweet, forage; and corn, sweet, stover.

A tolerance in “beet, sugar, pulp, dried” needs to be proposed based on the results of an
acceptable sugar beet processing study. The processing studies submitted for grapes and

. tomatoes indicate that residues of maneb and ETU did not concentrate in the respective
processed commaodities of these crops. The requirements for processing studies on apples, figs,
and tomatoes remain outstanding, and the Agency will assess the need for tolerances in the
processed commodifies of these crops when the requested studies have been submitted.

Field residue data and tolerances mn/on cowpea forage and hay will not be required provided
- labels are amended such that maneb use on beans specifically exclude cowpeas.

Tolerances 1n eggs, milk, and the fat, meat byproducts, and meat of cattle, goats, hogs, horses,
poultry, and sheep must be proposed based on the results of reviewed livestock metabolism
studies.

Additional data are required to support use of maneb on crops with seed or propagation stock
treatments. Tolerances must be proposed that reflect either the maximum expected residue levels
or, if no measurable residues are detected. the limit of quantitation of the analytical method.

Tolerances | isted Under 40 CFR §180 110(b)

Sufficient data have been submitted to reassess the established time-limited tolerance in walnuts
associated with a Section 18 registration. The available data support establishment of a
permanent tolerance 1in walnuts currently proposed.
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= _ .
['Table A3-1. Tolerance Reassessment Summary for Maneb. !I
Fstablished Reassessed . i
. . | Comment
Commodity Folerance Tolerance ) |
* . | [Corroco e ommoda W timte |
(ppM) (ppm)
_ Tolerances Listed Under 40 CFR 8£180.110 (a - |
Almonds (), | 0. ] Almond nﬂrmearL ]
. Additional apple ticld triat data are
Apples TBD - e T
required. |A£*£m. '
AErlwlh | 1 () Revoke Disallowed tor 1ere L.:Ialrau'ﬂn. |
Additional banana field trnial dat~ ”-*
Bananas (not more than 0.5 ppm) shall T :
. . | and submissions of torcign iabe! |
be in the pulp after peel is removed and 4 TBD R
discarded (preharvest application onlv) are required *
auE | | Banunas, whole {Pre-Hi *
Beans (dry form) 7 |23 | [ Bean. dry]
Beans (succulent form) 0 Revoke Disallowed for reregistration.
Broccoh 10 6
. o | _ ,
Brussels sprouts _ 0 6 I'ranslated from bmccoll_data_ ]
Cabbage 0 2] | . _ |
, , Addttional field rial data are
Chinese cabbage 10 1TBD | y L t ,
= reaquired. |Cabbhuce. Chinesed J
Carrots 7 Revoke Disaliowed tor reregistration |
Cauliflower 1O 6 Translated trom bmgcnlu iy ,
Celery 3 Revoke Disallowed tor rereg)~tratiut i
; ittonal field trial data on :
Collards 10 TBD Additional field t ;t
coliards are regquired. _ L
. . I Addstinnal cranberry field tmal data |}
Cranberries [BD ! L *
i- e tequired  {Cranberrys |
Cucumbers ‘ 4 2.0 CHounmbl |
— - N {
) [anslated from tomato data. ]
Egeplants 7 2.5 o
— | [Eggplant] q
. _ To be franslated trom dat; H
Endive (escarole) | {} 5 [BD 0 be rd,nﬁ,l He f_rtnm i
! | requested for leaf lettuce. f‘é
Fios - TBD Fig i
s s ey :
Grapes 7 2.5 [Grape l?
Kale O TBD 1
Kohlrabi _ | () i 6 Translated trom broccol data. |
g Additional field trial data on head |
; BD
: jettuce are reqmrtd |Le'nur. ¢ head |
{ Lettuce 1} e | |
J 1BD Additional field triai data on leat 5
| lettuce are required. [Lotuce, lea E
e — I. __.__1]._,
Melons A : f
. Additional treld triai data on :
Mustard greens 11} FBD ditic N . |
> - mustard CYCens are regmred- j
Nectarines _ 10 Revoke Disaliowcd for reregistration. ;
Onions B 6 [(niois bulb ]

ORI C T nnetes folton
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Table A3-1 (continued).

TN TER. —

Tolerance Reassessment Summary for Maneb.

— — i — s e— T T B e B Wbl B W R " ————— e —

Table A3-1.

e —

Established Reassessed
Tolerance Tolerance

| Comment
[Correct Commodin Definition]

Commodity

—_——rrre—— T T T R e B

[
ok ————— — ———— s B e ——— ] —— o — — 1 sk s ™ B B

1 | TBD |{Onion green

Additional papaya field trial data .
TBD .
1 are required. {Papayva -
Peaches I 10 | Revoke |Disallowed for reregistration.
. Additional fieid trial data on non-
Peppers 7 TBD bell peppers are required.
| Pepper, bell and non-bell}
Potatoes 0.1 TBD Addlﬂtmnal potato field trial data are
required. {Potaio
Pumpkins , 3 Translatrfrd from melpn data. -
Pumpkin

Sugar beet tops Beet, suear, tops

‘Translated from cucumber data.

Summer squash
4 . Squash, summer

Translated from melon data.

Winter squash - :
9 Saguush winter I

-3
II

Sweet com (kernels plus cob with husk

remoyed) TBD (Corn sweet (K + CWHRJ]

| omatoes Tomato

l

Revoke

Turnips grown for roots may not be

Turnip roots
P treated.

2
n

Additnonal field trial data on turnip
tops are required.

Tolerances To Be Proposed Under 40 CFR §180.110 (a)°

| Additional field trial data on
almond hulls are required.

Tumnip, tops TBD

I‘h’.ﬂl

Almond, hulls " None TBD

Beet, sugar, root ‘None 1.2

Beet, sugar, puip, dried 2.5

-

Cattle. fat None 0.02
(.02
.02

Cattle, mbyp None
Cattle. meat None

- To be translated from data
Corn, pop, grain None TBD requested for sweet corn (K +
CWHR). |

To be ranslated from data
r.quested for sweet corn stover.

. HH
———— e A ———e— -

Corn, pop, stover ' TBD

Corn, sweet. forage TBD

Com sweet, stover None TBD.

7_6 | (continued, footnotes ﬁi![(}ﬂf)
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Table A3-1 fcontinued!

Table A3-1. Tolerance Reassessment Summary for Maneb.
Established Reassessed . __ f
|| Commodity | Tolerance Tolerance - L'{fmmtim._ o *
. som) | om [Carrect Commodity f)t._fn_?fuwr / i
[ cattle, fat | None 0.02
Cattle, mbyp - None 0.02 | o ) l|E
Cattle, meat None 0.02 [ _
Goats, fat L None 0.02
Goats. mbyp - [ None _'_ 0.02 | ~ FL
Goats, meat _ - None¢ 0.02 _
Hogs, tat . None 0.02
Hogs, mbyp | None 0.02 -
ogs, meat . None 0.02 _
orses, fat L None _
Horses. mbyp None | 0.02
Horses, meat Non. _ 0.02
Milk None 0.02

Poultry, fat None

Poultry, mbyp None

Poultry, meat None

Sheep, fat None 0.02 l

o wm i
Sheep, mbyp Nong (.02 ‘ - |
Sheep, meat Nong (.02 I

i ekl - —L

Expiration/revocation date 12/31/03
associated with a dec. |8{Walnuii

Walnuts {}.0S {}.03

" The reassessed tolerances are for the residues ot maneb expressed as carbon disulfide. per se. and are contingemn

upon the recommended label revisions outlined in Table B.
- TBD = To be determined. Reassessment of tolerance(s) cannot be made at this time because additional data are

required.
> Deoes not include tolerances that may be required trom use of maneb on crops with seed or propagation stock

treatments.
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Q

CODEX HARMONIZA TION

ke [ —

There are no established or proposed Codex MRLs for residues of maneb per se, however.
Codex limits for dimethyldithiocarbamates fungicides are grouped under dithiocarbamates. The
maxjmum residue limits (MRLs) for dithiocarbamates are established for several commodities
resulting from the use of mancozeb, maneb, metiram, propineb, thiram, and ziram and are
currently expressed as ppm carbon disulfide. When the tolerance reassessments are finalized
U.S. tolerances will be harmonized with Codex MRLs with respect to residue definition.

A numerical comparison of the Codex MRLs and the corresponding reassessed U.S. tolerances
for maneb is presented in Table A3-2.

Table A3-2. Codex MRLs for dithincarbamate$ ' and applicable U.S. tolerances for maneb. Recommendations are
based on conclusions following reassessment of U.S. tolerances (see Table A3-1).

— — —— — e — L ————__ S TP " S —
—rma o vme . mew aaa L e——— e — ) — 1 m—" ke e N Bl ™ 1 e ™ ] e "Bl el e e ™ e B e e e = -

Reassessed U.S. Maneb
Tolerance, ppm

Comments

To be.determined | o +
{) . -
(TBD) Source of C ﬂdex data: maneb, ziram
US tolerance and Codex MRL are now
0.1(*) harmomized Sowrce of Codex data:
maneb ziram |

ot supported for )

N pporte fo Source of Codex data: mancozeb | I
) reregisiration

Source of Coder dara: mancozeb ;

|
o —— e —— — e e o — —— T . B e e e B e e ™ e o = = T e —— e —— —_— —_——r L - — —-"-'-'——‘_"'—-"——r

- , Source of € ado v data: mancozeb
Not supported for . -
reregistration Source of Codex dura: mancozeb,

maneb

Use pattern in US supports the higher
5 21 tolerance. Source of Codex data:
mancozeb maneb

(Carrot | — Revoke Source of C vuey data mancozeb

| . Not supported for .
reregistration *

Cabbages, head

Costenwee | i0 {80 | Sourceq/Coder data maneh
Source of Codex data:_mancozeb

| Use pattern in US supports the higher
tolerance. Source of Codex data:
mancozeb, maneb |

| * Not supported for S ‘Code: ;
Currants. black. red. white pporte fo ource of Codex data: mancozeb,
reregistration metiram

Use pattern in US supports the lower
tolerance. Source of Codex data:
‘| mancozeb, metiram - |

wd

Cucumber

[ )

Edible oftal {mammalian)

78 | - | (continued: footnotes follow)
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Table A3-2 (continued)

Eggs

Garlic

Codex

Commodity, As Defined

Urapes

Hops. dry

kale

Leek

MR
(my L'l

0.05 (*)

—

Tolerance, ppm

Lettuce, head

i Maize fodder

A

S ——— TP

B s

- Reassessed U.S. Maneb ..
{omments

Use pattern in US supports the lower

002 tﬂ]"frﬂnft" K;?Hr(:{? f}f{ Tf.i"d{‘f_l' d{;"f“
mancoseh ]
Use patern in US supports the higher
6 tor bulb onions tolerance. Sowurce of Codex data:
mancozeb
w—— - |
Use pattern 0 US supports the lower
2.5 tolerance. Sowrce of Codex aata:
mancezeb metiram, maneb, propineb
Not supported for . .. .
fp l A Saurce of ¢ odoy daru. metiram
reregistration _ _
Source o} oden data; mancozeb.
TBD -
maneb i
TBD :'HHHL{ ”f { t!u’fl.f mi]nl.ﬂft'h i
SOrcl f o Jov fH e THINLO /T
I'BD ’ '

maneb, metiram

TBD

Source of C odon data

mancozeb

Mandarins 10 Not supported for Source of Code v data mancozeb
Mango 2 reregistration Source of € ooy daiad mancozeb
| Use pattern o 1S auppuris the lower
Meat (from mammals other . | * L
than n(lal‘inf: mammals) 0.05 (*) (102 tolerance. Souwrce of Codex data
mancozeb, metiram
Uise pattern i US supports the higher
Melons. except watermelon 0.5 5.0 tolerance. Sowrce of Cudex data
‘ | mancozeb. propineb
Use pattern i US supports the lower
Milks 0.05(%*) {}.02 tolerance. Sowrce of Codex duta
| ] mancozeb, metiram
Lise pattern in US supports the higher
Onion, bulb 0.5 6 tolerance. Source of Codex data
| mancozeb, propineb
Oranges, sweet. sour 2 Not supported for _ .
= I‘EI’EEEII‘H’[iDI‘I Source of Cendo> fatt mancozed
Papasa 5 TBD Sowrce of Coacy tua mancozeb
Poanut 0.1(*) Not supported for Sowrce of Cod data mancozebd
Peanut todder 5 reregistration | Source of Codex data._mancozed
Pepper. sweet ] . TBD Source of Codex data - mancozeb
I I R | maneb i _
7{} Lo T fo :f#ff,}ft:r'.'s'_fﬁiﬁ‘]:'.?H":.-
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Table A2.2 (eontimued).

Reassessed U.S. Maneb 7
| MRL. ? | Comments
Cbmmodity, As Defined | meng | Tolerance, ppm

Not suppored for
reregysiration

Source of Codex data: mancozeb,
TBD for apples . ) . i
metiram, propmeb, thiram, ziram

| Source of Codex data: mancozeb,
maneb. metiram '

Source of Codex data: thiram

Plums (including prunes)

Pome fruits

Use pattern tn US supports the lower
:1 tolerance. Source i}f Codex data:
mancozeb

Poultry meat

Use pattern in US supports the lower
tolerance. Source of Codex data:
mancozeb

Poultry, edible offal of

Use pattern in US supports the higher
3.0 tolerance. Source of Codex data:
mancozeb ‘

Pumpkins

Spring cnion

Squash, summer

Source of Codex data: maneb

Use pattern in US supports the higher
tolerance. Source of Codex data:
mancozeb

tolerance Source of Codex data:
mancozeb maneb

Sugar beet

1 Use patiern in US supports the higher
{ tolerance. Source of Codex data:
mancozeb. maneb

) Sweet corn (corn-on-the-cob) 0.1 (*) TBD Source of Codex data: mancozeb

S
.
S

Sugar beet leaves or tops

b < =
LA b
b =1

Use pattern in US supports the lower

Tomato tolerance. Source of Codex data.
mancozeb, n‘.taneb metiram, propineb
Use pattern in US supports the hlgher
{ Watermelon I | 5.0 for melons tolerance. Source of Codex data:
mancozeb, maneb

Source of Codex da:‘a mancozeb,

Not supported for maneb, metiram

reregistration

Source of Codex data: mancozeb,
maneb. metiram

Use pattern in US supports the higher I

Wheat straw and ftodder, dry

Use pattern in US supports the higher
3.0 tolerance. Source of Codex data; |
mancozeb |

Winter squash

o

80 A CUHfiF:HHEd,I' Jootnores follow)
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Table A3-2 (continued).

' Plant and animal commodities, maximum residue himits (MRLs), and source of data for residues of
dithiocarbamates and ethylene thiourea (ETU) were obtained from a search conducted on 2/9/00 ot the F \«
STAT Database. Codex Altmentarius Pesticide Residues 1n Food

(http://apps | .fao.org/serviet/org.fao.waicent.codex .PesticideServlet).

All MRLs are at CXL step. An asterisk (*) signifies that the MRL was established at or about the himit of

detection.

k-2
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