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April 21, 2002
20 Wellington Street
Arlington, MA 02476

Andrew Lord

Peer Review Coordinator, ATSDR Interaction Profiles
Eastern Research Group

110 Hartwell Avenue

Lexington, MA 02421

Dear Mr. Lord:

As you requested, I have reviewed the Draft Interaction Profile for: Atrazine, Diazinon, Nitrate
and Simazine prepared by Syracuse Research Coordination and dated April 2003. I will first
address the major issues outlined in the “Guidelines for Peeer Review of ATSDR’s Interaction
Profiles” that you sent to me. Then I will describe detailed comments directed to particular
passages in the Draft Interaction Profile. These comments will help you discern what I was

thinking when I made various marks in my often illegible handwriting on the text.
Chapter 1. Are the purposes and rationale clearly stated?

Yes. The relatively frequent presence of all these materials in well water from rural areas, the
finding that the triazines should be considered a common mechanism group for possible
reproductive effects, and the known reaction of nitrite (a metabolite of nitrate) with secondary
amines like the traizine herbicides to form carcinogenic nitrosamines provide ample grounds for
a formal evaluation of the risks posed by these mixtures. The rationale is weakest for inclusion
of diazinon. Although diazinon is present with the other chemicals, and there is evidently some
evidence for interaction a mechanism or a rationale for suspecting an interaction with the other
components of the mixture is not clearly articulated (nor does the subsequent analysis reveal
appreciable evidence for an interaction).

Chapter 2. Interactions Data for Mixtures of Concern and Component Mixtures

Are there any additional studies that should be considered or included in the
Interactions Profile? Specifically, are there any general issues or data relevant to
child health and developmental effects that have not been discussed in the profile
and should be?
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One issue that I think would have been better to analyze in some detail is the likely carcinogenic
activity and potency of the general body of carcinogenic nitrosamines. This is because the
relatively low rating of interaction potential for nitrate/nitrite with the triazine herbicides stems
in part from the lack of full blown 2 year chronic animal bioassay studies of these chemicals.
Based on the history of nitrosamine carcinogenesis observations, I think that there is a very small
chance that, if properly tested, nitrosoatrazine and nitrososimazine would not be found to have
carcinogenic activity. Accordingly, I think that the ATSDR would be able to revise its apparent
judgement of the likelihood of this interaction if it were to systematically review the substantial
body of evidence from the carcinogenic testing of other nitrosamines. My expectation is that
such a review would reveal that more than 95% of properly tested nitrosamines show significant
carcinogenic activity, and that where mechanistic information is available, this will point
strongly to an appreciable genotoxic contribution to the carcinogenesis.

Moreover, based on the apparently high level of potency in an irn vitro clastogenesis assay
reported by Meisner et al. (1993) for nitrosoatrazine, I think there is a reasonably good chance
that these compounds will turn out to be relatively potent nitrosamines. The abstract of this
paper reads in part:

“Exposing human lymphocyte cultures to concentrations of N-nitrosoatrazine (NNAT) as
low as 0.0001 microgram/ml results in significant elevations in chromosome breakage as
well as an increased mitotic index. In contrast, 1,000-10,000-fold greater concentrations
of nitrates, nitrites, and/or atrazine was required to produce comparable chromosome
damage and, in those cases where the mitotic index was affected, it was decreased.”

This material is referred to on pp. 10-11 of the current document. Therefore I think it would also
contribute to the analysis to document the potency of a substantial number of nitrosamines, both
in chronic 2-year carcinogenesis bioassays and in this type of in vitro human cell clastogenesis
assay. This would allow ATSDR to construct an a priori distributional analysis for the apparent
potency of this nitrosamine relative to other nitrosamines.. (By potency, I mean they would
cause a given incidence of cancer or chromosome breakage at a relatively low exposure level.)

A similar kind of review of the relative potency of other nitrosamines in fetal and early postnatal
periods relative to adults would shed light on potential fetal and child sensitivities for
nitrosoatrazine and nitrososimazine.

Reference: Meisner, L. F., Roloff, B.D., and Belluck, D. A. “In vitro effects of N-nitrosoatrazine
on chromosome breakage.” Archives of Environmental Contamination and Toxicology 24(1):
108-112 (1993).
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Are there epidemiology studies that support the interaction data and assist in the
evaluation of interactions and joint toxicity?

Not that I am aware of. The document seems to do a relatively good job of skeptically reviewing
the sparse available epidemiological information on these issues.

Are the studies described in enough detail to support ATSDR’s interpretations

I think so, with the exception of the expanded analyses I suggested above for the nitrate/nitrite
with triazine herbicide interactions.

Are the tables easy to understand and consistent with the text?

Yes, to the extent that it was easy to understand what was done and how the numerical
conclusions were arrived at. The numerical system for rating evidence for interaction potential
on the basis of the kinds of studies that are directly available for mixture components, however, I
think has some fundamental flaws that are revealed by the nitrate/nitrate triazine herbicide
example. The gross kind of experimental evidence (in vitro, animal in vivo, human
epidemiology) is not, as implied by the system in its present form, an infallible guide to how
strong the evidence is for a particular kind of mechanistic interaction. In general I think that the
reviewers need to consider a wider range of evidence bearing on the plausibility of the
interactions that are being evaluated. In this case ATSDR should review and give much more
weight to the implications of the overwhelming volume of data on nitrosamine carcinogenesis
and the production of nitrosamines in vivo, in vitro, and in the environment by the reaction of
secondary amines and nitrite.

Was the most appropriate evaluation method selected?
No—see previous comment.

If employed in the Interactions Profile, please evaluate WOEs independently to
determine if conclusions match those of the authors.

I have no quarrel with the authors’ conclusions in the case of the likely additive interactions for
the triazines with respect to developmental effects; or for the absence of likely interactions for
the cholinesterase-inhibition effects. I think the authors have arrived at a serious underestimation
of the much greater than additive interaction between nitrate/nitrite and the triazine herbicides,
which I would consider very highly likely (say 0.49-0.79, rather than 0.08 on the overall
numerical scale used in the document—see calculations and futher discussion on p. 6 below).
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Do the conclusions drawn have a direct impact on health assessments of populations
exposed to chemicals discussed in the document?

Yes. Clearly additively-combined weighted potency analysis is indicated for the reproductive
effects. But I would suggest much more extensive analysis of the degree to which nitrate/nitrite
in waster will give rise to increased exposure to nitrosoatrazine and nitrososimazine, and
quantitative distributional evaluation of the potential carcinogenic risks arising from exposure to
those compounds. (By a distributional evaluation I mean both a quantitative uncertainty analysis
based in part on the uncertainties in exposure and carcinogenic potency, and a variability
analysis including age-related differences in both exposure and likely potency based on
experience with other genetically-acting carcinogens in animals and humans). This will require
substantial additional analysis, and it would also, of course, be desirable to collect better data
both on the exposure and the cancer potency side.

Chapter 3. Recommendations for Exposure-based Assessment of Joint Toxic Action of the
Mixture

Are recommendations consistent with information provided in the appendices and
Chapter 2?

Yes, as far as I can tell. Of course, as outlined earlier, I disagree with some of the evaluations in
Chapter 2

Are the recommendations useful to public health officials?

I think the recommendations for the reproductive effects are useful to the extent they recommend
additivity. I am not entirely convinced that public health officials will find the numerical
BINWOE information fully comprehensible or useful. And I think public officials are likely to
be misled, if anything, by the low numerical ranking of the likelihood of greater than additive
interaction between nitrate/nitrite and the triazine herbicides.

Appendices

Does the information provided in each appendix support the data provided in
Chapter 2?

Yes, as far as I can tell.

Are there additional data supporting the Interactions Profile that should be
included? If so, please provide references.

10
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As I indicated earlier, I think ATSDR should compile the available results of 2-year cancer
bioassays for nitrosamines to document (1) the frequency with which adequately tested agents in
this chemical group are found to have carcinogenic activity, and (2) the distribution of cancer
potencies in this group of chemicals. A similar compilation of potencies should be done for the
human lymphocyte clastogenicity assays for comparison with the Meisner et al. (1993)
observations cited earlier. I don’t know of previous analyses that do these jobs, nor can I
compile the extensive literature in these fields within the limited scope of this review.

Detailed Comments on Specific Portions of the Text

Summary, page v, 3" par. I don’t think that the guidance that two or more components of a
mixture should exceed a hazard index of 0.1 before a significant interaction is suspected should
be applied to this case. The interaction between nitrate/nitrite and the triazine herbicides is
expected to generate novel chemicals (nitrosamines) whose mode of toxic action is completely
different from the interacting chemicals. Therefore the MRL’s or RfD’s for the triazine and
nitrate/nitrite components are completely irrelevant and potentially misleading as a basis for
judging when an interaction has the potential to pose a significant public health risk.

p- 2, 2™ to last sentence of the second new paragraph. I don’t understand the comment that “the
lowest-observed-adverse —effect level (LOAEL) for both durations was lower than applicable
no-observed-adverse-effect levels (NOAELSs), and was considered a serious LOAEL for
reproductive effects (including anestrus).” If observed LOAELSs for some experiments are lower
than the corresponding NOAEL:s then the LOAELS should become the basis for RfDs and
MRLs, and the NOAELS from the less sensitive experiments become irrelevant. Some revision
or clarification seems in order.

p- 3, end of par continued from previous page— Some quantitative SAR analysis results would be
of interest to cite if they are available. Otherwise the document should clarify that the “SAR” in
this case is just the general observation that most nitrosamines show carcinogenic activity when
adequately tested. Elsewhere I have recommended a quantitative analysis of this at two levels
(1) incidence of positive findings among adequately tested nitrosamines, and (2) a distribution of
observed cancer potencies.

p- 5, 1* par under section 2.2.1—1I don’t know what “salmon parr” are. A brief parenthetical
definition would help.

p. 6, 2™ par—the quantitative relationship of chromosome breakage to the coefficient of
variation of the G1 peaks is quite unclear. Perhaps some supplementary background data or
illustration would be helpful here.

11
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p. 7, first paragraph. The authors explain well here and later that the mechanism of reproductive
senescence is different between rats and people. However they do not provide the evidence that
rat reproductive senescence is causally related to the observed increase in carcinogenesis
associated with the triazine herbicides. This is plausible because of the well known carcinogenic
effects of increased estrogen levels (in people as well as rats). However it seems to me that the
case for concluding the mechanism is via the acceleration of rat reproductive senescence and that
this is totally unrelated to possible breast cancer enhancement in humans (say, prior to human
menopause) nis not fully made here.

p. 8, 1* 2 paragraphs under section 2.2.4. The authors should attempt to integrate the prior in
vitro and soil observations to model the processes of formation and destruction of nitrosoatrazine
in different media in water, soil, and gastric contents for human babies and adults. In this way,
readers might get something more than a qualitative indication of possible exposure; it would be
highly desirable to have some basis for developing quantitative expectations, given the
concentrations of reactants, time, temperature, and pH. This is not a new problem. I suspect that
fruitful analogies can be made using observations of the kinetics of formation (and possibly
destruction) of other nitrosamines.

p. 11, middle of 1* new paragraph—The report of the percentage of atrazine and nitroatrazine
metabolized in vitro is not of tremendous significance, but for completeness the authors should
say what time span was involved in the observations —a % metabolized in vitro without saying
over what period is essentially meaningless.

p. 18 and p. 19, based on analogies with the body of other nitrosamines I would change the
ratings for mechanistic understanding and toxicological significance to I or at least II. Therefore
the numerical calculation should be at least (1 X 0.79 X 0.79 X 0..79) = 0.49 and possibly as
highas (1 X 1X 1X 0.79) =0.79. I also think it is baloney to say that the “mechanism of action
of this compound is unknown.” While the information may well be sparse for these particular
compounds, I think the inference is very much in order that primary genotoxic action is highly
likely based on the extensive information we have on the metabolism of other nitrosamines to
genetically activated reactive intermediates and widespread observations of mutagenic and
clastogenic activity in a variety of test systems.

p. 20 Similar comments are in order on the necessity to use information from other nitrosamines
are in order for comments made in the “recommendations of data needs” section. Tests should
surely be done on nitrosoatrazine and nitrososimazine themselves, but the likely results of these
tests can hardly be in much doubt.

p- 21, 2™ par. This is where I noted the opportunity to do some comparative distributional
analyeses of carcinogenic and clastogenic potency. Together with chemistry modeling results to

12
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predict the amounts of the nitrosamines formed in drinking water and in gastric contents, the
results would guide managers and analysts on how seriously to take mixtures of various
concentrations of nitrate/nitrite and the triazine herbicides.

pp- 22-23. I disagree that the confidence should be considered low in the greater-than-additive
predictions for carcinogenicity between nitrate/nitrite and the triazine herbicides.

p. 24. Asindicated earlier, I would raise the nitrate/triazine herbicide interaction ratings to
between +0.49 and +0.79.

p. 25—Similarly I would revise the description of confidence in the conclusions. Data on
nitrosamines in general are, I think, more than adequate to draw inferences about the likely
carcinogenic risks of nitrosoatrazine and nitrososimazine, even though the evidence from direct
testing of these compounds themselves is quite limited.

p. 52, par 4 under “Health Guidelines”. It is not at all clear why the authors (and, reportedly
EPA) believe that “No additional FQPA safety factor was needed” for cholinesterase inhibition.
As a member of the FQPA science advisory board, I can say that when we reviewed EPA’s
proposed risk assessment of cholinesterase-inhibiting pesticides we concluded that the FQPA
mandate for a 10-fold safety factor unless adequate evidence was available to show safety for the
developing nervous system was not satisfactorily overcome by EPA’s 2002 analysis of
developmental effects for the organophosphate common-mechanism group. My own reason for
supporting this conclusion that the FQPA factor must be retained is that even if cholinesterase
inhibition is below detectable levels in the mother of a developing fetus or an early neonate, it is
still quite possible that a modest inhibition of acetylcholinesterase activity could reinforce some
neural pathways relative to others and lead to long-lasting changes that are specific to the times
when particular neural connections are competing with one another for survival.

13
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Dr. Kannan Krishnan’s Review of the Interaction Profile for Atrazine,
Deethlyatrazine, Diazinon, Nitrate and Simazine

GENERAL COMMENTS

This document presents a systematic evaluation of available data on the joint
action of the above chemicals in view of recommending approaches for
exposure-based assessment of potential hazard to public health. The authors
conclude, based on available evidence, that the assessment for this mixture
should consider the (i) additive joint reprotoxicity of atrazine and deethylatrazine
(high confidence), (ii) the neurotoxicity of diazinon (medium-low confidence, due
to the possible potentiating effect of triazines), (iii) hematotoxicity of nitrate (high
uncertainty due to lack of knowledge regarding the effect of diazinon and
triazines), and (iv) possible carcinogenic effect of the N-nitroso compounds
formed from triazines and nitrate (low confidence due to lack of bioassay data).
The preceding conclusions are consistent with the current knowledge base
regarding the above chemical mixture.

The main text of the document presents an appropriate review of the available
studies (or identifies the lack of relevant data) with respect to the health effects of
the mixture taken as a whole or as binary combinations of components. The
assessment endpoints for this mixture, direction of known interactions among the
components and the relevance of the joint action data for exposure-based
assessments, suggested in the document are scientifically-sound. The
presentation of available data throughout this document is concise and clear.
The interpretations and recommendations are consistent with the studies
evaluated. The appendices provide appropriate but very brief background
information on the toxicokinetics, health effects, mechanisms of action, health
guidelines and target organ toxicity dose (where available) for each mixture
component. However, the reviewer is concerned about the TTD values reported
for deethylatrazine and simazine. Some missing references included with this
report may be used to strengthen the document.

Overall, this document is a very good example of how interaction profiles should
be developed for mixtures of concern - on the basis of critical effects of
components and relevant joint toxicity information. This document shouid be
useful to public health officials and general public concerned about the health
risks of combined exposure to atrazine, deethylatrazine, diazinon, nitrate and
simazine.

17



REVIEWER RESPONSE TO PROFILE-SPECIFIC QUESTIONS

Chapter 1. Introduction
Are the purpose and rationale clearly started ?

Yes. However, on page 3, some of the conclusions of mixture studies are
presented (even before being described in detail), thus confusing the reader at
this stage.

Chapter 2. Interactions data for mixture of concern and component
mixtures

Are there additional studies that should be considered in the Profile ?

Regarding the whole mixture, an NTP study conducted using a mixture of
atrazine, nitrate, simazine and certain other contaminants (representative of
groundwater contaminantion in lowa and California) would be relevant. | am
enclosing a summary of findings reported by RSH Yang that is available in the
internet. In this study, sister chromatid exchanges would appear to have been
marginally increased in rats and mice receiving the California mixture (i.e.,
atrazine, nitrate, simazine and certain other contaminants). No other significant
changes were observed in this 26-week study (See ATTACHMENT 1).

An in vivo study on simazine nitrosation exists in the literature and can be cited
(ATTACHMENT 2).

There is an abstract that supports the authors’ statement on the iow confidence
regarding the carcinogenicity of N-nitrosoatrazine (Weisburger et al. 1990). Even
though | could not obtain a copy of this abstract, | am including a statement of the
observations reported in that abstract (ATTACHMENT 3).

Belden and Lydy’s observations are further corroborated by another report of
more-than-additive toxicity of diazinon and atrazine (Anderson and Lydy 2002,
ATTACHMENT 4).

Are there epidemiology studies that support the interaction data and assist in the
evaluation of interactions and joint toxicity ?

Not that | know of. But there are quite a lot of epidomiological studies

investigating the relationship between health effects and exposure to atrazine
and other agricultural contaminants. | don’t think a comprehensive review of
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