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• 

The attached human health risk assessment fo:~ the activ<: 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 period. 

Chdngc-; mclude: 
• Reduction of the database uncertainty Jactor from I 0 to I for chronic dietary exposures, 

incidental oral exposures. and dermal exposures. 
• Modification of residue values for tomatoes and leaf lettuce. 
•· Assessment of toddler turf exposure at the existing label rate and the proposed reduced 

rate. 
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• 

1.0 Executive Summary 
• 

Overall 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. Shmter 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 co11trols. 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 I xI o-4 to I x I o·o on the 
day of application. 

l 1se and Usage Overview Provided the nsks noted above for occupational workers and toddlers 
e-..poscd to residues on turf can be mJtrgdted, HED has no objection to reregistration of the active 
ingredient maneb. Recommendations for reassessed tolerances will be pr•1\ rded when 
modifications to all relevant sections of 40 CFR have been detennined, ar1d upon submission of 
field trial 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. 
Horticultural 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. Appro-..m1ately 2 Y, million pounds of maneb are used in 
agricultural settings on an annual basis Agn.:ultural uses are concentrated in (but not limited to) 
the following states: FL. ME. MN, ND t'-.J, RL TX, and WI. 

Regulatory Background The EBDCs have been the subject of several Special Reviews. In 1977, 
the Agency initiated a Special Review and Continued Registration of Pestidde 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 
issUJng a Final Detennination (PO 4) which required risk reduction measures to prevent 

• 
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unreasonable adverse effect' pending development and submission of additional data needed 1 

improved risk asses,menl 

In 1987. EPA issued a se ... vnd Notice oflnitiation of Special Review ofthe EBDC pestictdes 
because of health concerns caused by ETU. including potential carcinogenic. developmental and 
thyroid effects. The Special Review's Preliminary Detennination (PD 2/3) was published on 
12/20/89 (54 FR 52158) and the Final Detennination (PD 4) on 3/2/92 (57 FR 74R4) The 
Agency concluded that the dietary risks of EBDCs exceeded the benefits for the following 
food/feed uses for which one or more of the EBDC pesticides were registered: apncots. carrots. 
celery. collards. mustard greens, nectarines, peaches. rhubarb, spinach, succulent beans. and 
turnips. Accordingly. EPA canceled all maneb and other EBDC products registered •m 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 (dennal), and occupational (dennal 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 ofmaneb residues to ETU. or in concentrattun "' 
reduction of existing ETU residues. Therefore. both parent maneb and ETU residues m,l\ 1->c 
consumed in the diet. During application of products containing mane b. workers rna\ 1->c 
exposed 1•> [TU residues which form during degradation of the tank mix over a typical workday. 
and the -\gc·ncy has data to indicate these potential exposures. Additional exposure to both 
maneb anJ L fU may occur during activities conducted in and around growing crops following 
treatment with mane b. including residential exposures following contact with treated turf. 
Finally, for both occupational and dietary exposures, including oral. dermJl Jnd inhalation routes 
of exposure. a 7.5% in vivo metabolic conversion of absorbed maneb to f rl 1 hJ' bL~Il tN'd 

based on rat metabolism data. and has been accounted for in estimating t 'l""urc to I II 

A separate risk assessment document is under preparation for each of the th1ee l:I:JDCs and ETU. 
The ETU risk assessment contains more detailed discussions of ETU hazard charJctcrization. 
FQPA considerations. endpoint selection. and dose-response assessment Relevant information 
is presented in the maneb risk assessment (see Appendix I). in order to appropriate!\ dJJre'' 
potential exposure to ETU resulting from maneb uses. The other EBDCs. with their cltlkrent us~ 
profiles. also have chemical-specific assessments of exposure to ETU. along with a,-;octated 
risks. The ETU risk assessment document discusses potential exposure to ETU from all source>. 
and characterizes such exposures in 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 tor dietary and non-dietary routes of exposure. and tor a variety of durations 
of exposure. Refinements to the current risk estimates may be possible with the submission of 
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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 dennal route of exposure. Maneb is not a skin or eye irritant, but it is a strong dennal 
sensitizer. 

. 

Multiple studies demonstrate that the thyroid is a target organ for maneb after single and multiple 
doses via oral, dennal, and inhalation routes of exposure and across species [rat, dog, mouse, 
monkey]. Thyroid effects observed include changes in clinical chemistry parameters indicative. 
of thyroid toxicity, increased thyroid weights, follicular (thyroid) cell hyperplasia, decreased T4 
(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 in neurotoxin esterase [NTE] activity f\)Jiowing subchronic 
oral dosing. There was an increase in digestion chambers in the peripheral nerves of rats of both 
sexes. Clinical signs ofneuroto-..Jclty mcluded unsteady gait, dragging of the rear limbs, 
diminished sensitivity to pain m aff~cted limbs, and paresis of rear limbs. In a mouse 
carcinogenicity study, there was a dose-related decrease in absolute brain we1g.ht Tremors were 
observed in rats in a subchronic oral study. There was an increased incid•:nc<: 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
accurnulate. 

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 metabolite ETU, which is classified as Group 
82, with a cancer potency factor (Q1 *, 0.0601 (mg/kg/day)" 1

] for risk assessment. Because · 
maneb is known to be converted to ETU, it has also been classified as Group 82 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 risk associated with maneb uses . 

. 

There is no evidence of prenatal developmental toxicity in the rat, but there is increased 
qualitative fetal susceptibility in rats. There is no evidence of increased susceptibility in the rat 

• 
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two-generation reproduction study. The Hazard Identification Assessment Ke' '' ,, ' , •II Ifill lee 

(HIARC) concluded that there is qualitative evidence of susceptibility haseJ un the ,,,u!ts "! ilL 

rat developmental toxicity study in which fetal effects (decreased fetal viability) were observed a! 

a dose level that produced less severe maternal toxicity (decreased body-weight gamif(lOd 
consumption). However, there is low concern t(Jr the qualitative susceptibility observed 111 tlk 

rat developmental study because the dose-response was well-characterized. there was u d:iil 

NOAEL/LOAEL tor maternal and developmental toxicity, the developmental etJects were seen 
in the presence of maternal- toxicity, and because the doses selected for overall risk assessment 
address concerns seen in the prenatal developmentalto\IUt\ study. 

Since there are no residual uncertainties lor pre- ancL c>r pc>,;t-natal toxicity, the special FQP A 
Safety Factor was removed (reduced to I X) for mane b. A database uncertainty factor (I OX,m 1 " 

required for acute dietary exposures due to the lack of a developmental neurotoxicity study. 
Database uncertainty factors are not needed for other exposures and durations . 

. ETU HazMd A"e"ment f'he database for ETU is limited based on guideline studies. and HED 
has relt~J on a wmhllldllclll of guideline data and several studies in the open literature to assess 
h::tZ:lrd lor ETU. The thyroid is a target organ for ETU as it is for the EBDCs fimgicides: thyroid 
toxicity in subchronic and chronic rat, mouse, and dog studies included decreased levels of l.1• 
increases or decreases in T1• compensatory increases in levels of TSH, increased thyroid weight. 
and microscopic r/1\ roid changes. chiefly hyperplasia. Overt liver toxicity was observed in one 
chronic dog '' ud 1 

Developmental defects in the rat developmental study included hydrocephaly and related lesions. 
skeletal system detects. and other gross defects. These defects showed increased susceptibility tc> 
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 to 

fetuses following dosing with ETU, HED removed (reduced to IX) the Special FQPA Safety 
Factor because the teratogenic etlects were well characterized in numerous studies mthe 
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 for cwerall risk 
assessments addressed concerns for developmental and thyroid toxicity. However. due to the 
lack of several guideline studies. HED retained a I OX database uncertainty factor for dietary. 
residential and aggregate risk assessments for ETU . 

• 

Maneb Dose Response Assessment For the acute dietary assessment for females 13-50. HLD 
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 the'" dfects was 20 mg/kg bw/d,11 I'" the general US population 
HED selected an endpoint 01 ,I,!CIII nnpairment of the forelimb ~"I' 'trcngth at 2000 mg/kg/dm 
(rat acute neurotoxicity stud' 1 ,, here :1 NOAEL of 1000 m~ ~~ Jc~1 was observed. Thyroid 
effects observed in the subchron1c r Jt studv were selected tor the chronic Jietarv assessment. the 

• • 

incidental oral assessment (any dut3tlun). and the inhalation assessment (any duration). The 

-l 
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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 2 I -day dermal rabbit study were selected a« the endpoint for 
dermal exposures. any duration. The NOAEL from this study was 300 ng/kg.lbw/day. The 
combined Uncertainty Factors (UFs) for all assessments, with the excepllon of the acute dietary 
assessment. are 1 OOx. The combined UFs for the acute dietary assessment is I OOOx. 

ETU Dose Response Assessment For ETU risk assessments, HED has selected developmental 
effects as the most sensitiye endpoint for short- and intennediate-tenn risks, based on a 
registrant-submitted guideline developmental rat study and on a developmental rat study from the 
open literature. 

E\QlhUre Route. Duration 
AcUie dtetary (females 13-50) 
Chrontc dtetary (gen. US pop.) 
Incidental oral, any duration 
Dermal. Short!Int-Term 

·Dermal, Long, Term 
Inhalation, Shortllnt-Term 
Inhalation. Long-Term 

!IT ll D<he m m!! ~g Jay (study/effects) 
. NOAcl of <; (Deh·lvpmental rat/developmental brain defects) 

NOAEL of0.!8 ,chronic dog/thyroid toxicity) 
NOAEL of7 (4-week Dog/thyroid toxicity) 
NOAEL of 5 (Developmental rat/developmental brain defects) 
NOAEL of0.18 (Chronic dog/thyroid toxicity) 
NOAEL of 5 (Developmental rat/developmental brain defects) 
NOAEL of0.18 (Chronic dog/thyroid toxicity) 

[The UF for ETU occupational assessments are IOOx; and the Uffor residential and dietary assessments are IOOOx. 
Dermal absorption for ETU is 26%, while inhalation absorption is I 00%. Dermal and inhalation exposures can be 
c0mbined, since the toxic effects from these two routes of exposure are similar for similar 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. Tht~ 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 (CS2)] 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 I 0) for 
maneb, and for similar changes in other EBDC tolerances Reassessed tolerances for all 3 
EBDCs will be calculated in terms of CS2• rather than m tenus of zineb, an EBDC that is no 

· longer registered. Adequate analytical methods are avmlable 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) 

-) 

• 



HED Records Center Series 361 Science Reviews - File R11 0024 - Page 9 of 85 

information were used. Anticipated residue esumates lor ETU include ( lt Ell' present IP 

commodities analyzed in field trial and market basket survey data, (2) ETU form.:d lrommJnc 
during processing, and (3) ETU formed based on 7.5% metabolic conversion of maneb to I I ' 

residues. 

Acute dietary exposure and risk from maneb and ETU are below HED·s level of' ~<llLcTn tor the 
general population and of the population subgroups. For females 13-4'! years old c·\tJntdted 
dietary exposure to maneb per se was 0.018 mg/kg/day, or 89% of the acute population adJusted 
dose (aPAD) of0.02 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 ! .0 
mg/kg/day. For ETU. an estimated exposure of0.0026 mg/kg/day for females I 1-49 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 of the population subgroups 
are exposed at levels that correspond to /1% of the chronic population adjusted dose (cPAD) of 
0.05 mg/kg/day. For ETU. children 1-~ ;ears old had an estimated exposure of0.000029 
mg/kg/day. or 14% cPAD (0.0002 mg 1-.g'day). 

The cancer risk estimate for ETU was based on the same anticipated residues derived lor the 
chronic dietary exposure assessment. The estimated dietary exposure of 0.000016 mg/kg/day for 
the general US population corresponds to a cancer risk of9.6 x 10'7 

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 lonc:cr being sold. The 
registrants have also agreed to modify the agricultural label~ to eltnlllldlc' the possibility that 
maneb \\ould be applied to turf in areas such as lawns, pml..' and golf courses. The only 
remamtnb ~'\posure scenario is one that can occur after tredteJ turf is transplanted from the sod 
farm<> to dreds such as residential lawns. Because toddlers .ue the most sensitive sub-population 
that is 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 calculated for all of exposure pathways that can arise when 
children (i.e. toddlers) are exposed to sod farm turf treated with maneb and subsequently 
transplanted to residential lawns. It was assumed that the turf would be harvested one day after 
application (PHI = I day) and that it would take two days to harvest and transplant the turf. The 
MOEs were calculated at the label application rate of 17.4 lb ai/acre and the proposed rate of 8. 7 
lb ai/acre. If the label application rate of 17.4 lb ai/acre is used, the Total MOEs for maneb and 
ETU rise to the target MOEs with a I'HJ ot5 days. If the proposed application rate of8.7lb 
ai/acre is used. the Total MOEs for maneb and ETU rise to the target MOEs with a PHI of 3 
days. 
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Dnn~mo; 'Water Assessment The OPP Environmental Fate and Effects Division (EFED) · 
prc'pdred 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 is 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/monitoring approach. 

The moniton ng data were from a targeted surface water monitoring study conducted by the ETU 
Task Force m "htch 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 
0.08 ppb (cancer). The ground water estimate was 0.21 ppb, to be used in acute/chronic and 
cancer assessments for risk from ground water sources of drinking water. 

Maneb Aggregate Exposure Assessments Residues of maneb per se are not expected in driM tng 
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 Ago;regate E-..ro,ure As,es,ment It is also not appropriate to aggregate residential ETU 
expo,ure>. >O the aggregate d\Se,sments include 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 f(~males 13-49 
populatton. The total dietary food and water exposures correspond to 86% of the aPAD. 
Aggregate chronic non-cancer exposure was below I 00 %cPAD for the general US population· 
J.11d all population subgroups. The most highly exposed population suhgr•)Up was children 1-2 
years old (0.000036 mg/kg/day). or 18 %cPAD. The general US popul<~tt•)n estimated exposure 
of 0.000020 mg/kg/day which corresponds to a cancer risk of 1.2 x I o·", which is not of concern; 
most of the estimated exposure was from food. 

Occupatton<~l H,mdler Exposure and Rt>" Occupational populations (handlers) are potentially 
e-.. posed to maneb and ETU while ma"mg 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 far both maneb per se and ETU were calculat(~d. For both handler 
and postapplication assessments. the maneb dose was multiplied by 0.075 to take into account 

7 
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the 7.5% in vivo metabolic conversion of maneb to ETU. This "metabolic'· Ell was adlkd 
the ETU exposure trom handler and postapplication activities to obtain the total L IIi cxp• "'" 
Handler assessments addressed combined dermal and inhalation exposures. but postapplllJll• ,, 
risks were derived solely from dermal exposure 

Current maneb labels typically require that occupational handlers wear an apron. coveralls and 
gloves over baseline clothing which includes long pants and long-sleeved shirts. For some of the 
mixer loader scenarios involving wettable powder fonnulations, the non-cancer maneb nsks ior 
this PPE ensemble are of concern and additional PPE over and above the labeL such as 
respirators, are required to achieve Agency risk targets. In a few cases, such as those mvolvmb 
sod farm application rates. engineering controls such as water soluble bags are needed. The risk> 
for mixm,: and loading dry t1owablc (DF) and liquid flowable fonnulations are much lower and 
can be rnHtgJt<:d in most cases with single layer PPE in place of the double layer PPE required h) 
the label ( rcoptrators are required for some turf and almond scenarios). The risks for applying 
sprays using mechanized equipment such as aircraft. ground boom dnd airblast sprayers are not of 
concern with baseline clothing without gloves regardless of the tornmlation type. !he nsks oi 
mixing/loading/applying sprays using handheld equipment su.;h do hand wands and backpack 
sprayers are no\ of concern if single layer clothing with gloves is worn. 

The label for the dust formulation used for potato seed treatment requires double layer PPE with 
PF I 0 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 in the spr,1, 
mix and is metabolized from absorbed maneb. The non-cancer short/intermediate term 
risks for ETU are in all cases Jess than the corresponding maneb risk across all scenarios and arc' 
not risk drivers. The non-cancer long term risks for ETU are of concern tor a few scenarios. 
however. these risks can be mitigated with single layer PPE (the labels require double layer PPE 1 

The cancer risks were also calculated for ETll using 30 exposure days per year. Most of the risks 
are belm' I ox 1 Cr4 without mitigation and almost all of the cancer risks are below ! .Ox I 0"'1 wah 
the mtll~auon recommended to address the non-cancer maneb risks. Manv of the nsks are also - . , 

belo\\ I o-..111-o with mitigation and some are below 1.0x10.6 Some ofthe high volume 
commercial mixer/loader scenarios. however. remain above 1.0x 1 ()"" with engineenng controls 
and might be of concern if l.Ox I o·6 is chosen as a risk mitigation goal. 

Maneb and ETU Occupational Postapplication Assessments Current label requirements speul\ 
24 hour Restricted Entry Intervals (REls) while Pre-Harvest Intervals (PHis) r.,n~c I rom znn 

8 
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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 irrigation 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 t11owers 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 expos].lfe and risk. For turf, the mancozeb TTR 
study was used to estimate postapplication residues of mane b. 

Occupational Postapplication Risks . 
Post-application risk calculations for workers entering treated fields or greenhouses indicated that 
maneb non-cancer risks are of concern at the current REI for sweet and seed com, apples and 

grapes. The time for these risks to decline to Agency targets is 5 to II days for com, 5 to 6 days 
for apples and·J4 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/intennediate tenn 
ETU exposures are of a similar concern as the maneb exposures; -howev,er, the long tenn ETU 
exposures are of greater concern for the scenarios involving gre~',flouse grown cut flowers. 
Except for apples and grapes, the cancer risks are less than lx!O on the day of application for 
all scenarios, however, the risks for some of the scenarios do not decline to less than I xl o·6 until 
more than 80 days after application. The regt->trant has proposed removing the grape, apple, and 
sweet com uses for maneb. 

2.0 PhysicaVChemical Properties. 

Technical maneb is a yellow powder which decomposes at 135 C. and has a density of 0.4-0.5 
kg/L; it has a negligible vapor pressure of <1 o·' mbar at 20 C. Maneb .is moderately soluble in 
water (0.417 g/L at 22-24 C), and is practically insoluble in organic solvents (<0.001 Og/L in 
toluene, 0.003' g L m hexane, 0.0137 g/L in dichloromethane. and 0.133 g/L in methanol at 22-
24 C). Mant·b de~omposes with heat and under acidic conditions. Other identifying codes and 
characteristics are as follows: 

Empirical Fozmula: 
Molecular Weight: 
CAS Registry No.: 
PC Code: 

{C4H,MnN,S4 ), 

(265.3), 
12427-38-2 
014505 

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

9 
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N 
II 

H 
N S 

maneb 

3.0 Hazard Characterization 

Mn 

ethylenethiourea 

The maneb toxicology database is incomplete; however, the available data have been used to 
select dietary. incidental oral, dennal and inhalation endpoints for risk assessment. Data gaps 
include a developmental neurotoxicity study in the rat and a subchronic inhalation study in 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 ofmaneb is 
presented in Tables 3.2 and 3.3. 

3.1 Hazard Profile 

Maneb is a fungicide in the class of ethylenebis dithiocarbarnates. which also includes mancozeh 
and metirarn; all of these compounds have a common metabolite/degradation 
product/contan1mant cth\ lenethiourea (ETU ). The findings in multiple studies demonstrate that 
the thyroid is a tdr>;~t c>r!,!..Jll lor maneb after single and multiple doses via the oral. dennal. and 
inhalation route' co/ c \pu,ure and across species [rat. dog, mouse. monkey]. Neurotoxicity is 
also a major toxic effect observed following both acute and subchronic exposures to mane h. 

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 is not a skin or eye irritant. hut 
it is a strong dermal sensitizer. 

Thyroid effects in dogs dosed with maneb included changes in clinical chemistry parameters 
indicative of thyroid toxicity, increased thyroid "~t!!ht and follicular (thyroid) hyperplasia: 
increased thyroid weights were also observed in monheys. In rats, increased thyroid weights. 
follicular cell hyperplasia and decreased T 4 (serum thyroxin) were observed after 90-day and 2-
year exposures; in a 2-generation reproduction study in rats, there was increased incidence ot 
diffuse follicular epithelial hypertrophy/hyperplasia. Following 2ldays of dermal exposure, 
increased thyroid weight and thyroid follicular cell hypertrophy were observed in rats; in mice 
dosed with maneb. thyroid effects included decreased T 4 and increased thyroid weights. 

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

10 
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• 

in a 90-day neurotoxicity study in rats, impaired mobility, decreased fon:- 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, dtmtmshed sensJtivity 
to pain in affected limbs, and paresis of rear limbs, were observed in a rat range-findmg 
developmental toxicity study; these findings were similar to those seen in the dclimtne >tudy, in 

· which impaired mobility, dragging of hindlimbs, hunched posture, and pwstration were 
observed. In the mouse carcinogenicity study, there was a dose-related decrease in absolute brain 
weight. Tremors were observed in several rats in a subchronic oral toxicity study. There was an 
increased incidence of microscopic lesions of the skeletal muscle ofrats 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. The:re is no acceptable 
rabbit developmental toxicity study; this study is reserved pending outcome 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), ethylenebisisothiocyana:te 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 
ofbioaccumulation. 

Maneb has been tested in a series of in vitro and in vivo genotoxicity assays. Maneb is negative 
tor 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 th<' a'say for sister chromatid exchange [SCE] in Chinese hamstc!r ovary cells [CHO], 
maneb WitS nc~,H1ve 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 levei (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 I • 

• 
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Table 3.1 . Tumor Incidence in EBDC/ETU Carcinogenicity Studies in Rats arid MiCe. 

Species ETU Mancozeb Maneb Metirant 

Rats Thyroid follicular cell Th\TOid follicular cell No increases in tt1mor No increases m • 
l 

adenomas and ad~noma-., and of any type at I 000 tumor of an~· type ar 

carcinomas at 83 & 250 carcinomas at 750 ppm ppm (HOT) 320 ppm iHDTI 
• I ppm (HDTI I I • 

1 Sh ppm ETUJ J75 ppm ETU] i?" ppm ET1 1
] 

Mice Thyroid follicular cell No inccc:Jsc Jll zumor of Increased incjdence of No increase in 
adenomas and any type Jl IOUO ppm hepatocellular tumor~ of any type at j 
carcinomas. pituitary (HOT) adenomas and IOOOppm I 
adenomas_ alveogenic adenoma" in 1 

hepatocellular the lungs at 2400 ppm I 
adenomas and 
carcinomas at I 000 ]180 ppm E r l' 1 
ppm [75 ppm ETl/] j75 ppm ETUJ 

• . [Numbers m brackets represent ETU "dose" levels ba,ed on a 7.5% conversiOn of parent EBOC to ETU] 

Hiswncally, it has been assumed that maneb 's poten(la/ for carcinogenicity (as well as that of th<' 
otht."r ll:lDCs, mancozeb and metiram) is due to the formation of the metabolite ETL'. which i;, 

' classttied as a probable human carcinogen (B2), with a cancer potency factor (Q, ) of 0.0601 

I 
I 
I 
I 

(mg/kg/day)'' for risk 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 ad hoc meeting of 
the Cancer Assessment Review Committee, HED concluded that cancer risk for maneb and the 
other [f\DCs should continue to be evaluated in this way. 

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

Guideline 
No. 

870.1100 

870.1200 

870.1300 

870.2400 

870 2500 

870 2600 

~70.6200 

Oral -rat 

Dermal - rabbit 

Inhalation -rat 

Irritation 

Skin Irritation 

Sensitization 

Neurotoxicity 

41975601 

41975602 

41975603 

41975604 

41975605 

41975606 

43947601 

ofManeb 

Results 

LD", = ~000 IV 
- 2000 mg/kg Ill -

LC - Ill -
' -

not an Irritant Ill 

a skin 1rr1tanr lii 

a dennal '>t:n'>IIIZCI N/A 

N()A EL ! OUO mg/kg: LOAEL 2000 Nir\ 
t1l !! 1-, !:.:. based on a slight impairment m . -

12 
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• 

Results 
---+-:---:-:--

Neurotoxicity- 43947601 [500, IOQO, 2000 mglkg] 

feeding- rat 40982601 
!00] 

NOAEL= I 000 mglkg, 
mglkg, based on slight impainnent in forelimb grip 

in females. 

80 ppm [males 5/females 6 mglkg/da_Y], 
400 ppm {males 24/ females 30 mglkgl day] 
1300 ppm [males 77/females 103 mglkglday] 

NOAEL not detennined, based on the incr<oased incidence of renal 
tubular pigment observed at all dose levels. 

NOAEL for thyroid effects is 80 ppm [males 5/females 6 mglkg/day]; 
LOAEL for thyroid effects [increased thyroid weights and follicular 
hyperplasia in males and decreased T4 in both sexes] is 400 ppm [males 
24/females 30 mglkg/day], Tremors were observed in 2 mid-dose and 
2 females weeks 8, 9, and 12. ---------- '-..;.;.:...--'-~--.:...,_-----

feeding-

feeding - dog 

• 

00129980 
00130306 
00161552 
Ace. No. 
263810 
Ace. No. 
263821 

40876101 

• 

[100, 300, 3000ppm] 

NOAEL=IOO ppm [5.2-5.7 mg!kglday; 7.3 mglkglday from JMPR, 
1993]; 
LOAEL=300 ppm [15.5-16.8 mglkglday], based on increased thyroid 
weight in males. 

Atthe 3000 ppm [144.8-171.0 mglkglday] dose level. there was a 
decrease in body-weight gain and food consumption. reduced "'I 
absorption and a lower mean percentage of protein-bound "'I, enlarged 
thyroids, increased thyroid weight, and histopathological lesions in the 

see chronic dog 

I 00, 300, or 1000 mglkglday 

Systemic NOAEL= I 00 mglkglday; 
Sy,temlc LOAEL=300 mg/kglday, based on microscopic thyroid 
chJn~"' I both sexes]. Slight dennal irritation was observed at all dose 
level' a1 site T3/T4/TSH not monitored . 

• 
• 

13 Table 3.3 continued on following page 
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Type 
No.j 

· inhalation - 00\620&4 
40982701 
40982401 
40982601 

41975901 

neurotoxicity 43947602 

Results 

I 0. 30. and I OIJ m~ m' 

NOAEL~30 mg•m' [0 u; mg/Lj. 
LOAEL~ I 00 mglm3 [0.1 0 mg!LJ. based on slightly lower mean l, 
concentrations in both sexes, an apparent treatment-n:i.JieJ increase m 
lung +- trachea weight in both sexes, decreased T, Ctm~.. cn1r Jt ums in the 
females. and decreased thyroid_,_ parathyroid weight rn knult:s. 

I 00 mg/m3 
( 4 weeks dosing) 

Maneb, Mn, and ETU were detected in lung tissue in both \l '~.. 
following the 4-week exposure but not following the .2-\Vtef..- tlLP\er: 

[75, 300. 1200 ppm] 

NOAEL~300 ppm [21123 mg/kg!dayj: 
LOAEL~ 1200 ppm [80/ I 00 mg/kgiday ], based on decreased NTE 111 

males and decreased foreJirrb in females. ---------- ___ _;____ ___ _ 
toxicity • rat 

100] 

toxicitv- dog 
" ' 

100] 

I 

I 

00 129979/00 
130305 
40!25\0J!40 
559201 

42°5\601 

30 ppm [males 2.18/kmab.:! .:!4 mg/kgldayj 
100 ppm [males 6.60 temalt" 7 32 mg/kg/day] 
300 ppm [males 20.4 temab :' 1.8 mglkg/dayj 
1000 ppm ["laies 68.4/females 74.5 mg/kg/dayJ 

NO, \II- ,(1(1 ppm [males 20.4/females 21.8 mg/kgiday]. 
LOAt.L \Olio ppm [males 68.4/femab 74 'rndkg/dayl. based on 
thyroid ettects [ · half-life for 1 

q I-retent tllll mean T~ content at 6 and 
12 months, and 1 thyroid weight in bo1h .... e\e~J ,md ' incidence of 

bladder lesions · I ~:!,<:::.::_~~~~~ ~~~~~a~le:s:!:_. ------

50 ppm [males \.53/females 1.71 
200 ppm [males 6.36/females 7.18 mglkg/dayl 
\000 ppm [males 33.84/females 35.25 mglkg!dayl 
2200 ppm [males 6647/females 72.93 mg/kg/day] 

NOAEL~200 ppm [males 6.36/females 7.18 mg/'~ da' 1 

LOAEL~\000 ppm [males 33.84/females 35.25 rng ·~ da' ]. based on 
clinical chemistry parameters indicative of thyroid t,l, ILII\ increased 

and follicular 

14 Tuhlc 3 3 crn1tmued on !ol/o\\Wj!_ fhi~C 
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, 

, 

Table. 3.3. Toxicity Profile ofManeb Technical. 

No. Doses 

----
- mouse 4264240 I 

• 

toxicity- 4252000 I 

toxicity- 40982401 

, 

Results 

60 ppm [males 8.6/females 10.8 mglkg/day] 
240 ppm [males 34.8/females 45.0 mglkg/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 [T4] 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 hepatocellular adenomas, and the high-dose males 

increase adenomas in the 

[20, I 00, 500 mglkg/day] 

Maternal NOAEL~2o mglkg/day 
Maternal LOAEL~IOO mglkg/da) based on increased clinical signs 
[soft stool], decreased body-we1ght gam and food consumption. 

Developmental NOAEL~20 mwkg;day 
Developmental LOAEL~!OO mglkg/day, based on increased post­
implantation loss, increased resorption and decreased fetal viability. 

At 500mglkg, dams had loss of body weight. and neurobehavioral signs 
were observed by day II 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 increaS<!d incidence of· 
malformations [bent limb bones] and developmental variations 
[retarded skeletal ossification and bem ribs]. 

[5, 20, 80 mglkg/day] 

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

15 ·Table 3.3 continued on following page 



HED Records Center Series 361 Science Reviews - File R11 0024 - Page 19 of 85 

- rat 

itv - rat 
• 

Table 3.3. Toxicity Profile of Maneb Technical 

No. Doses 

----
42049401 

I 

00129979/ 
·-rat 00130305 

40125101/ 
4055920! 

Resulb 

75 ppm [FO males 5.3 /FO females 6.0 mg/kg/day: 
Fl males 5.8/FI females 6.4 mgikgiday) 

300ppm [FO males 21.2/FO females 24.1 mwkgidav. F! males '' ' I 
females 25.1 mg!kg/day] 
1200 ppm ppm [FO males 83/FO females IOU mg/lg Ja, I maJes 
92iFJ females 106 mg/kg/day). 

Maternal NOAEL~75 ppm ( FO 6.0/F I 6.4 mg/kgrday 1: 
Maternal LOAEL~300 ppm (FO 24.1/F I 25.1 mg/kgiday ). based on 

decreased body weight/body-weight gain and food consumption. 

Paternal NOAEL~75 ppm (FO 5.3/Fl 5.8 mg/kg/day): 
Paternal LOAEL~300 ppm (FO 21.2/Fl 23.1 mg/kgiday). based on a 
s1gniticant i in lung [both generations J and liver [F I ) we1ght and an · 
incidence of diffuse follicular epithelial hypertrophy/hyperplasia IF I i 

Reproductive NOAEL~300 ppm [males FO 21.2/F I 23.2 mgikg;day 
females FO 24.1/F I 25.1 mg/kg/dayj: 
Reproductive LOAEL~1200 ppm [males FO 83/Fl 92 mgikg/day: 
females FO \00 fl Jilt> mg/kg/dayj. based on delayed vaginal opening 
in the F I female 

30 ppm [males 2 I~ females 2.24 mg/kgiday] 
\00 ppm [males 6.60/females 7.32 mg/kgidayj 
300 ppm [males 20.4/females 21.8 mg/kg/dayj 
1000 ppm [males 68.4/females 74.5 mg/kg/day] 

[See under chronic toxicity.j The data on tumor incidence have nol 
been ~ubmitted for statistical review to date. Due to the Jack of an\" 
significant e.ffect on survival or body-weight gain during the first 90-
day interval. it appears that the rats could have tolerated higher dose 
It'\ c+, It is con< luded thJt the dose levels were not adequate for the 
1""'-""ntenl ofcar<..tn~ Ill<-

L!A I \ GAP 

16 Tahlc 3. 3 c"rmfmued on fo/l(nt"fng pUj!L' 

' ' 

i 
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00149569 
40091303 
40788901 

• 

Results 

in vitro Negative. B6C3FI mouse, TAI530; dose levels, 0.5, 2, 5 g/kg 

[870.5385] 

mammalian 
CHO/HGPR 
T 

00153177 
00153178 
[mouse host­
mediated] 

00149568 
40091301 
in vitro sister 
chromatid 
exchange 
assay 
(SCE/CHO) 

00149570 
in vivo bone 
marrow 

Genotoxic Effects 00 I 4957 I 
40163901 
Unscheduled 
DNA 
Synthesis 
Dominant 
Lethal 

00149572 
00164348 
in vitro 
transfonnatio 
n [C3H-

Negative w/metaboli.c activation; p(>sitive without metabolic activation 
up to 30 ~g/mL 

Single 4.9 g/kg and 5x I .64 glkg; no signifkant increase in 
chromosomal aberration in bone marrow samples over the complete 
mitotic Cyc1e with activation; positive without activation. 

Negative - rat hepatocytes, did not appear to induce unscheduled Dl>lA 
synthesis; dose range 0.5-100 ~g/mL 

nL'gallve for induction of neoplastic transfonnation in absence of 
metJboilc activation; 0.05-0.2 ~g/mL 

17 
. 

Table 3.3 continued on following page 

• 



HED Records Center Series 361 Science Reviews - File R11 0024 - Page 21 of 85 

Table 3.3. Toxicity Profile of Maneb Technical. 

-rat 
707.JS5j 

! 
I 

MRIDNo 

Ace. Nos.: 
259890, 
263913 

MRID 
4!669301 

3.2 FQP A Considerations 

Dose-; 
Results 

Following both single & repeated low-dose exposures. maJonty of the 
radiolabel was excreted in both the urine & feces wrthm the first 24 
hours I low dose) or 24-120 hours (high dose) Less than I% oft he 
dosl' wa~ eliminated as CO, following all exposurec, 

- ' . 

In single-dost: study, elimination and tissue dJstribut1nn \'.c'fc- •mllar tv 
those observed in the 3-dose study. There \vere nose' dJtkrenct2s. and 
more radio label was found m the urine than in the feces. l'hyrord. I 1·e r., 
and kidnev displayed the highest levels of radio label. The amount ol 
maneb per se in urine as a% of the radio label was 0.3°·o lll males anJ I 
0. l5~o in females. 

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

Dermal absorption=- 2.%. Dermal absorption ofmaneb is relative!) 
small. Dermal absorption [as a% of dose] was below the lrmrt of 
detection for the tirst I 0 hours. In order to produce measurable 
absorption. a total exposure period of 72 hours. which included :24 
hours of rnaneb exposure and a wash. was required. Four to five urnes 
a~ much maneb {applied as an aqueous solutionj remains on/in skin 
alter washing as found following exposure to the formulation-vehicle 
suspension. Time-related dermal absorption was greater \Vith the 
aqueous maneb solution than with the formulation vehicle s~JSpension. 
I ht" Jrnounl absorbed increased with time of exposure. ranging from 
!I I '(\ l\lll~~wing a half-hour._ \posure to 5 1~·'0 following a 24-hour 

'- \Po"'ur~· p<:riod. a wa~h JrHJ •,...t...rifice 48 hours later. Measurable 
yuatntuc:-. ufthe dose remarn on the skin following a \\'ash and. when 
applied as an aqueous.::,~liUtJllfl maneb appears to remain on the skin 
u•ntrnut:d .Jh .... nrpnnn In gent..r.)l >.~thole blood/plasma concentration~ 

I 

The potential for increaseJ 'usceptibility of inhmts and children from exposure to maneb was 
reevaluated bv the Health ft kch Division Hazard Identification Assessment Review Committee • 

(HIARC) on February 20. 20U3. !'he purpose of that 1-IIARC meeting was to reevaluate maneb 
and the other EBDCs in accordance with the February, 2002 OPP FQPA lOX Safety Factor 
guidance 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. Clarification on the 
Application of Database Uncertainty Factors as Described in the 2002 OPP FQPA lOx Guidance 
(September, 2003) 

Studies available for FQPA consideration include an acceptable developmental toxicity study m 
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 in 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 in the rat developmental 
toxicity study since the dose-response is. well characterized; there are clear NOAELs/LOAELs 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 conc:erns 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 is a clear 
NOAEL for the thyroid effects observed in the adult animals, and the efft:cts 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 (1 OX) is removed (1 X). 

There is concern for developmental neurotoxicity resulting from exposur<: 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 in young and adult animals had previously bc:en required for tnaneb 
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 responsible for thyroid toxicity occurring 
in the EBDC toxicity studies. 

The EBDC risk assessment team agrees that it is appropriate for the comparative thyroid study to 
be conducted with ETU. ETU is a dtrect-acting thyroid toxicant which inhibits thyroid peroxidase 
enzyme and is believed to be responstble for the thyroid toxicity with the EBDCs. 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 reserv<:d. 

A dose analysis was conducted on maneb in order to determine the need for and size of a database 
uncertainty factor [UF09] in the absence of a submitted developmental neurotoxicity study (DNT) 
for mane b. Assuming the doses tested in the required DNT will be similar 1:0 those in the available 
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2-generation reproduction study [the NOAEL m the subchronic neurotoxicity sruJ, •>tl Jll,tJlc' 

21 (males)/23 (females) mg/kg/day], the doses [from reproduction study! will b..::- 0 'I =--~ ·"" 
831100 mg/kg/day. In the following table the assumed NOA.EL tl>r offspnng etkl'' 111 the I)'\. ' 

[in this case we will assume 5/6 mg/kg/day is the clear NOAELJ I' compared this NOAFI r,, .,,. 
doses selected for risk assessment. Only the doses selected tor the Jcute dietary endpmnts exceed 
the assumed DNT NOAEL, so a database uncenainty factor 1s only required for these risk 
assessments. 

Endpoint' 
DP\t. :.elected Assumed l<JO".EL of 

(liJCIU~lOL 
' '. JJ\ DNT ~ . 

Acute Dietary -
The DNT NOAEL is lower than the dose 

20 5/6 selected for risk assessment and a UF08 of 
Fe.males 13+ 3X is required. 

Acute Dietary - The DNT NOAEL is lower than the dose 
General 1000 516 select~d for risk assessment and a UF 08 of . 
Population I OX is required. 

The DNT NOAEL is 1n the same range as 
Chronic Dietary 

. -16 the doo:.,c:: ::;elected for risk assessment and no ) ). 
. 

L I I I h required. 

Short-Term 
The LJNT NOAEL IS the same as the dose 
selected for risk assessment and no UFrm i'> 

Incidental Oral ' .) ' () . 

required .. 

Intermediate-Term 
The DNT NOAEL 1s the same as the dose 

- 5/6 selected for risk assessment and no UFu1j is 
Incidental Oral 

) 

required. 

Short-Term 
The DNT NOAEL 1s the same as the dose 

Dermal 
6 5:'6 selected for nsk assessment and no t IF 1 IH r:~ 

required. 

Intermediate-Term 6 (2% Dermal 
The DNT NOAEL is the same as the dose 

. '6 selected for risk assessment and no UF0 n ~~ 
Dermal Absorption Factor) 

).r 

required. 

Long-Term 6 (2% Dennal 
The DNT NOAEL IS the >arne as the dose 
selected fOr nsk assessment and no Uron ~~ Derm.1i :... bsorption F JLtorl ' to 
required. 

Short-Term 
The DNT NOAEL IS the same as the dose 

516 selected for risk assessment and no UFnH is ' 
Inhalation 

. 

required . 
. 

Intermediate-. and The DNT NOAEL. is the same as the dose 
Long-Term ' 5/6 selected tOr nsk assessment and no UFrm i" -
Inhalation required. 

1 The shaded rows indicate~ where a database ,;, . 

20 
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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 ns~ 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 induded in Appendix I . 

\taneb Acute D1etan Endpoint (Fem11les 13-50 years old) The rat developmental toxicity 
stud¥ was used to e;tablish 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 IOOX combined uncertainty factors (UFs) for 
interspecies extrapolation and intraspecies variability, as well as a !OX database UF (UF08) to the 
NOAEL of20 mglkg/day results in an acute reference dose (aRID) of0.02 mg/kg/day. Since the 
Special FQPA SF was reduced to IX, the acute population adjusted dose (aPAD) is the same as 
the acute RID. 0.02 mg/kg/day. The endpoint is relevant for acute' dietary risk assessment as 
defined in OPP. since the toxic effects are assumed to occur following a single exposure, and 
would be protective of this population subgroup . 

Maneb Acute Dietary 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 of2000 mg/kg/day. Application of the 

• 

standard IOOXcombined uncertainty factors (UFs) for interspecies extrapolation and intraspecies 
variability, and the I OX UF0 B results in an acute reference dose (aRID) of 1.0 mg/kg/day. With a 
Special FQP A SF of I X. the aPAD is the same as the aRID, 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 ( cRfD) f()r 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 T4 (serum thyroxin) in females. observed at the LOAEL of24 mglkg/day. After 
application of the standard IOOX combined uncertainty factors (UF s) to the: study N OAEL of 5 
mg/kg/day, the cRID is 0.05 mg/kg/day. With a Special FQPA SF of IX, the chronic population 
adjusted dose ( cPAD) of 0.05 mg/kg/day is equivalent to the chronic RID. 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 I OX 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 
following long-tenn exposures, and no additional uncertainty factor is needed for risk assessment. 
Additionally. a database uncertainty factor [UF08] is not required for this exposure scenario 
because it is not expected that the required DNT will identify a lower effec1Jno-effect dose . 

• 

• 21 • 

• 

• 
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However, it is noted that this results man apparent ''discrepancy-· between the acute· PAD''" '" 
population sub-group [females 13+ l for which a UF0 " is needed, restilllng 1n .tn aPAD oJ '1111. 

mg/kg/day. and the chronic PAD. resulting in a cPAD of 0.05 mg/kg. d,11 l he chrome R 11) · 
greater than the acute RID for females 13+. This anomaly is likely a re-;uJt ol the differenLco Ill 

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

• 

Maneb Incidental Oral (Short- and Intermediate-Term) Endpoints For incidental oral 
exposures occurring over I to 30 days (short-tenn) or for 30 days to I> months lltltemJediate-term). 
the endpoint selected was thyroid effects, i.e. increased thyroid we1ghh foll1cul,u cell hyperplasia 
and decreased T4 (serum thyroxin), observed at the LOAEL of2-lmg lglda}. lhc thvroid j, the 
target organ in several species following oral exposures over various durations. Alth<>ugh thl' I~­
week study was selected for exposures from I to 30 days, HIARC concluded that the ettech 
observed in the study could have occurred earlier; for example, thyroid lesions were seen tn the 
21-day dermal toxicity study. The standard I OOX Ufs, are considered applicable to the selected 
dose for risk assessment. Therefore. the target MOE for residential incidental oral exposures 1s 
I 00. 

Dermal Ab~orption Factor The HIARC selected a value of 2% from an acceptable rat dermal 
absorption >tUJ) However, since a route specific study was selected for all durations of dermal 
exposure, this is not applicable. 

Maneb Dermal Endpoints (Any Duration} The results of a 21-day de1 mal toxicity study m 
rabbits were used to select dermal endpoints following short-. intennediate- and long-term dermal 
exposures. i.e. exposures lasting from I day up to more than 6 months of exposure. fhe endpoint 
for risk assessment was microscopic thyroid changes (follicular cell hypertrophy) m both sexes 
and increased thyroid weights in males at the LOAEL of 1000 mg/kg/day (oral equivalent. 20 
mg/kg/day). The study NOAEL is 300 mg/kg/day (oral equivalent, 6 mg/kg/day) and is the dosl' 
for dennal risk assessment. The dermal toxicity study was chosen for dennal risk assessments 
because effects were observed in the target organ via the exposure route of concern. The stud) 
was chosen for both intermediate- and long-term exposures because oral studies have indicated 
that effects 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 of Exposure (MOE) is the ratio of the dose selected for risk assessment to est1mated 
exposure on a mg/kg basis. OPP risk 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 UFs associated with the dose and endpoint. For maneb dermal risk assessments. the 
combined UF (target MOE) for occupational assessments is I 00. which includes the standard I OX 
factors to account for interspecies extrapolation and intraspecies variability. The combined UF 1s 

also I 00 for residential dennal exposures because the FQP A database uncertainty factor is not 
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required. 

'\1aneb Inhalation Endpoints (Any Duration) -A subchronic oral toxidty 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 mglkg/day, based on thyroid effects [increased thyroid 
weights and follicular cell hyperplasia in males and decreased T4 (serum thyroxin) in females] at 
the LOAEL of24 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 
infonnation, toxicity by the inhalation route is considered to be equivalent to toxicity by the oral 
route of exposure, and a 1 00% oral absorption factor is used in risk assessment. The study. 
endpoint of thyroid effects is considered appropriate for all durations of e:xposure, 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 is I 00, which includes the standard I OX 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. 

Dietary 
13+ 

Dietary 
Population 

NOAEL = 20 mglkglday 

UF=IOOX (inter and intraspecies) 
UF= l OXda,abase 
Total UF=IOOOX 

UF=IOOX (inter and intraspecies) 
UF=lOXdatabase 
Total UF=IOOOX 

--------1 Acute RID=l.O 
NOAEL=5 mg/kg/day --

. 
Dietary UF= I OOX (inter and intraspecies) . 

Risk Assessment 

FQPA Special Safety Factor 
=IX 

aPAD= Acute RID 
FQPA SF 

FQPA Special Safety Factor 
=IX 
aPAD= Acute RID 

FQPA SF 

aPAD=l.O mg/kg/day 

FQPA Special Safety Factor 
=IX 

cPAD =Chronic RfD Population 
Total UF=IOOX fQI'A Sf 

RID= 

• 

• • 

Study and Toxicological Effects 

Developmental Toxicity, Rat 

LOAEL=IOO mg!kglday, based 
on increased post-implantation 
loss and resorptions, decreased 
fetal viability 

Acute Neurotoxicity, Rat 

LOAEL=2000 mg!kglday, based 
on slight impairment of forelimb 
grip strength 

Subchronic toxicity, Rat 

. 

LOAEL=24 mglkgldaybased on 
thyroid effects [increased 
thyroid weight and follicular cell 
hypertrophy in males and 

• 

• 
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Scenario 

duration 
1-30 days] 
. 30 days to 6 mos.] 

Duration 
l-30days] 

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

Duration 
1-30 days] 
> 30 days to 6 mos.] 
>6mos.] 

Factors Risk Assessment 
Study and T oxicolog:ical Fftects 

Q,* ~ 6.01x10·' (mg/kg/dayr' 
Maneb 1s classified as a Group 82 carcinogen; us~ low·uo~t 
extrapolation for human risk assessment ba::.t'ci , )n t fl 

Maneb Incidental Oral 

NOAEL~S mg/kg/day 
FQPA Special Safety Factor 
~IX 

UF~JOOX (inter and intraspecies) Residential MOE~JOO 

Dermal NOAEL~300 
mg/k~/day 

Maneb Dermal 

FQPA Special Safety Factor 
~IX 

Subchrontl tn\ILit\ R 1, 

LOA I l .:'-t 111~ f....~ J 1- ba::.t:ll on 
thyw1d etk'-t"' [lmn .. J,t..d 

thyrou.i wet~IH and tuli1L·ular cell 
hypertrophy in mates and 
decreased T in ..:.::..:.=c;;;: 

I.OAEL · IOOOm~,l-.~u'" - - . 
based on microscopic thyro1d 
changes [follicular cell 
hypertrophy1 in hoth '>L \L 111cl 

mcreased th\ToiLj \\l·t'-111· 1o 

11r -IIIOX (inter and intraspecies) Residential MOE~IOO 
Occupational MOE=IOO 

I male::.. 
--:-:-::-------

NOAEL~S mglkg/day FQPA Special Safety Factor 
~IX 

U F~ I OOX (inter and intraspecies) 
Residential MOE~IOO 

Inhalation Absorption= tOO% Occupational MOE~IOO 

Subchronic toxicity. Rat 

LOAEL ..2-~ lll!!Jkg;dav based on - - . 
thyroid effects [increas~d 
thvroid weE!.ht and f("Jihcular Cl'll • • 

hypertrophy in males anL' 

3.4 Endocrine Disruption 

EPA is 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 ctfcct produced by a naturallv occurnn~e estrogen. 
or other such endocrine effects as the Administrator may designate." Followin!' th, 
recommendations of its Endocrine Disruptor Screening and Testing Advisory ( <>mntJtlee 

(EO<;TAC). EPA determined that there were scientific bases for including. as part of the 
P" >~r JJll, the androgen and thyroid hormone systems. in addition to the estrogen hormon~ 
S)ot~nt EPA also adc,rted FDSTACs recommendation that the Program tncludc evaluations of 
potential effects in wJ!Jilte For pesticide chemicals. EPA will use FIFRA and. to the extent that 
effects in wildlife rna) help determine whether a substance may have an eftect in humans. 
FFDCA authority to re.;utre the wildlife evaluations. As the science develors and resources 
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allow, screening of additional hormone systems may be added to the Endocrine Disruptor 
Screening Program (EDSP). · · 

When the appropriate screening and/or testing protocols being considen:d.under the Agency's 
EDSP have been developed, maneb and ETl1 may be subjected to additilonal screening and/or 
testing to better characterize effects related to endocrine disruption. Maneb and ETU have 
demonstrated effects on thyroid honnones. 

4.0 Exposure Assessment and Characterization 

4.1 Summary of Registered Uses 

Maneb is a contact fungicide widely used in agriculture and horticulture to prevent downy 
mildews, anthracnose, rusts, leaf spots and blight Maneb fonnulations include wettable 

. powders, dry flowables, liquid flowables and dusts. Agricultural uses indude pome fruit crops 
(e.g., apples), field grown fruits and vegetables (e.g., cucumbers, onions, tomatoes, and grapes), 
some row crops (e.g., com and potatoes), potato 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 I section 24C (State) registration. The application 
rates in agriculture range from 1 .2 lb ai/acre for com to 6.4 lb ai/acre for almonds. Multiple 
applications are permitted per season, ranging from 3 for cranberries to 1 5 for sweet com, with 
application intervals of7 to 14 days. Some uses (e.g., grapes) have separate rates for eastern and 
western regions. The application rates in horticulture are 1.2 lb ai/acre for most ornamentals up 
to 17.4 lb 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 
• 

April21, 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 Elf 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. 
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In response to comments in the Phase 3 Public Participation Process tor the EBDC REDs. BE \IJ 
has provided updated usage information in as Screening Level I !sage Analysis ( SL ( lA) (.I 
Carter. 3/3 l/05). Percent crop treated (PC[') values from both the ()UA and SLl "\ were used '" 
this assessment. In general the PCT values are similar from both analyses. The newer PCT 
values were used in most cases; however. if a commodity was not listed in the SLUA. but wao 
included in the QUA, then the value in the QUA was used. Commodities that are not included in 
either assessment are assumed to be l 00% crop treated. 

Maneb uses in horticulture are primarily on cut cultivated greens (i.e .. terns) according to the 
NASS Floriculture Survey. Only small amounts (<1000 lbs) 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 § l80.3(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 of such pesticides shall not exceed that permitted 
by the highest tolerance established for any one member of the class. calculated as zinc 
ethylenebisdithiocarbarnate (zineb ). 

Tolerances for maneb residues, calculated as zineb, are established inion 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 cunent 
registrations, have tolerances for residues in apples and potatoes as does maneb. \dd!llclnal 
tolerances in numerous other commodities have been established for residues of manu>7eb 

The HED Metabolism Assessment Review Committee (MARC) has recommended a change in 
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 haunonize 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) is as follows: 

Tolerances are established for· residues of the fungicide maneb (manganous 
ethylenebisdithiocarbamate). ca/cufared as cw·hon disulfide. CS,. in or on raw agncultural 

26 
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commodities. . 

The qualitative nature of maneb residues in plants and livestock is adequately understood based 
on acceptable metabolism studies eonducted on lettuce, potato, and tom:lto and in goats and hens. 
In plants and livestock, the twninal residues of concern for risk assessment are maneb (and 
metabolites converted to CS2) and ETU; however, for tolerance reassessment, only the parent 
maneb (and metabolites converted to CS2), calculated as CS2, must be included in the tolerance 
expression. The metabolite ETU has been detennined 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 is deteimined colorimetrically as 
a measure of the original dithiocarbamate. The Keppel colorimetric method (Method III in PAM 
Vol. II) is currently the preferred enforcement method for residues of maneb per se. HED 

• 

recommends that the data collection method for EBDC residues be included in PAM II 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 electrochemical 
detection (ECD) is available to analyze ETU in crop samples with an LOQ of0.005 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 I, 
Appendix l) indicates ETU is not recovered using method Sections 303 (Mills, Onley, and 
Gaither 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 ffil~thod; Protocol D). 

Residue data submitted in support of reregistration. in combination with MBS data, ar~ g~nerally 
adequate for risk assessment purposes. ·However, the maneb reregistration data reqUirement'> for 
magnitude of the residue data are only partially fulfilled. 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 Chemist!"\' Chaptc• ••I the l •pdate to rh,· 
Registration Standard. Thuo tc,ncssment of only some tolerances is P'"'tblc. I laid gap:; 
include directions for use. stnr~g< stability. magnitude of the residue studies. and processing 
studies. With a few excepttotb the basic registrants have complied with the label changes 
previously required by the Agency findings as per the EBDC PD 4. 

In conjunction with the EBDC Special Review concluding in I 992. chemtcal-spectfic processing 
and cooking infoiination for maneb (and for metiram and mancozeb) were submitted to the 
Agency. The results of these studies were incorp'orated into the 1991 dietary exposure 
assessment These data have been reevaluated. along with any additional processing infoiination 
requested under the Special Review and submitted after 1992. for use in the current EBDC risk 
assessments. The chemical specific washing, cooking, peeling. etc. studies tor EBDCs and En • 
havebeen used to calculate average processing factors (PFs) and cooking factors (CFs) for use 111 

all three EBDC risk assessments. This is appropriate because of the similar structures and 
chemical properties of 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 in 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 in both flakes and !lour. Available intonnation for ETU. while limited. 
indicates reduction of existing residues during cooking or processing. 

Pwcesses that involve cooking certain commodities. such as processing potatoes into flakes. 
cool.. tnt! ~anning or drying. result in conversion of EBDC residues to ETU. This has been 
acwuntuJ lor in the maneb (and metiram and mancozeb) dietary exposure and risk assessments 
by using empirical EBDC-to-ETU conversion factors lfom processing/cooking studies. 

In oral rat metabolism studico u >nducted with radio labeled parent EBDCs. there was an average 
7.5% in vivo conversion of the L BDC to ETU. on a weight-to-weight basis. This 7.5% 
conversion was used in the no!.. Jssessments for the 1992 Special Review. and has also been used 
for maneb and the other EBDC:s in 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 ( includinf,! processing 
or cooking factors. where appropriate) were multiplied by 0.075 to estimate ETU exposure trum 
metabolic conversion. This "metabolic" ETU was added to anticipated residues of E'll: 10 the: 
raw agricultural commodities (including any cooking or processing). and the total ETU \\as 
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 I 0 years 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 tenus of the 
percent crop treated (%CT) and the amount applied 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 I 0/98; and information about application rates in 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 I '189 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 
(fresh and frozen), sweet corn (fresh, frozen and canned); cucumber; head lettuce; meat; milk; 
onion; potato (fresh and frozen); and tomato (fresh, juice, ketchup, paste lmd 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 I 0 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. Th~;: sampling was not likt::ly st::asonally representative, but the Agency 
concluded this had little 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. 

Samples 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 also 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 still the 
most refined assessment possible considering analytical constraints. 

29 
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There are no EBDC monitoring data available tfom the USDA Pesticide Data Program. 1\n 
evaluation of FDA and state Monitoring data in 1991 concluded that there were insutlicicnt 
samples (S. Hummel. 10/24/91) for risk assessment purposes. In addition. very few ~amples 
were analyzed for both EBDC and ETU. so it would be difficult to ensure that both the Fn; ancl 
EBDC residue distributions would be representative. HED has reviewed the FDA data for the 
yeats 1991-20(1<1 .md has concluded that the recommendation made in 1991 is still valid. 
insutficient f-DA surveillance data are available for use in 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 trial studies. 

4.3 Water Exposure/Risk Pathway 

The OPP Environmental Fate and Effects Division (EFED) prepared a drinkm,- \\oiler exposure 
assessment for ETU. which is applicable for maneb. as well as the other EBlX' fhe EBDC 
fungicides. Metiram. Maneb and Mancozeb are very short lived in soil and in 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 is 
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 
ofETU only. 

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

ETU Surface Water EDWCs (from PRZM-EXAMS modeling andfrom monitoring data); 
acute (peak) surface water= range of O.l (monitoring) to 25.2 ppb (modeling) 
chronic/cancer surface water= O.l ppb (from monitoring) 

ETU Ground ?Vater EDWC (from a Targeted Monitoring Study in FL;. 
acute/chronic/cancer ground water= 0.21 ppb (from monitoring) 

4.3.1 Environmental Fate 

The EBDC metabolite/degradate ETU has an aerobic soil half-life of about 3 days; in the absence 
of data, the aquatic aerobic metabolism half-life was assumed to be about 6 days. or double the 

. soil half life. The measured anaerobic aquatic metabolism half-life, however. is substantially 
longer (149 days) possibly leading to the periodic detections in ground water. ETO is highly 
soluble in water (20.000 ppm); high!; 'ulnerable to ind~rect photolysis (halt~life= 1 day). and 
moderately mobile (288 Lfkg). It also has a relative!\ h1i!h \apor pressure but high solubility 
reduces the possibility of losses from surla~e water due to 'olatilization. 

30 
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4.3.2 Surface Water 
• 

Water Monitonn£ The EBDC!ETU Task Force conducted a national surface water monitoring 
survey from 2001-2003. A total of22 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 e·ach 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 monitonng data for the EBDC 
fungicides or for ETU. The EBDCs and ETU were not included in th.: US Geological Survey 
(USGS) National Water Quality Assessment (NA WQA) sampling program because EBDC/ETU 
test methods were incompatible with NA WQA test methods. The USGS is currently planning to 
begin method development and limited EBDC/ETU monitoring in late 2004. 

Water Modeltng The ETU surface water estimates were calculated using the linked USEPA 
PRZM (Pesuude 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 infonnation. In addition to runoff fi·om the field, the model 
takes into account surface water residues resulting from spray drift (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-in-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 highest chronic concentration value was I. 9 ppb and the lowest value was 0.2 ppb. This was 
calculated using the national maximum PCA. 

Acute Surface Vv a1er EDWCs: The ETU surface water estimated drinking water concentrations 
(EDWCs) were g<:ncrated 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 lower limit based on monitoring 
and an upper limit based on PRZM/EXAMS modeling. 

The range of acute EDWCs was 0. I ppb (monitoring) and the upper limit was 25.2 ppb. The 
values were adjusted by the national maximum default percent cropped area (PCA) value of0.87 . 

• 
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Chronic Surface Water EDWC The chroniC EDWC is O.l ppb from the targeted I I 1 

monitoring program mentioned above. No surface water concentrations were f<HIItJ .th<•\• 111• 

detection limit ofO.l ppb and the Agency believes that monitoring demonstrate' that lonf'-te111· 
average chronic values would not exceed the detection limit. 

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 wao; 
detected above the detection limit intennittently in untreated water from two ground water sites. 
The highest concentration was 0.21 ppb in untreated water in Florida. There were no detections 
in treated water in any of the 84 community water sites; including those two sites where .E·n r 
was detected in the untreated water. 

A monitoring progrJm of pfl\ Jle wells was conducted by the EBDC Task Force from 200 1-200< 
Raw ground \\Jkr \\JS sampkJ monthly for a period of two years in 125 sites chosen to 
represent high LBDC-use sites. ETU was detected in the range ofO.JO to 0.25 ppb continuouslv 
at 2 sites in F lorrda .md intermittently at six sites: three in Florida and one each in New York. 
Illinois and Maine (Figure 3 ). The highest detected ETU concentration measured for a private 
well near an EBDC treated field was 0.57 ppb in an apple growing reg ron of New York. No 
detection of ETU was observed in all the other 117 sites. Such higher gr(lundwater concentration 
values. found in private areas in rural areas, are very rare and are unlJJ..d: to represent ground 
water ETU concentrations expected in drinking water relevant for use in a national assessment. 

In 25 years of monitoring in California. there has been only one ETU detection (0. 75 ppb). 
Additionally. ground water momtorrng m 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 monitoring study, were evaluated by comparing them to concentrations predicted by the 
SCI-GROW model. This is a screening model used to estimate pesticide concentrations in 
vulnerable ground water. The SCI-GROW estimate is based on environmental tate properties ol 
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 c exceptionally 
vulnerable ground water). Pesticide concentrations estimaied by SCI-GRO\\ represent 
conservatf\ e or high-end exposure values and in most cases, use areas will have groundwater that 
is less vulnerable to contamination than the areas used to derive the '-;CIGROW estimate. The 
SCI-GROW modeling indicates that the upper level ETU concentralton' trom the urgeted 
monitoring study arc unlikely to be exceeded even under the most' ulner~ble cnndlltons 

Ground Water EDWCs (acute and chronic) For ETU. the EDWC value for both acute and 
chronic exposure is 0.21 ppb. This value is 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 tht: Dietary Exposure 
. . 

Evaluation Model software with the Food Commodity Intake Database (DEEM-FCID™, Version 
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 aver Jgt'd 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 e:xposure assessment. · 

Dietary risk assessment incorporates both exposure and toxicity of a given pesticide. For acute 
and chronic assessments, the risk is ex pressed as a percentage of the aP AD or cP AD, 
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.,> lxl o· 
6). 

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 considered to be partially blended, such as juices or small fruits, 
composite samples consisting of 2 to 5 lbs 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 lb 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 registrants), and in order to conduct a more refined dietary exposure assessment, 
HED typically uses a statistical.procedure known as 'deconipositing' to better estimate the · 
maximum potential residue levels (e.g., theoretical smgle unit residues) from composite 
monitoring samples .. 

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

• 
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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 composite residue values is 
appropriate for cancer exposure and risk assessment. Although acute dietary exposure and risk 
from monitored commodities may be slightly underestimated because th<: MBS samples were not 
decomposited, the risk from other (nonmonitored) commodities is likely to be greatly 
overestimated because fi~ld trial data were used, and because, in some instances, an assumption 
of I 00 %CT was used. · 

Maneb per se DJtd Source' and Ao'>umruon' To estimate maneb acute dietary exposure and 
n>l-. a refined probabthsuc dSSe»mcl\l \\as conducted using a distribution of either field trial 
dat,t or monitoring data for commodities considered to be either ni:mblended or partially blended. 
Average field trial or monitoring residues were used for blended commodities. For all RACs and 
assoctJtcd commodities. the estimated maximum %CT and relevant proce:ssing factors were 
included in 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 commodities, the estimated maximum 

. %CT, relevant processing and cooking factors, conversion of EBDC to ETU for certain cooked 
commodities, and the 7.5% in vivo metabolic conversion ofEBDC residues 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 U~ population (and population subgroups including infants and children) or the 
aPAD of0.02 mg ~giday for females 13-49. For ETU, exposures were compared to the aPAD of 
0.005 mglkg/da: >elected for females 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 cone em For the general U.S. population, the estimated maneb dietary (food) 
exposure was 0.014 mg J...g dav which corresponds to 1.4% of the aPAD. For females 13-49 
years old, the most expooed population subgroup, an estimated maneb exposure of0.018 
mglkg/day corresponds to 89% of the aP AD 

• 

The maneb-derived ETU acute dietary exposure and risk at the 99.9'" percentile for females 13-
49 years old are below the Agency's level of concern; an estimated ETU exposure of 0.0026 
mg/kg/day corresponds to 52% aPAD. 

The registrant has proposed removing the uses on sweet corn. grapes, and apples. The dietary 
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exposure and r.isk analyses were conducted elimmating these uses. The %aPAD did not chanc, 
for any population group, indicating that these uses are not significant contributors to manch .111< 1 

ETU exposure in the diet 

Maneb Acute Risk --------------.-----------1.0 0.014 U.S. 

I 0 0.002 

UJ 0.012 

' 0 .)-." \ c>Jr" 1.0 0.013 

1.0 0.008 

13-19 1.0 0.015 

1.0 0.016 

13-49 years (all 
0.005 0.003 

4.4.2 Chronic Dietary Exposure and Risk 

and Risk. 

1.4 
.") .., 
I ... 

1.2 

1.3 

0.8 

1.5 

1.6 

89 

52 

To estimate maneb per se chronic dietary exposure and risk. a relined 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 to 
ETU in certain cooked commodities. and the 75% metabolic conversion of maneb pa se to 
ETU. 

Data that would be the most useful to further reline HED"s exposure and risk estimates are 
representative residue data on leaf lettuce. preferably market basket survey data. Less 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 111 
are shown in Table 4.2. For maneb. chronic dietary exposures were compared to the cPAD nt 
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 ci'AD of0.0002 mg/kg/day. 
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• 

Maneb per se chronic (non-cancer) dietary exposure and risk are below BED's level of concern 
11 e <I 00% cPAD). For maneb per se, the highest exposed population :subgroup is females 13-
49 \ears old, with an exposure ofO.OOOI mglkg/day, which is Jess 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 BED's level of concern (i.e., <1 00% 
cPAD). For the general US population, an estimated exposure of0.000016 mg/kg/day 
corresponds to 7.9 %cPAD. The highest exposed population subgroup is children 1-2 years old; 
with an exposure of0.000029 mg/kg/day, or 14% cPAD. 

Apples, leaf lettuce, and sweet com are minor contributors to the chronic dietary exposure for 
both ETU and maneb, and do not affect the %cPAD substantially when r•~moved from the dietary 
analysis. 

Population Subgroup cPAD 

0.05 0.000081 <I 

0.05 0.000020 <I 

old 0.05 0.000076 <I 

3-5 years 0.05 0.000072 <I 

0.05 0.000043 <I 

13-19 0.05 0.000067 <I 
0.05 0.00009 <I 

0.05 0.000092 <I 

4.4.3 Cancer Dietary Exposure and Risk 

ETU Chronic 
~.....; 

cPAD Exposvre 

0.0002 0.000016 

0.0002 0.000009 

0.0002 

0.0002 0.000022 

0.0002 0.000013 

0.0002 0.000011 

0.0002 0.000014 

0.0002 0 000020 

7.9 

4.3 

14 

II 
6.3 

5.7 

7.1 

10 

• 

The estimated chronic dietary exposure to ETU (from sources attributable to maneb) of0.000016 
mg/kg/day for the general U.S. population corresponds to a cancer risk estimate of 9.6 x 1 o·7, 

which is below the level of concern. When grapes, sweet com, and apples are removed, the risk 
is slightly reduced. 9.5 x 1 o-7

• 

4.5 Residential Exposure/Risk Pathway 

Maneb is used on sod fanns and the labels currently state "Do not use on n:sidential, pasture or 
range grasses." The registrants have agreed to modify the label to include a statement such as 
"'For Use on Sod fanns Only'' which will eliminate the possibility that maneb would be applied 
to turf in such areas _as parks and golf courses where residential exposures might occur. The only 
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remaining exposure scenario occurs after the treated turf is transplanted ffom the ,od t>mns 11 • 

areas such as residential lawns. 

4.5.1 Home lJses 

Mancb rcgJ>trants are not supporting home garden uses for maneb. and there are no active labels 
with re>rdentral uses for handlers (i.e,. those involving a homeowner applying products m the 
home or garden). 

4.5.2 Postapplication!RecreationallJses 

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 J wei 

farm. Based on this use pattern. only the most sensitive sub-population (toddlers) was evalu .. ned 
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 from playing on treated turf and 
incidental nondietary ingestion. The three types of nondietary ingestion considered include (I) 
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 to 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 residential risk is 100 tor dermal and I 000 for 
incidental oral. based on the combined uncertainty factors (UFs) associated with endpoint 
selection for dermal and incidental oral risk assessments. 

In the absence of turf transferrable residue (TTR) data tor maneb, a TTR study conducted wrth 
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 ground boom 
sprayer to turf. Turf was treated at 0.6X to 0.9X the maximum label rate. Turf samples \\ere 
analyzed up to 14 days after applications were made. The resulting mancozeb dissipation r Jtc' 
on turf were translated to mane b. However. because ETU was not detected in the mancozeh 
TTR study, exposure to ET1J from turf was estimated from the amount of maneb assumed to be 
present on turt~ and on a 2.2% conversion ofmaneh to ETU. derived from maneb dislodgeabk 
toirJr residue (DFR) studies on grapes. apples and tomatoes. 

A»umptions Used to Calculate Residential Postapplication Risks (Toddlers) 
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Short-tenn 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 lb ai/ A was used. 
• For hand-to-mouth risks, 0-day rvsidue 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 irrigation during the study period, was used to determine 

• 

the dissipation rate. 
• ETU residues on turf were calculated based on 2.2% conversion from mane b. 

• 
• 
• 

Soil residues are in the top centimeter of soil, and soil density is 0.67 mUg . 
Toddlers weigh !5kg . 
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 17.4lb ail acre and the proposed 
rate of 8.7lb ai/acre. These MOEs are shown in Table 4.3. If the label application rate of 17.4lb 
ai/acre is used the Total MOE rises to the target MOE with a PHI of 5 days. If the proposed 
application rate of 8. 7 lb ai/acre is used, the Total MOE rises to the target MOE with a PHI of 3 
days. 

. 
. 

. 
Table 4.3: Summary of Maneb Postapplication Residentoal Rosl.s for Toddl"rs Exposed to Turf 

. 
. 

Application Exposure Pathway MOE on Day3 . Target PHI Needed to Achieve • 

Rate (lb (PHI ~ I day*) MOE the Target MOE 
. 

ail acre) . 

17.4 . Dermal 48 100 ' 0 

Hand-to-Mouth (HTM) 62 100 
. 

' • 0 

. Object-to-Mouth (OTM) 250 100 0 . . 
Soil ingestion 62000 100 0 -. 
Total MOE. 24 100 5 

38 
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-- -1 
Table 4.3: Summary of Maneb Postapplication Residential Risks for Toddlers Exposed to Turf 

~ 
• 

I 
' • 

I Application Exposure Pathway MOE on Day 3 Target PHI Needed to Achieve 

Rate (lb (PHI= I day*) MOE the Tar~et MOE 
' I ai/acre) ' 

' Dermal 96 100 
• 

8.7 I ' 
Hand-to-Mouth (HTM) 124 100 ; ' 

Object-to-Mouth (OTM) 500 100 ! 
' 

Soil Ingestion 124000 100 i 
! . ; 

Total MOE 49 100 ; 

' • 

* The current PHI is essentially I day because the REI IS 24 hours. • • • ; 
• ; 
• 

+Total MOE = 1/((1/Dennal MOE!+( I'HTM MOE)+ (1/0TM MOE) +(1/Soil MOE)) i 
. 

The ETU MOEs are shown in Table 4.4. If the label application rate of 17.4lb ai/acre is used th~ 
Total MOE rises to the target MOE with a PHI ot 5 days. If the proposed application rate of8.7 
lb ai/acre is used. the Total MOE rises to the tarJ!~I MOE with a PHI of 3 days. 

Table 4.4: Summary of ETU from Maneb Postapplication Residential Risks for Toddlers Exposed to Turf 

Application Exposure Pathway MOE on Dav3 Target PHI Needed to Achieve the 
• 

Rate (lb (PHI= I day*) MOE Target MOE i 
ai/acre) 

I 7.4 Dermal 460 1000 
. I 
' I 

Hand-to-Mouth II 00 1000 i I • 
Object-to-Mouth 3600 1000 iJ ' I 

Soil ingestion 24000 1000 0 I -
Total" 300 1000 ' I . • . 

8.7 Dermal 920 1000 • . . 

Hand-to-Mouth 
; 

'200 1000 ' I 

' • Object-to-Mouth 7200 1000 • 
" ' 

Soil Ingestion 48000 1000 II l - • 
Total- 600 1000 J ' 

* The current PHI is essentially I day because the REI is 24 hours. 
' 

+TotaiMC\1: -1 1(1/DennaiMOEl+(I/HTMMOE)+(I/OTMMUl)+(I/SoilMOE)i 

Short teiin non-cancer MOEs for both maneb and ETU were calculated for all of exposure 
pathways that can arise when children (i.e. toddlers)·are exposed to sod farm turf treated with 
rrianeb and subsequently ttansplanted to residential lawns. It was assumed that the turf would be 
harvested one day after application (PHI = 1 day) and that it would take two days to harvest and 
transplant the turf The MOEs were calculated at the label application rate of 17.4 lh ai/acre and 
the proposed rate ofS.7 lb ai/acre. If the label application rate of l7.4lb ai/acre is used the Total 

I 
I 
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. 

MOEs for maneb and ETU rise to the target MOEs with a PHI o£5 days. If the proposed 
application rate of8.7lb ai/acre is used, the TotalMOEs 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 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 irrigation during the study 
period, was used to determine the dissip;~tion rate. Given that transplant1!d turf would typically 
be irrigated at a higher rate, the toddler risks can be considered to be upper bound estimate'S. 

The percentage of applied maneb that converts to ETU on the leaf surfac•e (2.2 percent) is 
possibly an overestimate because it was based on an average of seven maneb DFRstudies, two of 
which had very long storage times which may have caused excessive ETU fimnation. If these 
two studies are excluded, the ETU fmmation 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 is 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 
nl!tlgation measures for aerial applications that must be placed on product labels/labeling. The 
"-t-cncy has completed its evaluation of the new data base submitted by the Spray Drift Task 
~or~ c. a membership of U.S. pesticide registrants, and is developing a pollicy 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 

• 

appropnate. 

5.0 \J;:j!regate 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 
a~sessment, 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 he aggregated. When 
aggregating exposures and risks from various sources, HED considers both the route and 
duration of exposure . 

• 

40 • 
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There is a potential for exposure to maneb (and ETU from maneb uses I m restdenual \etlt ng-
The maneb use on sod farms may result in postapplication exposure t(J treated turf th,ll h,l\ t->c,:n 
transplanted to residential lawns. l-IED has assessed short-tenn postapplication expP,ure .u,d 1 •sk 
to toddlers from maneb per se and ETU: these risks had MOEs well below the tar~et ~I< II' 111d 

therefore cannot be added to exposure through food or drinking water. 

For most pesticide active ingredients. water monitoring data are considered inadequate to 
generate quantitative surface and ground water drinking water exposure estimates. so model 
estimates have been used to estimate residues in drinking water (EDWCs). In order to determine 
if aggregate risks are of concern. l-IED then calculates drinking water levels of comparison. or 
DWLOCs. The D \\'LOC is the maximum amount of a pesticide in drinking water that would be 
acceptable tn lt~ht of combined exposure from tood and residential pathways. The calculated 
DWLOCs are th<:n compared to the EDWCs provided by EFED: if model-derived EDWCs 
exceed the DWLOCs for surface or ground water. there may be a concern for dietary exposure to 
residues in drinking water. and monitoring data may be required. 

In order to fully implement the requirements of FQPA. l-IED and EFED haH· b..:en working 
toward refining the screening-level DWLOC approach to conduLttn!' ,,ggr.:~,lle ris~ assessments 
that combine exposun·s ac[(\''; .111 p.tthways. As part of this prou:" Ll l I) JnJ l-IED have 
agreed that chronic anJ cJncer I DWCs can be used directly in chronic/cancer dietary exposure 
assessments to calculate .Jggtt:,CJte dtetary (food+ water) risk. This is done by using the relevanr 
PRZM-EXAMS value J' ,, r~,tJue for water (all sources) in the dietary expo~ure asst>ssment 
conducted using the Db I )yl-H:JDTM model. The principal advantage <'I thrs approach ts that the 
actual individual boch \\c'J,Cht ,md water consumption data from the C~FII are used, wther than 
assumed weights and wn,umption estimates for broad age groups. 

Since exposure to maneb per se is not expected ffom the water pathwa1 ·•~gre!'Jte exposure and 
risk for maneb per se are limited to combined food and residential exposur.:' lluwever. the 
residential exposures are limited to transplanted turf that had been treated at a sod farm. l-IED 
does not consider aggregating the turf exposures as these are expected to be rare events. 
Therefore. maneb aggregate risk assessments are not required. 

For En I .tggtegate risks include dietary food ' water+ residential pathways of exposure. As 
stated in the· pre1ious paragraph. HED does not consider it appropriate to aggregate the 
residential exposures. Accordingly the !allowing aggregate risk assessments arc required: 

(I) ETU acute aggregate (tood + water! 
(2) ETU chronic (food+ water) 
(3) ETU cancer (food+ water) 

The only aggregate risk assessments that have been completed lor maneb include acute and 
chronic exposure to ETU through food and drinking water. The aggregate dietary exposure (food 
plus water) was compared to the ETU acute and chronic PADs. and to the cancer potency factor 
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• 
• 

(Q 1 '),to determine the aggregate risk associated with the estimated exposures. It should he noted 
that since the ETU ED 'A(.:, \'<:re derived from all sources ofETU (i.e., from multiple EBDC 
active ingredients), they are overestimates for maneb-derived ETU. 

5.1 Acute Risk Assessment · 
. 

An acute dietary exposure and risk from ETU in food and drinking water was conducted using 
the DEEM-FCID™ model. Results are presented int Table 5.1 below. 

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

95'' Percentile 99" Percentile 99.9" Percentile ---Populatwo 
Subgroup 

aPAD 
(mg/kglday) Exposure % Exposure % Exposure 

%aPAD 

Females \3-49 
old 

0.005 0.001290 26 

*Estimated Drinking Water Concentration = 25.2 ppb 

5.2 Aggregate Chronic Risk Assessment 

0.002132 43 O.Ou432 1 

The chronic dietary exposure and risk from maneb-derived ETU in food is 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 of0.2J 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 is below the level of concern . 

• 

• 
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Table 5.2. Chronic~ t ... ~..,- 1rface/Ground Water 

Surface \\ater ED\\C Ground"atn f DWC 
>I 

!Population Subgroup cPAD 
(mg/kg/day) l \PO'Ur~: %cPAD 

~ 
' .. cPAH 

. 

li\ Porulation 0.0002 (1()(1(1111 0 9. I 0 oooo 20 ' 
• 

lnfanh I I 'e"r old) 0.0002 0.000016 7.8 1!. OOOIP' 

1-2 years old 0.0002 0.000032 16 0.000035 I k 

3-5 years old 0.0002 0.000026 I ; 0 00002'.> • 

6-12 years old 0.0002 0.000015 7.3 0.0000 I' 0 -~ 

outh 13-19 years old 0.0002 0.000013 6.4 O.OOOU I' 
. • 

' 

jAdults 20-49 years old 0.0002 0.000016 8. I 0.000(!18 9_:. 

jFemales 13-49 years old 0.0002 0.000022 I I 0.000024 ' . ' ' . 
Adult> 'IH~ old 0.0002 0 000017 8.4 0.000019 <) • :i = • • 

• • I he \ alues for the highest exposed populatiOn for each type of nsk assessment are bolded. 

5.3 Aggregate Cancer Risk Assessment 

AggregJk ETU cancer risks for the general US population are below HEfYs level of concern: 
eStlmJtc·J e~posure was at most 0.000020 mg/kg/day. which corresponds to a cancer ris.k of 1.2" 
1 o·'. Most of the estimated exposure was from food. 

6.0 Cumulative Exposure and Risk 

I 
I 
I 
I 

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

• 

The \gency has concluded that N-methyl carbamates subgroup should be designated as a common 
mech,.umm group (CMG) based on their shared structural characteristics and ,lll111Jnty. and on their 
shared ability to inhibit acetylcholinesterase (Report of 9/22/99 SAP Meeting 1 llnncarbamat~:s and 
dithiocarbamates (which include the EBDC:s) have not been included in the ( 1\1(, hccausc the) do 
not share cholinesterase inhibition as a common principal mechanism of toxicit' 

During previous Special Review of the EBDCs (maneb. metiram and mancozeh). the AgencY 

' 0 ·u 
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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 ofEBDC risk assessments lmcluding 
maneb) consider formation of ETU from each active mgredtent individually, and aggregate risks 
from e'<posure to ETU from all three EBDCs are charactenzed in a companion Ell' mk -tssessment 
document 

• 

In 200 l, the Agency proposed a common mechanism of toxicity for all dithiocarbamates based on 
neuropathology related to CS2 formation. However lollowing 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 neuropatholog) 0lo determination of a common 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 defined by the type of activity involved. 
Workers defined as "handlers" may prepare spray solutions (mixer/loader) for 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 expose:d during aerial application. 

For maneb and ETU handler risk assessments, mixer/loader scenarios wen: identified for each 
fonnulation - 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/loader/applicator scenarios were identified - low pressure handwand and high pressure 
handwand 311d 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 expos.ure scenarios were identified by the type of activity involved. and 
by the range of exposure expected, i.e .. low. medium and high exposure activities. Examples of low 
exposure activities include irrigation and scouting; medium exposure activities may involve scouting 

44 
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of mature plants. or in greenhouses. hand pinching chrysanthemums. Potential htgh exposure· 
activities include hand harvesting cut flowers and thinning and pruning apples. Roth handler drw 

postapplication risks were calculated for agricultural and greenhouse scenanos. 

Both handler and postapplication exposure and risk were estimated for maneb per se and tts 
metabolite/degradate ETU. For handlers. most exposures were considered to be short- or 
intennediate-tenn in duration. with the exception of greenhouse uses (such as tomatoes or cut 
flowers). which may result in chronic ( t.e.. I XI 1 dJys) exposure. For both handler and 
postapplication assessments. the maneb dermal c -..posure (including a 2% dermal absorption !actor) 
was multiplied by 0.075 to take into account the 7.5% in vivo metabolic conversion ofmaneb tn 
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 intennediate-term 
risks were the same. because the same endpoints.and doS('S v.ere used to assess all durations of 
exposure. and because there was no difference in the estimdteJ Jatly exposure for these durations 
·(via both dennal and inhalation routes of exposure). The long-te11n exposure scenarios were all 
based on uses in 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 di!Terent 
toxicological dose and endpoint. 

For the handler assessments, maneb dermal and inhalation risks were combined. since the endpornts 
(toxic effects) selected tor risk assessment, thyroid effects, were the san1e. Similarlv. ETll 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 dennal nsk assessments. the endpoint Jt)T risk 
assessment was selected from a dermal study. so the ~o o Jennal absorption factor was not neces,dn 
it was used, however. to determine exposure to ETU lollowing absorption and metabolism (7.5"oJ nl 

maneb in rivo. For maneb inhalation assessments, the endpoint and dose li.JT 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 asse"ment were selected fr.om 
oral studies, so 26% dermal and 100% inhalation absorption factors "<re .tpplied 

For both occupational handler and postapplication risks. the dose sekcteJ lilT ri'k a"essment. the 
NOAEL. was divided by the estimated exposure to determine the Margin of Expmure (MOE). The 
target MOE lor maneb and ETU occupational exposure is l 00. based on the comhrned uncertainty 
factors (UFs) associated with endpoint selection; MOEs less than l 00 are of con~ern. and may 
require mitigation through the use of personal protective equipment (PPEl 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, I <;yg l data were used to 
calculate unit exposure values to estimate occupational handler exposures to maneb and ETU dunn~ 
application to crops and ornamentals. There are no recent or adequate data (either chemical-specJlil 
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 load1ng tanks or hoppers on pesticide application equipment. There were 
no data to assess risks for plantmg treated potato seed pieces. No chemical-specific data were 
submitted to evaluate exposure' I rom 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 clothing, 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. E-..pl"ures and risks were also estimated using additional personal 
protective equipment (PPE) such a<> glo,es. These include Single Layer, or Baseline clothing with 
gloves. and Double Layer. or Single Layer with coveralls . 

. 

For deteunining inhalation risks, both single layer and double layer scenarios were also assessed with 
the addition of 2 different respirators, one with 80% inhalation protection (PF5) and one with 90% 

• 

protection (PF I 0). 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 PF 10 
respirator. Both dennal 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. dem1al 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 "ere used to estimate unit exposures. PHED unit exposure data were not 
available for asses,Jng <'"\posure during mixing/loading of dry flowables with engineering controls 
(e.g .. lock and load'' skms) 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 confidence. Some low confidence data (generally due to a low number of replicates) 
were used for dermal exposures for mixer/loaders (OF and WP founulations), inhalation exposures 
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for airblast applicators with engineering controls, and dermal exposures lor hm Jllcl lllf!h pres'' , 
handwand and backpack sprayer applicators Since there were no chemical- 'fkcJI<c ,!,JIJ '<'a,,,' 
potato seed piece treatment surrogate data !rom PHED were used to assess exposure' .tlong "''' 
use information provided by potato industry expens. 

The assumptions summarized below were combined with the PHED umt exposures and used m 
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 conversatwns 
with an in-house expert, Dr. Bernard Schneider. Risks associated "llh '""d treatment were 
calculated using unit exposures from the seed treatment SOP E ;,posurc ,cenarios evaluated in 
studies included in the SOP are mixing/loadtn;: Jpplication h.u,!f!lllf! ''''"ng and multiple tasks 1onc 
or more of the above). 

\ "UillRll<'lh tbcd lo Calculate I!Jndler Risks 
• '\Jult body weight - 71l f0r maneb, 60 kg for ETU short/intem1ediate term exposures: 

70 kg for ETU chronic anJ !J kt!me exposure 
• Generic protection factor' lor clothing layers, gloves c ll),!tlleering controls: 
• ·Maximum application Idles l0r .;hort- and intermediate-term risks: 
• T! p1c<ll application rates (where available) for cancer risk: 
• A' u .1gc· occupational workday'= 8 hours: 
• Acre' treated per dav: 

- Aerial: 350 acres (most crops); 1200 acres (high acreage crops, e.g. wheat/corn). 
- Chemigation: 350 acres (most crops) 
- Groundboom: 80 acres (most crops): 200 acres (high acreage): 40 acres 

( ornamcntJh 1 

- Airbl~st -W a,:res. 
- H i;,:h prc:osure hand wand: I 0 acres, assuming I 00 gal/acre and 1000 pi/day. 
- [L~ekr~ck sprayer/low pressure handwand: 0.4 acres/day. assuming IIIII 
gallnn' acre,and 40 gallons/day. 

• SeeJ p1e.:e and Seed Treatment 
- Potato seed piece: 500/30 tons treated per ciJ\ i<H commercial/on-tarn1: 
- Potato seed piece: I ton of seed planted/day 4() ~cres: 
-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. 
• For ETU cancer risk. 30 days exposure/year 

Because maneh (as well as the other EBDCs) is known to be unstable in tank mixes. the AgencY 
required data to quantify formation of F.TU in spray solutions during mixing/loading and application 
of maneb/EBDC fi.1rmulations. 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 m1x data 
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• 

have also been used in the current risk assessment, with the underlying a<>,umption that the 
manufacturing processes for maneb (and EBDC) products have not chd.Jl~ed substantially. In 
estimating mixer/loader risks, a 0.2% conversion of maneb to ETU 1~a, 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 conditions was not adequately 
represented. in the studies, and that certain conditions (higher temperatur(~ 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 fonnulation for seed piece treatment, which requires a PF I 0 respirator). 

. ' 
' 

Maneb Combined Dennal and Inhalation Risks Maneb long-tenn combined dermal and inhalation 
risks were all below HED' s level of concern (i.e., the MOEs were greater than I 00 at alllevds of 
PPE, and for all handler scenarios). Maneb per se short- and intennediat(:-tenn 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 involving wettable powder formulations, the non-cancer risks are of 
concern based on label-required PPE, and respiratory protection is requirf:d to achieve an MOE 
greater than I 00. 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 
MOEs >I 00. The risk for applying sprays using mechanized equipment such as aircraft, 
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. hand wand) are not of 
concern due to the high spray volume (I 00 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 .JO 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 I 00. A summary of short- and 
intermediate-term ETU non-cancer risks is provided in Table 7.2. Long-term ETU non-cancer 
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MOEs are of concern with baseline clothing lor mixing/loading wettable powder or i!qtud 
formulations for application to ornamentals or tomatoes. These MOEs are above l 00 once !!lO\l> 

are added. 

ETU Cancer Risks ETU cancer risks were calculated assuming 30 exposure days per year and are 
summarized in Table 7.3. Most of.the risks are less than(<) Jx!0-

4 
with single layer PPE (which 

includes gloves but not respirators) and all of the risks are less than J x Hr4 
with additional mitigation 

(such as respirators or water soluble bags) recommended to address the non-cancer maneb nsks 
Many of the risks are also below I x w·) with maximum mitigation (engineering controls l and some 
are below lx!0-6 

Table 7.1. Maneb Short/Intermediate Term MOEs for Agricultural Handlers. I 

Acres Clothing/PPE3 

II Exposure Scenario Typical Crops' 
lbs 

ail acre 
per Base- SL No DLNo DL DL 
Day line ~ ~ PFS 10 'c 

(WP) for turf: sod farms 174 v~o 0.55 !.3 1.3 S.J. M.IJ ' j ' 

and Chemigation fruits and nulS 2.0 to 6.4 >1.5 >3.4 >3.5 >15 >24 '" - - - - - -
tidd crops. vegecables /.2Co2.4 >4.0 >9.1 >9.2 >39 >M )1\l\1 

~~ WP tOr Ground~boom 
- - - - -

turf sod tarm:. I 7.-+ 80 2A 5.5 5.6 23 39 I"> -' I 

cranberries. grapt:'- 2.0to4~ >8.7 >20 >20 >85 > 14(1 I'•'" - - - - -
field crops. vegetables 1.2 to 2.4 >17 >40 >40 >170 .•·280 ]llll" - - - - -

WP for AnDia-..t fruib and nuts 20ti•h~ 40 >13 >30 >30 :> 1 30 >21 0 '"·'' ... - - - - -
WP for Ill' I!JnJ\\ 111d ornamentals. tomatoc~ l~'tp~~ 10 > 1-HJ >300 >30(1 > l ()()() -->10011 

' 
10 I I -

M/L Of\ Flow able ( DF) for turf: ~od farm~ [ 7- .. [ ' 'i (I '- 31 31 r ,, ~ ,, - • 

and ChcmigatiPn fruits and nub 2 0 (ll 6 --1- >84 >S4 I • ' I'> I I I < '< - - - - -
field crops. vegetahlc~ 1.2to 1 4 >220 :> 220 ~ ~I I till (Ill I 'I ' -- - -

Mil lll [,,r \ ,r<~undboom turf sod farm~ 17.--1- '" IJO [ 30 ! 0\! 1 7() - . '"' 1\iD - . '. 
all other crops I 2 to 4.!-. >400 >400 ----()(1 '>900 >I 000 )\[) 

IM/L Dl- lu1 AubiJ'l ti-ults and nub 'll(,d>~ • ~?oo -·700 --·800 . l ()(){) , 1 oon 1' -i ) "' • 

M/L DF for HP Hand1' and omamcnlab. tomatoe:-. l~l\•2-1 IIJ >!000 >1000 _·-[ 000 -· I 000 -· [ oou ·, I 

MIL Liquids for turf ~od IJrnl 1 7 --1 __;50 1.1 3<> J'> ' I ' 110 ' 

' or Chemigation li-uils and nul 20ro6l >3.2 >44 II• •" ·.1011 ' • - - -
field Crt•p I~ :!c'lJ!--k~ !.~ to '"! --l >8A >1()() ~ \< \ < II I , I OOP <Iii)< - - -

IIM/L L14uids for Groundhoom turl. ~oJ lanns I : --l 40 to 80 5.1 160 ! >., ~ i\ I_ (J20 ·10()(; 

aJJ olhcr nor\ 12Lo-IX >IS -.o:;oo ,6{)( I - ) 000 -·10()0 [ ()()(I -
Liquids for Airblast truih and nuts 2.0 In 6.--1- •o >28 >800 '-Ill() ji)<)IJ ,. 10011 ·lUO(J -• 

Liquids lor HP omamentods. tomatot:~ 1.2 to 2.-1 II> >290 .~10{)(1 [(lll<l 1111111 " I 000 ' i ', 1()(1 -

II Applicator- All MOb >100 a1 Baseline clothin..> 

~ (MiLIA)- All '11 •I, t•U' tt Basdinc dtithing 
. 

49 
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• 

Exposure Scenario Typical Crops2 

Flagger ~All MOEs >I 00 at Baseline clothing 

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

• 

lbs 
ail acre 

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

Crop Groups 

Acres 
per 
Day 

~ruits and nuts· includes almonds. cranberries, grapes and pome fruits. 
Field crops • includes com. dry beans, potatoes and sugar beets. 

Base- SL No 

Vegetables • includes brassica cucurbits. garlic, greens, lettuce. onions, peppers and tomatoes. 

PPE Levels 
Baseline • includes long pants and-long sleeve shirtS without gloves. 
Single Layer {SL)- includes baseline PPE with chemical resistant gloves. 

I)L No DL 

Double Layer (DL)- in~ludes coveralls over baseline PPE and chemical resistant gloves- typicaJiy required by maneb labels. 
PF5 ·Filtering facepiece respirator (i.e. a dustmask) with a protection factor of 5. · 
PFJ 0 ·Half face cartridge respirator with a protection factor of 10 .. . . . 

Table 7.2: ETU Shortllntermediate Term MOEs for Agricuitur111l Handlers.1 

• . 
Clothing!PPE3 

Acres • 

lbs 
!Exposure Scenario Typical Crops2 

ai/acre 
per Base- '>L No DL No. DL DL 
Day 

I Mixer/Loader (MIL) 
• 

(WP) for Aerial or turf: sod farms 17.4 350 5.3 16 16 62 97 
. 

fruits and nuts 
. 

2.0 to 6.4 >43 >170 . >44 >260 - - -
field crops. vegetables 1.2 to 2.4 >t20 >120 >450 >700 

~~ WP for Ground·boom 

- - - -
• . 

turf: sod farms 17.4 80 23 69 70 270 420 
cranberries. grapes 2.0.to 4.8 >85 >260 >990 >1000 - l~soo - -field crops. vegetables 1.2 to 2.4 >170 >510 >1000 >1000 - -'t 

WP tOr Airblast fruits and nuts 2.0 to 64 40 >130 >370 >380 >1000 >1000 - - -
. WP for HP Handwand ornamentals. tomatoes 1.2to2.4 10 >lOOO >1000 >1000 >1000 >1000 

Dry Flowable (OF) for turf: sod farms 174 350 300 300 370 540 . . 570 
or Chemigation fruits and nuts· 2.0 to 6.4 >810 - >810 1000 - >1000 >1000 

~~OF for Ground boom 

field crops. vegetables 1.2 to 2.4· ?1000 >1000 >1000 >1000 >1000 

• 
turf: sod farms· 17.4 40 to 80 >1000 >1000 >1000 >1000 >1000 
AI I other crops 1.2to4.8 >1000 >1000 >1000 >1000 >1000 

I~ m·' for Airb\ast fruils and nuts 2.0 to 6.4 40 >1000 >1000 >1000 >1000 >1000 

~Of for HP Handwand ornamentals. tomatoes 1.2 to 2.4 10 >1000 >1000 >1000 >1000 >1000 

• 

• 50 

• 

DL 
EC 

• 

>1000 
>1000 
>1000 

>1000 
>1000 
>1000 

>1000 

>1000 

NO 
NO 
NO 

NO 
NO 

NO 

NO 

• 

• 
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• 

. 
I 

Table 7.2. ETU Short/Intermediate Term MOEs for Agricultural Handlers. 

Acres 
Clothing/PPE.l 

lbs 
Typical Crops2 Scenario 

ai/acre 
per Base- SL No OL ~(, OL DI. 

·Dav • 

line ~ ~ PF5 Pf'IO H -

Liquids for Aerial turf: sod farms 17 J l)i} 9."" 4 I U '" j ' II ' I OU(l ··it1UU 

Chemigation All other crops 1.2to6.4 >26 ->1000 ]11(1(• (IIIII ]<)II<< I I I " -
l.iquids for (jroundboom turf sod I lml 17 4 40 to go ~2 jl!ll(l J I < II ' "' I " • 

All other cH•r 1.2to4X . ~1)(1 \Ill ill 1 I I ' I 
' 

Jl)l I o I > I 
' 
... -

Liquids for Airblast fruits and nuL 2.0 tn h 4 40 >2J(i ]11(10 I (II H ]1!1101 .lnJH' 

' li ' ' • -
Liquid.~ ll1r HP 11mamentai~. tnmatoes !2to2.-1 I •' >/I){ II) l 1!111 {11(!1 

I .. • 
' • 

J~- All MOb >100 at Basel me dothmg 

Mher 1Loader/Applirator- All MOEs .•100 at Baseline clothing 

I~ . '""· . I 
. 
I 

. 

*\IOF\ 10 hold are lr~~ than IU() and are of concern • 

' 1 Margins of E.\.posun: (MOb) mcludc hoth dermal and inhalation risk~. 

CroQ GroUQS ~~cc Table IJ) 
• 

. . 

~ 

Table 7.3. ETU (from Maneb) Cancer Risks for Agricultural Handlers (30 Days per Year). 

Exposure Scenario Typical Crops 1 T)"pical Rate 
Clothing/PP£ 2 

Acres 
(I b) ai/acre per Oay Ra .. .- 'I ~ .. 1>1 ~ .. 1)1. 

~ ' H 

~~lixer/loader (\1/L) 

WP for Aerial Application turf sod farms I 7 4 .3 :'0 2e-03 8e-04 Se-04 2.e-04 1 e-04 ~k~( 1(1 

Chemigation fruits and nuts J_X tn 3.6 <5e-04 <2e-04 <2e-04 <4c-o_.:; <3~.:-0:' < :!c~1Jt• 

field crops. vegetables L2 to 2.-4 <Je-O.C < l e-O.C <le-0-4 <k-0.~ <--:2~:-05 -- I t:-0{1 

II M/L W P for Ground-boom turf. sod farm~ 174 so 5e-04 2e-(~4 1t" 04 5e-0" .k-U~ 2L·-Ut' 

All other crops J_2toJ.U <9e-05 < 1<: (I'> >C-05 <Sc-00 ·;5e-nt " "" 'c • 

. WP for Airblast frUJts and nurs 1.9to.16 40 <6c-05 ""~t 0"' ") . ()") -,_- . <5c-lil, 3 <.. HI ' ' 

' _ 'h'P for liP Handwand ornamentals. tomaioes 1.2 to 1.-4 J(J <6c-06 <2e-06 <-2e-06 ··-5e~{1- '~ ll - ' "' 
OF lOr Aerial Applicmion turf. sod farms I 7 ~ .150 4c-05 4e-05 k-05 2e-O~ ' " _, ~I' 

Chemigation All other crops 1.2to36 <9e-06 <9e-06 <7e-Oh <5t"-01l -- 5c-Oh NO 

OF for Ground boom turf sod farm~ 17 ·l 40 to RO le-05 le-O:' Xc-06 '~ I It .,·./ih ]\if) 

All other crops l :2 10 J_(J <2e-Oh <-2c-06 ·- I e-Oh ( ~~ ( - - !':[) '" ' 
llt\.·1/1. DF for Airblast fruits and nuts ·l.8 to 3 6 4/1 < \e-06 < Jc-06 <-ik-07 -~.•<..·~· '~ ( ' NO 

~DF tOr HP Handwand 
-t 

ornamentals. tomatoes 1.2 to 1.4 10 <lc-07 <\c-07 ...-:8c-m~ <ht;-(J/1 ~<: <1\ "t) 
. 
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• 

Table 7.3 . ETU (from \1aneb) Cancer Risks for Agricultural Handlem (30 Days per Year). 
• 

• 
Clothing!PPE2 

Exposure Scenario Typical Crops' T}ptcal Rate Acres . 
tiD) a1/acre per Day Base- <;;L 't~ DLNo DL 

• 

~ ~ ~ 
IM/L lu.J.Uid~ for \erial _ turf sod fanns 174 350 le-03 }t-OS 3e-05. le-05 9e-06 Se-06 

IAppll .. ai. or l hemigation fruits and nuts !.8 to 3.6 <Je-04 <6e-06 <6e-06 <2e-06 <2e-06 < le-06 . 
field crops. vegetables !.2 to 2.4 <2e-04 <4e.Q6 <4e-06 <2e-06 <le-06 <7e-07 

~Liquids for Groundboom turf sod farms 17.4 40 to 80 Je-()4 7e-06 . 6e-06 3e-06 2e-06 I e-06 
All other crops 1.2to3.0 <5e-05 <le-06 <le-06 <5e-07 <4e-07 <2e-Q7 

IM/L Liquids for Airblast fruits and nuts !.8 to 3.6 40 <Je-05 <7e-07 <6e-07 <Je-07 <2e-07 <le-07 

M/L Liquids for HP Handwand omamentals. tomatoes 1.2tolA 10 <3e-06 <7e-06 <7e-08 <3e-08 <2e-08 <Ir!-08 . 
. 

!Applicator (App) . 

I ' i I Applicator turf: sod fanns 174 350 ND 5e-06 
All other crops 1.2 to 3.6 <9e-07 

llc;; Applicator turf: sod timns 17.4 80 5e-06 5e-o6 Se-06 2e-06 2e-06 9e-07 
All other crops 1.2to3.0 <9e~o7· <9e-06 <8e-CO <4e-07 <3e-07 <2e-07 

Applicator fruits and nuts l.&to3.6 40 <7e-06 <6e-06 <Se-06 <4e-06 <4e-06 <4e-07 
. . 

Handwand Application omamentals .tomatoes 1.2 to 1.4 10 <2e-06 <&e-07 <6e-07 <5e-07 !.<5o " N/A _.. 
'Mixer/Loader/ Applicator (MIL/ A) 

. 

~~~ /A WP with LP Handwand tomatoes. ornamentals 1.2 to 1.4 0.4 NO <2e-06 <2e-06 <&e-07 <6e-07 N/A 

I I A WP with Backpack. No unlt exposure data are al'ailable for these scenarios 
I I J. DF with LP Hand wand. 

flf)A DF with Backpack 

lA 
. 

with LP tomatoes. ornamentals 1.2 to 1.4 0.4 ' <7e-06 <Se-08 <&e-08 <3e-08 <3e-08 NIA 
• . 

Ml \ I HJulds with Backpad; tomatoes. ornamentals 1.2 to I .4 0.4 ND <2e-07 <2e-07 le-07 <I e-07 NIA 

Flagger 
. 

14) Flag Aerial Applications turf: sod farms 17.4 . 350 le-05 le-05 le-05 &e-06 7e-06 2e-07 
All bJ,2 to ~~ :-06 <~ 

=No Data 
• . 

==Not applicable 
• 

. 
Crop Groups (Sec Table Ill 

I 
. 

7.1.3 Occupational Handler Risk for Potato Seed Piece Treatment 
• 

Only short/intennediate-tenn risks were calculated for seed piece treatment Long term 
• 

52 

• 

• • 
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exposures are not anticipated, since the scenarios only occur for a few weeks or months at a '""' 
and do not occur on a year-round basis. 

Maneb Short/Intennediate-Tenn Risks Maneb non-cancer risks tfom mixing/loading dusts l(n 
commercial seed piece treatment are of concem (i.e., combined dermal and inhalation MOb are 
<100) with maximum PPE (double layer clothing and PFlO respirators). and engineering controls 
are needed to achieve an MOE> l 00. The risk for applying dnsts to potato seed pieces could nor 
be calculated due to a lack of data for that scenario. However, risks for secondarv handlers. or 

• 

those who load and plant the treated seed pieces, were not of concem. ,~1aneb risks for potato 
seed piece treatment are shown in Table 7.4. 

ETLI ~IH>rt lutem1ediate-Term Risks Combined dermal and inhalation MOEs tor potato seed 
piece treJtment are all above I 00 for all scenarios provided gloves are worn. 

ETU Cancer Risks The cancer risks from ETU based on application of maneb to potato seed 
pieces were calculated assuming 30 days per year. For loading dusts, most of the risks are below 
l.Oxl0"4 with single layer PPE (which includes gloves but not respirators) and all of the risks are 
below l.Ox l 0'4 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 pieces. Cancer risks for secondary handlers were all below 3x l 0 
7 at the baseline clothing scenario. and were lower with the application of additional PPE. 

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

Amount 
Clothing/PPE 

Exposure Scenario 
Treatment 

Treated per 
Rate Base- SL !H. Eng 

Da)· 
~ ~I 

. Lo.ad Dusts 

a) ConunercJal Seed Piece Tn:atmcnc O_OR lh ai/cn! /0.1/0{) CH 1 ~.1 95 J.~ 61 (,~ --; ()00 

b) On-Fam1 Seed Piece Tn:atm.:nt 0 OR !h ai/ol t XOU t.:\\ I 52 I 2 ( I -lS(I 77\1 ' '' ·!()()(, 

. 
"" NP unit nposurc data available for this scenarw 

"' · AII~·IOOO 

PPE Level, • 

Baseline- include" ltm~ pant;. and lung :.kn~.: '>hirb ''ilh• u1 _I,,\, 

Singk La)CT (SL)- includes ba::.clim: PPL with chemical resi,IJI•l lo•lo_ 

Doubh: Laver (DI 1- l!lduJc~ coveralls over baseline PPr- anJ .. 11-.~ ..... .JI • ..:sistam don;., 
' ' 

['(""' J'ilterin;: t':l~·,· ri~·cc rc·,pirator (1.\.' a dust ma:.k) \\ tth a protection factor of 5 
PFI" 11•1111,, 1 I I ' 1 , r, .pirator \\ ith a rrott:ction factor nf 1 () 
FC I~• ' ' o I I I I 
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7.1.4 Occupational Handler Risk for Seed Treatment 
• 

Seed treatment labels required a range of PPE. including single layer without respirator up to 
double layer with a PF I 0 respirator. 

Maneb Short. Intermediate-Term Rt,l-.s With the exception of2 multiple activity scenarios at 
baseline clothmg (treaung >Orghum and oats) and 3 planter box scenarios with single layer 
clothing and PF10 respirator (treating oats, rice and peanuts), MOEs for all sct·nano<> were 
gr.:ater than 100. Risks for multiple activity scenarios are not of concern when ;mgle layer 
do thing and a PFS respirator are used. Planter box MOEs for crops other than pedlluts. rice and 
oats were greater than 1 00, and not of concern for single layer clothing (no data were available to 
assess MOEs for the baseline clothing scenario). The MOE for peanuts was 18 and the MOE for 
rice was 64 (based on Single Layer and PF1 0 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 
detennine exposure and risk at additional levels of PPE (Double Layer with PF I 0 respirator) or 
with engineering controls . 

. 

ETU Non-Cancer Risks Short/intennediate-tenn MOEs for seed treatment are greater than the 
corresponding MOEs for maneb and are above I 00 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-farm seed treatment. Risks for all levels of personal protection (other than the 
baseline clothing scenario, for which there were no data) were at most 3x1 0'5 (planter box 
treatment for peanuts), but in general were in the 10'6 and 10"7 range. 

7.2 · Occupational 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 hruyest, 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 asse:ssment. 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 (TT.R) 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. 

54 
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The maneb DFR studies consisted of airblast and ground boom applicauon meth<'li' "•'1 h La." 
and West regions. and 3 crops (apples. grapes and tomatoes); one each of the appk md l<>rn.•l<• 
studies were considered inadequate for use in postapplication exposure ealculaUolt• : I>• 

remaining DFR studies were extrapolated to other crop types based first on the reg1on to]l,•wed 
by application method and crop type. Maneb dislodgeable residues were wnstdnJhh ht>ehe! 
than ETV residues on the day of application; ETU residues were typicaJI_v Dr , 1r '"'' Jh< '' e ilh: 

LOQ. while maneb residues ranged from 4 to 85 times the LOQ. Maneb halt-11\e' r.mged lmm 
7.2 (NY apples) to 32.8 (CA grapes) days. The ETV half-life could onlv be calculated in one NY 
and one W A apple study. and these were 8.4 and 17.7 days. respectivelY 

The mancozeb half~ lite on turf ranged from 1.8 to 6.6 days; samples were not collected beyond 
14 days after application. The ETV dissipation rate could not be directly calculated for turf. 
since ETU residues were very low even on the day of application. 

\"umpllon' Used to l Jicul,!k l'osldppltc.Jilon Risks: 
• Adult hod) \\etghl ~ 70 kg 
• 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 trom NASS data. 
Single day exposures (rather than a rolling average) were used due to (I) low 
dissipation rate for maneb; and (2) multiple applications pennitted. 
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 year. 
Risks for pruning and harvesting almonds were considered negligible due to 
Jppltc,l\ron timing. 
Unh the extended application rates are used for assessing the deciduous tree lfuit 
'cen.llt< 1s, 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 l 0000 cm2/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 thn>u~h hloom which occurs well 
before can turning which. according to ( -\L L PA. occurs 3 to 4 weeks 
before harvest to improve the color of red table grapes. 

C Girdling is done only on table grapes in California. and it is done in June 
and July which is outside the maneb window of application. 
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• 

• 
• 

• • 

D. According to the USDA Crop Profile for California Table Grapes. 97 
percent ofthe 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 results 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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Table 7.5. Post-application Exposure Scenarios and Transfer Coefficients 
I lrJn,r,., 

!Crop Type (Specific Crops) Post-application Exposure '\cenarios "~ fh It I ! 1 

I I ' ' I" ' 
' 

BelT}'. Low (Cranberry) Low ~ lrngation. scouting. pruOinf! thrnn111g 
,. 

Bunch/Bundle (Banana\ Lm\ - Irrigation. hand weeding, scouting immature/low foliage plarm I 
' \1edium - Irrigation and scouting mature/high foliage plants ' ' ' lligh- Hand harvesting. stripping. training. thinning. toppmg. '" 

~Flower~ L1m - Irrigation .. ~..:outing. thinning weeding immature low foliage plantc. 
Medium - Irrigation. scouting mature/high fohage plants 'l I I 

!ligh- Hand har.esting. pruning. thinmng. pmching 

~~~~i;~d/:~ ·Crops. Low/Medium l 1m - Jrngallon_ senuung. thinnmg. weedmg tmmattm: plant'-
I 
I 

eans and sugar bt=t:h 1 Medium - Same ~1::. abnvc on mature planb ' 

Crop. rail (( "orn I Medium- '-lcoulmg. '~ceding more mature planh " 
lligh - Scouting. \\Ceding. irrigation mature plants 
Ven High- S\\Cet corn hand harvesting or seed com detassdin!..' - - - ' ' ' " 

I~ I l.cn\ - prumng Cttru.~ 
(Excluding Cut Flowers) \1t:dnmt- !land pmchinv. mum~ I i ii:..ll r-l<>vmg. Poncd Plant~ ' ' 

Tn:c. Fruit Dcciduo~s \ " I " I ' ' PI' Ill I I . I lrn:....lll•'ll ,c•ll(lllg. \\Ceding ' " ' ll1_1l l'rUIIIfl:.. <r 1111111.!. tymg. thinning " ' -
I ' . Fruit Evergreen (Papa~ a) LP\\ - Jmg.ation. ~cout1ng. hand \\t:Cding ' 

Medium - Pruning. thinning. harvesting " 

!Tree. Nut (almond) I o'' -Irrigation. ~coutmg. thinning. weeding 
~ '" - ' -

Hid1- Prunin!!. thinmm.! 
I - - -

' !.m' - \hl\\in;,: I 
I ' "" 

High- Transplantmg. hand \\ceding ' " 

!Vcgeta . Brassica Lo\\ - lrngatHHL ~coutmg. thmnmg. weeding immature planb I " I 
ML'd1um- <..,unttmg mllturl' planh ' ' I ' > I ' 

' lligh- !land harvesting. mi_gatinn. pruning. topping tying mature planb ' : " 
' 'vcg1 I Cucurbit Lcl\\ - lrrigatton. ~..:outmg. thmning weeding immature plants 

squa<;h. mdom) Medltlrn- Jmgatton and >cuutin~' mature plant:. 
lligh- Hand hanc:-.tmg. pttllin~. leaf thinning. thinning. turning 

I Fruiting l.tl\\ - lrrigatHHL --.nJu\111~. thmning. \\·ceding. immature plants I 
' rvtd1um- Irrigatton al!d scnutfng mature planh 
. 

I ' peppers) 
lli2:h - !land han c~ting. pruning.. ::.taking.. tying. ' 

I~ Leal\ I '" lr 1 igat 1011. ~..:outing. thmn mg. \\Ceding immature plant-
r...),Jitllll- Trn~··'"'" ··'ld :-..::uuting mature planb 
lh.'h llilldhif"\l Illig. pruning and thinning mature plants '" 

~-e~ablc. Root I '" Jn1.! 1t" 11 ,,>~Jllrtg. thmning \\et.:ding immature planb ' 
•I•" I Jnions. Potatoc<>) \kdtUIIt lrr•_ Jt• " tnd ~cuuting mature plants 

llt.l\ ·Hand han·c~tln!.! ' -
' (Grape) I m\- lkdgm_g. trrt~'allon. ~couting. hand weeding 

\lcdium · '-.~'OUIH!g. ' tratmn<> Inn<> ' !;:"'" • "" 

ll!gh - Leaf pulling. thmning. prunmg. training/tymg ' 

' - "'' I 
t ·anc Tt ' ' 
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7.2.2 Postapplication Risks 

Maneb Non-<. ,mccr Poswpplication Risks Maneb postapplication risks were calculated for 
dllferent crop groups as Jc>cnbed above. Within each crop group, transfer coefficients were 
used to represent different types of cultural practices which are applicabl<e to each crop group. 
For gr Jpes and deciduous tree fruit, MOEs for maneb are of concern (i.e. are less than I 00) at the 
current!} labeled REI of24 hours for certain high and very high exposur~: activities. The time 
needed to achieve the target MOE of I 00 ranges from 5 to 26 days, with 1the 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. 

Table 7;6. Maneb Postapplication (Non-Cancer) Hisks. 
. 

• 

Application MOE on Day 0 (lbys when MOE> 100) 
Crop Group Rate 

~ 
Berry, low (Cranberry) 4.8 220 NA NA NA 

. 
. 

Bunch/bundle (Banana) 2.4 4000 300 200 NA 

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 1.2 NA 2700 1100 .64 (5) 
Field/Row crop. tall (Corn)- East 1.2 NA 2000 . 790 46 (II) 

• 

Flowers and Greens. cut 1.2 320 200 110 ·NA 

Ornamentals Excluding Cut Flowers - !.2 7200 . 4500 2000 . NA 

Tree, fruit. deciduous- West 2.4 260 NA 86 (5) 
. 

NA . 

• 

Tree, fruit. deciduous- East 
2.4 180 NA 58 (6) NA 

. 

Tree, fruit, evergreen (Papaya) 0 470 160 NA NA -
Tree, nut (Almond) 6.4 190 NA NA NA 

. 
Turf- California 17.4 18000 NA 

. 
550 NA 

Turf- North Carolina . 17.4 32000 NA 960 NA 
Turf· Pennsylvania 17.4 41000 NA 1200 NA 

• 

\ i..l.!etable, Brassica- West - . 1.6 410 210 160 NA 
\ l...'gttable, Brassica - East !.6 300 150 120 NA 

. 
Vegetable, Cucurbit- West 1.6 1600 550 330 NA 
Vegetable, Cucurbit- East 1.6 1200 400 240 NA 

Vegetable, fruiting- West !.6 1600 1200 820 NA 
~fruiting- East 2.4 790 560 400 NA 

' 
. 
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Table 7.6. Maneb Postapplication (Non-Cancer) Risks. 

Application 
Rate 

MOE on Day 0 (Days when MOE> 100) 
Crop Group 

Low* Medium* 

Vegetables. leafy- West I . 6 1600 550 330 ~A 

Vegetables. leafy - East 1.6 1200 400 "40 NA 

Vegetable, root- West 2.4 1800 370 ·):w NA 
Vegetable. root- East 2.4 1300 260 160 NA 

Vine/trellis~ (_~r.lf't'" 1 West ! I -.C 590 290 59 (26) ""-.; :\ 

I 1 

*Task Descnrttuns for each crop and exposure scenario are provided in Tabk ~ ' 

The short/intennediate term endpoint for ETU was used to evaluat.e non-cancer risks tor all of the 
crop groups and the results are summarized in Table 7.7. Some of the short/intermediate tem1 
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 tor western fruit trees. 

Table- 7- ETU Postapplication Non-Cancer Risks (Short and Intermediate Term) 

Crop (,roup Application MOE on Day 0 (Days when MOE> 100) 
Rate 

(lb a. i./acre) Low* Medium* High* Very High* 
. 

Berry, low (Cranberry) 4.8 200 NA NA NA , 
I 

Bunch/bundle (Banana) ~ ~ 32000 7 500 1600 NA • 

F1~ld/row crops. Low/Medium- I I, 52000 3500 NA l NA I I 

We<..l ' ' h 49000 17()() NA , NA ! 
l Field/row crops. I O\\ ~tedium-

! 
I 

l ' ' Ea~)t 
, 

' 

Field/Row crop, tall (Com) - West I . ., NA 17000 6900 
I 

.J I 0 \ 
Field/Row crop. tall (Corn)- East !.~ NA 16000 6500 380 

Flowers. cut l.' 2600 1600 900 NA I 
Ornamental Plants 1.2 59000 37000 16000 NA 

t • 

Tree, frujt deciduous- Wesl '4 - 150 NA 49 ( 19) NA 

Tree, fruit deciduous- East 2A 160 NA 54 (8) NA . 

. 

Tree. fruit. evergreen (Papaya) ' 3900 1300 NA • NA -
Tree. nut (Almond) 6.4 I I 0 NA NA NA • 

I 
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Table 7. 7- ETU Postapplication Non-Cancer Risks (Short and Intermediate Term) 
• 

Crop Group Application MOE on Day 0 (Days when MOE> 100) 
Rate 

• 

(lb a.i./acre) Low* Medium* High* Very High* 

Turf- California 
. 

• 
17.4 14000 NA 

. 410 NA . 
Turf- North Carolina 17.4 81000 NA 2500 NA 

. 
. Turf- Pennsylvania 17.4 110000 NA 3400 NA 

Vegetable. Brassica - West 1.6 2600 1300 1000 NA 
Vegetable. Brassica - East 1.6 2400 1200 970 NA 

. . . 

Vegetable. Cucurbit- West 1.6 10000 3500 2100 NA 
Vegetable, Cucurbit - East 1.6 9700 . 3200 1900 NA 

• 

Vegetable, fruiting- West 1.6 10000 7400 5200. NA 
Vegetable. fruiting- East 2.4 6500 4600 3200 . NA 

-+ • 

Vegetables, leafy -West 1.6 10000 3500 2100 NA 
Vegetables, leafy - East 1.6 9700 3200 1900 NA 

Vegetable, root- West 2.4 . 12000 2300 1400 . 
NA • 

Vegetable,. root- East 2.4 11000 2200 1300 NA 
. 

Vine/trellis (Grapes)- West 2.0 4500 2100 430 NA 
Vine/trellis (Grapes)- East 3.2 240 120 24 (17) NA 

• . • • • *Task descnptlons for each crop and exposure scenano are mcluded m Table 7.5 

The long tenn endpoint for ETU was also used to evaluate non-cancer risks for the two crop 
groups that are thought to have long tenn exposures (greenhouse tomatoes and cut flowers). 
With the exception of the cut flower scenario (which includes hand harve~:ting. pruning and 
thinning). all of the ETU MOEs are greater than 100 on day 0. The MOE for the cut flower 
scenario rises to I 00 on day 18. These results are presented in Table 7 8 

. 

Table 7.8- ETU Postapplication Long term Non-Cancer Ril:ks 

Crop Group Application Long term MOE on Day 0 (Days when MOE >100) 
Rate 

(lb ai/acre) Low* Medium• High* Very 
. High* • . 

Greenhouse Cut Flowers 1.2 I I 0 68 (7) 
. 

39 (18) NA 

Greenhouse Ornamental Plants 1.2 2500 1500 680 NA 
. 

Greenhouse Tomatoes 2.4 270 190 140 NA 
• • • • • *Task descnptwns for each crop and exposure scenano are mcluded m Table 7.5 

• 
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The cancer risks derive solely from ethylene thi6urea (ETU) which is an envil<'llfllent.d deer 1d I'• 

and metabolite of mane b. The ETU dose was calculated in the same manner d' 1< 'f 11<'11 , Jllc' 

risks included both directly absorbed ETU and ETU that was metabolicallv comenc·d l1un . - -· 
mane b. Cancer risks were calculated from the average daily dose in the same mannt:t 1, I·' 
handlers. 

The cancer risk calculations for maneb postapplication workers are summarized m Table · 
Cancer risks for were calculated assuming thirty days of expo~~re per year. With the exu:rt~<'l' 
of deciduous lruit trees and grapes. t~ cancer risks are <I x !0 on the day of applicatiou Jur "1 i 
of the scenarios ~d some are < l x !0 ·· . The risks for many of the scenarws. however. do not 
decline to < l xI 0 until two to >84 days (for western frmt trees) after apphcatwn. It was not 
possible to accurately calculate residue dissipation for periods longer than the length of the 
respective DFR studies (i.e. 84 days for western fruit trees) because the measured DFR values 
towards the end of the study were close to the LOO and/or the negative controls. 

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 

(lb 
Lo"'" Medium* High* Very High* 

a. i./acre) 

! 
I 

' I 

I 

' 

Berry. low 
I 

(Cranberry) - 3e-U~ (42) N\ N-\ ~A J • 

' Bunch/bundle (Banana) :: . .f () 4e-OIII ::::) 7e-06t 22) NA • 
' I 

-t 
I Field/row crops. LowtMedium 1.6 0 e-07 , 'II [\; r'\ ' ~,j t\ _)e-UO(-'!.) ' • I ' 

I ' -West I . 6 2e-07 3e-06 (>22) NA NA • • 
' ' ' 

Field/row crop~. ! ' 
' ' ' ' 

Low/Medium · East ' I 
! 

~~~~ Field/Row crop, tall (Corn)- 1.2 NA oe-07 2e-06 (9\ )e-0" t 

I West 1.2 NA 7e-07 'c-06 (9t • 
0;, ' '' ' ' --

' ! Field/Row crop. tall (Com) - ' I 
East 1 

Flowers, cut 1.2 4e-t lb 1 ~~) 7e-1)6 (>22) k-0• t ' i NA -- I 

Ornamental Plants 1.2 2c:-UI 3e-07 ~ _, ~-,(,. __ , NA 

Tree, fruit. deciduous- West 3 .6 I e-04 (>84) NA 2e-04 (>84) NA 
• 

Tree, fruit. deciduous- East 3.6 le-04(>42) NA 2e-04 (>42) NA ' 

Tree. fruit, evergreen (Papaya) ' 3r-06 COl Se-06 (>22) NA NA -

Tree. nut (Almond) I I 5e·O~ 1 :-::..t, NA NA NA 

Turf· Califomw I 7.4 odJ~ NA 3e-O'- t>Ut NA 
Turf- North Carolina I 7.4 I e-07 NA 4e-Oh I I 4 ' NA ' I 
Turf- Pennsylvania 17.4 9e-08 NA 3e-Oo 1 I I l NA i 

61 



• 

HED Records Center Series 361 Science Reviews - File R11 0024 - Page 65 of 85 

• 

• ' 

Table 7.9- Maneb Postapplication Cancer Risks (30 days P'" year) 
' 

Crop Group Application CaQcer Risk on Day 0 (Days when cancer risk <I e-06) 
Rate . 

• (lb ·Low* Medium* High* Very High* 
a.i./acre) 

Vegetable. Brassica- West. 1.6 4e-06 (>28) 8e-06 (>28) le-05 (>28) 

Vegetable. Brassica- East 1.6 4e-06 (>22) 9e-06 (>22) le-05 (>22) 
. 

Vegetable. Cucurbit- West 1.6 le-06 3e-06 (>28) . 5e-06 (>28) 

Vegetable. Cucurbit - East 1.6 le-06 3e-06 (>22) 6e-06 (>22) 

Vegetable. fruiting- West 1.4 le-06 1.2e-06 (4) 2e-06 ( 12) 
Vegetable, fruiting- East 1.4 le-06 1.3e-06 (6) 2e-06 (12) 

Vegetables. leafy -West 1.6 le-06 3e-06 (>28) s"-06 (>28) 
Vegetables. leafy -East 1.6 le-06 3e-06 (>22) 6e-06 (>22) 

Vegetable, root- West 2.4 9.2e-07 5e-06 (>28) . 8e-06 (>28) 
Vegetable. root- East 2.4 9.8e-07 · 5e-06 (>22) 8e-06 (>22) 

· Vine/trellis (Grapes)- West 1.8 2e-06 (34) 5e-06(64) 2e-05 (>80) 
Vine/trellis (Grapes)- East 2.1 3e-OS (41) 6e-05(>42) 3<-04 (>42) 

. . • • • 

*Task descnptwns for each crop and exposure scenariO are included m Table 7.5 
Bold= Cancer Risk Exceeds Ie-04 on Day Zero 

NA . 
NA 

NA 

NA . 
NA 

NA 
NA 

NA 
NA 

. NA 
NA . 

A summary of all the occupational post-application risks for maneb is included in Table 7.10. 
Current label requirements specify 24 hour REis. In some of the scenarios, the MOEs for maneb 
do not exceed the required uncertainty factor of I 00 at the REI. To a lesser extent the MOEs 
for ETU also do not exceed I 00 at the REI. A few of the scenarios also have cancer risks that 
exceed !.Ox I o-4 on Day I, however, the cancer risks are generally less severe than the maneb 
non-cancer risks, particularly if 1.0 x I o·4 is chosen as a risk target. 

Table 7.10- Summary ofManeb Post-application Risks olfConcern . 

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

Field/Row crop, tall (Com) Maneb non-cancer risk for sweet com harvesting and seed com detasseling . 
• . 

. 
Flowers, cut ETU long term risk for medium exposure tasks (irrigation. scouting mature/high 

foliage 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 
(leaf pulling, thinning, pruning and training/tying) 
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Table 7.10- Summary of Maneb Post-application Risks of Concern 

Crop Group Risks of Concern on Day I (whic~ i .. the REI) 

Vine/trellis (Grapes I- East Maneb and ETU non-cancer risks for high expo~un u--J 

Cancer risks tor high exposure tasks. 

7.3 Incident Data Review 

There were no incidents reported in the OPP Incident Data System from 1992 to 200 I. There 
were 3 7 exposures reported to the Poison Control Centers (1993-1998) and 24 rece1ved follow­
up to detennine medical outcome. Ten experienced no symptoms and 14 experienct:d 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 1r1 thc \. alit(Jrma 
Pesticide lllness Surveillance Program ( 1982-1999) in which maneb was used alone <>r was 
judged to be responsible for the health effects. r>.!nst of these cases ( 12) involvtJ p0stapplication 
exposure to field residues. and the most common cl kc t was skin rashes. The reports in the 
literature also indicated that maneb causes skin 'ensllJZation. 

8.0 Data Needs/Label Requirements 

The following data gaps have been noted ·in the supporting discJpltndr\· chapters (i.e .. toxicology. 
residue and product chemistry) for maneb reregistration. Although not specifically required. a 
turf transferable residue study (TTR) for maneb would be use!ult0 rdine estimated risks to 
toddlers playing on treated turf. In addition. an acceptable DFR study on apples is 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 th\)nJd assay between young and adult animals [Special StudyJ. 

Residue Chemistrv 
860.1200 Directions for use. 
860.1380 Storage stability data, plants. 
860.1500 Crop field trials [potato. turnip tops. green onions. endive. head and leaf lettuce. 

loose-head Chinese cabbage. collards. kale. mustard greens. nonbcll pepper. 
apple, cranberry. almond hulL popcorn grain and stover. sweet corn ( K + CWHR. 
forage and stover). banana. fig. papaya. and seed treatment (barley. field corn. 
cotton. !lax. oats. peanuts. rice. rye. saftlower. sorghum. wheat). 

63 

' ' 
' ' 
' 



• 

HED Records Center Series 361 Science Reviews - File R11 0024 - Page 67 of 85 

860.1520 
860.1850 

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

Product Chemistry 

. . 

There are data gaps for the Cerexagri 86% FI; refer to the product chemistry chapter for details . 

• 

9,0 Supporting Documents 

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

2) Toxicology Chapter for the Maneb RED, 3/08/00, L. Taylor, DP Barcode D25 1397. 
3) Outcome of the HED Metabolism Assessment Review Committet: 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) Mane b. ·Revised Anticipated Residues for Dietary Exposure Assessment. F. Fort and W. 

Hazel, I 0/12/04, DP Barcode No. 0305870. 
6) Maneb and Ethylenethiourea. Revised Acute/Probabilistic, Chronic and Cancer Dietary 

Exposure Assessments for the Reregistration Eligibility Decision, F. Fort, June 2005, DP 
Barcode No. D29541 0. 

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 ofP.ercent 
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. 0290137, D290139 and D290140. 

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

1 0) Revised Incident Report, 12/17/02. J. Blondell and M. Spann, D286185. 
11) Revision No.2: Estimated Drinking Water Concentrations ofEthylenebisdithiocarbamate 

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

• 

D290057 
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 I. LTl_i Hazard Profile. and Doses and Endpoints for Risk Assessmenr 

ETU Hazard Profile 

The toxicity database for ETU is limited. Of mne submitted studies evaluated by HIARC. three 
studies were unacceptable because ETU concentrations in feed varied widely and two other 
studies had only one dose group. The HI ARC (05/28/03 memo. TXR 0051924) named the 
[Qllowing studies as data gaps: developmental toxicity study (rabbit): !-generation reproductwn 
(rat): comparative study for thyroid toxicity in adults and offspring (rat); and developmental 
neurotoxicity (rat!. 

The thyroid is a target organ for ETU as it is for the EBDC fungicides. Thyroid toxicity m 
subchronic and chronic rat. mouse. and dog studies included decreased levels of the thyrotd 
hormone, T4, increases or decreases in the thyroid hormone, T3, compensatory increases in 
levels of thyroid stimulating hmmone. increased thyroid weight. and microscopic thyroid 
changes. chiefly hyperplasia. 

Anemia occurred in the subchronic and chronic dog studies. Increased liver weight and 
hepatocellularhypertrophy occurred in several studies. however, overt liver toxicity was limited 
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 on!\ 
caused decreased maternal food consumption and body weight gain. These developmental 
defects were similar to defects seen in an accompanying developmental toxicity study with 
mancozeb. however. ETU 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 ETl_l 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 susceptibility 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 
studv in rats. Neurotoxicitv studies with ET1 i were not available. - -

Treatment with ETU produced increases in tumor incidence in rodents. Thyroid follicular cell 
adenomas and carcinomas were increased in a study with F344 rats. Thyroid follicular cell 
adenomas and pituitary adenomas were increased in a study with SO rats. Th) r"iJ j;,j]icular cell 
adenomas and carci'nomas. hepatocellular adenomas and carcinomas. and pitUita•' ddenomas 
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Appendix I. ETU Hazard Profile, and Doses and Endpoints for Risk Assessment. 

were increased in a study with B6C3F 1 mice. 

The HED Cancer Assessment Review Committee evaluated the care mog~mcity potential of ETU 
and classified ETU as a group 82 probable human carcinogen (Bill Sette Ph D., 4/16/90). The 
Ql* for ETU. using a 3/4 scaling factor, was detennined 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, 
2/24/95). 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. 717/99). 

ETU Endpoint and Dose Selection 

The HIARC evaluated the toxicology database ofETU on February 20. ~003 and selected the 
doses and endpoints for risk assessment based on a variety of exposure pathways resulting from 
use of the EBDC fungicides. 

ETU Acute Dietary Endpoint: The ETU acute dietary endpoint for.female:s 13 - 50 years old was 
selected from a non-guideline developmental tO'.ICit: study in rats (Khera,, K.S.; Teratology 

. 7:243-252, 1973, MRJD No. 4593760). The LOArL "as I 0 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 1 OX UF s to 
account for intraspecies variability and interspecies extrapolation, and the lOX UF08, (database 
uncertainty factor) results in an acute reference dose (aRID) ofO.OOS mg 11-.g.day. The acute 
population adjusted dose (aPAD) reflects incorporation of the Special FQPA SF into the RID. 
Since the Special FQPA SF was removed (reduced to IX) for ETU, the aPAD is equivalent to the 
aRID. 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 {;hildren. No endpoint attributed to a smgle dose was 
identified for the general population in the other available toxicity studies. • 

ETU ChronicDietary 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 of I. 99 mg/kg/day. The combined I OOOX UF (standard 1 OOX and an additional 1 OX 
UF08) results in a chronic reference dose, RID, of0.0002 mg/kg/day The (PAD of0.0002 
mg/kg/day is the same as the RID. since the Special FQPA SF was reduced to IX. 

• 
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Appendix 1. ETU Hazard Profile. and Doses and Endpoints for Risk Assessment 

ETU Incidental Oral E'i:posure (Short- and Intermediate-Term! Endpoints: 
ETU Aggregate Children (Short- and Intermediate-Term) Endpoints: 

A non-guideline 4-week range-finding toxicity swdy conducted in dogs was uoed tn select 
incidental oral endpoints and doses for risk assessment. In addition. the HIARt u>ncluded that 
short- and intermediate-term aggregate exposures. combining dietary. incid<·ntdl ot,d. 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 honnone 
levels at the LOAEL of 34 mg/kg/day. The endpoint is appropriate for the population 
(infants/children) and duration of exposure (up to 30 days): in addition. the study can be used l<>t 
intennediate-tem1 incidental oral risk assessment. since it is supported hy a suhc hrontc tox tc 1 I\ 

study in dogs in which the NOAEL for thyroid effects was similar. at 6 mg/kg da' I he 
combined UF applied to both short- and intennediate-tenn incidental oral risk ·•"'"'ments ts 
!OOOX. based on the standard IOOX UF. as well as a lOX UFDB· An additional Uf to extrapolate 
from a shorter- to a longer-term study was not needed. since the NOAEL t(Jr thyr01d effects in the 
subchronic dog study was similar to that observed in the 4-week dog study. 

ETU Dermal Absorption 
ETU Dermal Absorption Factor: 26%. from a dennal absorption study in rats. The value of 26% 
dermal absorption was determined at the lowest dermal dose after I 0 hours of exposure followed 
by washing of the skin. 

ETU Dermal Exposure (Short- and Intermediale-Term) Endpoints: 
ETU Inhalation Exposure (Short- and Intermediate- Term) Endpoints 
ETU Aggre7ate Females I 3-50 (Short and Intermediate-Term) Endpoinl." 

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 intennediate-term dermal and 
inhalation risk assessments. The study NOAEL was 5 mg/kg/day based on developmental d kc t' 
of the brain. including exencephaly. dilated ventricles. and hypoplastic cerhellum. obsened Jt the 

LOAEL of I 0 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 I 00% absorption for inhalation exposure should be 
assumed for calculating inhalation exposure and risk. The target MOE for residential exposures 
is 1000. which includes the standard I OOX combined UF. as well as the 1 OX UF"'' lor an 
incomplete database. The target MOE for occupational assessments is I 00. 

The HIARC recommended that short- and intermediate-term aggregate risk assessments forth~ 
population females 13-50 be calculated by comparing aggregate exposure (dietary. dermaL and 
inhalation) to the NOAEI. from the developmental toxicity study in rats. The endpoint is 

. considered relevant for the population (females 13 - 50) and duration of exposure. 
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Appendix I. ETU Hazard Profile. and Doses and Endpoints for Risk Assessment. 

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

The HIARC selected long-tenn dermal and inhalation endpoints from the chronic toxicity study 
in dogs The NOAEL is 0.18 mglkg/day based on decn·ased body weight gain, increased thyroid . 
\\etght. and microscopic changes in the thyroid at the LOAEL of 1.99 mg/kg/day. Since an oral 
stud' \\aS selected. estimated dennal exposure should be adJusted by 26%, the ETU dermal 
absorpt10n factor. For calculating inhalation risks, a I 00% absorption factor should be used. For 
residential exposures, the target MOE for ETU is I 000, based on the combined UFs of I OOX for 
intra-species variability andinterspecies extrapolation, and an additional I OX UF08 for an 
incomplete database. For occupational exposures, the target MOE for detrnal and inhalation . 
exposures is I 00. · 
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Appendix I. ETU Hazard Profile. and Oo'~' .md Endpoints for Risk Assessment 

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

Dietary 

13- 50 

Dietary 

Dietary 

Term 
1-30 days] 

Term 

to 6 

Term 
1-30 days] 

Term 
days - 6 months] 

Term 
6 months] 

Dose Used in Risk Assessment and 

ETU 

. =.::; m~ 1-.'..! dav - . 

~ IOOX (Inter and intraspecies) 

UF "-- 1 oxdmOa,e 

Total UF c, I OOOX 

RID~ 0.005 

~ 0 18 mg/kg/day 

llro IOOX (inter and intraspecies) 
(If- lOX 

dmab,"t 

RID~0.0002 

Endpoint for Risk 

FQPA SF~ IX 

~Acute RID 

FQPA SF 

AD~ 0.005 mg/kg/day 

Study and Toxicological 

RatToxicit\ 
• 

MRID 1\in 

1 Om2/kgJda' to<~ .... t'll - ~ . 
de\ t: IPpmental defecr' n r 

appropriate endpoint attributable to a· single exposure 
was identified. 

A SF c IX 

~ Chronic RID 

FQPA SF 

~ 0.0002 mg/kg/day 

' 

• • 
I 

Dog Chrornt.. ( lr !I To\icit\' 
~ " 

LOAEL ' qo m~ kg/dav - ~ . 
thvrord W\Jlrh .. 

is classified as a Group 82 carcinogen with a 
approach for human risk assessment. based 

liver tumors in female mice 

ETU Incidental Oral res I 
~ 7 mg/kg/day range-finding dog studv 

~ y ~ -

I 
· ~ IOOX (inter and intraspecies) Residential MOE~ 1000 LOAEL · 3-l mgikgiday based 

MOE~ N;A 

ETll Dermal = 
~ 5 mg. 'g da' FQPA ~ IX 

UF · I OOX (inter and m<raspecies) 
- I OX,,,b'" Residential MUle - IIIII() 

otal UF ~ I OOOX 
~ 26% MUt" ·~ I t)O 

LIF --lOX databa_,e 

Total UF ~ IOOOX 
DA "' 26% 

Residential MOE c I 000 

MOE~ 100 

()9 

tOXIC It\' 

I 0 mg/kg/da). based 

developmental defects of 

1:::1.-- 1 99 mg/kg;ddy ba:-.~;;J 
thyroid toxicity 
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ETU Toxicological Doses and Endpoints for Use in Human Health Risk Assessment . 

Tenn 
-30 days] 

Tenn 
days - 6 months] 

months] 

• 

Dose Used in Risk Assessment and 
• 

ETU 
= 5 mg!kglday 

= l OOX (inter and intraspecies) 

ur = JQXd~•At~•~ 
UF ~ JIIOOX 

= l00°o 

= 0.18 mg!kglday 
ur = IOOX (inter and intraspecies) 

= 1 oxdataba.e 

liF"iOOOX 

• 

• 

70 
• 

Endpomt for Risk Study and Toxicological 

Rat Toxicity 
Study, MRlD No. 

. MOE= 1000 7601) 
LOAEL = 10 mg!kg(day, based 

Occupational MOE = l 00 developmental defects of 

=IX 

MOE= 1000 

Chronic Oral Toxicity 

I. 99 mg!kglday 
thyroid toxicity 

• 

• 

• 
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Appendix 2. Maneb Application Rates 

~A~ 
Label Application Rates (lb ai/acre) 

Average Application 

Crop Group Crop or Target 
~~~ ~·· 

· · ~ Season ' lion 

I~ IC rJnl">t>rrtt'' 4.8 2.4 14.4 '" 
B . .ln Ill I' 2.4 1.6 ~~ Bunch. Bundle '' I I 

~ '-!dt"\1 1.6 1.2 6 , ' 
Crop. Lm .. /Medium 

l\~1· :h I . ::! I I . , 

"Ji< I , I 
·Crop. Tall 

iS· Com. Popcorn. Sweet 
I)' . " .. 

f>\\~,.,( 

prnamentals I~ l i3 1'.A I , 

!App~es: Prebloom 4.8 NA 1 (j ~ 
' 

FruiL Dcciduow. iAI pit · Extended 2.-t NA I b.8 

~adota~ 2.4 NA 

* 
'd) 

1it.E 1.6 ,;[) 

~Nut 6.4 4.8 :- t ·::. l 

,,;;;- . . I '4 3 "' , I ' . 

lli/l,russcl Sprouts ' , ' u " I ' 

lcaulino · ' .. 
I. , 

' • Brassi~:a I' 'abba"e 
• . .. , l .. : , , 

hines~~~ohlrabi , .. I , I , ,n " ,_ 
1.6 I o ! ..., !o! i nb, , 

. 

ml ; ( l I 

k 1<>11:< cantaloupes 1_ (' I .. .. 
' 

I Cucurbll kiPns: honevde\\ ]() ( I ~ ' ' 
, 

• 

\It l~>n,; v.;:ttermdon i () II ~ ' 
' I " . . . 

l'unq ~ 111 ; .I) I 2 , , 
l">qu11 J.6 l.2 

. 

' 
, ' I , . , 

l'c['l'•, \\'est 1_6 1.~ '" , I , 

l.ast of Miss. I T> ~" 2- -t I ' , 
• I Fruitine '""Ff""'-~ ' ' ' 

Tomatoes_ Wt!sl of Miss. ' c lh 1.2 ' ' romatot:s: East of Mis:. "4 1.:: I c \ ' 
I' I . I >.JA 1 " ~. r ' 

I '" 
Kale ]h I_ I' ' ' ' I 

. Leaf\· l.dtucc I I, I c '~h\"-• ' ' 'I ' 

tv1ustard (Jrccn~ I _ 2 . NA ' ' , 
jlurnlpl . ' '- 0JA I 

" 0 4 1.6 ., ' I , 

id" bulbi I 2 '-t I 16 ' 

~~eg< Root )nion:, (green) I ' .j I h ' Potatoe; ' ' 

* 
I . 2 112 

, 

' ' 
. 

lis " •est !.2 " \ X 

' I I ' 
.. • 1 

I ·National Cranberrv Institute Data . 
• 

2- Maneb Usage Comparisons. Elf Atochem memo of April 23. 1999. 
3- For leafy vegetables. rates are lb ai/cutting. EPA QUA report of December 2. 2002. 
4- CA DPR Data: 1993 to 2001. 

aiiacre) 
"""Pe;'"\ ear 

"I 

' I , 
,'r,,_}\ 

, 

'" 
i I_ I 

, , 

. I 

Nf) 
4 ') -, 

-:j-
I I 

I 

' 
, , 

, 
' I 
I , 
I 

I , , 

' 
I , 

' ' ,, 
, 

~ 

' I 
' 

I 

. ' 
I 
' ' l ' ' 

I , 

I • 

5 · NASS data: Fruits ( 1993 to 200 I). Vegetables ( 1992 to 2000). Field Crops ( 19'>:; to 200 II 
Floriculture and Nursery (2000) 
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• 

6- Rates for ornamentals are given in lbs ai/IOO'gallons and were converted to lb ai/acre by 
assuming that I UO gallons of spray would be applied per acre. · 
7 - Use is lim tied to cut cultivated greens per 2000 NASS Floriculture and Nursery Survey. 
ND - No data available. 

or Seed Piece Max Rate 
0.2 

0.27 

15 

0.31 

' -
_,... ____ ...;0:,-;18:__ ___ _ 

0.23 
0.06 

0.16 
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Appendix 3. Tolerance Reassessment Summa!") 

Maneb tolerances are established under 40 CFR § 180.11 O(a) and ~ 180.11 O(bl. The permanenl 
tolerances listed under 40 CFR ~ 180.11 0( a) are expressed in terms of the residues of the 
fungicide maneb (manganese ethylenebisdithiocarbamate ), calculated as Line 
ethylenebisdithiocarbamate. The time-limited tolerance listed in 40 CFR ~ 180.11 0( b) ts 
currently expressed in terms of the residues of maneb and its metabolite ethylenethiourea II I I 

The only established maneb tolerances are for plant commodities. No maneb tolerances have vet 
been established in livestock or processed food/feed commodities. The Agency 1s now 
recommending that maneb tolerances also be established in livestock commodities. Based on d 

reevaluation of the available plant and livestock metabolism studies. the Agency has reatlirmcd 
that the residues of toxicological concern. i.e. to be included in risk assessment, are the parent 
EBDC (including maneb) and ETU (MARC decision dated 2/28/03: 0288607. -08. and -09. l. 
Swartz). For regulatory/enforcement purposes, the Agency recommends that tolerances m plant 
and livestock commodities at 40 CFR ~ 180.11 0( 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 zineh. 

Since issuance of the ~aneb Update. the Agency has updated the list ofra\\ .t~ttcultural and 
processed commodities and feedstuffs derived from crops (Tahle I. OPPT\ < d '- X flO.! 000) .~, 

a result of changes to I Jbk I maneb tolerances for certam R ",(_ s that have been removed from 
the livestock feeds tabk need to be revoked. Also. some u>nllll\ldity detinition' 11111,1 be 
corrected. A summar; ,,f mJneb tolerance reassessments" presented in Table \ · 

1 okr Jill c·s l 1 'lc J Under 40 CFR § 180. I liiJ.tl 

\ullluent data have been submitted (or were translated when approprjate 1 to reassess the 
eswhltshed 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. 

Insufficient data are available to reassess the' 'tahlished tolerances in/on the f(Jllowinu 
commodities: apples: bananas: Chinese cahl>,t~c collards: cranberries: endive !escarole): figs: 
kale; lettuce: mustard ·greens: onions I ~reen 1 l'<~flilVas: peppers: potatoes: sweet C<lrn I kernels 
plus cob with husk removed): anclturntp tops. 

The established tolerances inion the J,>llLlwing commodllte' ,!Jould be revoked since maneb uses 
on certain crops were disallowed for reregistration as pe1 [ HI lC PO 4: apricots: beans (succulent 
form): carrots: celery: nectarines: and peaches. 

A maneb tolerance for garlic has also not been esiahlhheJ and need not be proposed. In 
accordance with 40 CFR ~I 80.1. the reassessed t(>lerance for onions (dry bulb) may appl' to 
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. 

Appendix 3. Tolerance Reassessment Summary 

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

. 

TokrJnce> I o Be Propo,ed Under 40 CFR §180.110p! 

A tolerance is requ1red and must be proposed in "beet, sugar, root" based on the available field 
trial data. 

• 

Tolerances are required and must be proposed inion the following commodities after adequate. 
field trial data have been submitted and evaluated: almond, hulls; com. pop, grain; com, pop, 
stover; com, sweet. forage; and com, 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 commodities 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 commodities of these crops when the requested studies have been submitted. 

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

Tolerances in 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. 

Tolerance> I l;lcd I 'nder 40 CFR §ISO I JOJl·q 

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 
pennanent tolerance in walnuts currently proposed . 

• 
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Table A3-l Tolerance Reassessment Summan.- for Maneb. 
• 

Established Reassessed 
Cum Ill<..' ill 

I 
Commodir; Tolerance Tolerance 1 

/(i!!!,l'' '•IJitn()(/ji • jl /!!lift ' ' I 
1 ) I 

• ·40CFR 

Almonds OJ .5!.:. A I m ond..!!!f!!!!!:!!!_ 

Apnl~~c· ' TBD. Additional aprk ''' lc trial daw arc 
>" ~-I 

~~~- 10 Revoke Disallowed tur 11..'rt ~1-,tratJOIL 

Ban::mJs tnot more than 0.5 ppm) shall 
Additional banana field trial dat·• 
and submissiOns of forcig,n iabet 

be in the pulp after peel is removed and .J TBD 
are reqwreJ 

discarded (preharvest application only) ' ~ ~ Hi' ,f,. I• u I) 

BeansJ!!!I_ form '.5 7 Bean. dry 
i" 

~~(sucrnlent form) 10 Revoke Disallowed for ~ 

Broccoli !..Q_ 6 

Brussels~ 
' 

10 6 Translated from broccoli data. 

I~ 10 21 

Chinese cabbage· 10 TBD 
Additional field tnal datu arc 

1utred. I~ c'h;, :scj • 

I~ 7 ~ ~ (lSirJIIOII 

Cauliflower 10 Transl,th.d lrorn broccnl1 d 111 

Cele ) Revoke Disalln\\c-J hlr re )'>(IJltUI• 

Collards 10 TBD 
Additional field trial data on 
collards are~ ' 

Cranberries TBD 
Ad0ilirm~l cranberrv ticld trial data 

' • 

I lCC lcCJUircJ J(•· • I 

I~ .j 2Q. if,_ Ul!lf.L I 

Eggplants 7 2.5 
I 1 _tn:::.lJILJ !rom tomato data. 

~ -t 

Endive (escarole) 10 TBD To he 1ranslated from dat;J 
' requested t(:Jr leaf lettuce_ 

~ 
c TBD fC!gl 

".'i I~ 7 • 
?C • 

• 

Kale 10 TBD ' 

Kohlrabi 10 6 Translated from broccoli dat<L 

I Additional field trial data on heaJ 
• TBD ' 

lettuce are~ I/ tucc.~ • ' 
• 

Lettuce Ill 
' Additional tield tnal data on leat 

. 

lBD 
I lettuce arl..' 

. . I I ' 1(1 ' 

Melons .j ' . ' 
I Additional field tnal d3ta on • 

Mustard greens Ill fB[) 
mustard reens arl:~red_ 

Nectarines Ill Revoke DisaiiP\\LJ 1\·r~ 

~ ' 6 ~~hi 

··- ontun" , r ,·lf/10/e.~ ful/.;;, 
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Table A3-1 (con(inued). 

Table A3-1. foleranc~ Summary for Maneb. 
. Established 

• 1 Comment 
Commodttv Tolerance Tolerance [C C d. D ft . . J I ~II)' e: .tmtwn 

. :mL ~~ 
Additional papaya field trial data • 

Papayas 10 TBD 
· are..!S!!~ ~ 

!.Q. ~ Peaches ~~non-. 

Peppers 7 TBD bell peppers are required. 

-!.I: bel~ 

Potatoes 0.1 TBD 
Additional potato field trial data are 

~~ 
• 

Translated from melon data. . 

Pumpkins 7 3 

·I~ ~ !lQ. 
Summer squash 4 2.0 

Translated from cucumber data. 

~~~ . 

. . Translated from melon data . 
Winter squash - 4 3 

[S< ·'· winter 
. 

'" eet com (kernels plus cob with husk 
5 TBD [Corn "''eet IK + CWHR)] rem .e'!L 

I , 4 2.5 1'~-
• 

Tum ips grown for roots may .not be Turnip roots 7 Revoke 
~ • 

Turnip, tops 10 TBD Additional field trial data on turnip 
~ar(,. u1red. 

_Tolerances To Be~i.Jnder40 CFR~llO (d)' 

Almond, hulls . 
None TBD Additional field trial data on 

almond hulls are n:_qui':"d. 
• 

I \3eet. ,, root None 1.2 

I Beet, ~dried None 2.5 
.. 

Cattle. fat None 0.02 

I Cattle. m2:rE. None 0.02 

Cattle. meat None 0.02 

To be translated from data 
Corn. pop, grain None TBD requested for sweet com (K + 

I CWHR) . 

Com. pop, sto\er None TBD 
T 0 be translated from data 

I r.:_g_u~tec:!_ fOr sweet corn stover. 

I Corn. sweet.~ . None TBD 

Com "weet. stover None TBD 

~ ""' None 0.02 -
• 
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Table A3-l rconunued; 

I Table A3-1. Tolerance Reassessment Summary· for Maneb. 

Established Reassessed 
Comment 

Com,modity Tolerance Tolerance 
/Correct ( 'ommoda1 Definirron;' . 

Cattle, fat None 0.02 

Cattle~ None 0.02 

Cattle, meat None 0.02 

Goats. fat None 0.02 

Goats. mb!:..!C None 0.02 

~meat None 0.02 

~fat None 0.02 

~ None 0.02 

~meat None 0.02 

Horses. fat N(llle 0.02 

I~ None n.02 

Horses, meat "\J un- 0.02 

Milk None 0.02 

Poul fat None 0.02 

Poul ~ None 0.02 

Poultry, meat None 0.02 

~fat None 0.02 

~m :1:: None () .!12 

~meat [\;one 0.02 

~ 
Walnuts II .0' om Expiration/revocation date 12:'3] 103 

associated with a Sec.J!!.Walnuti 

The reassessed tolerances are for the residues lJf mancb expressed as carbon disulfide. per se. <:~ml are contingen1 
upon the recommended label revisions outlined in Table B. 
TBD =To be determined. Reassessment oftolerance(s) cannot be made at this time because additional data arr..: 
required. 
Does not include tolerances that may be required from use of maneb on crops with seed or propagation stoch 
treatments_ 
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CODEX HARMONIZATION 

There are no established or proposed Codex MRLs for residues of maneb per se; however. 
Codex limits for dimethyldithiocarbarnates fungicides are grouped under dithiocarbarnates. The 
maximum residue limits (MRLs) for dithiocarbarnates are established for several commodities 
resulting from the use of mancozeb, maneb, metiram, propineb, thirarn, and zirarn 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 dithiocarbamates 1 and applicable U.S. tolerances for maneb. Recommendations are 

. based on conclusions ~ l 
. 

Codex 
Reassessed U.S. Maneb 

• 

Comments MRL- Tolerance, ppm Commodity, As Defined 
' . 

Almond hulls 20 . 
To be detennined 

Source of Codex data: maneb, ziram 

US tolerance and Codex MRL are now 
Almonds 0.1 (•) 0.1 harmon1zed Source of Codex data: 

maneb "-!! 11 
. 

Asparagus 0.1 
Not supported for 

Sourct! oj Codex data: mancozeb 
. 

Ran,m.l 2 TBD Source .:1!-o. /.-.:, Jata: J!lancozeb 

~ . ~ol ( .,J, ' .tara: 
Not supported for 

Source of L r;det dura: manCozeb, 
Barley straw and fodder, dry 25 reregistration 

~ . 

Use pattern in US supports the higher 
Cabbages, head . 5 21 tolerance. Source of Codex data: 

~~~ 
Carrot I Revoke Source of ( u._.',•\ dato m.mlozeb 

Cherries . l 
Not supported for 

~ 
Source u./ CJJe.\ Ju/J. th1ram 

Cos lettuce 10 TBD '£.:!!!;! . 

~~ __:@Q.. Source f'Cod.ex data: mancozeb 

• 
Use pattern in US supports the higher 

Cucumber " 2.0 tolerance. Source of Codex data: -. . 
mancozeb. maneb · · 

Currants. black. red. white 10 
Not supported for 

1 
~ourc~ ~lCodex data: mancozeb, 

• . 

Use pattern in US supports the lower 
Edible otTal (mammalian) 0. I 0.02 tolerance. Source of Codex datu: 

~~. -

78 (continued; footnotes follow) 
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Table A3<2 ( contmuedl 

L' 
Reassessed U.S. Maneb " . ~1RI Lommem~ 

Commodity, As Defined ~I 
Use pattern in US supports tht 1~)\\t. r 

Eggs 0.05 (*) 0.02 tolerance \11urce ol( 'odex dotu 
• manco!Lb 

Use panem m US supports the higher 

Garlic 0.5 6 tor bulb omons tolerance. Source r?(Codex data:· 
mancozeb 

Use pattern in L'S ~upports the lo\.Vcr 
Grapes 5 2.5 tolerance. S'ource ofCudex dater 

~ metir~m. maneb~ 

Hops. dry 30 
Not 'upponed for 

S•Jurc.:t u/ ( ucki da!U.- metJram 

15 TBD 
Source uj ..__~uJ~::.l data. mancozeb. 

Kale 
maneb 

I~ 1.5 ..1Jll ' . '" "' ( 
'I·,/~ 

I"BD 
,\(!j/1(_( ,,, < ,/~ \ /d{ I ill<lll<..d/<..f 

Lettuce, head 10 
~ 

. 

I~ ") I < 

I~ 10 Not supported for ~of ' .I. i ,/,J!d • 

~ 2 reregistration Source of ( 11,/l i (/,ud mancozeb 
. 

Meat (from mammals other 
Use pattflflln ''" "'upports the lower 

0.05('1 0.02 tolerance. ,)'ourcc of CnJex data 
than marine mammals) I mancozeb, met ira~ 

Use pattern in lJS supports the higher 
Melons. except watennelon 0.5 I 3.0 tolerance_ Source of ( ·ud(D duto 

I I mancozeb~meb 
Use pattern m lJS supports the lower 

Milks 0.05 (*) 0.02 tolerance . .\'ourcc of ( ·udcx dula 
I mancozeb. metiram. 

Use pattern in US supports the higher 
Onion, bulb 0.5 6 tolerance. S1 mn ·c of ( -~ Jdc.-r dufu-

I~ 
Oranges, sweet. sour 0 N~or - .).ource of ( 'o,/, ' /,1/ I n1ancozeb • 

S'uurce...:JL ( ·IAh 1 1 n,' mancozeb ' I~ -

PL tll\JI 0. 1 ( * Not supported for Source Co.lc \ /d[,l mancozt:b 

Pe .JHUt tOdder 5 reregistration ~\·uurce ot ( 'odex dar a_ mancozeb -
Pepper. sweet 1 

TBD 
Source ol( 'odcx datu man~. ~~;,r 

' ~ . 
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Table A3-'2 'cfn1ti»ued). 

r. 
Reassessed U.S. Maneb C 

MRL ' omments 
Commodity~~~ 

I 
· . Not supported for 

Plums (including prunes) ~ Source of Codex data: thiram 

Pome fruits 5 

0. I 

Squash. summer I 

Su~ar beet 0.5 -

Sugar beet ka\t..'> or tops 20 

Sw ~ 0. (*_ 

Tomato 5 

0.02 

3.0 

3.0 

1.2 

120 

2.5 

Source :odex data:~::.:;_ __ 

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

--------------~ :·:::::; 
' 

Watermelon 1 5.0 for melons 
Use pattern in US supports the higher 
tolerance. Source of Codex data: 

----------.-+--~---.----~~~----~ 
Wheat I Source of Codex data:. mancozeb, 

Not supported for ~:!i!: 
reregistration Source o>j'Codex data: mancozeb, Wheat straw and fodder, drv 25 

-----------------·-· ________ _, ________________ ~ ma~neb~.m~e~ti~ra~m~-------------
Use pattern in US supports the higher 

3.0 tolerance. Source of Codex data: 

========~ 
Winter squash 0.1 

' 

' 80 . (continued; footnotes follow) 
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Table A3-2 (continued). 

Plant and animal commodities, maximum residue limits (MRLs). and source of data for residues of 
dithiocarbamates and ethylene thiourea (ETU) were obtained from a search conducted on LWOO otthe r \I 

STAT Database. Codex Alimentarius Pestictde Residues in Food 
(http:! Iapps I . fao .org/ serv leu or g. fao. waicent.codex·. PesticideServ let). 
All MRLs are at CXL step. An asterisk(*) signifies that the MRL was established at or about the limit of 
detection. 

81 
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