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SUBJECT: 	 Review of DPR's Draft Molinate Toxic Air Contaminant Documents 

Thank you for the opportunity to review the draft molinate documents submitted to us 
with your memorandum of September 25, 1998, to support evaluation of molinate as a toxic air 
contaminant (TAC). We have reviewed and evaluated these documents, which include the 
molinate Risk Characterization Document (RCD) dated March 1, 1996; the Environmental Fate 
of Molinate document dated September 18, 1998; our previous comments dated Febmary 5, 
1996, on the Department of Pesticide Regulation's (DPR) draft molinate RCD; and the DPR 
response dated March 6, 1996. We have evaluated these documents in the context of their 
applicability to support the AB 1807 TAC process and the recent discussions of the Scientific 
Review Panel on the TAC program. 

In general, we are pleased with the infonnation added in the environmental fate 
document, but believe that the package still has some significant limitations. An update of these 
documents to address the remaining issues, noted below, would be an important improvement. 

The most significant of the limitations of the present documents is the lack of discussion 
of the major molinate product presently used in California, Ordram 15 GM. This new granular 
formulation might produce molinate exposure concentrations or patterns different from those 
described for earlier product formulations. OEHHA staff attempted to resolve this issue by 
gathering more information on properties and use of Ordram 15 GM, which was introduced in 
California in 1997. However, inadequate data were available to them to estimate the effect of the 
molinate reformulation on environmental release of molinate dust or vapors, and subsequent 
human exposure. Incorporation of any further infonnation on the new product that is available to 
DPR and acknowledgement of the uncertainties resulting from the refonnulation would be 
useful. 
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One of the remaining OEHHA staff concerns regarding the risk characterization is related 
to the carcinogenic potential of molinate. The risk characterization document assumes that 
molinate causes tumors by a threshold mechanism. This effect was observed only at a high dose, 
so it is not used in the risk assessment in calculating margins of safety or risk. OEHHA' s analysis 
of the data indicates there is adequate evidence for carcinogenicity to justify a risk assessment 
based on the significantly higher incidence of testicular tumors compared to historical controls. 
The document would be more complete ifrisk risks were estimated with a low-dose linear 
extrapolation and then compared to other risk characterization alternatives. 

OEHHA staff also have .concerns about the potential for low-dose, irreversible 
neurotoxicity of molinate. The document states that the neurotoxicity NOEL is 1 mg/kg for dogs 
and 0.48 mg/kg for rats. U.S. EPA in its 1995 Molinate Occupational Risk Assessment judged 
these doses as showing neuropathological effects. We agree with the U.S. EPA document that 
the dose of 1 mg/kg-day in dogs and 0.48 mg/kg-day in rats are lowest-observed-effect levels 
(LOELs). Further, we believe that the potential for irreversible neurotoxicity justifies further 
consideration of these endpoints, to protect against long-term adverse effects. 

Recently OEHHA has received new data from Zeneca, the manufacturer of molinate 
products, which addresses the question of whether the mechanism of molinate reproductive 
toxicity should be considered relevant to humans, and if so, whether there should be a correction 
for the lowered proportion of the putative toxic metabolite formed in humans. However, the 
toxicology data review for the RCD in this package includes information only through 1994. The 
new toxicity data are presently under review at OEHHA as part of our Proposition 65 
Implementation. OEHHA staff have not reached a conclusion regarding the submitted date at this 
time. Thus, we are unable to assist in providing input into the TAC program, but can provide our 
insights regarding these data when we complete our analysis. 

More detailed discussion of these and other issues is provided in the attached technical 
memorandum for your consideration. I am concerned that most of the technical comments that 
staff submitted on the previous draft, as indicated in the attachment, still need to be addressed. 
We understand the limited time available to address these issues, and would be happy to work 
with DPR staff to address these concerns. Ifyou have any questions about our evaluation, please 
contact me at (916) 322-2067 or Dr. Anna Fan at (510) 622-3165. 

cc: See next page. 
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cc: 	 Joan E. Denton, Ph.D., Director 
Office ofEnvironmental Health Hazard Assessment 
301 Capitol Mall, Room 205 
Sacramento, CA 95814-432 

Val F. Siebal 
Chief Deputy Director 
Office of Environmental Health Hazard Assessment 
301 Capitol Mall, Room 205 
Sacramento, CA 95814-4327 

Anna M. Fan, Ph.D., Chief 
Pesticide and Environmental Toxicology Section 
1515 Clay Street, 16th Floor 
Sacramento, CA 94612 
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bee: 

Michael J. DiBartolomeis, Ph.D. 

Robert A. Howd, Ph.D. 

Joy \Visniewski, Ph.D. 
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FROM: Robert A. Howd, Ph.D. 
 () • , \_l v'"Q_ 
StaffToxicologist tf-P, \¥ 


DATE: November 20, 1998 


SUBJECT: Review ofDPR's draft Toxic Air Contaminant package for Molinate 


In response to the request from Paul Gosselin to review the Department of Pesticide Regulation's 
(DPR) Draft Molinate Risk Assessment, this document has been prepared to discuss the technical issues 
and clarify our unresolved comments on the earlier molinate risk characterization document (RCD). 
This review also considers issues ofrelevance to the Toxic Air Contaminant (TAC) program, unlike 
earlier OEHHA evaluations of molinate toxicity reviews, which were oriented toward SB 950 issues. 

The molinate TAC package essentially consists of the March 1, 1996 RCD plus a new 
environmental fate report dated September 18, 1998. No substantive changes were made in this RCD in 
response to our earlier comments, so all the applicable earlier comments are repeated here. 

The documents do not acknowledge or discuss the fact that the major molinate product now in 
use has been changed, which might alter molinate use and exposure patterns. Exposure calculations are 
based on 1990 and 1992 data on the discontinued Ordram products. We have not attempted to 
recalculate exposures and risks for molinate based on the new, reformulated product Ordram 15 GM 
(15% active ingredient adsorbed onto montmorillonite clay, compared to the previous Ordram 10 G, a 
10% granular product), because no air monitoring data were available to OEHHA for Ordram 15 GM. It 
appears that the amount and pattern of use of Ordram 15 GM is similar to that of the earlier formulation 
(personal communication with Marshal Lee, DPR Environmental Monitoring and Pest Management 
Branch). However, the potential for release of particles or vapor into the atmosphere from this product 
can be expected to differ from the Ordram 10 G formulation (which was the reason for cancellation of a 
previous 15% active ingredient Ordram product a few years ago). 

The molinate toxicology discussions are based on data through 1994 and do not adequately 
address several issues raised by OEHHA in previous reviews. In addition, new studies on the 
reproductive toxicity ofmolinate (Ellis et al., 1998; Jewel and Miller, 1998; Jewell, Hess, and Miller, 
1998; Wickramaratne et al., 1998) are relevant to the evaluation of the NOEL on which the Margin of 
Safety (MOS) calculations are based in the RCD. Consideration of the new studies might result in larger 
apparent MOSs for reproductive toxicity. OEHi-IA is currently evaluating the new reproductive toxicity 
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studies for consideration ofmolinate as a developmental or reproductive toxicant under Proposition 65. 
Because these evaluations are incomplete, no conclusions on the studies are presented here. However, 
we recommend that the risk assessment be based on neurotoxicity, which would, we believe, decrease 
the MOS. The geometric mean occupational MOS could be as low as 24, with an upper 95% confidence 
limit of 3.4. based on the monitoring data for the Ordram I 0 G formulation (recalculated from the data in 
Table 26). 

Earlier assessments ofmolinate toxicity by the U.S. EPA (1995) and OEHHA (in earlier 
comments on the RCD) concluded that molinate is considerably more toxic, based on neurotoxicity and 
potential carcinogenicity, than assumed in this RCD. We estimate that some occupational margins of 
safety are considerably less than I00 for neurotoxicity and cancer risks may be greater than Io·'. Levels 
ofmolinate in ambient air and the resulting risks to the general population would be lower than the 
occupational risks. 

Comments on "Environmental Fate ofMolinate" 

The environmental fate document is well-prepared and the descriptions of the historical month
by-month molinate use patterns are particularly valuable in addressing exposure issues. Coverage of 
relevant fate and transport issues is reasonably comprehensive except for the lack of consideration of the 
current molinate product (Ordram 15 GM) and its use patterns. Further discussion of molinate products, 
handling, and the effect of these variables on environmental dispersion would be appropriate, including 
estimates of the amount ofmolinate applied preflooding and the proportion applied by air. The extent to 
which the earlier monitoring data would be applicable to the new formulation and application practices 
should be addressed. 

Specific comments are discussed below: 

It appears that the first page or two of the Table of Contents is missing. The part received starts 
with Table 5, page 18. In addition, we suggest a separate reference section at the end, rather than 
references after each chapter. 

Page 2, under "Physical and Chemical Characteristics, states that molinate is unstable to light. 
However, page 13 provides evidence that photodecomposition does not occur for molinate in soil, and 
page 15 indicates (first line) that "photodegradation is not a significant route of dissipation" ofmolinate 
in water, and (fourth line) "no significant photolytic breakdown occurred for the duration of the study" 
(in water); no data are provided on photolytic breakdown in air. Thus there could be some question as to 
whether molinate is "unstable to light" under environmental conditions. Clarification of the apparent 
discrepancy is requested. 

On p. 5 it is noted that molinate may be applied either preplant (by air or ground application) or 
post-planting (by air only). With a preplant, preflood operation, molinate must be incorporated into the 
soil within six hours, according to the product label. The time lag before discing or harrowing could 
result in a higher amount of molinate vaporization than when molinate is applied postplanting to flooded 
fields. Therefore the amount of molinate applied by preplant application is likely to be relevant to the 
total exposure pattern, and should be mentioned. In a personal communication, the DPR author of the 
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document supplied data from the Pesticide Use Report database to indicate that 98 to 99% of the total 
molinate was applied by air in 1992 through 1995 (the 10 G formulation). It would be appropriate to 
extend this analysis to include use of the new Ordram 15 GM formulation, and the proportion applied 
preplant versus post-flooding. This could then be used with an evaluation of expected vaporization rates 
under the different conditions to supplement and update the air monitoring results. However, new 
monitoring studies may be advisable because of the change in product formulation. 

Because of the use of molinate in defined regions and availability of total use reporting for 
pesticides, it would be possible with better air monitoring data to determine population risk as well as 
individual risk for molinate. We recommend that consideration be given to such an analysis in the 
future. 

Comments on "Molinate Risk Characterization Document" 

Carcinogenicity issues 

The RCD concludes that the weight of evidence for the oncogenic potential ofmolinate is weak 
based on the following reasons: 1) evidence for oncogenicity in rats was equivocal; 2) no evidence of 
oncogenicity in the mouse; 3) limited evidence ofmutagenicity. The document also concludes that the 
data on male rat kidney tumors are inappropriate for application of the linear multistage model because 
the data suggest a threshold response. 

It was assumed that molinate oncogenic potential is weak, in part, because male rat kidney 
adenoma and carcinoma incidences had to be combined in order to differ significantly from concurrent 
controls (but not historical controls) at the high dose. However, we believe that it is appropriate to 
combine the renal carcinomas and adenomas for hazard assessment, because renal adenomas are a 
precursor lesion for renal carcinoma (U.S. EPA guidelines for Carcinogen Risk Assessment, 1986). 
Based on our analysis of the data, OEHHA questions the comparison in the RCD of what may be the 
highest incidence of tumor occurrence in historical controls with the dosed groups. Historical data 
should be pooled for pairwise comparison. In the nine historical male rat control groups, the pooled 
incidences of kidney cortical tumors, hepatocellular tumors and testicular interstitial cell tumors were 
1.5% (8/540), 7% (38/540) and 3% (16/540), respectively. At the high dose (300 ppm) in the molinate 
study, the incidences of kidney, liver, and testicular interstitial cell ll)mors were 10%, 11 %, and 15%, 
respectively. Both kidney and testicular interstitial tumors were clearly increased above their respective 
incidences in the pooled controls. 

The sentence on p. 27 stating "As the carcinomas appeared first, this suggested that there was no 
progression from benign towards malignant tumors" appears to be inaccurate because adenomas usually 
do not kill and therefore tend to be detected only at terminal sacrifice in studies with good survival and 
low tumor rates. However, carcinomas often are the cause of death and therefore are seen before 
terminal sacrifice. The information provided in the RCD is too limited to support a definitive conclusion 
regarding renal tumor progression. 

Mesotheliomas of the testes were not discussed in the RCD. The incidence of these typically 
highly malignant tumors was 2/48 at the highest dose and 0 at lower doses and in the control group. 
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These tumors arising in the tunica vaginalis of the testes are rare in untreated Sprague-Dawley rats. For 
example, Chandre et al. (Arch. Toxicol. 66:496-502, 1992) reported the control incidence to be 4/1340 
(0.3%). The incidence of2/49 in the high-dose group is statistically significantly higher than this 
incidence in combined untreated rats. Thus, the incidence of a rare, malignant tumor appears to be 
elevated. 

Interstitial cell tumors of the testes are observed in both rat and mouse upon chronic exposure to 
molinate. The incidence of these tumors in the mouse is elevated in the next to highest dose, and entirely 
absent in the highest dose, which impacts the dose-response relationship. U.S. EPA's Health Effect 
Division Carcinogenicity Peer Review Committee report on Molinate ( 1992) also notes that the 
registrant reported an unpublished Japanese study which showed increased interstitial cell tumors of the 
rat testes upon exposure to molinate. Tumors of the testes should be considered especially likely to be 
biologically significant because of the severe effect ofmolinate on that organ. Considering both the 
kidney and testicular tumors in rats, the RCD appears to underestimate the biological significance of the 
observation, especially in regard to rare tumors. U.S. EPA in its risk assessment guidelines for 
carcinogenicity has expressed strongly that the occurrence ofrare tumors contributes to the weight of 
evidence for carcinogenicity. 

We judge that the kidney data are appropriate for risk assessment despite the observation of 
tumors at only one dose. The design of the carcinogenicity study precludes making reliable inferences 
about the existence of a threshold for effects because the mid-level dose is only 13% of the high dose. If 
the response is linear, the expected number of kidney tumors in the mid-dose group is about 0.7 (13% of 
5). With this expected number, the maximum likelihood outcome with 49 animals in the mid-dose group 
is zero tumors (and also zero in the low-dose group). Therefore, the experimental data are consistent 
with either a threshold or a linear, non-threshold dose response relationship. Prudent risk assessment 
practice is to use a linear low-dose extrapolation through zero unless there is compelling evidence of a 
threshold, including mechanistic data. We conclude that the criteria for assuming a threshold have not 
been met in this case. 

The U.S. EPA's Carcinogen Peer Review Committee (1992) derived a cancer potency slope for 
molinate based on the rat kidney tumor data. We suggest that a comparable analysis of cancer potency 
be included in this RCD for consistency with U.S. EPA, and for additional perspective in the hazard 
evaluation and risk characterization. 

Neurotoxicity issues 

The risk characterization would be strengthened by additional discussion of the 
neurotoxicological risks associated with exposure to relatively low levels of molinate. Neurotoxic 
effects have been observed to be persistent and possibly irreversible (seep. 41) in dogs, mice and rats, 
and the seasonal exposures are repeated over a lifetime. However, the NOEL for sperm abnormalities in 
rats was used for hazard evaluation for seasonal exposures to molinate in the RCD. Although we agree 
that the reproductive toxicology endpoint is important, we suggest the lower no effect levels for 
neurotoxicity estimated from the chronic toxicity studies in rats or dogs are appropriate to assess health 
risks for the TAC program. 
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The document notes that dogs may be more sensitive to the neurotoxic effects of molinate than 
rats. There are indications of neuropathology in 3/4 dogs at 1 mg/kg-day but this group size is not large 
enough for an effect in 3/4 animals to be significant. Nevertheless, because several different nerves are 
demyelinated, there appears to be a strong propensity toward effects at the 1 mg/kg-day level in dogs. In 
describing this study, the document states on page 31 that" ...considering the sciatic and tibial nerves 
together, there was no clear dose response in incidence or severity in the histological evidence of 
neuropathies at the lower doses compared to the controls." However, with so few animals and the 
incidence so high at the 1 mg/kg-day dose in the sciatic nerve, the lack of a clear dose-response is less 
important. 

Histological evidence of neurodegeneration was clear in the rat study at the one-year sacrifice, 
long before clinical signs were observed (beginning at day 651 ), which apparently are associated with the 
demyelination in the cervical spinal cord and sciatic nerve observed at the two-year sacrifice (see review 
by Taylor and Rinde, U.S. EPA #0009761 and U.S. EPA's Occupational Risk Assessment for Molinate, 
1995). A similar association between histologically demonstrated neuropathology and clinical effects 
was seen in the dog study (p. 31). These observations provide an important perspective on the relative 
insensitivity of clinical signs for evaluating such neurotoxic effects. DPR identified 1 mg/kg-day as a 
NOEL in the RCD based on the intermittent clinical effect in dogs, rather than considering this dose as a 
LOEL based on the frank neuropathology. 

Based on o,ur analysis of the data, we conclude that the NOEL of I mg/kg-day identified in the 
RCD for intermittent clinical signs in dogs does not address the demyelination in sciatic nerve and 
cervical spinal cord at 1 mg/kg-day, as well as the lower effect level (0.48 mg/kg-day) in rats for shorter 
duration exposures. U.S. EPA identified 1 mg/kg-day as a LOEL for this study (Occupational Risk 
Assessment for Molinate, 1995). We suggest using the LOEL of 1.0 mg/kg divided by an uncertainty 
factor of 10 to derive a NOEL of 0.1 mg/kg for this study. 

Also of importance is the estimated no-effect-level for the two-year rat study, which we calculate 
as 0.03 mg/kg-day (0.3 mg/kg-day LOEL I uncertainty factor of 10), based on neurological degeneration 
at all doses. The RCD explanation for not using the LOEL from this chronic rat study is that humans 
will not be exposed continuously for a lifetime. It is true that the study does not mimic the exposure 
pattern anticipated for humans, who would have peak exposures over a few weeks each summer (with 
the potential for low-level exposures for as long as four months each year). Nevertheless, it is plausible 
and prudent to assume that the cumulative and irreversible effects in animals would be similarly 
cumulative and irreversible in humans over multiple seasons, corresponding to chronic risks. This is one 
uncertainty in the risk assessment process that deserves to be identified. 

Reproductive effects 

Assignment ofreproductive studies to various sections of the RCD is confusing. It would seem 
more appropriate to put the section on testicular and sperm pathology and male fertility under 
reproductive toxicity (Section IIIF) with the data on females, rather than subchronic toxicity (IIIC), 
because these endpoints are usually considered part of male reproductive toxicity. Further, the 
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information on ovarian pathology would be logical to transfer from the chronic toxicity section to the 
reproductive toxicity section. The Russian study showing an embryotoxicity endpoint (described on p. 
28) should also be mentioned in the reproductive toxicity section under the subheading of developmental 
toxicity. 

In the reproductive toxicity section, the terms "fertility" and "fecundity" are used in an 
unconventional manner. Fertility usually refers to the number of pregnancies on a per animal basis. A 
NOEL of 50 ppm for reduced fertility is mentioned on p. 34, paragraph 2, but the only endpoint 
mentioned was reduced litter size, which is usually considered an endpoint of reproductive toxicity or 
embryo toxicity (when associated with resorptions), not fertility. Similarly, fecundity is mentioned in the 
title of Table 18, but the endpoint presented is litter size. Fecundity usually refers to the number of 
pregnancies on a per copulation basis. In discussing the same study (Gilles and Richter, 1989) in the 
hazard identification section, this effect on litter size is also referred to as decreased fertility (p. 39, 
paragraph 3). On p. 35, paragraph I, fertility seems to refer to the sperm parameter data which is 
subsequently described. Because the term fertility is mentioned frequently in the risk characterization, it 
is important to use it consistently in describing endpoints. 

A large portion of the hazard identification section is devoted to an argument that molinate 
effects on male reproduction are mediated by the Sertoli cell. This conclusion is contradicted by more 
recent data (Ellis et al., 1998) indicating that molinate or its metabolites concentrate in the Leydig cell in 
male rats. The comparison between effects in rats and monkeys in the RCD should be re-evaluated in 
light of these new data. In addition, the metabolic pathways ofmolinate in various species, including rat, 
monkey and man, should be considered in the cross-species extrapolation (Wickramaratne et al., 1998; 
Jewell et al., 1998; Wilkes et al., 1993). These data may or may not affect the interpretation of the 
species specificity of the molinate effect. Other aspects of the human and monkey studies and the 
patterns of human exposures to ambient molinate levels should be considered in evaluating the likelihood 
of, and potential human sensitivity to, adverse affects of molinate on reproductive ·system tissues. 

Other toxicity issues 

Little mention is made of nasal degeneration observed in animals administered molinate by 
inhalation and even orally. Increased lymphoid hyperplasia was noted in male and female dogs in tl1e 
one year study down to the I mg/kg-day level. In the rat inhalation studies, chronic rhinitis was noted. 
Nasal changes could be a significant problem, particularly with those inhaling molinate. These endpoints 
would be appropriate to consider in the hazard identification. 

Hazard identification 

We agree with the statement on p. 41 of the RCD that the neurotoxic effects ofmolinate may not 
be reversible, and therefore we would choose to use an estimated NOEL of 0.03 mg/kg-day (for nerve 
degeneration) from a chronic rat study. Although humans will not be continuously exposed to molinate 
and the experimental study did not mimic the human exposure pattern, it is nevertheless plausible and 
public health protective to assume that the cumulative effects in animals are applicable to humans who 
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will be seasonally exposed to the chemical over their working lifetime (for occupational exposures) and 
over their entire life (for residential exposures). The fact that irreversible neurologic changes occur 
suggests that effects even on an intermittent basis can be cumulative. The experimental observation of 
irreversible effects cannot, in our opinion, be discounted without further evidence. 

For seasonal exposures to molinate, the RCD utilized a NOEL of0.48 mg/kg-day for sperm 
abnormalities in rats for hazard estimation. We recommend using the NOELs for chronic exposure 
instead, since the neurotoxic effects have been observed to be persistent and possibly irreversible in two 
species, and the seasonal exposures are repeated over a lifetime. Thus, either the estimated NOEL of 0.1 
mg/kg-day for neurotoxic effects in dogs, or of 0.03 mg/kg-day in male rats should be used, depending 
on whether it is presumed that the shorter-duration dog study might be more relevant to the occupational 
exposures. We recommend use of the rat NOEL for neurotoxicity to estimate population hazards, 
representing a lifetime of exposure. The NOEL of 1 mg/kg-day for intermittent clinical signs in dogs 
should not be used for hazard estimation, since this ignores the reported demyelination in sciatic nerve 
and cervical spinal cord at 1 mg/kg-day in this study, as well as the lower effect level of 0.48 mg/kg-day 
for sperm abnormalities in rats for shorter duration exposures. 

With regard to estimating exposures to molinate in air for the TAC program, it should also be 
noted that inhalation toxicity evaluations have been set aside from the RCD hazard evaluation because of 
the difficulty of determining dose in the rat whole-body inhalation exposure studies. Part of the 
difficulty may arise from high dermal uptake of molinate. This would be most relevant to occupational 
exposures in workers wearing respirators, where a significant proportion of the total exposure might be 
from dermal contact with dusts and vapors. These toxicity and exposure data deserve to be reconsidered 
for the air program because of the uncertainties concerning route-to-route extrapolation and the potential 
for tissue-specific metabolite formation (Jewell et al., 1998). 

The estimation ofrelative hazards would be improved by adding an analysis of the range or 
distribution of likely risks, considering the low MOS's. As recommended in the U.S. EPA "Policy for 
Risk Characterization" (March 1995), it would be better to consider "the (range of) exposures to: 
'average' individuals, 'high end' individuals, general population, high exposure group(s), children, [and] 
susceptible populations ... " (Part One, Section III-D), instead of assuming (without quantification) that all 
such individuals or groups will be adequately protected by an uncertainty factor of 10 for interindividual 
variation. The policy as stated in the federal Food Quality Protection Act of 1996 that an extra safety 
factor of 10 should be used to help protect infants and children against toxic effects of pesticides unless 
adequate information is available on potential developmental effects is also appropriate to consider for 
this program. 

Specific comments 

p. i, Executive Summary: The air exposure estimates are based on 1992 air monitoring data. These 
values may have changed over time with different amounts ofmolinate use and the introduction of the 
new molinate product, Ordram 15 GM. The registration for Ordram 10 G, mentioned in the summary, is 
now inactive according to our query of the DPR online chemical product database on Oct. 21, 1998. 
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Ordram 10 G left over from previous seasons is apparently allowed to be used in 1998, according to the 
current use conditions report. The discussion should be updated with the most recent data and discussion 
of trends in molinate use patterns. 

p. ii, Executive Summary, Toxic Effects: Carcinogenicity should be addressed, because it is an endpoint 
of special concern for the TAC program. Even if carcinogenicity is assumed to be a threshold effect, the 
MOS's are in the range of the other effects discussed. In consideration of the goal to fully discuss the 
uncertainties and the resulting range of risk estimates, the risks derived using the linear multistage 
method should be provided. 

p. ii, Executive Summary, Potential Human Exposures: Ifexposures related to Sacramento River water 
contamination are mentioned, exposures due to fish containing molinate and molinate sulfoxide should 
be discussed. It does not seem appropriate to conclude that "All workers ... have margins of safety over 
100" (emphasis added) when the estimates have been prepared for mean exposures, and the distribution 
of worker exposures and risks is unknown. An indication of the distribution of potential exposures, with 
mean values more clearly identified as point estimates, would make this evaluation clearer and more 
comprehensive. 

p. 2, Summary, Environmental Fate: The statement "Molinate did not penetrate soil, and thus is unlikely 
to become a groundwater contaminant" appears to be in contradiction with the inclusion of molinate on 
the Ground Water Protection List (CCR Title 3, Section 6800(b)) as having the potential to pollute 
ground water (Environmental Fate of Molinate, p. 3). It also seems to be in disagreement with the 
statement on p. 9 of this RCD that "molinate will have a high to medium mobility in soil." Resolution of 
these apparent conflicts may simplify further evaluations of the exposure potential. 

p. 2, Summary, Acute Toxicity: The 1994 Horner acute toxicity study (Toxicity Summary pp. 20-21) 
should be mentioned, despite the missing details for which it was criticized in the toxicology review. 
The missing details (on the functional observational battery) do not relate to several effects for which a 
25 mg/kg LOEL was found, i.e., food consumption, body weight, tail flick and motor activity. In our 
opinion, these limitations do not make the study unacceptable for consideration in a risk assessment. 
Estimation of an acute NOEL from this study would add a valuable perspective to this summary, which 
otherwise mentions only LD50s at 500 mg/kg and above. 

p. 3, Summary, Chronic Toxicity: We recommend noting here that carcinogenic effects were statistically 
significant in rats. Since the data cannot be used to distinguish between threshold and non-threshold 
mechanisms, the statement that the data imply a threshold mechanism appears incorrect. We recommend 
that this statement be removed and that carcinogenicity potency factor estimates be added. Considering 
the rat neurotoxicity LOEL of0.3 mg/kg-day after 2 years' exposure, we suggest the NOEL used here 
should be 0.03 mg/kg-day. The LOEL for histologically observable nerve degeneration in the 1 year dog 
study of l mg/kg-day should also be noted in this section, along with a corresponding estimated NOEL 
(perhaps ofO.l mg/kg-day), noting the presence of both central and peripheral demyelination. The U.S. 
EPA NOELs and the corresponding RID would be appropriate to mention. 

p. 3, Summary, Reproductive Toxicity: The NOELs for both male and female reproductive toxicity are 
relevant, and should be stated. 
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p. 3, Summary, Neurotoxicity: An estimated NOEL for significant clinical signs and performance 
decline after a single administration should be provided. Based on the LOEL of 25 mg/kg (Horner, 
1994), we suggest a value of2.5 mg/kg. The repeated-dose neurotoxicity in rats, mice and dogs should 
also be mentioned in this section, or referenced to the discussion under chronic toxicity above. 

p. 3, Summary, Hazard Identification: A NOEL of 11.5 mg/kg for reduced fertility of male rats after 5 
days of exposure was used to estimate acute margins of safety. We suggest that the above estimated 
NOEL of2.5 mg/kg for acute neurotoxic effects may be more applicable. With an MOS of 100, this 
would yield an equivalent safe acute exposure level of 25 µg/kg-day. For seasonal exposures to 
molinate, as discussed before, we recommend that the NOELs for chronic exposure of 0.1 mg/kg-day in 
dogs, or of 0.03 mg/kg-day in male rats should be used instead, because the neurotoxic effects appear to 
be persistent and possibly irreversible. 

p. 4, Summary, Hazard Identification: In the cancer discussion, it is important to note the significant 
trend test for hepatocellular tumors in male rats. The statement criticizing the use of the linearized 
multistage method for data showing no tumors at low doses may be valid, but other linear dose-response 
assumptions may be utilized, while recognizing that the data are inadequate to distinguish between 
threshold and non-threshold mecbanisms. Estimates of the presumed safe level using both threshold and 
non-threshold assumptions would be reasonable. 

p. 4, Summary, Dietary Exposures: The assumptions of molinate at the detection limit in rice for acute 
exposures and one-half the detection limit for annual exposures might be reconsidered. Surrogate values 
above zero may be substituted for values below the detection limit when a data set contains enough 
values above the detection limit to substantiate the hypothesis that the apparent zero values should 
contain some (unknown) level of the chemical. When the chemical has never been found in the raw 
commodity, and if found, would be largely lost upon cooking, as claimed in this case, the assumption of 
any specific level (in rice) can be questioned. Based on the information provided in the risk 
characterization, dietary exposure estimates for molinate residues in rice do not appear to provide useful 
information at this time. Further monitoring to evaluate concentrations of molinate and molinate 
sulfoxide in both rice and in fish would be useful. 

p. 4, Summary, Residential Exposure: The duration of the estimated air and water exposures should be 
mentioned, which would be appropriate to update to include the new information on total duration of 
molinate use which has been presented in the Environmental Fate document (April through July). 
Clarification that the air exposures in Maxwell and water exposures in [West] Sacramento are only 
during the molinate use season would be helpful. The annual daily average doses could also be provided. 
Population estimates for these areas may be appropriate to mention. 

p. 5, Summary, Risk Characterization: The discussions ofresidential and occupational exposures are 
confusing as to which NOEL or estimated NOEL value is being used to derive the various MOS 
estimates. This will be more critical with the lower acute and chronic NOEL values recommended 
above, with some MOS values below 100. 
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p. 5, Summary, Conclusions: Use of the revised NOELs above would require revision here to 
acknowledge the lower MOS values. It would be appropriate to point out that the potential for 
neurotoxicity depends on whether the neurotoxic effects are reversible, and that some types of 
demyelination are reversible, despite the lack of experimental verification in this case. 

p. 7, Illness Reports: There appears to be a disparity between this section and the corresponding section 
in the exposure assessment prepared by the Worker Health and Safety Branch (p. 2), in which 12 
injury/illness reports are mentioned, compared to five noted here. This may be due to whether only 
molinate used alone, or molinate used in combination with other ingredients, is considered. More detail 
on these injuries, particularly those representing systemic toxicity, would be helpful. 

p. 12, Inhalation- rat: We agree that there are problems in interpreting the rat inhalation studies, and 
that the uncertainty in inhalation dose estimation makes the data of limited value in risk assessment. 
However, the atmospheric concentration associated with rat testicular necrosis in a 12 week study, 100 
ug/m3 (Table 7, p. 20), is within the historical range of acute air concentrations from molinate use. This 
provides some perspective on the need to carefully assess human occupational inhalation exposures in 
order to prevent reproductive system effects. Exposures to the general public would be less, but no study 
has reported on reproductive parameters after exposures during the perinatal period, which is critical for 
assessment of potential effects on reproductive system development. 

pp. 13-14, Acute Toxicity: It would be appropriate to mention the Homer (1994) study which led to the 
estimate of a 25 mg/kg acute LOEL, which could be referenced to the more complete description of it 
under Section H, Neurotoxicity (pp. 36-37). 

p. 26, Chronic Toxicity/Oncogenicity, Summary: The study referred to in the first sentence had a highest 
dose of 13 mg/kg-day for the 2-year sacrifice; 29 mg/kg-day is not the highest dose for a lifetime 
exposure as stated, just for the 1-yr sacrifice. We recommend mentioning the estimated NOELs for 
neurotoxicity derived from the chronic rat and dog studies at this point in the risk assessment. 

p. 30, Table 16: The testicular degeneration proportion at 1 mg/kg-day of 16/48 is 33%, not 25% as 
stated. 

p. 31: Apparent demyelination in the cervical spinal cord of males (1/4 in controls, 3 or 4 out of 4 at 
every dose in the treated groups; ICI study Table 21, p. 133) should also be discussed, and shown in 
Table 17. 

p. 36: In the first paragraph, the statement concerning a 360% decrease in weight gain is awkward. It 
might be better to state the average weight gain (or loss) in control and treated groups. The discussion of 
the study of Horner (1994) in the last paragraph fails to note some of the significant low-dose effects, 
i.e., decreases in food consumption and body weight observed at 25 mg/kg (see the Toxicity Summary, p. 
20). More detail is relevant because these are the lowest-dose acute effects ofmolinate. It is not clear 
whether any of the procedural problems noted with this study (p. 37: " ... some groups were too small for 
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meaningful evaluation ... ; the functional observational battery was not performed in the [recommended] 
manner ... ; and findings were typically not graded as to severity") are relevant to the parameters affected 
at low doses (tail flick, motor activity, body weight, food consumption). This could be clarified. 

p. 39, fifth paragraph: This summary of non-reproductive effects ofmolinate mentions "peripheral nerve 
degeneration .... " This should be changed to "peripheral and central neurodegeneration .... " to 
acknowledge the spinal cord (Table 15) and brain (Table 17) effects. 

p. 42, top of page: OEHHA concludes that the effect in rats is relevant to calculating margins of safety 
for the human exposures. The next paragraph should indicate that the I-year LOEL (not NOEL) for 
neurotoxicity in dogs was I mg/kg, based on demyelination of central and peripheral nerves, and provide 
an estimated NOEL for this effect; we recommend 0.1 mg/kg. This level would be acceptable for 
establishing the MOS for annual occupational exposures, although the value of0.03 mg/kg from the rat 
study should also be considered. In the final paragraph on p. 42, the statement that the linearized 
multistage model is not applicable could reasonably be changed to indicate that these data provide a poor 
model fit, and that several different models may be considered, based on the available information. As 
noted above, failure to see tumors at the lower doses is not sufficient evidence to presume a threshold 
cancer mechanism, especially since none would be predicted at these doses and group sizes using a linear 
extrapolation. 

p. 44: Table 19 should include the acute LOEL of 25 mg/kg-day and estimated NOEL 2.5 mg/kg-day for 
various effects in the rat study of Homer, 1994 (identified as 1992 in the footnote); the dose causing 
clinical signs in the chronic rat study (Pettersen and Richter, 1990); the estimated NOEL for nerve 
degeneration in the same rat study; and the LOEL of I mg/kg-day and estimated NOEL of 0.1 mg/kg-day 
in the I-year dog study. 

p. 45, Dietary exposures: Estimating exposures to molinate in rice appears of little relevance because 
molinate has not been found in rice. However, dietary exposure to molinate in fish is appropriate to 
consider, because significant concentrations have been detected in surface waters where fishing occurs as 
well as in fish. We disagree with the statement in the 4th paragraph that any molinate found in 
commercial fish cannot be considered in risk assessment because there is no tolerance for molinate in 
fish (although we are not aware of any active sampling and analysis program for molinate in fish in 
California). OEHHA recommends that all documented concentrations of molinate in fish (or other 
foodstuff) be considered whether or not they represent a "legal" residue, and whether or not that 
particular sample or lot was removed prior to sale. The California (and federal) food sampling programs 
do not sample a high enough proportion of the total lots in commerce to discover and remove a 
significant proportion of the total contaminated food lots from commerce. We agree that changes in the 
concentration of molinate in preparing the food are appropriate to consider in estimating exposure. The 
reference to "declining concentrations of molinate in the waterways" in paragraph 4 is not well supported 
by the limited data provided (Table 21, p. 48, years 1986 to 1990). More recent water sampling data 
wonld be helpful. 
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p. 48. The basis for these assumptions on exposure to molinate in drinking water cannot be reviewed 
because Appendix D, containing the water data referred to in this document, was not included in our 
copies of the risk assessment. Having been presented with only an analysis of the peak levels from mid
May to mid-June, we cannot assess the significance of the simplification used for this assessment that 
only these levels were relevant, nor can we assess the accuracy of the calculations. Data for the entire 
four to five month use period would be appropriate to include (see Environmental Fate supplement, 
Tables 3a-3e). 

p. 49. The oxidation ofmolinate to its sulfoxide(s?) by the chlorination process is referred to in the first 
paragraph, with indication that the sulfoxide can be found in finished water at a level similar to that of 
intact molinate in the raw water. It was assumed for this assessment that the sulfoxide is as potent as 
intact molinate. It would be useful to address this important point earlier under "Metabolism," with 
evidence presented from recent studies (Ellis et al. 1998; Jewell et al., 1998) to support this conclusion 
and discuss whether molinate sulfoxide might be found in rice, fish, or raw surface waters. If the 
information is available, it would also be useful to identify the unspecified molinate degradation products 
in rice noted on p. 45, 3rd paragraph. 

p. 49, second paragraph, and Table 22. A reference is made to a "maximum" exposure to molinate in 
drinking water. The discussion would be clearer if an explanation of how this value is calculated were 
provided, as well as a distinction between levels of molinate and molinate sulfoxide in the water. 

p. 50, last paragraph. The discussion of volatility ofmolinate in drinking water probably should be 
referring to the sulfoxide, not intact molinate, because it is the sulfoxide that has been found in finished 
drinking water, as noted on p. 49. If this is referring to the molinate found in well water it should be so 
stated, but this does not appear to have been considered elsewhere. 

p. 51. It appears from the discussion that dermal contact with contaminated water should consider 
molinate in the Sacramento River or its tributaries, and molinate sulfoxide in municipal drinking water 
supplies. In this context, the statement that no molinate was measured in domestic water supplies 
appears inconsistent with the spirit of the preceding discussion of the presence of the equally toxic 
molinate sulfoxide in domestic water supplies. 

p. 54. The discussion of occupational exposures does not acknowledge the preplant application method, 
and potential exposures of farm workers operating a disc or harrow after preplant application. If a 
significant amount of molinate is applied by this method, an assessment of agricultural worker exposures 
would be appropriate. Estimates of volatilization of molinate in this procedure, compared to the post
flooding application method, are needed. The statement that Ordram 1 OG is applied from the air 
continued to be applicable through the 1995 use season, according to preliminary information supplied to 
us by DPR (W. Kollman, personal communication). Information on application patterns for the current 
formulation, Ordram 15 GM, are needed for an up-to-date evaluation. 
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p. 55. Geometric mean exposures are expressed in Table 26 with standard deviations expressed as+/
figures. This is not mathematically accurate, since geometric standard deviations represent figures by 
which the mean should be multiplied or divided. Thus, the values for adjusted daily dose (ADD) of 
molinate for a direct loader wearing a Tyvek suit of 10.58 +/- 2.7 ug/kg-day represent lower and upper 
values within one SD of3.9 and 28.4 ug/kg-day. The 95% confidence limits are approximately 2.71.96

, or 
1.5 to 74 ug/kg-day. This represents a 7-fold variation from the mean, leaving not much left (in a 10-fold 
protection factor) for potential interindividual differences in sensitivity. The 95% confidence limits of 
seasonal adjusted daily dose (SADD) for 27 days of work during a 35-day use season would be 0.59 to 
28.8 ug/kg-day. If the individual worker's average exposures over the several-day study are 
representative of their seasonal daily exposures, the MOS at the upper 95% confidence limit of exposure 
would be 17 with DPR's NOEL of 0.48 mg/kg-day based on reproductive effects. With a NOEL of 0.1 
mg/kg-day based on irreversible neurotoxicity, the geometric mean MOS is 24 and the MOS at the upper 
95% confidence limit of exposure is 3.4. The estimated MOS would be lower for a 6-week molinate use 
season, or without the highly restrictive work conditions and bag limits assumed. In this regard, it should 
be noted that both the product formulation and bag limits have been subsequently modified from the 
conditions discussed. The 1998 Worker Safety Permit Conditions specify merely a season limit for 
loaders (152,000 pounds). Therefore the values stated in Table 26 do not represent current exposures or 
the range of potential doses. Current exposures are likely, in our opinion, to be equal to or greater than 
those presented in the RCD. 

pp. 56-60, Risk Characterization. Revision of risk estimates to incorporate or consider the lower NOELs 
discussed above would make them more applicable to the TAC program, we feel. A risk assessment for 
a population of sportfishers would also be useful, which might include exposures to molinate in ambient 
air, water, and fish (and rice, if applicable). 

p. 61, Risk Appraisal. The 4th paragraph states that "a 27-day NOEL for reproductive effects in male 
humans may be greater than the 35-day NOEL ... in rats", based on the presumption that the toxic daily 
dose is likely to decrease with increasing duration. However, the 27 human exposure days in question 
was stated as taking place over 35 days (p. 55), which invalidates this point. In addition, the molinate 
use season may extend much longer than 35 days, according to Table 3a-3e in the Environmental Fate 
document. Therefore the actual NOEL could be lower. The estimated MOS of 117 is based on the 
geometric mean exposure level; the MOS for reproductive effects for a worker with the upper 95% 
confidence limit of measured exposures would be approximately 22. 

The last paragraph on this page states "the LOEL in the dog study was I 0 mg/kg-day. The true 
NOEL is likely to be higher, somewhere between 1 mg/kg-day and 10 mg/kg-day." The latter range is 
lower, not higher, and a NOEL is always lower than a LOEL, so it appears that something may have been 
left out here. Clarification would be helpful. 

Appendices 

We are uncertain as to why a higher protective factor for a full-face respirator in the field (98%) 
was assumed than is commonly used (90 or 95%) for the application of the emulsifiable formulation. 
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This may overestimate the protection provided in practice and yield higher apparent margins of safety. 
A new urinary monitoring study for loader/applicators could be appropriate to determine exposures with 
the various formulations and application practices. 

Most of the limitations of the information in the appendices have already been addressed in the 
critique of the Risk Characterization. The most important ones are that the new formulations and 
application methods are not discussed. The current Worker Safety Permit Conditions were not included 
in the original materials sent to us, but were forwarded on October 28, upon request. The lack of 
Appendix D on levels of molinate in water represents a significant impediment to reviewing the data and 
calculations. However, this is less relevant to the use of this document in the TAC program. 
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