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1.0 EXECUTIVE SUMMARY 

Officials from the California’s Office of Environmental Health Hazard Assessment 

(OEHHA) have indicated that their interpretation of the statements in USEPA documents 

dating back to 2006 and earlier, may provide a basis for the listing of the chlorotriazines,  

[atrazine (ATZ), propazine (PPZ), simazine (SMZ), deethylatrazine (DEA), 

deisopropylatrazine (DIA) and diaminochlorotriazine (DACT)] as developmental and/or 

reproductive toxicants under the Authoritative Body (AB)  listing mechanism of California’s 

Safe Drinking Water & Toxic Enforcement Act of 1986, California Health & Safety Code § 

25249.2 et. Seq. (Proposition 65). 

 

This document provides scientific evidence, much of which has been collected since 2006, 

indicating that: 

 

1) The endocrine response, the suppression of the luteinizing hormone (LH) surge in rats 

exposed to high doses of the chlorotriazines is not in itself an adverse outcome. The 

United States Environmental Protection Agency (USEPA), the OEHHA designated 

AB, used the effect of the chlorotriazines on LH as a conservative surrogate for 

potential developmental and reproductive effects in humans. 
 

2) The biological mechanisms controlling the LH surge in rodents are significantly 

different than those controlling the LH surge in humans. 
 

3) The effect of the chlorotriazines on the LH surge mechanism in rodents is not relevant 

to humans. 
 

4) Female rats age reproductively in a manner that is significantly different from that of 

women and therefore effects of the chlorotriazines on reproductive aging in female 

rats are not relevant to humans. 
 

5) Because the chlorotriazines have a low rate of dermal absorption (Hui, 1996b), do not 

bio-accumulate and are rapidly eliminated from plasma, urine and feces, the 

biologically effective dose observed in rodent studies will never be achieved in 

humans exposed to the chlorotriazines in their diet, drinking water or as a result of 

occupational use of the chemicals. 
 

6) Reproduction studies in rodents do not show any adverse effect on reproduction, 

fertility, development or the ability of next generations to successfully reproduce 

when the animals are exposed to the chlorotriazines in their diet, as a dose distributed 

throughout the entire day.  
 

7) In contrast, developmental delay, LH surge suppression and reproductive effects are 

observed in rodents when the animals are administered their entire daily dose within a 

few minutes (bolus dose).  
  

8) The bolus dosing scenario does not occur in humans exposed to the chlorotriazines in 

diet, drinking water or as a result of occupational or residential exposure and 

therefore, the effects observed following such dosing are not relevant to humans.  
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2.0 INTRODUCTION 

California’s Office of Environmental Health Hazard Assessment (OEHHA) is considering 

whether to list the chlorotriazine herbicides, atrazine, simazine, propazine and their common 

chlorotriazine metabolites (DEA, DIA, DACT) as developmental and male and female 

reproductive toxicants based on the Authoritative Body Listing mechanism of Proposition 65 

(http://oehha.ca.gov/prop65/CRNR_notices/admin_listing/abtracking.html).  OEHHA has 

indicated that its decision to list the chlorotriazines will depend on the following documents 

written by the United States Environmental Protection Agency (USEPA) through to the end 

of 2006: Report of the FQPA Tolerance TRED for Propazine (2006); Triazine Cumulative 

Risk Assessment (2006);  Simazine RED (2006); Atrazine. Toxicology Chapter for the RED 

(2002); Atrazine/DACT- Fourth Report of the Hazard Identification Assessment Review 

Committee (2002); Propazine: Revised HED Risk Assessment for the TRED which includes 

a New Use on  Grain Sorghum (2005);  Decision Documents for Atrazine (2006). 

However, new scientific information generated during the period from 2006 through July, 

2011 was evaluated by EPA and discussed during five Scientific Advisory Panel meetings 

held by the USEPA from November 2009 through July, 2011. Syngenta submitted new 

hazard identification studies, pharmacokinetic and mode of action studies, and exposure 

characterization and risk assessments to USEPA during this period. Syngenta presented its 

conclusions from these studies at each of the five SAP meetings.  These materials can be 

found at the USEPA FIFRA Science Advisory Panel web site 

(http://www.epa.gov/scipoly/sap/) and in the USEPA docket for atrazine 

(http://www.epa.gov/opp00001/reregistration/atrazine/).  This new information is relevant to 

the review being conducted by OEHHA. 

2.1 Chlorotriazine Mode of Action 

USEPA (2002) proposed that the chlorotriazines comprise a common mechanism group 

(Figure 1) based upon the neuroendocrinological mode of action (Figure 3).  In the 2006 

cumulative risk assessment of the chlorotriazines, USEPA used atrazine studies as surrogates 

for simazine, propazine and their chlorotriazine metabolites (DEA, DIA, DACT).  The results 

from these studies provide the basis for establishing short, intermediate and long term 

exposure standards for the chlorotriazines (USEPA, 2000a; USEPA, 2003; USEPA 2013).  

Hence, information on atrazine including its pharmacokinetics is pertinent for all 

chlorotriazines belonging to the common mechanism group. 

Since 2006, a large number of studies have been conducted to further characterize effects of 

chlorotriazines in rodents (Coder, 2010a, c; Coder 2011a-f; Coder, 2012) and the mode of 

action underlying these effects (Foradori, 2009a, b, 2011, 2013a), including an evaluation of 

the pharmacokinetic parameters associated with absorption, distribution, metabolism and 

elimination in rodents (Coder, 2010b) and non-human primates (Stuhler, 2011; Hui, 2011; 

Press, 2012).  Key studies are bolded in blue in the reference section (Section 9). 

http://oehha.ca.gov/prop65/CRNR_notices/admin_listing/abtracking.html
http://www.epa.gov/oppsrrd1/REDs/propazine_tred.pdf
http://www.epa.gov/oppsrrd1/REDs/triazine_cumulative_risk.pdf
http://www.epa.gov/oppsrrd1/REDs/triazine_cumulative_risk.pdf
http://www.epa.gov/oppsrrd1/REDs/simazine_red.pdf
Documents/Atrazine%20Toxicology%20Chapter.pdf
http://www.epa.gov/pesticides/chem_search/hhbp/R042754.pdf
http://www.epa.gov/pesticides/chem_search/hhbp/R042754.pdf
http://www.epa.gov/pesticides/chem_search/cleared_reviews/csr_PC-080808_13-Dec-05_a.pdf
http://www.epa.gov/pesticides/chem_search/cleared_reviews/csr_PC-080808_13-Dec-05_a.pdf
http://www.epa.gov/pesticides/reregistration/REDs/atrazine_combined_docs.pdf
http://www.epa.gov/scipoly/sap/
http://www.epa.gov/opp00001/reregistration/atrazine/
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Figure 1 Common Mechanism Group for the Chlorotriazines (USEPA, 2002; Figure 4, 

p 24) 

 

Atrazine suppresses the luteinizing hormone (LH) surge in the Sprague-Dawley (SD) but not 

Fischer-344 rat (Figure 2).  LH surge suppression, itself does not constitute an adverse effect.  

In Figure 3, USEPA (2006) postulated that the cascade of effects of atrazine on the LH surge 

is initiated in the hypothalamus as a decrease in levels of the neurotransmitter, 

norepinephrine followed in succession by decreased release of gonadotrophic releasing 

hormone (GnRH) and LH.  Only when the reduction in LH reaches a critical level are 

adverse effects, such as pregnancy loss, delayed puberty and altered cyclicity observed. 

The USEPA extended its interpretation of the neuroendocrine effects of the chlorotriazines 

on LH in subsequent reviews (USEPA, 2010; Figure 4). In the refined model, LH 

suppression, while identified as a precursor event in the neuroendocrine mode of action for 

the chlorotriazines, again was not designated as an adverse effect per se.  Furthermore, the 

USEPA postulated that there were effects of atrazine, DIA, and DEA but not DACT (Fraites, 

2009) on the hypothamalus-pituitary-adrenal axis (HPG) resulting in a modulating effect of 

the chlorotriazines on the HPG axis (Figure 5).  Recently it has been shown by USEPA 

scientists (Goldman, 2013) that LH level may be either increased or decreased, depending 

on the timing of the atrazine dose with respect to the occurrence of the LH surge 

(Goldman, 2013).  
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Figure 2 Effect of 6 months of 400 ppm Atrazine in the Diet on the Estrogen-Induced LH 

Surge of Sprague-Dawley or Fischer-344 Rat (Simpkins, 2011) 

 

 

Figure 3 Atrazine Neuroendocrine Mode of Action and Associated Effects Found in Rats 

(USEPA, 2006, Figure 2, page 18) 
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Figure 4 LH Suppression and Adverse Outcomes (USEPA, 2011a, p 14) 
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Figure 5 Proposed Effect of Atrazine on the Hypothalamus-Pituitary-Adrenal Axis 

(USEPA:  Ralph Cooper Presentation to the Scientific Advisory Panel, April, 

2010) 

  

 

In 2010, the USEPA (USEPA, 2010, Page 13, Paragraph 2,) stated that 

“In the course of the current evaluation, the Agency identified an effect of atrazine on 

reproductive function in both male and female rats.  These effects provide insight into 

evaluation (sic) the vulnerability of specific lifestages such as sexual development, puberty, 

and the perturbation of adult reproductive performance (including premature aging).  These 

effects can be linked to atrazine-induced changes in LH secretion.  Consequently, the Agency 

will continue to uses changes in LH secretion as a basis of the atrazine risk assessment.  As 

such, any of the identified adverse outcomes would be protected since they occur at doses 

higher than those eliciting changes in LH.” 

Thus, the USEPA has opted to conservatively regulate the chlorotriazines, not based on the 

occurrence of adverse effects, but rather on no observed effect levels (NOELs) for 

neuroendocrine precursor events.  These precursor events may or may not be coupled to “the 

vulnerability of specific life stages such as sexual development, puberty and the perturbation 

of adult reproductive performance (including premature aging).”  
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This document presents evidence indicating that OEHHA should not list the chlorotriazines 

as developmental or reproductive toxicants in humans because 

1) LH surge suppression in the rat is not relevant to human (Simpkins, 2011; Plant, 

2012). 

 

2) There are no adverse effects from atrazine, simazine or propazine on male or female 

fertility of F0 or F1 generations of rats exposed to chlorotriazines as distributed doses 

in diet indicating the absence of adverse effects of potential LH surge suppression. 

 

3) The process of reproductive aging in humans is not the same as in SD rats (Simpkins, 

2011) and thus NOELs based upon effects on the LH surge in aged rats (Morseth, 

1996) are not relevant to humans (USEPA, 2000b). 

 

4) Suppression of pulsatile LH release by atrazine (Foradori, 2009b) but not DACT 

(Handa, 2013), which has been linked functionally to the onset of puberty in rodents 

(Sisk, 2001) and non-human primates (Terasawa, 2001), has only been observed 

when atrazine was administered using an artificial dosing methodology (bolus gavage 

dosing) (Stoker, 2000, 2002).  This dosing method leads to artificially high plasma 

concentrations (Coder, 2011b) that cannot plausibly occur in humans exposed to the 

chlorotriazines in diet, water or as a result of residential or occupational use. 

 

5) Effects of atrazine on maternal prolactin levels and their secondary effects on the 

neuronal control mechanism regulating prolactin release in the offspring (Stoker, 

1999) are not relevant to humans because again, these effects were produced using an 

artificial gavage bolus dosing methodology that results in plasma chlorotriazine 

concentrations that cannot plausibly occur in humans exposed to the chlorotriazines 

in diet, water (Campbell, 2011) or as a result of residential or occupational use. 

 

6) Effects of high bolus gavage doses of atrazine on plasma estrogen (Fraites, 2009), 

testosterone (Trentacoste, 2001) or sperm count (Kniewald, 2000;  Fuchs 2008a, b; 

Rosenberg, 2008)  in rats are not relevant to humans who may be exposed to 

distributed doses of the chlorotriazines in the diet, water or as a result of residential or 

occupational uses. 

 

7) Effects of high bolus doses of atrazine, DEA, DIA but not DACT on the pituitary 

hypothalamic-adrenal (HPA) axis as reflected by increased plasma levels of adrenal 

corticotrophic hormone (ACTH), corticosterone and progesterone (Fraites, 2009; 

Laws, 2009; Foradori, 2011) are no longer observed after multiple doses (Handa, 

2010; Coder, 2010c).  These transient effects of bolus gavage doses of the 

chlorotriazines, which are not adverse effects per se, cannot plausibly occur in human 
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exposed to distributed doses of the chlorotriazines.  Furthermore, no adverse effects 

of HPA activation were found in studies on the immune system function of adult male 

(Coder, 2010c) or female SD rats (Coder, 2011a) nor in the offspring of rats exposed 

to gavage bolus doses of atrazine in utero (Fraites, 2011; Davis, 2011). 

3.0 THE EFFECT OF ATRAZINE ON THE LH SURGE IN RODENTS 

IS NOT RELEVANT TO HUMANS 

Changes in pituitary responsiveness to GnRH drive the human LH surge (Simpkins et al., 

2011; Plant, 2012), whereas increased GnRH pulse frequency and amplitude drive the rodent  

proestrus LH surge (Simpkins et al., 2011). 

 

3.1 The Menstrual Cycle in Humans 

The human menstrual cycle is long and exhibits a protracted pre-ovulatory LH surge 

spanning 2-3 days and ends with menses, due to the involution of the corpus luteum and the 

resulting decline in estrogens and progesterone (Zeleznik and Pohl, 2006; Hall, 2009).  In 

contrast to the rodent, the role of the primate brain, although obligatory in driving the 

menstrual cycle, is permissive rather than deterministic.  In the human female, the 

preovulatory LH surge occurs in the absence of a GnRH surge (Hall et al., 1994; Ottowitz et 

al., 2008; Martin et al., 1998; Santoro et al., 1986) and unfolds in the face of an unchanging 

frequency of the GnRH pulse generator, as reflected by pulsatile LH release (Martin et al., 

1998; Adams et al., 1994).   

 

The LH surge in women is timed and elicited by a positive feedback action of estradiol at the 

level of the pituitary to dramatically enhance responsiveness to pulsatile GnRH stimulation in 

women.  Indeed, the spontaneous menstrual cycle can be recapitulated in women deficient in 

GnRH, simply by the exogenous administration of a series of identical pulses of GnRH (Hall, 

2009; Martin et al., 1998; Filicori et al., 1986; Santoro et al., 1986).  These findings indicate 

that the entire pattern of gonadotropin secretion throughout the human menstrual cycle is 

governed by the negative and positive feedback actions of ovarian estradiol at the level of the 

pituitary.   

 

3.2 The Estrous Cycle in Rodents 

The estrous cycle in rodents is short, and the pre-ovulatory LH surge is brief, governed by the 

light-dark cycle, with the hypothalamus playing a key role in timing the pre-ovulatory LH 

surge (Freeman, 2006).  Every afternoon during a critical period spanning approximately two 

hours, the rodent brain generates a circadian signal, which in combination with the positive 

feedback action exerted by the elevated levels of circulating estradiol on proestrus, activates 

the GnRH surge generator that triggers the LH surge.  Thus, the role of the rodent brain in 

controlling the timing of ovulation may be viewed as deterministic. The hypothalamic 

neurons synthesizing GnRH in the rodent brain are located primarily in the pre-optic area 

(POA), with few in the more caudal medial basal hypothalamus (Silverman et al., 1994).  

Release of GnRH into the portal circulation is dependent on increased activity of 

norepinephrine neurons located in the brainstem (Sawyer, 1995; Simpkins et al., 1979a, b; 
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Wise et al., 1997, 1999; Herbison, 1997) and on kisspeptin neurons located in the 

anteroventral periventricular nucleus of the POA (Oakley et al., 2009), the site of positive 

feedback of ovarian estradiol (Goodman, 1978).
  
As such, inhibition of neural activity early 

in the afternoon of proestrus by administration of barbiturate or other centrally acting drugs 

blocks the pre-ovulatory LH surge in rats (Freeman, 2006; Goodman and Knobil, 1981). 

 

3.3 Reproductive Aging in Rodents Is Different Than in Humans 

USEPA accepted that reproductive aging in the rat is unlike reproductive aging in humans   

(Table 1) and therefore concluded that the cancer mode of action, resulting from the 

inhibition of the LH surge in aged rodents is not relevant for humans because suppression of 

the LH surge would not lead to cancer in humans (USEPA 2000b).   

 

Table 1 Species Differences in Reproductive Senescence (Simpkins, 2011) 

 
The no observed effect level used to set the chronic reference dose for ATZ and the 

chlorotriazines (RfD = 1.8 mg/kg/day ÷ 1000) is conservatively low because it is based upon 

suppression of the LH surge in reproductively aging female SD rats.  In contrast to rats, 

women maintain normal LH surge capability throughout life and therefore would not display 

reproductive failure as a result of atrazine exposure to the chlorotriazines. 

 

USEPA has accepted the neuroendocrine mode of action for atrazine and the chlorotriazines 

(Figure 1, USEPA, 2006) and recognizes that suppression of the LH surge per se does not 

indicate an adverse developmental or reproductive effect.  Furthermore, USEPA recognizes 

that the chronic reference dose for the chlorotriazines, which is based upon a 6-month LH 

study in female SD rats, is conservatively low because of the enhanced sensitivity of aged SD 

rats.  

 

Parameter SD Rat Fischer-344 Rat Women 

 Start of Senescence 
(% of normal lifespan) 

30-40 % 60-70 % 60-70% 

 Principal cause of 
senescence 

Hypothalamic failure 
to stimulate LH/FSH 

Hypothalamic failure 
to control prolactin 

surges 

Depletion of ovarian 
follicle content 

 LH surge capability  Lost Maintained Maintained 

 Predominant cycle pattern  Persistent estrus Pseudopregnancy 
episodes 

Menopause 

 Estrogen/progesterone ratio Elevated/prolonged Reduced Reduced 

 Prolactin secretion  Persistently elevated Episodically elevated Reduced 

 Spontaneous mammary 
tumor incidence (lifetime) 

30-40 % 2-5 % 8-10 % 

 Principal known factors 
that increase MT Risk  

Prolactin, estrogen, 
chemical mutagens 

Prolactin, estrogen, 
chemical mutagens 

Estrogen, nuliparity 
Family history 

 Prolactin dependence High Medium None 
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4.0 DEVELOPING RATS ARE INSENSITIVE TO THE EFFECT OF 

ATRAZINE ON THE LH SURGE 

Syngenta has conducted and submitted new studies (Coder, 2011c; Foradori, 2013b)  to the 

EPA that compared the effects of atrazine administration on the LH surge in female Sprague-

Dawley rats exposed daily by gavage from conception to approximately post-partum day 35, 

or from weaning to post-partum day 35 (Figure 6) or for 4 days as young adults (Figure 7).  

The results indicate that young animals are insensitive to the effect of atrazine on the LH 

surge (Figure 6) compared to older females (Figure 7).  

The USEPA Scientific Advisory Panel (USEPA, 2011, page 14, Paragraph 1) in their review 

of the question of enhanced susceptibility of the young to the effects of atrazine on the LH 

surge state:  

 

“The Panel agreed with the Agency’s conclusion that exposure during the earlier life stages 

does not appear to lead to greater sensitivity, if one accepts the premise that the data on 

suppression of the LH surge is appropriate for use in making the comparisons. An extensive 

hazard database, spanning all life stages from conception to adulthood for atrazine, indicates 

no unique susceptibility in the developing organism.” 

 

Figure 6 Effects on the Estrogen-Induced LH Surge of Female Sprague-Dawley Rats 

Exposed to Atrazine Daily from Conception to Day 35 Post-Partum or Day 21 

to Day 35 Post-Partum (Coder 2011c) 
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Figure 7 Effect of Atrazine on the LH Surge for 4-Days in Intact, Normally Cycling 

Young Adult (60 Days Post-Partum) Sprague-Dawley Rats (Foradori, 2013b) 

 

5.0 REPRODUCTIVE EFFECTS ARE NOT OBSERVED IN 

RODENTS BECAUSE OF RAPID PHARMACOKINETICS 

There are no effects on fertility or reproduction in rat multi-generation studies on atrazine 

(Table 2), simazine (Table 3) or propazine (USEPA, 2005; Section 4.2.4, page 25).  Because 

LH surge triggers ovulation in rodents and the chlorotriazines suppress the LH surge in rats, 

an effect on fertility would be expected; however, no such effects are observed. 

This lack of effect on fertility can be explained by pharmacokinetics and the artificial dosing 

method (gavage bolus dosing) utilized in studies where the LH surge was suppressed.  The 

exception was the six month feeding study (Morseth, 1996) where the LH surge was 

suppressed in reproductively aged female SD rats, a model that was previously described as 

irrelevant to humans (Section 3.5).  Coder (2011a) showed that peak plasma concentrations 

of atrazine, DEA, DIA and DACT are substantially greater when atrazine was administered 

as a bolus dose by gavage compared to the same dose distributed over 24 hours by 

administering the chemical in feed (Figure 8).  Coder (2011b) showed that while the bolus 

dose of atrazine suppresses the LH surge, the distributed dose of atrazine has no effect on the 

LH surge in the rat (Figure 8 and Figure 9).   
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Figure 8 Comparison of the Effects of Atrazine on the LH Surge and Pharmacokinetics 

when Administered as Bolus Dose by Gavage or as Distributed Dose in Feed.  

 

Figure 9 Comparison of the Effects of Atrazine on the LH Surge in Sprague-Dawley Rats 

When Administered as a Bolus Dose by Gavage (A) or as a Distributed Dose in 

the Diet (B) 

 

In a subsequent experiment, Coder (2011c) showed that high bolus doses of atrazine 

administered to intact female Long Evans rats suppressed the LH surge and reduced the mean 
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number of follicles ovulated whereas equivalent distributed doses had no effect on these 

parameters (Table 4).   

Collectively, these results explain the absence of effects of atrazine on fertility in the rat in 

the 2-generation reproduction study (Table 2).  More importantly, they indicate that it is 

implausible that humans will experience adverse effects on LH surge, fertility or 

reproduction when exposed to atrazine in the diet, drinking water or as a result of 

occupational or residential use. 

6.0 PUBERTAL AND OSSIFICATION DELAY ASSOCIATED WITH 

HIGH GAVAGE BOLUS DOSES 

6.1 Delayed Sexual Maturation  

Gavage doses of atrazine administered to rats during the peri-pubertal period delays the onset 

of puberty as reflected by a delayed vaginal opening (VO) in females (Ashby, 2002; Laws, 

2000) and delayed preputial separation in males (Stoker, 2000, 2002). The lowest NOEL for 

delayed sexual maturation was a dose of 6.25 mg/kg/day based upon Vo delay in the study 

by Laws, 2000.   

 

Rapid pharmacokinetics of the chlorotriazines makes it implausible that delayed sexual 

maturation will occur in humans because the effects have only been observed in rats 

following gavage doses.  It is implausible that humans will be exposed to bolus doses of 

atrazine through diet, in drinking water or as a result of occupational exposure to atrazine.   

 

6.2 Delayed Skeletal Ossification 

High doses of atrazine and its metabolites, DEA, DIA and DACT, when administered by 

gavage, may result in decreased fetal weight and delayed ossification of certain bones in the 

skeleton (Scialli et al., 2013).  These effects are consistent with maternal toxicity at the 

maximum tolerated dose (MTD) and are not evidence of a direct effect of the chlorotriazines 

on developmental processes.  There was evidence of maternal toxicity in animals 

administered high doses of the chlorotriazines by gavage.  Maternal toxicity was evidenced 

by reduced maternal body weight gain that was corrected for fetal body weight effects 

(Table 5).  

 

Ossification delay occurs with deficits in fetal body weight and represents a transient effect 

of maternal toxicity (Carney and Kimmel, 2007). Most of the fetal bones are initially 

modelled in cartilage. Cartilage is a specialized tissue that differentiates from the embryonic 

mesenchyme and forms a template for bone. As the fetus matures, the cartilage is invaded by 

bone-forming cells called osteoblasts and by capillaries. The osteoblasts lay down a matrix of 

calcium and phosphate, beginning in ossification centers and extending ultimately to involve 

the entire cartilaginous template. The ossification process is highly dependent on the maturity 

of the fetus, and small mammal fetuses are actively ossifying their skeletons in the last three 

days of pregnancy and the first days of postnatal life. 
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Chemicals may cause a reduction in fetal body weight through effects on maternal food 

intake or maternal physiology. Recovery of offspring body weight after delivery is common, 

and achievement of normal ossification under these circumstances is expected. For example, 

a study by Marr et al. (1992) involved the administration of ethylene glycol 2500 mg/kg 

bw/day to pregnant rats on GD 6–15. Fetuses were examined at intervals before and after 

natural parturition, which occurred on approximately GD 21. Fetal weight was reduced an 

average of 28% by ethylene glycol treatment during the last three days of pregnancy and 

recovered nearly to control levels within 2 weeks after birth. Ossification also improved after 

delivery and reached control levels by 63 days. 

 

Carney and Kimmel (2007) write that, “...delayed ossification is generally a finding that 

denotes generalized growth delays with subsequent catch-up postnatally. It also does not 

seem to have general predictive value for teratogenicity.” These authors suggest that the 

pattern of bones that are involved can be helpful; if the reductions in ossification are 

restricted to bones that normally ossify late in gestation, the interpretation of a transient delay 

is tenable. These bones include the phalanges, sternebrae 5 and 6, the centra of the thoracic, 

sacral, and caudal vertebrae, and the calvarium. Carney and Kimmel also suggested that the 

presence of maternal toxicity would be consistent with delayed ossification of no 

consequence. 

 

In the developmental studies with atrazine and its metabolites, maternal toxicity at the MTD 

is a feature of the pharmacokinetics of gavage dosing.  It is implausible that such effects 

could occur in humans for distributed doses resulting from exposure via diet, in drinking 

water or as a result of occupational or residential use of the chlorotriazines.  For example, in 

the rat two-generation study, there were no deficits in birth weights in spite of a decrease in 

maternal weight gain at the MTD. Dosing in the two-generation study was distributed in the 

diet rather than by bolus gavage administration. 



 

 

R
ep

o
rt N

u
m

b
er:  T

K
0
0
4

0
0
1
6

 
P

ag
e 1

8
 o

f 3
8

 

 

Table 2 Results from the Two Generation Reproduction Study on Atrazine (Mainiero, 1987) 

 Atrazine Feeding Level ppm (mg/kg/day) 

 0 10 
(0.73) 

50 
(3.64) 

500 
(38.7) 

 0 10 
(0.73) 

50 
(3.64) 

500 
(38.7) 

Parental Generation F0 Generation  F1 Generation 

Number of mated females 30 30 30 30  30 30 30 30 

Number of pregnant females 29 28 26 26  24 18 28 26 

Fertility index (%)a 96.7 93.3 86.7 86.7  85.7 69.2 93.3 89.7 

Mating index (%)b 100 100 100 100  93.3 86.7 100 96.7 

Gestation index (%)c 96.6 100 100 96.2  95.8 100 100 96.2 

Number of viable litters 28d 28 26 25  23 18 28 25 

Mean litter size ± SD, day 0 13.2±3.6 15.0±2.1 15.0±2.1 13.7±4.6  11.0±5.0 13.3±2.8 13.4±3.3 12.4±4.1 

Mean N° of still birth ± SD, day 0  0.26±0.53 0.25±0.44 0.23±0.51 0.35±0.69  0.50±0.83 0.17±0.51 0.07±0.26 0.31±0.74 

Offspring Generation  F1 Generation  F2 Generation 

Number viable males, day 0 166 218 206 171  131 114 182 182 

Number viable females, day 0 190 203 183 184  133 126 194 194 

Sex ratio (% males) day 0 46.6 51.8 53.0 48.2  49.6 47.5 48.4 48.4 

% pups alive on PND4e  96.6 96.9 97.7 95.7  89.6 98.7 97.1 97.1 

% pups alive from PND4 to PND21 97.6 91.1 96.2 98.0  96.6 98.6 99.6 99.6 

Mean pup weight (g), PND 0, Males ± SD 
                                        Females ± SD 

6.4±0.1 
6.0±0.1 

6.0±0.1 
5.7±0.1 

6.2±0.1 
5.7±0.1 

6.3±0.1 
6.0±0.1 

 6.4±0.1 
6.0±0.1 

6.0±0.1* 
5.8±0.1 

6.2±0.1 
5.8±0.1 

6.2±0.1 
5.8±0.1 

Mean pup weight (g), PND 4, Males ± SD 
                                        Females ± SD 

9.1±0.2 
8.6±0.2 

8.1±0.2* 
7.7±0.2* 

8.6±0.2 
7.9±0.2* 

8.7±0.2 
8.4±0.2 

 9.3±0.3 
8.9±0.2 

8.8±0.3 
8.4±0.2 

9.0±0.2 
8.5±0.2 

9.0±0.2 
8.5±0.2 

Mean pup weight (g), PND 7, Males ± SD 
                                        Females ± SD 

14.4±0.4 
13.4±0.4 

13.0±0.4 
12.2±0.4 

13.5±0.4 
12.4±0.4 

13.4±0.4 
12.7±0.4 

 14.0±0.5 
13.4±0.4 

13.4±0.5 
12.7±0.4 

13.7±0.4 
12.8±0.3 

13.3±0.4 
12.8±0.3 

Mean pup weight (g), PND 21, Males ± SD 
                                         Females ± SD 

49.9±1.1 
46.8±1.0 

45.1±1.1 
43.4±1.0 

47.2±1.1 
44.0±1.0 

46.2±1.2 
44.4±1.0 

 47.8±1.3 
44.2±1.4 

44.6±1.4 
42.5±1.4 

43.8±1.1 
41.3±1.2 

43.0±1.2 
42.3±1.3 

a Fertility index =  (Number of pregnant females / number of females cohabited with males) X 100 
b Mating Index = (Number of sperm-positive females / number of females cohabited with males) X 100 
c Gestation Index = (Number of females with liveborn / number of sperm-positive females) X 100 
ePND = postnatal day 

* Statistically different from controls at P≤ 0.05, covariate analysis (litter size as covariate) 
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Table 3 Results from the Two Generation Reproduction Study on Simazine (Epstein, 1991) 

 Simazine Feeding Level ppm (mg/kg/day) 

 0 10 
(0.73) 

50 
(3.64) 

500 
(38.7) 

 0 10 
(0.73) 

50 
(3.64) 

500 
(38.7) 

Parental Generation F0 Generation  F1/F1+ Generation 

Number of mated females 30 28 30 29  23 27 27 30 

Number of pregnant females 24 25 27 28  20 22 22 28 

Fertility index (%)a 80.0 89.3 90.0 96.6  87.0 81.5 81.5 93.3 

Mating index (%)b 100.0 93.3 100.0 96.7  76.7 90.0 90.0 100.0 

Gestation index (%)c 100.0 100.0 100.0 100.0  100.0 95.5 100.0 96.4 

Number of viable litters 24 25 27 28  20 21d 22 27 

Mean litter size, day 0 ± SD 13.3 ± 3.78 13.6 ± 4.09 12.3 ± 4.16 13.5 ± 3.79  13.1 ± 3.93 13.4 ± 3.57d 13.2 ± 3.24 12.7 ± 3.97 

Mean N° of still birth, day 0 ± SD 0.21 ± 0.66 0.96 ± 2.82 0.96 ± 2.01 0.25  ± 0.52  0.20 ± 0.52 0.25 ± 0.55d 
 

0.59 ± 1.01 0.70 ± 2.49 

Offspring Generation  F1 Generation  F2 

Number viable males, day 0 168 166 172 175  143 133f 153 175 

Number viable females, day 0 151 173 161 203  119 135f 138 168 

Sex ratio (% males), day 0 52.7 49.0 51.7 46.3  54.6 49.6f 52.6 51.0 

% pups alive on PND4d  98.7 94.5 93.2 94.3  97.4 98.7f 97.5 95.4 

% pups alive from PND4 to PND21 99.0 99.0 96.2 99.5  100.0 93.8f 99.4 96.2 

Mean pup weight (g), PND 0, Males ± SE 
                                        Females ± SE 

6.48 ± 0.16 
6.14 ± 0.15 

6.43 ± 0.15 
6.08 ± 0.15 

6.55 ± 0.15 
6.14 ± 0.15 

6.41 ± 0.15 
6.15 ± 0.14 

 6.44 ± 0.15 
5.97 ± 0.14 

6.24 ± 0.15 
5.9 ± 0.13 

6.35 ± 0.14 
6.04 ± 0.12 

6.51 ± 0.13 
6.22 ± 0.11 

Mean pup weight (g), PND 4, Males ± SEe 
                                        Females ± SEe 

9.45 ± 0.30 
9.07 ± 0.29 

9.86 ± 0.29 
9.35 ± 0.29 

9.92 ± 0.29 
9.46 ± 0.28 

9.48 ± 0.28 
9.20 ± 0.27 

 9.44 ± 0.34 
9.10 ± 0.32 

8.79 ± 0.33 
8.38 ± 0.30 

9.52 ± 0.31 
9.00 ± 0.29 

9.55 ± 0.29 
8.99 ± 0.26 

Mean pup weight (g), PND 7, Males ± SE 
                                        Females ± SE 

14.75 ± 0.40 
14.44 ± 0.41 

15.82 ± 0.40 
14.83 ± 0.41 

15.74 ± 0.39 
15.25 ± 0.40 

14.82 ± 0.37 
14.34 ± 0.38 

 14.93 ± 0.47 
14.68 ± 0.43 

14.49 ± 0.48 
13.42 ± 0.41 

15.28 ± 0.43 
14.38 ± 0.38 

14.77 ± 0.40 
14.06 ± 0.35 

Mean pup weight (g), PND 21, Males ± SE 
                                         Females ± SE 

51.05 ± 1.13 
50.05 ± 1.08  

 54.84 ± 1.12* 
52.04 ± 1.08 

54.19 ± 1.10 
52.03 ± 1.06 

49.39 ± 1.06 
47.68 ± 1.01 

 48.10 ± 1.11 
46.32 ± 1.03 

48.12 ± 1.16 
44.18 ± 1.02 

49.71 ± 1.05 
47.50 ± 0.95 

46.33 ± 0.99 
43.90 ± 0.89 

a Fertility index =  (Number of pregnant females / number of females cohabited with males) X 100 
b Mating Index = (Number of sperm-positive females / number of females cohabited with males) X 100 
c Gestation Index = (Number of females with live born / number of sperm-positive females) X 100 
dPND = postnatal day  e Precull data; * Significantly different from controls at p ≤ 0.05 
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Table 4 Comparison of the Effect of Atrazine on the LH surge and the Mean Number of 

Corpora Lutea and Ova When Administered by Gavage or in the Diet 

 

0 6 50 100

11 12 13 11

8 9 9 5

14.4±2.6 13.7±2.5 13.5±2.2 6.3±1.9
a

18.1±1.9 17.3±2.0 18.3±0.8 9.4±3.7 *

11.5±2.4 11.7±2.4 11.8±2.3 3.9±2.1
a

15.8±1.3 15.2±2.0 15.4±1.8 8.2±4.0 a

0 160 660 1460

11 12 11 15

11 12 8 14

15.4±1.2 17.7±0.7 17.9±1.6 13.9±1.9

15.4±1.2 17.7±0.7 19.8±0.8 14.8±1.9

14.6±1.1 16.6±0.7 14.6±2.2 12.9±1.7

14.6±1.1 16.6±0.7 17.8±0.7 13.9±1.5

Data are presented as mean±SEM. 
* = p≤0.05 when compared control groups (0 ppm or 0 mg/kg)

a = Reduced but not statistically significant

Dose Level (mg/kg/day)Indices of Ovulation Affected by the LH Surge 

Dietary Concentration (ppm)

Long Evans-Distributed

Long Evans-Bolus

No. of Females Evaluated

No. of Females Displaying LH surge

Mean No. of ova/animal displaying LH surge

Mean No. of corpra lutea/animal

Mean No. of corpra lutea/animal displaying LH surge

Mean No. of ova/animal

Mean No. of ova/animal displaying LH surge

No. of Females Evaluated

No. of Females Displaying LH surge

Mean No. of corpra lutea/animal

Mean No. of corpra lutea/animal displaying LH surge

Mean No. of ova/animal
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Table 5 Mean Fetal Weight, Maternal Body Change and Incidence of Skeletal Variation 

 Atrazine dose (mg/kg/day)  

Atrazine Rat Teratology (1984) 0 10 70 700  

Mean fetal body weight (g) ± SD, males 
                                                       females 

3.44±0.21 
3.26±0.20 

3.60±0.47 
3.30±0.46 

3.38±0.34  
3.24±0.38    

1.89±0.45** 
1.79±0.43** 

 

Mean ± SD maternal body weight change (g) 61±3 59±3   53±2 -25±8  

No. fetuses (litters) with skeletal variations 203(23) 205(23) 240(25) NE  

Percentages fetuses (litters) with skeletal variations 100.0(100.0) 94.5(100.0) 98.4(100.0) NE  

                                                                 Atrazine dose (mg/kg/day) 

Atrazine Rat Study (1989) 0 5 25 100  

Mean fetal body weight (g) ± SD, males 

                                                       females  

3.5±0.05 

3.3±0.04 

3.6±0.05 

3.4±0.04 

3.6±0.05 

3.4±0.04 

3.5±0.05 

3.3±0.05 

 

Mean maternal body weight change (% of control) 100.0 96.7 96.7 79.8*  

No. fetuses (litters) with skeletal variations 181(26) 177(25) 179(24) 166(21)  

Percentages fetuses (litters) with skeletal variations 100.0(100.0) 99.4(100.00) 100.0(100.0) 100.0(100.0)  

                                                                   Atrazine dose (mg/kg/day) 

Atrazine Rabbit Study 0 1 5 75  

Mean fetal body weight (g) ± SD, males 

                                                       females 

46.1±5.5 

44.0±3.7 

44.0±6.1 

43.3±5.4 

43.2±6.0 

43.1±4.5 

35.7±5.8** 

35.8±6.2** 

 

Mean maternal body weight change (% of control) 100.0 64.6 51.0 18.6  

No. fetuses (litters) with skeletal variations 94(16) 80(13) 99(15) 75(14)a  

Percentages fetuses (litters) with skeletal variations 67.1(100.0) 64.5(92.9) 72.8(100) 84.3(93.3)  

 DIA or (atrazine equivalent) dose (mg/kg/day) 

Deisopropylatrazine (DIA) Rat Study 0 5 (4.2) 5 (20.8) 75 (80.3)  

Mean fetal body weight (g) ± SD, males 

                                                       females 

5.6±0.3 

5.3±0.3 

5.6±0.3 

5.3±0.3 

5.7±0.4 

5.3±0.4 

5.5±0.3 

5.2±0.3 

 

Mean maternal body weight change (% of control) 100.0 80.5 80.2 55.4**  

No. fetuses (litters) with skeletal variations 160(22) 155(21) 164(22) 172(23)  

Percentages fetuses (litters) with skeletal variations 100.0(100.0) 100.00(100.0) 99.4(100.0) 100.0(100.0)  

                                                                   DEA or (atrazine equivalent) dose (mg/kg/day) 

Deethylatrazine (DEA) Rat Study 0 5 (4.3) 25 (21.7) 100 (86.8)  

Mean fetal body weight (g) ± SD, males 
                                                       females 

5.7±0.3  
5.3±0.3 

5.6±0.3 
5.3±0.3 

5.8±0.3 
5.4±0.3 

5.6±0.3 
5.3±0.3 

 

Mean maternal body weight change (% of control) 100.0 97.6 89.5* 68.8**  

No. fetuses (litters) with skeletal variations 168(23) 173(23) 163(22) 158(24)  

Percentages fetuses (litters) with skeletal variations 100.0(100.0) 99.4(100.0) 99.4(100.0) 100.0(100.0)  

 DACT or (atrazine equivalent) dose (mg/kg/day) 

Diaminochlorotriazine (DACT) Rat Study 0 2.5 (1.7) 25 (16.9) 75 (50.7) 150 (101.4) 

Mean fetal body weight (g) ±SD, males 
                                                      females 

3.45±0.06 
3.29±0.05 

3.45±0.06 
3.32±0.05 

3.43±0.06                         
3.29±0.05 

3.14±0.06* 
3.03±0.05* 

2.79±0.06* 
2.68±0.05* 

Mean maternal body weight change (% of control) 100.0 103.0 102.0 97.0 56.7* 

No. fetuses (litters) with skeletal variations 148(22) 150(23) 170(25) 174(25)b 133(23)b 

Percentages fetuses (litters) with skeletal variations 99.3(100.0) 100.0(100.0) 100.0(100.0) 100.00(100.00) 100.00(100.00) 

* Different from the control group at p ≤ 0.05;  
** Different from the control group at p ≤ 0.01 

a Significantly increased incidence of delayed ossification of certain bones and an increased incidence of resorbed fetuses. 

b Significantly increased incidence of partially ossified parietals, interparietals and unossified hyoids 
NE = Not Evaluated 
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7.0 PHARMACOKINETIC STUDIES AND PBPK MODEL  

7.1 Pharmacokinetic Studies in Rats 

Coder (2011b) conducted a study to explicitly characterize the pharmacokinetics of atrazine 

and its chlorometabolites (DEA, DIA, DACT).  The study compared the pharmacokinetics of 

bolus doses that have been shown to suppress the LH surge in rodents and feeding doses that 

are more representative of the distributed dose characteristic of potential human exposure.   

The results indicate that following a single gavage dose of atrazine, maximum plasma 

concentrations of ATZ, DEA and DIA are achieved within 0.4 to 1.25 hours and within 1.25 

to 8 hours for DACT depending on the ATZ dose administered (Figure 10, Table 6).  

Figure 10 Pharmacokinetic Characterization of Atrazine in Female Sprague-Dawley Rat 

(Coder et al., 2011b) 

 

  

ATZ DEA DIA DACT
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Table 6 Pharmacokinetic Parameters for ATZ, DEA, DIA and DACT in Female 

Sprague-Dawley Rats (Coder et al., 2011) 

Parameter ATZ DEA DIA DACT 
Dose 3 10 50 3 10 50 3 10 50 3 10 50 

Tmax (hrs) 0.4 0.5 0.5 0.46 0.75 0.94 0.4 0.63 1.25 1.25 4.5 8.0 

Cmax(ng/ml) 5.4 15.9 36.7 51.5 126.5 288.5 207.0 597.3 1426 686.5 2290 8523 

AUC(ng*h/ml) 5.9 26.3 144.3 157.5 527.3 2736 389.5 1609 8981 8840 29986 144245 

Appearance 

(hrs) 

0.17 0.17 0.08 0.17 0.50 0.38 0.17 0.50 1.00 1 3 4 

Elimination 

(hrs) 

0.4 0.7 2.3 1.3 1.8 7.0 0.9 1.2 3.9 9.7 8.3 11.5 

Steady State 

Conc. (ng/ml) 

-- -- -- -- -- 138 -- -- 546 395.5 1221 5516 

Steady State 

Time(T90:hrs) 

-- -- -- -- -- 0.5 -- -- 0.18 1.09 3.06 11.0 

 

7.2 Pharmacokinetic Studies in Non-Human Primates 

Hui et al. (2011) published the results of a pharmacokinetic study conducted for Syngenta 

(Hui, 1996a) that indicate that like the rodent, non-human primates display rapid clearance of 
14

C atrazine from the plasma and rapid elimination in urine (Figure 11).  

In addition to these studies, in 2011, Syngenta initiated two PK studies in cynomolgus 

females to characterize the kinetics of clearance of the chlorotriazine metabolites from 

plasma (Stuhler, 2011; Figure 12) and to identify metabolites greater than 1% of total 

radioactivity using exact mass spectroscopy procedures with 
14

C labelled atrazine (Press, 

2012; Figure 13).  This research was commended by the USEPA Scientific Advisory Panel 

as state of the art and fit for characterizing potential human risk, including risks of 

developmental and reproductive toxicity potential based upon the neuroendocrine MOA for 

atrazine (USEPA, 2011b).   

7.3 Pharmacokinetic Studies in Humans 

Syngenta conducted a pharmacokinetic study in humans (Cheung, 1990) and submitted an 

updated report to EPA in 2011.  The urinary elimination data for DEA, DIA and DACT was 

fitted with using an exponential decay function (Figure 14; Breckenridge, 2011).  The 

concentration observed in humans was comparable to concentrations predicted based on the 
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rodent physiological based pharmacokinetic (PBPK) model scaled to humans as described in 

Section 7.4.   

Figure 11 Kinetics of 14C Atrazine Plasma Clearance following an Intravenous Dose of 

14C Atrazine Administered to Female Rhesus Monkey (Hui, 2011) 
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Figure 12 Plasma Clearance of Atrazine, DEA, DIA and DACT in female Cynomolgus 

Monkeys following a Gavage Dose of 0.125 mg/kg Atrazine in 2.5% 

Ethanol/Water 

 
Figure 13 Clearance of Total Radioactivity from the Plasma of Female Cynomolgus 

Administered and Gavage Dose of 5 mg/kg Dose of 14C Atrazine 
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Figure 14 Average Human Urinary Elimination of DIA, DEA and DACT Following an 

Oral Capsule Dose of 0.1mg/kg Atrazine (From Cheung, 1990) 
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7.4 Physiologically Based Pharmacokinetic Model 

The rodent data described in Section 7.1 were used to develop a PBPK model which was 

scaled to humans.  This model was submitted to the USEPA in 2011 (Campbell et al., 2011).  

The non-human primate data described in Section 7.2 will be used to recalibrate the model.  

The human urinary clearance data will be used to validate model predictions. 

The utility of the PBPK model for the chlorotriazines in human hazard and risk 

characterization, which is recognized as a high tier assessment, is illustrated schematically in 

Figure 15 (Clewell, 2011). Using the PBPK model, a comprehensive risk assessment for the 

most vulnerable Community Water Systems (CWS’s) in the United States, none of which 

were in California, was conducted (Sielken, 2011).  Margins of safety were greater than 1000 

at the 99.9
th

 percentile of the risk distribution, for the most vulnerable CWS’s.   

To our knowledge, USEPA has not yet formally reviewed this information nor considered its 

implications for the assessment of human developmental or reproductive hazard or risk.  

However, the USEPA scientific advisory panel encouraged the EPA to utilize the model 

developed by Syngenta by stating: 

“In general, the Panel supported the work of the Agency in pursuing a dose-response 

analysis based on an internal dose metric, as an alternative to administered dose in the 

interest of reducing uncertainty in inter-route, interspecies and intraspecies extrapolations. In 

the one compartment model, the Agency has attempted to maximize use of the data available 

to them, making mainly conservative choices in the absence of hard information and 

verifying estimates to the extent possible. However, it was noted that the one compartment 

model was proposed by EPA as an interim approach, given that a thorough review and 

evaluation of a recently submitted PBPK model by Syngenta has not been completed. It has 

also been noted by the Agency that a verified PBPK model would constitute the ‘ideal 

approach’” (USEPA, 2011b, Paragraph 4, page 73). 
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Figure 15 Use of PBPK Model in Atrazine Risk Characterization (From Clewell, 2011) 
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8.0 CONCLUSIONS 

OEHHA should not list chlorotriazines as developmental toxicants because  

 

1) Developmental delay, as indicated by reduced fetal body weight and delayed 

ossification of certain bones in rodent or rabbit fetuses, only occurred at 

chlorotriazine doses that were toxic to the mother.  The effects of maternal toxicity on 

developmental delay of fetuses has been described previously and is generally 

regarded as not reflecting a direct action of a chemical on the fetus. (Carney and 

Kimmel, 2007). 

 

2) Developmental delay only occurred in fetuses whose mothers were administered 

bolus doses of the chlorotriazines. 

 

3) There was no effect on fetal body weight when atrazine, simazine or propazine were 

administered as a distributed dose in the diet indicating that it is biologically 

implausible that the chlorotriazines will have developmental effects in humans 

exposed to the chlorotriazines in diet, drinking water or as a result of occupational or 

residential exposure.  

 

OEHHA should not list the chlortriazines as reproductive toxicants because 

 

1) Reproduction studies in rodents do not show any adverse effects on reproduction, 

fertility, development or the ability of next generations to successfully reproduce 

when the animals are exposed to the chlorotriazines in their diet, which distributes the 

dose throughout the entire day. 

 

2)  LH surge suppression is only observed in rodents when the animals are administered 

their entire daily dose within a few minutes (bolus dose) except in the 6-month study 

in reproductively aged SD rats.  The bolus dosing scenario does not occur in humans 

exposed to the chlorotriazines in diet, drinking water or as a result of occupational or 

residential exposure and therefore, the effects observed following such dosing are not 

relevant to humans. 

 

3) The chlorotriazines have a low rate of dermal absorption, do not bio-accumulate and 

are rapidly eliminated from plasma, urine and feces, therefore the biologically 

effective doses at which adverse effects were observed in rodent studies will never be 

achieved in humans exposed to the chlorotriazines in their diet, drinking water, or as a 

result of occupational use of the chemicals. 

 

4) The endocrine response, the suppression of the luteinizing hormone (LH) surge, in 

rats exposed to high doses of the chlorotriazines is not in itself an adverse outcome.  

 

5) The United States Environmental Protection Agency (USEPA) uses the effect of the 

chlorotriazines on LH as a conservative surrogate for potential reproductive effects in 

humans. 
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6) The biological mechanisms controlling the LH surge in rodents are significantly 

different than those controlling the LH surge in humans and thus the effect of the 

chlorotriazines on the LH surge mechanism in rodents is not relevant to humans.  

 

7) The female rat ages reproductively in a manner that is significantly different from that 

of women and therefore effects of the chlorotriazines on reproductive aging in female 

rats are not relevant to humans. 

 

OEHHA should not list the chlortriazines as reproductive toxicants that delay sexual 

maturation because  
 

1) The effect has only been observed in rats following bolus doses of the chlorotriazines. 

 

2) Rapid pharmacokinetics of the chlorotriazines makes it implausible that delayed 

sexual maturation will occur in humans. 

 

3) Humans will not be exposed to bolus doses of atrazine through diet, in drinking water 

or as a result of occupational exposure to atrazine.   
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	1.0 EXECUTIVE SUMMARY 
	Officials from the California’s Office of Environmental Health Hazard Assessment (OEHHA) have indicated that their interpretation of the statements in USEPA documents dating back to 2006 and earlier, may provide a basis for the listing of the chlorotriazines,  [atrazine (ATZ), propazine (PPZ), simazine (SMZ), deethylatrazine (DEA), deisopropylatrazine (DIA) and diaminochlorotriazine (DACT)] as developmental and/or reproductive toxicants under the Authoritative Body (AB)  listing mechanism of California’s Sa
	 
	This document provides scientific evidence, much of which has been collected since 2006, indicating that: 
	 
	1) The endocrine response, the suppression of the luteinizing hormone (LH) surge in rats exposed to high doses of the chlorotriazines is not in itself an adverse outcome. The United States Environmental Protection Agency (USEPA), the OEHHA designated AB, used the effect of the chlorotriazines on LH as a conservative surrogate for potential developmental and reproductive effects in humans. 
	1) The endocrine response, the suppression of the luteinizing hormone (LH) surge in rats exposed to high doses of the chlorotriazines is not in itself an adverse outcome. The United States Environmental Protection Agency (USEPA), the OEHHA designated AB, used the effect of the chlorotriazines on LH as a conservative surrogate for potential developmental and reproductive effects in humans. 
	1) The endocrine response, the suppression of the luteinizing hormone (LH) surge in rats exposed to high doses of the chlorotriazines is not in itself an adverse outcome. The United States Environmental Protection Agency (USEPA), the OEHHA designated AB, used the effect of the chlorotriazines on LH as a conservative surrogate for potential developmental and reproductive effects in humans. 


	 
	2) The biological mechanisms controlling the LH surge in rodents are significantly different than those controlling the LH surge in humans. 
	2) The biological mechanisms controlling the LH surge in rodents are significantly different than those controlling the LH surge in humans. 
	2) The biological mechanisms controlling the LH surge in rodents are significantly different than those controlling the LH surge in humans. 


	 
	3) The effect of the chlorotriazines on the LH surge mechanism in rodents is not relevant to humans. 
	3) The effect of the chlorotriazines on the LH surge mechanism in rodents is not relevant to humans. 
	3) The effect of the chlorotriazines on the LH surge mechanism in rodents is not relevant to humans. 


	 
	4) Female rats age reproductively in a manner that is significantly different from that of women and therefore effects of the chlorotriazines on reproductive aging in female rats are not relevant to humans. 
	4) Female rats age reproductively in a manner that is significantly different from that of women and therefore effects of the chlorotriazines on reproductive aging in female rats are not relevant to humans. 
	4) Female rats age reproductively in a manner that is significantly different from that of women and therefore effects of the chlorotriazines on reproductive aging in female rats are not relevant to humans. 


	 
	5) Because the chlorotriazines have a low rate of dermal absorption (Hui, 1996b), do not bio-accumulate and are rapidly eliminated from plasma, urine and feces, the biologically effective dose observed in rodent studies will never be achieved in humans exposed to the chlorotriazines in their diet, drinking water or as a result of occupational use of the chemicals. 
	5) Because the chlorotriazines have a low rate of dermal absorption (Hui, 1996b), do not bio-accumulate and are rapidly eliminated from plasma, urine and feces, the biologically effective dose observed in rodent studies will never be achieved in humans exposed to the chlorotriazines in their diet, drinking water or as a result of occupational use of the chemicals. 
	5) Because the chlorotriazines have a low rate of dermal absorption (Hui, 1996b), do not bio-accumulate and are rapidly eliminated from plasma, urine and feces, the biologically effective dose observed in rodent studies will never be achieved in humans exposed to the chlorotriazines in their diet, drinking water or as a result of occupational use of the chemicals. 


	 
	6) Reproduction studies in rodents do not show any adverse effect on reproduction, fertility, development or the ability of next generations to successfully reproduce when the animals are exposed to the chlorotriazines in their diet, as a dose distributed throughout the entire day.  
	6) Reproduction studies in rodents do not show any adverse effect on reproduction, fertility, development or the ability of next generations to successfully reproduce when the animals are exposed to the chlorotriazines in their diet, as a dose distributed throughout the entire day.  
	6) Reproduction studies in rodents do not show any adverse effect on reproduction, fertility, development or the ability of next generations to successfully reproduce when the animals are exposed to the chlorotriazines in their diet, as a dose distributed throughout the entire day.  


	 
	7) In contrast, developmental delay, LH surge suppression and reproductive effects are observed in rodents when the animals are administered their entire daily dose within a few minutes (bolus dose).  
	7) In contrast, developmental delay, LH surge suppression and reproductive effects are observed in rodents when the animals are administered their entire daily dose within a few minutes (bolus dose).  
	7) In contrast, developmental delay, LH surge suppression and reproductive effects are observed in rodents when the animals are administered their entire daily dose within a few minutes (bolus dose).  


	  
	8) The bolus dosing scenario does not occur in humans exposed to the chlorotriazines in diet, drinking water or as a result of occupational or residential exposure and therefore, the effects observed following such dosing are not relevant to humans.  
	8) The bolus dosing scenario does not occur in humans exposed to the chlorotriazines in diet, drinking water or as a result of occupational or residential exposure and therefore, the effects observed following such dosing are not relevant to humans.  
	8) The bolus dosing scenario does not occur in humans exposed to the chlorotriazines in diet, drinking water or as a result of occupational or residential exposure and therefore, the effects observed following such dosing are not relevant to humans.  


	2.0 INTRODUCTION 
	California’s Office of Environmental Health Hazard Assessment (OEHHA) is considering whether to list the chlorotriazine herbicides, atrazine, simazine, propazine and their common chlorotriazine metabolites (DEA, DIA, DACT) as developmental and male and female reproductive toxicants based on the Authoritative Body Listing mechanism of Proposition 65 (
	California’s Office of Environmental Health Hazard Assessment (OEHHA) is considering whether to list the chlorotriazine herbicides, atrazine, simazine, propazine and their common chlorotriazine metabolites (DEA, DIA, DACT) as developmental and male and female reproductive toxicants based on the Authoritative Body Listing mechanism of Proposition 65 (
	http://oehha.ca.gov/prop65/CRNR_notices/admin_listing/abtracking.html
	http://oehha.ca.gov/prop65/CRNR_notices/admin_listing/abtracking.html

	).  OEHHA has indicated that its decision to list the chlorotriazines will depend on the following documents written by the United States Environmental Protection Agency (USEPA) through to the end of 2006: 
	Report of the FQPA Tolerance TRED for Propazine
	Report of the FQPA Tolerance TRED for Propazine

	 (2006); 
	Triazine Cumulative Risk Assessment
	Triazine Cumulative Risk Assessment

	 (2006);  
	Simazine RED
	Simazine RED

	 (2006); 
	Atrazine. Toxicology Chapter for the RED
	Atrazine. Toxicology Chapter for the RED

	 (2002); 
	Atrazine/DACT- Fourth Report of the Hazard Identification Assessment Review Committee
	Atrazine/DACT- Fourth Report of the Hazard Identification Assessment Review Committee

	 (2002); 
	Propazine: Revised HED Risk Assessment for the TRED which includes a New Use on  Grain Sorghum
	Propazine: Revised HED Risk Assessment for the TRED which includes a New Use on  Grain Sorghum

	 (2005);  
	Decision Documents for Atrazine
	Decision Documents for Atrazine

	 (2006). 

	However, new scientific information generated during the period from 2006 through July, 2011 was evaluated by EPA and discussed during five Scientific Advisory Panel meetings held by the USEPA from November 2009 through July, 2011. Syngenta submitted new hazard identification studies, pharmacokinetic and mode of action studies, and exposure characterization and risk assessments to USEPA during this period. Syngenta presented its conclusions from these studies at each of the five SAP meetings.  These materia
	However, new scientific information generated during the period from 2006 through July, 2011 was evaluated by EPA and discussed during five Scientific Advisory Panel meetings held by the USEPA from November 2009 through July, 2011. Syngenta submitted new hazard identification studies, pharmacokinetic and mode of action studies, and exposure characterization and risk assessments to USEPA during this period. Syngenta presented its conclusions from these studies at each of the five SAP meetings.  These materia
	http://www.epa.gov/scipoly/sap/
	http://www.epa.gov/scipoly/sap/

	) and in the USEPA docket for atrazine (
	http://www.epa.gov/opp00001/reregistration/atrazine/
	http://www.epa.gov/opp00001/reregistration/atrazine/

	).  This new information is relevant to the review being conducted by OEHHA. 

	2.1 Chlorotriazine Mode of Action 
	USEPA (2002) proposed that the chlorotriazines comprise a common mechanism group (Figure 1) based upon the neuroendocrinological mode of action (Figure 3).  In the 2006 cumulative risk assessment of the chlorotriazines, USEPA used atrazine studies as surrogates for simazine, propazine and their chlorotriazine metabolites (DEA, DIA, DACT).  The results from these studies provide the basis for establishing short, intermediate and long term exposure standards for the chlorotriazines (USEPA, 2000a; USEPA, 2003;
	Since 2006, a large number of studies have been conducted to further characterize effects of chlorotriazines in rodents (Coder, 2010a, c; Coder 2011a-f; Coder, 2012) and the mode of action underlying these effects (Foradori, 2009a, b, 2011, 2013a), including an evaluation of the pharmacokinetic parameters associated with absorption, distribution, metabolism and elimination in rodents (Coder, 2010b) and non-human primates (Stuhler, 2011; Hui, 2011; Press, 2012).  Key studies are bolded in blue in the referen
	Figure 1 Common Mechanism Group for the Chlorotriazines (USEPA, 2002; Figure 4, p 24) 
	 
	Atrazine suppresses the luteinizing hormone (LH) surge in the Sprague-Dawley (SD) but not Fischer-344 rat (Figure 2).  LH surge suppression, itself does not constitute an adverse effect.  In Figure 3, USEPA (2006) postulated that the cascade of effects of atrazine on the LH surge is initiated in the hypothalamus as a decrease in levels of the neurotransmitter, norepinephrine followed in succession by decreased release of gonadotrophic releasing hormone (GnRH) and LH.  Only when the reduction in LH reaches a
	The USEPA extended its interpretation of the neuroendocrine effects of the chlorotriazines on LH in subsequent reviews (USEPA, 2010; Figure 4). In the refined model, LH suppression, while identified as a precursor event in the neuroendocrine mode of action for the chlorotriazines, again was not designated as an adverse effect per se.  Furthermore, the USEPA postulated that there were effects of atrazine, DIA, and DEA but not DACT (Fraites, 2009) on the hypothamalus-pituitary-adrenal axis (HPG) resulting in 
	Figure 2 Effect of 6 months of 400 ppm Atrazine in the Diet on the Estrogen-Induced LH Surge of Sprague-Dawley or Fischer-344 Rat (Simpkins, 2011) 
	 
	 
	Figure 3 Atrazine Neuroendocrine Mode of Action and Associated Effects Found in Rats (USEPA, 2006, Figure 2, page 18) 
	 
	  
	Figure 4 LH Suppression and Adverse Outcomes (USEPA, 2011a, p 14) 
	 
	 
	  
	Figure 5 Proposed Effect of Atrazine on the Hypothalamus-Pituitary-Adrenal Axis (USEPA:  Ralph Cooper Presentation to the Scientific Advisory Panel, April, 2010) 
	  
	 
	In 2010, the USEPA (USEPA, 2010, Page 13, Paragraph 2,) stated that 
	“In the course of the current evaluation, the Agency identified an effect of atrazine on reproductive function in both male and female rats.  These effects provide insight into evaluation (sic) the vulnerability of specific lifestages such as sexual development, puberty, and the perturbation of adult reproductive performance (including premature aging).  These effects can be linked to atrazine-induced changes in LH secretion.  Consequently, the Agency will continue to uses changes in LH secretion as a basis
	Thus, the USEPA has opted to conservatively regulate the chlorotriazines, not based on the occurrence of adverse effects, but rather on no observed effect levels (NOELs) for neuroendocrine precursor events.  These precursor events may or may not be coupled to “the vulnerability of specific life stages such as sexual development, puberty and the perturbation of adult reproductive performance (including premature aging).”  
	  
	This document presents evidence indicating that OEHHA should not list the chlorotriazines as developmental or reproductive toxicants in humans because 
	1) LH surge suppression in the rat is not relevant to human (Simpkins, 2011; Plant, 2012). 
	1) LH surge suppression in the rat is not relevant to human (Simpkins, 2011; Plant, 2012). 
	1) LH surge suppression in the rat is not relevant to human (Simpkins, 2011; Plant, 2012). 


	 
	2) There are no adverse effects from atrazine, simazine or propazine on male or female fertility of F0 or F1 generations of rats exposed to chlorotriazines as distributed doses in diet indicating the absence of adverse effects of potential LH surge suppression. 
	2) There are no adverse effects from atrazine, simazine or propazine on male or female fertility of F0 or F1 generations of rats exposed to chlorotriazines as distributed doses in diet indicating the absence of adverse effects of potential LH surge suppression. 
	2) There are no adverse effects from atrazine, simazine or propazine on male or female fertility of F0 or F1 generations of rats exposed to chlorotriazines as distributed doses in diet indicating the absence of adverse effects of potential LH surge suppression. 


	 
	3) The process of reproductive aging in humans is not the same as in SD rats (Simpkins, 2011) and thus NOELs based upon effects on the LH surge in aged rats (Morseth, 1996) are not relevant to humans (USEPA, 2000b). 
	3) The process of reproductive aging in humans is not the same as in SD rats (Simpkins, 2011) and thus NOELs based upon effects on the LH surge in aged rats (Morseth, 1996) are not relevant to humans (USEPA, 2000b). 
	3) The process of reproductive aging in humans is not the same as in SD rats (Simpkins, 2011) and thus NOELs based upon effects on the LH surge in aged rats (Morseth, 1996) are not relevant to humans (USEPA, 2000b). 


	 
	4) Suppression of pulsatile LH release by atrazine (Foradori, 2009b) but not DACT (Handa, 2013), which has been linked functionally to the onset of puberty in rodents (Sisk, 2001) and non-human primates (Terasawa, 2001), has only been observed when atrazine was administered using an artificial dosing methodology (bolus gavage dosing) (Stoker, 2000, 2002).  This dosing method leads to artificially high plasma concentrations (Coder, 2011b) that cannot plausibly occur in humans exposed to the chlorotriazines i
	4) Suppression of pulsatile LH release by atrazine (Foradori, 2009b) but not DACT (Handa, 2013), which has been linked functionally to the onset of puberty in rodents (Sisk, 2001) and non-human primates (Terasawa, 2001), has only been observed when atrazine was administered using an artificial dosing methodology (bolus gavage dosing) (Stoker, 2000, 2002).  This dosing method leads to artificially high plasma concentrations (Coder, 2011b) that cannot plausibly occur in humans exposed to the chlorotriazines i
	4) Suppression of pulsatile LH release by atrazine (Foradori, 2009b) but not DACT (Handa, 2013), which has been linked functionally to the onset of puberty in rodents (Sisk, 2001) and non-human primates (Terasawa, 2001), has only been observed when atrazine was administered using an artificial dosing methodology (bolus gavage dosing) (Stoker, 2000, 2002).  This dosing method leads to artificially high plasma concentrations (Coder, 2011b) that cannot plausibly occur in humans exposed to the chlorotriazines i


	 
	5) Effects of atrazine on maternal prolactin levels and their secondary effects on the neuronal control mechanism regulating prolactin release in the offspring (Stoker, 1999) are not relevant to humans because again, these effects were produced using an artificial gavage bolus dosing methodology that results in plasma chlorotriazine concentrations that cannot plausibly occur in humans exposed to the chlorotriazines in diet, water (Campbell, 2011) or as a result of residential or occupational use. 
	5) Effects of atrazine on maternal prolactin levels and their secondary effects on the neuronal control mechanism regulating prolactin release in the offspring (Stoker, 1999) are not relevant to humans because again, these effects were produced using an artificial gavage bolus dosing methodology that results in plasma chlorotriazine concentrations that cannot plausibly occur in humans exposed to the chlorotriazines in diet, water (Campbell, 2011) or as a result of residential or occupational use. 
	5) Effects of atrazine on maternal prolactin levels and their secondary effects on the neuronal control mechanism regulating prolactin release in the offspring (Stoker, 1999) are not relevant to humans because again, these effects were produced using an artificial gavage bolus dosing methodology that results in plasma chlorotriazine concentrations that cannot plausibly occur in humans exposed to the chlorotriazines in diet, water (Campbell, 2011) or as a result of residential or occupational use. 


	 
	6) Effects of high bolus gavage doses of atrazine on plasma estrogen (Fraites, 2009), testosterone (Trentacoste, 2001) or sperm count (Kniewald, 2000;  Fuchs 2008a, b; Rosenberg, 2008)  in rats are not relevant to humans who may be exposed to distributed doses of the chlorotriazines in the diet, water or as a result of residential or occupational uses. 
	6) Effects of high bolus gavage doses of atrazine on plasma estrogen (Fraites, 2009), testosterone (Trentacoste, 2001) or sperm count (Kniewald, 2000;  Fuchs 2008a, b; Rosenberg, 2008)  in rats are not relevant to humans who may be exposed to distributed doses of the chlorotriazines in the diet, water or as a result of residential or occupational uses. 
	6) Effects of high bolus gavage doses of atrazine on plasma estrogen (Fraites, 2009), testosterone (Trentacoste, 2001) or sperm count (Kniewald, 2000;  Fuchs 2008a, b; Rosenberg, 2008)  in rats are not relevant to humans who may be exposed to distributed doses of the chlorotriazines in the diet, water or as a result of residential or occupational uses. 


	 
	7) Effects of high bolus doses of atrazine, DEA, DIA but not DACT on the pituitary hypothalamic-adrenal (HPA) axis as reflected by increased plasma levels of adrenal corticotrophic hormone (ACTH), corticosterone and progesterone (Fraites, 2009; Laws, 2009; Foradori, 2011) are no longer observed after multiple doses (Handa, 2010; Coder, 2010c).  These transient effects of bolus gavage doses of the chlorotriazines, which are not adverse effects per se, cannot plausibly occur in human 
	7) Effects of high bolus doses of atrazine, DEA, DIA but not DACT on the pituitary hypothalamic-adrenal (HPA) axis as reflected by increased plasma levels of adrenal corticotrophic hormone (ACTH), corticosterone and progesterone (Fraites, 2009; Laws, 2009; Foradori, 2011) are no longer observed after multiple doses (Handa, 2010; Coder, 2010c).  These transient effects of bolus gavage doses of the chlorotriazines, which are not adverse effects per se, cannot plausibly occur in human 
	7) Effects of high bolus doses of atrazine, DEA, DIA but not DACT on the pituitary hypothalamic-adrenal (HPA) axis as reflected by increased plasma levels of adrenal corticotrophic hormone (ACTH), corticosterone and progesterone (Fraites, 2009; Laws, 2009; Foradori, 2011) are no longer observed after multiple doses (Handa, 2010; Coder, 2010c).  These transient effects of bolus gavage doses of the chlorotriazines, which are not adverse effects per se, cannot plausibly occur in human 


	exposed to distributed doses of the chlorotriazines.  Furthermore, no adverse effects of HPA activation were found in studies on the immune system function of adult male (Coder, 2010c) or female SD rats (Coder, 2011a) nor in the offspring of rats exposed to gavage bolus doses of atrazine in utero (Fraites, 2011; Davis, 2011). 
	exposed to distributed doses of the chlorotriazines.  Furthermore, no adverse effects of HPA activation were found in studies on the immune system function of adult male (Coder, 2010c) or female SD rats (Coder, 2011a) nor in the offspring of rats exposed to gavage bolus doses of atrazine in utero (Fraites, 2011; Davis, 2011). 
	exposed to distributed doses of the chlorotriazines.  Furthermore, no adverse effects of HPA activation were found in studies on the immune system function of adult male (Coder, 2010c) or female SD rats (Coder, 2011a) nor in the offspring of rats exposed to gavage bolus doses of atrazine in utero (Fraites, 2011; Davis, 2011). 


	3.0 THE EFFECT OF ATRAZINE ON THE LH SURGE IN RODENTS IS NOT RELEVANT TO HUMANS 
	Changes in pituitary responsiveness to GnRH drive the human LH surge (Simpkins et al., 2011; Plant, 2012), whereas increased GnRH pulse frequency and amplitude drive the rodent  proestrus LH surge (Simpkins et al., 2011). 
	 
	3.1 The Menstrual Cycle in Humans 
	The human menstrual cycle is long and exhibits a protracted pre-ovulatory LH surge spanning 2-3 days and ends with menses, due to the involution of the corpus luteum and the resulting decline in estrogens and progesterone (Zeleznik and Pohl, 2006; Hall, 2009).  In contrast to the rodent, the role of the primate brain, although obligatory in driving the menstrual cycle, is permissive rather than deterministic.  In the human female, the preovulatory LH surge occurs in the absence of a GnRH surge (Hall et al.,
	 
	The LH surge in women is timed and elicited by a positive feedback action of estradiol at the level of the pituitary to dramatically enhance responsiveness to pulsatile GnRH stimulation in women.  Indeed, the spontaneous menstrual cycle can be recapitulated in women deficient in GnRH, simply by the exogenous administration of a series of identical pulses of GnRH (Hall, 2009; Martin et al., 1998; Filicori et al., 1986; Santoro et al., 1986).  These findings indicate that the entire pattern of gonadotropin se
	 
	3.2 The Estrous Cycle in Rodents 
	The estrous cycle in rodents is short, and the pre-ovulatory LH surge is brief, governed by the light-dark cycle, with the hypothalamus playing a key role in timing the pre-ovulatory LH surge (Freeman, 2006).  Every afternoon during a critical period spanning approximately two hours, the rodent brain generates a circadian signal, which in combination with the positive feedback action exerted by the elevated levels of circulating estradiol on proestrus, activates the GnRH surge generator that triggers the LH
	Wise et al., 1997, 1999; Herbison, 1997) and on kisspeptin neurons located in the anteroventral periventricular nucleus of the POA (Oakley et al., 2009), the site of positive feedback of ovarian estradiol (Goodman, 1978).  As such, inhibition of neural activity early in the afternoon of proestrus by administration of barbiturate or other centrally acting drugs blocks the pre-ovulatory LH surge in rats (Freeman, 2006; Goodman and Knobil, 1981). 
	 
	3.3 Reproductive Aging in Rodents Is Different Than in Humans 
	USEPA accepted that reproductive aging in the rat is unlike reproductive aging in humans   (Table 1) and therefore concluded that the cancer mode of action, resulting from the inhibition of the LH surge in aged rodents is not relevant for humans because suppression of the LH surge would not lead to cancer in humans (USEPA 2000b).   
	 
	Table 1 Species Differences in Reproductive Senescence (Simpkins, 2011) 
	 
	The no observed effect level used to set the chronic reference dose for ATZ and the chlorotriazines (RfD = 1.8 mg/kg/day ÷ 1000) is conservatively low because it is based upon suppression of the LH surge in reproductively aging female SD rats.  In contrast to rats, women maintain normal LH surge capability throughout life and therefore would not display reproductive failure as a result of atrazine exposure to the chlorotriazines. 
	 
	USEPA has accepted the neuroendocrine mode of action for atrazine and the chlorotriazines (Figure 1, USEPA, 2006) and recognizes that suppression of the LH surge per se does not indicate an adverse developmental or reproductive effect.  Furthermore, USEPA recognizes that the chronic reference dose for the chlorotriazines, which is based upon a 6-month LH study in female SD rats, is conservatively low because of the enhanced sensitivity of aged SD rats.  
	 
	4.0 DEVELOPING RATS ARE INSENSITIVE TO THE EFFECT OF ATRAZINE ON THE LH SURGE 
	Syngenta has conducted and submitted new studies (Coder, 2011c; Foradori, 2013b)  to the EPA that compared the effects of atrazine administration on the LH surge in female Sprague-Dawley rats exposed daily by gavage from conception to approximately post-partum day 35, or from weaning to post-partum day 35 (Figure 6) or for 4 days as young adults (Figure 7).  The results indicate that young animals are insensitive to the effect of atrazine on the LH surge (Figure 6) compared to older females (Figure 7).  
	The USEPA Scientific Advisory Panel (USEPA, 2011, page 14, Paragraph 1) in their review of the question of enhanced susceptibility of the young to the effects of atrazine on the LH surge state:  
	 
	“The Panel agreed with the Agency’s conclusion that exposure during the earlier life stages does not appear to lead to greater sensitivity, if one accepts the premise that the data on suppression of the LH surge is appropriate for use in making the comparisons. An extensive hazard database, spanning all life stages from conception to adulthood for atrazine, indicates no unique susceptibility in the developing organism.” 
	 
	Figure 6 Effects on the Estrogen-Induced LH Surge of Female Sprague-Dawley Rats Exposed to Atrazine Daily from Conception to Day 35 Post-Partum or Day 21 to Day 35 Post-Partum (Coder 2011c) 
	 
	  
	Figure 7 Effect of Atrazine on the LH Surge for 4-Days in Intact, Normally Cycling Young Adult (60 Days Post-Partum) Sprague-Dawley Rats (Foradori, 2013b) 
	 
	5.0 REPRODUCTIVE EFFECTS ARE NOT OBSERVED IN RODENTS BECAUSE OF RAPID PHARMACOKINETICS 
	There are no effects on fertility or reproduction in rat multi-generation studies on atrazine (Table 2), simazine (Table 3) or propazine (USEPA, 2005; Section 4.2.4, page 25).  Because LH surge triggers ovulation in rodents and the chlorotriazines suppress the LH surge in rats, an effect on fertility would be expected; however, no such effects are observed. 
	This lack of effect on fertility can be explained by pharmacokinetics and the artificial dosing method (gavage bolus dosing) utilized in studies where the LH surge was suppressed.  The exception was the six month feeding study (Morseth, 1996) where the LH surge was suppressed in reproductively aged female SD rats, a model that was previously described as irrelevant to humans (Section 3.5).  Coder (2011a) showed that peak plasma concentrations of atrazine, DEA, DIA and DACT are substantially greater when atr
	  
	Figure 8 Comparison of the Effects of Atrazine on the LH Surge and Pharmacokinetics when Administered as Bolus Dose by Gavage or as Distributed Dose in Feed.  
	 
	Figure 9 Comparison of the Effects of Atrazine on the LH Surge in Sprague-Dawley Rats When Administered as a Bolus Dose by Gavage (A) or as a Distributed Dose in the Diet (B) 
	 
	In a subsequent experiment, Coder (2011c) showed that high bolus doses of atrazine administered to intact female Long Evans rats suppressed the LH surge and reduced the mean 
	number of follicles ovulated whereas equivalent distributed doses had no effect on these parameters (Table 4).   
	Collectively, these results explain the absence of effects of atrazine on fertility in the rat in the 2-generation reproduction study (Table 2).  More importantly, they indicate that it is implausible that humans will experience adverse effects on LH surge, fertility or reproduction when exposed to atrazine in the diet, drinking water or as a result of occupational or residential use. 
	6.0 PUBERTAL AND OSSIFICATION DELAY ASSOCIATED WITH HIGH GAVAGE BOLUS DOSES 
	6.1 Delayed Sexual Maturation  
	Gavage doses of atrazine administered to rats during the peri-pubertal period delays the onset of puberty as reflected by a delayed vaginal opening (VO) in females (Ashby, 2002; Laws, 2000) and delayed preputial separation in males (Stoker, 2000, 2002). The lowest NOEL for delayed sexual maturation was a dose of 6.25 mg/kg/day based upon Vo delay in the study by Laws, 2000.   
	 
	Rapid pharmacokinetics of the chlorotriazines makes it implausible that delayed sexual maturation will occur in humans because the effects have only been observed in rats following gavage doses.  It is implausible that humans will be exposed to bolus doses of atrazine through diet, in drinking water or as a result of occupational exposure to atrazine.   
	 
	6.2 Delayed Skeletal Ossification 
	High doses of atrazine and its metabolites, DEA, DIA and DACT, when administered by gavage, may result in decreased fetal weight and delayed ossification of certain bones in the skeleton (Scialli et al., 2013).  These effects are consistent with maternal toxicity at the maximum tolerated dose (MTD) and are not evidence of a direct effect of the chlorotriazines on developmental processes.  There was evidence of maternal toxicity in animals administered high doses of the chlorotriazines by gavage.  Maternal t
	 
	Ossification delay occurs with deficits in fetal body weight and represents a transient effect of maternal toxicity (Carney and Kimmel, 2007). Most of the fetal bones are initially modelled in cartilage. Cartilage is a specialized tissue that differentiates from the embryonic mesenchyme and forms a template for bone. As the fetus matures, the cartilage is invaded by bone-forming cells called osteoblasts and by capillaries. The osteoblasts lay down a matrix of calcium and phosphate, beginning in ossification
	Chemicals may cause a reduction in fetal body weight through effects on maternal food intake or maternal physiology. Recovery of offspring body weight after delivery is common, and achievement of normal ossification under these circumstances is expected. For example, a study by Marr et al. (1992) involved the administration of ethylene glycol 2500 mg/kg bw/day to pregnant rats on GD 6–15. Fetuses were examined at intervals before and after natural parturition, which occurred on approximately GD 21. Fetal we
	 
	Carney and Kimmel (2007) write that, “...delayed ossification is generally a finding that denotes generalized growth delays with subsequent catch-up postnatally. It also does not seem to have general predictive value for teratogenicity.” These authors suggest that the pattern of bones that are involved can be helpful; if the reductions in ossification are restricted to bones that normally ossify late in gestation, the interpretation of a transient delay is tenable. These bones include the phalanges, sterneb
	 
	In the developmental studies with atrazine and its metabolites, maternal toxicity at the MTD is a feature of the pharmacokinetics of gavage dosing.  It is implausible that such effects could occur in humans for distributed doses resulting from exposure via diet, in drinking water or as a result of occupational or residential use of the chlorotriazines.  For example, in the rat two-generation study, there were no deficits in birth weights in spite of a decrease in maternal weight gain at the MTD. Dosing in t
	Table 2 Results from the Two Generation Reproduction Study on Atrazine (Mainiero, 1987) 
	 
	 
	 
	 

	Atrazine Feeding Level ppm (mg/kg/day) 
	Atrazine Feeding Level ppm (mg/kg/day) 

	Span

	 
	 
	 

	0 
	0 

	10 
	10 
	(0.73) 

	50 
	50 
	(3.64) 

	500 
	500 
	(38.7) 

	 
	 

	0 
	0 

	10 
	10 
	(0.73) 

	50 
	50 
	(3.64) 

	500 
	500 
	(38.7) 

	Span

	Parental Generation 
	Parental Generation 
	Parental Generation 

	F0 Generation 
	F0 Generation 

	 
	 

	F1 Generation 
	F1 Generation 

	Span

	Number of mated females 
	Number of mated females 
	Number of mated females 

	30 
	30 

	30 
	30 

	30 
	30 

	30 
	30 

	 
	 

	30 
	30 

	30 
	30 

	30 
	30 

	30 
	30 

	Span

	Number of pregnant females 
	Number of pregnant females 
	Number of pregnant females 

	29 
	29 

	28 
	28 

	26 
	26 

	26 
	26 

	 
	 

	24 
	24 

	18 
	18 

	28 
	28 

	26 
	26 

	Span

	Fertility index (%)a 
	Fertility index (%)a 
	Fertility index (%)a 

	96.7 
	96.7 

	93.3 
	93.3 

	86.7 
	86.7 

	86.7 
	86.7 

	 
	 

	85.7 
	85.7 

	69.2 
	69.2 

	93.3 
	93.3 

	89.7 
	89.7 

	Span

	Mating index (%)b 
	Mating index (%)b 
	Mating index (%)b 

	100 
	100 

	100 
	100 

	100 
	100 

	100 
	100 

	 
	 

	93.3 
	93.3 

	86.7 
	86.7 

	100 
	100 

	96.7 
	96.7 

	Span

	Gestation index (%)c 
	Gestation index (%)c 
	Gestation index (%)c 

	96.6 
	96.6 

	100 
	100 

	100 
	100 

	96.2 
	96.2 

	 
	 

	95.8 
	95.8 

	100 
	100 

	100 
	100 

	96.2 
	96.2 

	Span

	Number of viable litters 
	Number of viable litters 
	Number of viable litters 

	28d 
	28d 

	28 
	28 

	26 
	26 

	25 
	25 

	 
	 

	23 
	23 

	18 
	18 

	28 
	28 

	25 
	25 

	Span

	Mean litter size ± SD, day 0 
	Mean litter size ± SD, day 0 
	Mean litter size ± SD, day 0 

	13.2±3.6 
	13.2±3.6 

	15.0±2.1 
	15.0±2.1 

	15.0±2.1 
	15.0±2.1 

	13.7±4.6 
	13.7±4.6 

	 
	 

	11.0±5.0 
	11.0±5.0 

	13.3±2.8 
	13.3±2.8 

	13.4±3.3 
	13.4±3.3 

	12.4±4.1 
	12.4±4.1 

	Span

	Mean N° of still birth ± SD, day 0  
	Mean N° of still birth ± SD, day 0  
	Mean N° of still birth ± SD, day 0  

	0.26±0.53 
	0.26±0.53 

	0.25±0.44 
	0.25±0.44 

	0.23±0.51 
	0.23±0.51 

	0.35±0.69 
	0.35±0.69 

	 
	 

	0.50±0.83 
	0.50±0.83 

	0.17±0.51 
	0.17±0.51 

	0.07±0.26 
	0.07±0.26 

	0.31±0.74 
	0.31±0.74 

	Span

	Offspring Generation  
	Offspring Generation  
	Offspring Generation  

	F1 Generation 
	F1 Generation 

	 
	 

	F2 Generation 
	F2 Generation 

	Span

	Number viable males, day 0 
	Number viable males, day 0 
	Number viable males, day 0 

	166 
	166 

	218 
	218 

	206 
	206 

	171 
	171 

	 
	 

	131 
	131 

	114 
	114 

	182 
	182 

	182 
	182 

	Span

	Number viable females, day 0 
	Number viable females, day 0 
	Number viable females, day 0 

	190 
	190 

	203 
	203 

	183 
	183 

	184 
	184 

	 
	 

	133 
	133 

	126 
	126 

	194 
	194 

	194 
	194 

	Span

	Sex ratio (% males) day 0 
	Sex ratio (% males) day 0 
	Sex ratio (% males) day 0 

	46.6 
	46.6 

	51.8 
	51.8 

	53.0 
	53.0 

	48.2 
	48.2 

	 
	 

	49.6 
	49.6 

	47.5 
	47.5 

	48.4 
	48.4 

	48.4 
	48.4 

	Span

	% pups alive on PND4e  
	% pups alive on PND4e  
	% pups alive on PND4e  

	96.6 
	96.6 

	96.9 
	96.9 

	97.7 
	97.7 

	95.7 
	95.7 

	 
	 

	89.6 
	89.6 

	98.7 
	98.7 

	97.1 
	97.1 

	97.1 
	97.1 

	Span

	% pups alive from PND4 to PND21 
	% pups alive from PND4 to PND21 
	% pups alive from PND4 to PND21 

	97.6 
	97.6 

	91.1 
	91.1 

	96.2 
	96.2 

	98.0 
	98.0 

	 
	 

	96.6 
	96.6 

	98.6 
	98.6 

	99.6 
	99.6 

	99.6 
	99.6 

	Span

	Mean pup weight (g), PND 0, Males ± SD 
	Mean pup weight (g), PND 0, Males ± SD 
	Mean pup weight (g), PND 0, Males ± SD 
	                                        Females ± SD 

	6.4±0.1 
	6.4±0.1 
	6.0±0.1 

	6.0±0.1 
	6.0±0.1 
	5.7±0.1 

	6.2±0.1 
	6.2±0.1 
	5.7±0.1 

	6.3±0.1 
	6.3±0.1 
	6.0±0.1 

	 
	 

	6.4±0.1 
	6.4±0.1 
	6.0±0.1 

	6.0±0.1* 
	6.0±0.1* 
	5.8±0.1 

	6.2±0.1 
	6.2±0.1 
	5.8±0.1 

	6.2±0.1 
	6.2±0.1 
	5.8±0.1 

	Span

	Mean pup weight (g), PND 4, Males ± SD 
	Mean pup weight (g), PND 4, Males ± SD 
	Mean pup weight (g), PND 4, Males ± SD 
	                                        Females ± SD 

	9.1±0.2 
	9.1±0.2 
	8.6±0.2 

	8.1±0.2* 
	8.1±0.2* 
	7.7±0.2* 

	8.6±0.2 
	8.6±0.2 
	7.9±0.2* 

	8.7±0.2 
	8.7±0.2 
	8.4±0.2 

	 
	 

	9.3±0.3 
	9.3±0.3 
	8.9±0.2 

	8.8±0.3 
	8.8±0.3 
	8.4±0.2 

	9.0±0.2 
	9.0±0.2 
	8.5±0.2 

	9.0±0.2 
	9.0±0.2 
	8.5±0.2 

	Span

	Mean pup weight (g), PND 7, Males ± SD 
	Mean pup weight (g), PND 7, Males ± SD 
	Mean pup weight (g), PND 7, Males ± SD 
	                                        Females ± SD 

	14.4±0.4 
	14.4±0.4 
	13.4±0.4 

	13.0±0.4 
	13.0±0.4 
	12.2±0.4 

	13.5±0.4 
	13.5±0.4 
	12.4±0.4 

	13.4±0.4 
	13.4±0.4 
	12.7±0.4 

	 
	 

	14.0±0.5 
	14.0±0.5 
	13.4±0.4 

	13.4±0.5 
	13.4±0.5 
	12.7±0.4 

	13.7±0.4 
	13.7±0.4 
	12.8±0.3 

	13.3±0.4 
	13.3±0.4 
	12.8±0.3 

	Span

	Mean pup weight (g), PND 21, Males ± SD 
	Mean pup weight (g), PND 21, Males ± SD 
	Mean pup weight (g), PND 21, Males ± SD 
	                                         Females ± SD 

	49.9±1.1 
	49.9±1.1 
	46.8±1.0 

	45.1±1.1 
	45.1±1.1 
	43.4±1.0 

	47.2±1.1 
	47.2±1.1 
	44.0±1.0 

	46.2±1.2 
	46.2±1.2 
	44.4±1.0 

	 
	 

	47.8±1.3 
	47.8±1.3 
	44.2±1.4 

	44.6±1.4 
	44.6±1.4 
	42.5±1.4 

	43.8±1.1 
	43.8±1.1 
	41.3±1.2 

	43.0±1.2 
	43.0±1.2 
	42.3±1.3 

	Span

	a Fertility index =  (Number of pregnant females / number of females cohabited with males) X 100 
	a Fertility index =  (Number of pregnant females / number of females cohabited with males) X 100 
	a Fertility index =  (Number of pregnant females / number of females cohabited with males) X 100 
	b Mating Index = (Number of sperm-positive females / number of females cohabited with males) X 100 
	c Gestation Index = (Number of females with liveborn / number of sperm-positive females) X 100 
	ePND = postnatal day 
	* Statistically different from controls at P≤ 0.05, covariate analysis (litter size as covariate) 

	Span


	 
	Table 3 Results from the Two Generation Reproduction Study on Simazine (Epstein, 1991) 
	 
	 
	 
	 

	Simazine Feeding Level ppm (mg/kg/day) 
	Simazine Feeding Level ppm (mg/kg/day) 

	Span

	 
	 
	 

	0 
	0 

	10 
	10 
	(0.73) 

	50 
	50 
	(3.64) 

	500 
	500 
	(38.7) 

	 
	 

	0 
	0 

	10 
	10 
	(0.73) 

	50 
	50 
	(3.64) 

	500 
	500 
	(38.7) 

	Span

	Parental Generation 
	Parental Generation 
	Parental Generation 

	F0 Generation 
	F0 Generation 

	 
	 

	F1/F1+ Generation 
	F1/F1+ Generation 

	Span

	Number of mated females 
	Number of mated females 
	Number of mated females 

	30 
	30 

	28 
	28 

	30 
	30 

	29 
	29 

	 
	 

	23 
	23 

	27 
	27 

	27 
	27 

	30 
	30 

	Span

	Number of pregnant females 
	Number of pregnant females 
	Number of pregnant females 

	24 
	24 

	25 
	25 

	27 
	27 

	28 
	28 

	 
	 

	20 
	20 

	22 
	22 

	22 
	22 

	28 
	28 

	Span

	Fertility index (%)a 
	Fertility index (%)a 
	Fertility index (%)a 

	80.0 
	80.0 

	89.3 
	89.3 

	90.0 
	90.0 

	96.6 
	96.6 

	 
	 

	87.0 
	87.0 

	81.5 
	81.5 

	81.5 
	81.5 

	93.3 
	93.3 

	Span

	Mating index (%)b 
	Mating index (%)b 
	Mating index (%)b 

	100.0 
	100.0 

	93.3 
	93.3 

	100.0 
	100.0 

	96.7 
	96.7 

	 
	 

	76.7 
	76.7 

	90.0 
	90.0 

	90.0 
	90.0 

	100.0 
	100.0 

	Span

	Gestation index (%)c 
	Gestation index (%)c 
	Gestation index (%)c 

	100.0 
	100.0 

	100.0 
	100.0 

	100.0 
	100.0 

	100.0 
	100.0 

	 
	 

	100.0 
	100.0 

	95.5 
	95.5 

	100.0 
	100.0 

	96.4 
	96.4 

	Span

	Number of viable litters 
	Number of viable litters 
	Number of viable litters 

	24 
	24 

	25 
	25 

	27 
	27 

	28 
	28 

	 
	 

	20 
	20 

	21d 
	21d 

	22 
	22 

	27 
	27 

	Span

	Mean litter size, day 0 ± SD 
	Mean litter size, day 0 ± SD 
	Mean litter size, day 0 ± SD 

	13.3 ± 3.78 
	13.3 ± 3.78 

	13.6 ± 4.09 
	13.6 ± 4.09 

	12.3 ± 4.16 
	12.3 ± 4.16 

	13.5 ± 3.79 
	13.5 ± 3.79 

	 
	 

	13.1 ± 3.93 
	13.1 ± 3.93 

	13.4 ± 3.57d 
	13.4 ± 3.57d 

	13.2 ± 3.24 
	13.2 ± 3.24 

	12.7 ± 3.97 
	12.7 ± 3.97 

	Span

	Mean N° of still birth, day 0 ± SD 
	Mean N° of still birth, day 0 ± SD 
	Mean N° of still birth, day 0 ± SD 

	0.21 ± 0.66 
	0.21 ± 0.66 

	0.96 ± 2.82 
	0.96 ± 2.82 

	0.96 ± 2.01 
	0.96 ± 2.01 

	0.25  ± 0.52 
	0.25  ± 0.52 

	 
	 

	0.20 ± 0.52 
	0.20 ± 0.52 

	0.25 ± 0.55d 
	0.25 ± 0.55d 
	 

	0.59 ± 1.01 
	0.59 ± 1.01 

	0.70 ± 2.49 
	0.70 ± 2.49 

	Span

	Offspring Generation  
	Offspring Generation  
	Offspring Generation  

	F1 Generation 
	F1 Generation 

	 
	 

	F2 
	F2 

	Span

	Number viable males, day 0 
	Number viable males, day 0 
	Number viable males, day 0 

	168 
	168 

	166 
	166 

	172 
	172 

	175 
	175 

	 
	 

	143 
	143 

	133f 
	133f 

	153 
	153 

	175 
	175 

	Span

	Number viable females, day 0 
	Number viable females, day 0 
	Number viable females, day 0 

	151 
	151 

	173 
	173 

	161 
	161 

	203 
	203 

	 
	 

	119 
	119 

	135f 
	135f 

	138 
	138 

	168 
	168 

	Span

	Sex ratio (% males), day 0 
	Sex ratio (% males), day 0 
	Sex ratio (% males), day 0 

	52.7 
	52.7 

	49.0 
	49.0 

	51.7 
	51.7 

	46.3 
	46.3 

	 
	 

	54.6 
	54.6 

	49.6f 
	49.6f 

	52.6 
	52.6 

	51.0 
	51.0 

	Span

	% pups alive on PND4d  
	% pups alive on PND4d  
	% pups alive on PND4d  

	98.7 
	98.7 

	94.5 
	94.5 

	93.2 
	93.2 

	94.3 
	94.3 

	 
	 

	97.4 
	97.4 

	98.7f 
	98.7f 

	97.5 
	97.5 

	95.4 
	95.4 

	Span

	% pups alive from PND4 to PND21 
	% pups alive from PND4 to PND21 
	% pups alive from PND4 to PND21 

	99.0 
	99.0 

	99.0 
	99.0 

	96.2 
	96.2 

	99.5 
	99.5 

	 
	 

	100.0 
	100.0 

	93.8f 
	93.8f 

	99.4 
	99.4 

	96.2 
	96.2 

	Span

	Mean pup weight (g), PND 0, Males ± SE 
	Mean pup weight (g), PND 0, Males ± SE 
	Mean pup weight (g), PND 0, Males ± SE 
	                                        Females ± SE 

	6.48 ± 0.16 
	6.48 ± 0.16 
	6.14 ± 0.15 

	6.43 ± 0.15 
	6.43 ± 0.15 
	6.08 ± 0.15 

	6.55 ± 0.15 
	6.55 ± 0.15 
	6.14 ± 0.15 

	6.41 ± 0.15 
	6.41 ± 0.15 
	6.15 ± 0.14 

	 
	 

	6.44 ± 0.15 
	6.44 ± 0.15 
	5.97 ± 0.14 

	6.24 ± 0.15 
	6.24 ± 0.15 
	5.9 ± 0.13 

	6.35 ± 0.14 
	6.35 ± 0.14 
	6.04 ± 0.12 

	6.51 ± 0.13 
	6.51 ± 0.13 
	6.22 ± 0.11 

	Span

	Mean pup weight (g), PND 4, Males ± SEe 
	Mean pup weight (g), PND 4, Males ± SEe 
	Mean pup weight (g), PND 4, Males ± SEe 
	                                        Females ± SEe 

	9.45 ± 0.30 
	9.45 ± 0.30 
	9.07 ± 0.29 

	9.86 ± 0.29 
	9.86 ± 0.29 
	9.35 ± 0.29 

	9.92 ± 0.29 
	9.92 ± 0.29 
	9.46 ± 0.28 

	9.48 ± 0.28 
	9.48 ± 0.28 
	9.20 ± 0.27 

	 
	 

	9.44 ± 0.34 
	9.44 ± 0.34 
	9.10 ± 0.32 

	8.79 ± 0.33 
	8.79 ± 0.33 
	8.38 ± 0.30 

	9.52 ± 0.31 
	9.52 ± 0.31 
	9.00 ± 0.29 

	9.55 ± 0.29 
	9.55 ± 0.29 
	8.99 ± 0.26 

	Span

	Mean pup weight (g), PND 7, Males ± SE 
	Mean pup weight (g), PND 7, Males ± SE 
	Mean pup weight (g), PND 7, Males ± SE 
	                                        Females ± SE 

	14.75 ± 0.40 
	14.75 ± 0.40 
	14.44 ± 0.41 

	15.82 ± 0.40 
	15.82 ± 0.40 
	14.83 ± 0.41 

	15.74 ± 0.39 
	15.74 ± 0.39 
	15.25 ± 0.40 

	14.82 ± 0.37 
	14.82 ± 0.37 
	14.34 ± 0.38 

	 
	 

	14.93 ± 0.47 
	14.93 ± 0.47 
	14.68 ± 0.43 

	14.49 ± 0.48 
	14.49 ± 0.48 
	13.42 ± 0.41 

	15.28 ± 0.43 
	15.28 ± 0.43 
	14.38 ± 0.38 

	14.77 ± 0.40 
	14.77 ± 0.40 
	14.06 ± 0.35 

	Span

	Mean pup weight (g), PND 21, Males ± SE 
	Mean pup weight (g), PND 21, Males ± SE 
	Mean pup weight (g), PND 21, Males ± SE 
	                                         Females ± SE 

	51.05 ± 1.13 
	51.05 ± 1.13 
	50.05 ± 1.08  

	 54.84 ± 1.12* 
	 54.84 ± 1.12* 
	52.04 ± 1.08 

	54.19 ± 1.10 
	54.19 ± 1.10 
	52.03 ± 1.06 

	49.39 ± 1.06 
	49.39 ± 1.06 
	47.68 ± 1.01 

	 
	 

	48.10 ± 1.11 
	48.10 ± 1.11 
	46.32 ± 1.03 

	48.12 ± 1.16 
	48.12 ± 1.16 
	44.18 ± 1.02 

	49.71 ± 1.05 
	49.71 ± 1.05 
	47.50 ± 0.95 

	46.33 ± 0.99 
	46.33 ± 0.99 
	43.90 ± 0.89 

	Span

	a Fertility index =  (Number of pregnant females / number of females cohabited with males) X 100 
	a Fertility index =  (Number of pregnant females / number of females cohabited with males) X 100 
	a Fertility index =  (Number of pregnant females / number of females cohabited with males) X 100 
	b Mating Index = (Number of sperm-positive females / number of females cohabited with males) X 100 
	c Gestation Index = (Number of females with live born / number of sperm-positive females) X 100 
	dPND = postnatal day  e Precull data; * Significantly different from controls at p ≤ 0.05 
	 

	Span


	 
	Table 4 Comparison of the Effect of Atrazine on the LH surge and the Mean Number of Corpora Lutea and Ova When Administered by Gavage or in the Diet 
	 
	Table 5 Mean Fetal Weight, Maternal Body Change and Incidence of Skeletal Variation 
	 
	 
	 
	 

	Atrazine dose (mg/kg/day)  
	Atrazine dose (mg/kg/day)  

	Span

	Atrazine Rat Teratology (1984) 
	Atrazine Rat Teratology (1984) 
	Atrazine Rat Teratology (1984) 

	0 
	0 

	10 
	10 

	70 
	70 

	700 
	700 

	 
	 

	Span

	Mean fetal body weight (g) ± SD, males 
	Mean fetal body weight (g) ± SD, males 
	Mean fetal body weight (g) ± SD, males 
	                                                       females 

	3.44±0.21 
	3.44±0.21 
	3.26±0.20 

	3.60±0.47 
	3.60±0.47 
	3.30±0.46 

	3.38±0.34  
	3.38±0.34  
	3.24±0.38    

	1.89±0.45** 
	1.89±0.45** 
	1.79±0.43** 

	 
	 


	Mean ± SD maternal body weight change (g) 
	Mean ± SD maternal body weight change (g) 
	Mean ± SD maternal body weight change (g) 

	61±3 
	61±3 

	59±3   
	59±3   

	53±2 
	53±2 

	-25±8 
	-25±8 

	 
	 


	No. fetuses (litters) with skeletal variations 
	No. fetuses (litters) with skeletal variations 
	No. fetuses (litters) with skeletal variations 

	203(23) 
	203(23) 

	205(23) 
	205(23) 

	240(25) 
	240(25) 

	NE 
	NE 

	 
	 


	Percentages fetuses (litters) with skeletal variations 
	Percentages fetuses (litters) with skeletal variations 
	Percentages fetuses (litters) with skeletal variations 

	100.0(100.0) 
	100.0(100.0) 

	94.5(100.0) 
	94.5(100.0) 

	98.4(100.0) 
	98.4(100.0) 

	NE 
	NE 

	 
	 


	                                                                 
	                                                                 
	                                                                 

	Atrazine dose (mg/kg/day) 
	Atrazine dose (mg/kg/day) 

	Span

	Atrazine Rat Study (1989) 
	Atrazine Rat Study (1989) 
	Atrazine Rat Study (1989) 

	0 
	0 

	5 
	5 

	25 
	25 

	100 
	100 

	 
	 

	Span

	Mean fetal body weight (g) ± SD, males 
	Mean fetal body weight (g) ± SD, males 
	Mean fetal body weight (g) ± SD, males 
	                                                       females  

	3.5±0.05 
	3.5±0.05 
	3.3±0.04 

	3.6±0.05 
	3.6±0.05 
	3.4±0.04 

	3.6±0.05 
	3.6±0.05 
	3.4±0.04 

	3.5±0.05 
	3.5±0.05 
	3.3±0.05 

	 
	 


	Mean maternal body weight change (% of control) 
	Mean maternal body weight change (% of control) 
	Mean maternal body weight change (% of control) 

	100.0 
	100.0 

	96.7 
	96.7 

	96.7 
	96.7 

	79.8* 
	79.8* 

	 
	 


	No. fetuses (litters) with skeletal variations 
	No. fetuses (litters) with skeletal variations 
	No. fetuses (litters) with skeletal variations 

	181(26) 
	181(26) 

	177(25) 
	177(25) 

	179(24) 
	179(24) 

	166(21) 
	166(21) 

	 
	 


	Percentages fetuses (litters) with skeletal variations 
	Percentages fetuses (litters) with skeletal variations 
	Percentages fetuses (litters) with skeletal variations 

	100.0(100.0) 
	100.0(100.0) 

	99.4(100.00) 
	99.4(100.00) 

	100.0(100.0) 
	100.0(100.0) 

	100.0(100.0) 
	100.0(100.0) 

	 
	 


	                                                                   
	                                                                   
	                                                                   

	Atrazine dose (mg/kg/day) 
	Atrazine dose (mg/kg/day) 

	Span

	Atrazine Rabbit Study 
	Atrazine Rabbit Study 
	Atrazine Rabbit Study 

	0 
	0 

	1 
	1 

	5 
	5 

	75 
	75 

	 
	 

	Span

	Mean fetal body weight (g) ± SD, males 
	Mean fetal body weight (g) ± SD, males 
	Mean fetal body weight (g) ± SD, males 
	                                                       females 

	46.1±5.5 
	46.1±5.5 
	44.0±3.7 

	44.0±6.1 
	44.0±6.1 
	43.3±5.4 

	43.2±6.0 
	43.2±6.0 
	43.1±4.5 

	35.7±5.8** 
	35.7±5.8** 
	35.8±6.2** 

	 
	 


	Mean maternal body weight change (% of control) 
	Mean maternal body weight change (% of control) 
	Mean maternal body weight change (% of control) 

	100.0 
	100.0 

	64.6 
	64.6 

	51.0 
	51.0 

	18.6 
	18.6 

	 
	 


	No. fetuses (litters) with skeletal variations 
	No. fetuses (litters) with skeletal variations 
	No. fetuses (litters) with skeletal variations 

	94(16) 
	94(16) 

	80(13) 
	80(13) 

	99(15) 
	99(15) 

	75(14)a 
	75(14)a 

	 
	 


	Percentages fetuses (litters) with skeletal variations 
	Percentages fetuses (litters) with skeletal variations 
	Percentages fetuses (litters) with skeletal variations 

	67.1(100.0) 
	67.1(100.0) 

	64.5(92.9) 
	64.5(92.9) 

	72.8(100) 
	72.8(100) 

	84.3(93.3) 
	84.3(93.3) 

	 
	 

	Span

	 
	 
	 

	DIA or (atrazine equivalent) dose (mg/kg/day) 
	DIA or (atrazine equivalent) dose (mg/kg/day) 


	Deisopropylatrazine (DIA) Rat Study 
	Deisopropylatrazine (DIA) Rat Study 
	Deisopropylatrazine (DIA) Rat Study 

	0 
	0 

	5 (4.2) 
	5 (4.2) 

	5 (20.8) 
	5 (20.8) 

	75 (80.3) 
	75 (80.3) 

	 
	 

	Span

	Mean fetal body weight (g) ± SD, males 
	Mean fetal body weight (g) ± SD, males 
	Mean fetal body weight (g) ± SD, males 
	                                                       females 

	5.6±0.3 
	5.6±0.3 
	5.3±0.3 

	5.6±0.3 
	5.6±0.3 
	5.3±0.3 

	5.7±0.4 
	5.7±0.4 
	5.3±0.4 

	5.5±0.3 
	5.5±0.3 
	5.2±0.3 

	 
	 


	Mean maternal body weight change (% of control) 
	Mean maternal body weight change (% of control) 
	Mean maternal body weight change (% of control) 

	100.0 
	100.0 

	80.5 
	80.5 

	80.2 
	80.2 

	55.4** 
	55.4** 

	 
	 


	No. fetuses (litters) with skeletal variations 
	No. fetuses (litters) with skeletal variations 
	No. fetuses (litters) with skeletal variations 

	160(22) 
	160(22) 

	155(21) 
	155(21) 

	164(22) 
	164(22) 

	172(23) 
	172(23) 

	 
	 


	Percentages fetuses (litters) with skeletal variations 
	Percentages fetuses (litters) with skeletal variations 
	Percentages fetuses (litters) with skeletal variations 

	100.0(100.0) 
	100.0(100.0) 

	100.00(100.0) 
	100.00(100.0) 

	99.4(100.0) 
	99.4(100.0) 

	100.0(100.0) 
	100.0(100.0) 

	 
	 


	                                                                   
	                                                                   
	                                                                   

	DEA or (atrazine equivalent) dose (mg/kg/day) 
	DEA or (atrazine equivalent) dose (mg/kg/day) 

	Span

	Deethylatrazine (DEA) Rat Study 
	Deethylatrazine (DEA) Rat Study 
	Deethylatrazine (DEA) Rat Study 

	0 
	0 

	5 (4.3) 
	5 (4.3) 

	25 (21.7) 
	25 (21.7) 

	100 (86.8) 
	100 (86.8) 

	 
	 

	Span

	Mean fetal body weight (g) ± SD, males 
	Mean fetal body weight (g) ± SD, males 
	Mean fetal body weight (g) ± SD, males 
	                                                       females 

	5.7±0.3  
	5.7±0.3  
	5.3±0.3 

	5.6±0.3 
	5.6±0.3 
	5.3±0.3 

	5.8±0.3 
	5.8±0.3 
	5.4±0.3 

	5.6±0.3 
	5.6±0.3 
	5.3±0.3 

	 
	 


	Mean maternal body weight change (% of control) 
	Mean maternal body weight change (% of control) 
	Mean maternal body weight change (% of control) 

	100.0 
	100.0 

	97.6 
	97.6 

	89.5* 
	89.5* 

	68.8** 
	68.8** 

	 
	 


	No. fetuses (litters) with skeletal variations 
	No. fetuses (litters) with skeletal variations 
	No. fetuses (litters) with skeletal variations 

	168(23) 
	168(23) 

	173(23) 
	173(23) 

	163(22) 
	163(22) 

	158(24) 
	158(24) 

	 
	 


	Percentages fetuses (litters) with skeletal variations 
	Percentages fetuses (litters) with skeletal variations 
	Percentages fetuses (litters) with skeletal variations 

	100.0(100.0) 
	100.0(100.0) 

	99.4(100.0) 
	99.4(100.0) 

	99.4(100.0) 
	99.4(100.0) 

	100.0(100.0) 
	100.0(100.0) 

	 
	 


	 
	 
	 

	DACT or (atrazine equivalent) dose (mg/kg/day) 
	DACT or (atrazine equivalent) dose (mg/kg/day) 

	Span

	Diaminochlorotriazine (DACT) Rat Study 
	Diaminochlorotriazine (DACT) Rat Study 
	Diaminochlorotriazine (DACT) Rat Study 

	0 
	0 

	2.5 (1.7) 
	2.5 (1.7) 

	25 (16.9) 
	25 (16.9) 

	75 (50.7) 
	75 (50.7) 

	150 (101.4) 
	150 (101.4) 

	Span

	Mean fetal body weight (g) ±SD, males 
	Mean fetal body weight (g) ±SD, males 
	Mean fetal body weight (g) ±SD, males 
	                                                      females 

	3.45±0.06 
	3.45±0.06 
	3.29±0.05 

	3.45±0.06 
	3.45±0.06 
	3.32±0.05 

	3.43±0.06                         
	3.43±0.06                         
	3.29±0.05 

	3.14±0.06* 
	3.14±0.06* 
	3.03±0.05* 

	2.79±0.06* 
	2.79±0.06* 
	2.68±0.05* 


	Mean maternal body weight change (% of control) 
	Mean maternal body weight change (% of control) 
	Mean maternal body weight change (% of control) 

	100.0 
	100.0 

	103.0 
	103.0 

	102.0 
	102.0 

	97.0 
	97.0 

	56.7* 
	56.7* 


	No. fetuses (litters) with skeletal variations 
	No. fetuses (litters) with skeletal variations 
	No. fetuses (litters) with skeletal variations 

	148(22) 
	148(22) 

	150(23) 
	150(23) 

	170(25) 
	170(25) 

	174(25)b 
	174(25)b 

	133(23)b 
	133(23)b 


	Percentages fetuses (litters) with skeletal variations 
	Percentages fetuses (litters) with skeletal variations 
	Percentages fetuses (litters) with skeletal variations 

	99.3(100.0) 
	99.3(100.0) 

	100.0(100.0) 
	100.0(100.0) 

	100.0(100.0) 
	100.0(100.0) 

	100.00(100.00) 
	100.00(100.00) 

	100.00(100.00) 
	100.00(100.00) 

	Span


	* Different from the control group at p ≤ 0.05;  
	** Different from the control group at p ≤ 0.01 
	a Significantly increased incidence of delayed ossification of certain bones and an increased incidence of resorbed fetuses. 
	b Significantly increased incidence of partially ossified parietals, interparietals and unossified hyoids 
	NE = Not Evaluated 
	 
	  
	7.0 PHARMACOKINETIC STUDIES AND PBPK MODEL  
	7.1 Pharmacokinetic Studies in Rats 
	Coder (2011b) conducted a study to explicitly characterize the pharmacokinetics of atrazine and its chlorometabolites (DEA, DIA, DACT).  The study compared the pharmacokinetics of bolus doses that have been shown to suppress the LH surge in rodents and feeding doses that are more representative of the distributed dose characteristic of potential human exposure.   
	The results indicate that following a single gavage dose of atrazine, maximum plasma concentrations of ATZ, DEA and DIA are achieved within 0.4 to 1.25 hours and within 1.25 to 8 hours for DACT depending on the ATZ dose administered (Figure 10, Table 6).  
	Figure 10 Pharmacokinetic Characterization of Atrazine in Female Sprague-Dawley Rat (Coder et al., 2011b) 
	 
	  
	Table 6 Pharmacokinetic Parameters for ATZ, DEA, DIA and DACT in Female Sprague-Dawley Rats (Coder et al., 2011) 
	Parameter 
	Parameter 
	Parameter 
	Parameter 

	ATZ 
	ATZ 

	DEA 
	DEA 

	DIA 
	DIA 

	DACT 
	DACT 

	Span

	Dose 
	Dose 
	Dose 

	3 
	3 

	10 
	10 

	50 
	50 

	3 
	3 

	10 
	10 

	50 
	50 

	3 
	3 

	10 
	10 

	50 
	50 

	3 
	3 

	10 
	10 

	50 
	50 

	Span

	Tmax (hrs) 
	Tmax (hrs) 
	Tmax (hrs) 

	0.4 
	0.4 

	0.5 
	0.5 

	0.5 
	0.5 

	0.46 
	0.46 

	0.75 
	0.75 

	0.94 
	0.94 

	0.4 
	0.4 

	0.63 
	0.63 

	1.25 
	1.25 

	1.25 
	1.25 

	4.5 
	4.5 

	8.0 
	8.0 

	Span

	Cmax(ng/ml) 
	Cmax(ng/ml) 
	Cmax(ng/ml) 

	5.4 
	5.4 

	15.9 
	15.9 

	36.7 
	36.7 

	51.5 
	51.5 

	126.5 
	126.5 

	288.5 
	288.5 

	207.0 
	207.0 

	597.3 
	597.3 

	1426 
	1426 

	686.5 
	686.5 

	2290 
	2290 

	8523 
	8523 

	Span

	AUC(ng*h/ml) 
	AUC(ng*h/ml) 
	AUC(ng*h/ml) 

	5.9 
	5.9 

	26.3 
	26.3 

	144.3 
	144.3 

	157.5 
	157.5 

	527.3 
	527.3 

	2736 
	2736 

	389.5 
	389.5 

	1609 
	1609 

	8981 
	8981 

	8840 
	8840 

	29986 
	29986 

	144245 
	144245 

	Span

	Appearance (hrs) 
	Appearance (hrs) 
	Appearance (hrs) 

	0.17 
	0.17 

	0.17 
	0.17 

	0.08 
	0.08 

	0.17 
	0.17 

	0.50 
	0.50 

	0.38 
	0.38 

	0.17 
	0.17 

	0.50 
	0.50 

	1.00 
	1.00 

	1 
	1 

	3 
	3 

	4 
	4 

	Span

	Elimination (hrs) 
	Elimination (hrs) 
	Elimination (hrs) 

	0.4 
	0.4 

	0.7 
	0.7 

	2.3 
	2.3 

	1.3 
	1.3 

	1.8 
	1.8 

	7.0 
	7.0 

	0.9 
	0.9 

	1.2 
	1.2 

	3.9 
	3.9 

	9.7 
	9.7 

	8.3 
	8.3 

	11.5 
	11.5 

	Span

	Steady State Conc. (ng/ml) 
	Steady State Conc. (ng/ml) 
	Steady State Conc. (ng/ml) 

	-- 
	-- 

	-- 
	-- 

	-- 
	-- 

	-- 
	-- 

	-- 
	-- 

	138 
	138 

	-- 
	-- 

	-- 
	-- 

	546 
	546 

	395.5 
	395.5 

	1221 
	1221 

	5516 
	5516 

	Span

	Steady State Time(T90:hrs) 
	Steady State Time(T90:hrs) 
	Steady State Time(T90:hrs) 

	-- 
	-- 

	-- 
	-- 

	-- 
	-- 

	-- 
	-- 

	-- 
	-- 

	0.5 
	0.5 

	-- 
	-- 

	-- 
	-- 

	0.18 
	0.18 

	1.09 
	1.09 

	3.06 
	3.06 

	11.0 
	11.0 

	Span


	 
	7.2 Pharmacokinetic Studies in Non-Human Primates 
	Hui et al. (2011) published the results of a pharmacokinetic study conducted for Syngenta (Hui, 1996a) that indicate that like the rodent, non-human primates display rapid clearance of 14C atrazine from the plasma and rapid elimination in urine (Figure 11).  
	In addition to these studies, in 2011, Syngenta initiated two PK studies in cynomolgus females to characterize the kinetics of clearance of the chlorotriazine metabolites from plasma (Stuhler, 2011; Figure 12) and to identify metabolites greater than 1% of total radioactivity using exact mass spectroscopy procedures with 14C labelled atrazine (Press, 2012; Figure 13).  This research was commended by the USEPA Scientific Advisory Panel as state of the art and fit for characterizing potential human risk, incl
	7.3 Pharmacokinetic Studies in Humans 
	Syngenta conducted a pharmacokinetic study in humans (Cheung, 1990) and submitted an updated report to EPA in 2011.  The urinary elimination data for DEA, DIA and DACT was fitted with using an exponential decay function (Figure 14; Breckenridge, 2011).  The concentration observed in humans was comparable to concentrations predicted based on the 
	rodent physiological based pharmacokinetic (PBPK) model scaled to humans as described in Section 7.4.   
	Figure 11 Kinetics of 14C Atrazine Plasma Clearance following an Intravenous Dose of 14C Atrazine Administered to Female Rhesus Monkey (Hui, 2011) 
	 
	  
	Figure 12 Plasma Clearance of Atrazine, DEA, DIA and DACT in female Cynomolgus Monkeys following a Gavage Dose of 0.125 mg/kg Atrazine in 2.5% Ethanol/Water 
	 
	Figure 13 Clearance of Total Radioactivity from the Plasma of Female Cynomolgus Administered and Gavage Dose of 5 mg/kg Dose of 14C Atrazine 
	  
	Figure 14 Average Human Urinary Elimination of DIA, DEA and DACT Following an Oral Capsule Dose of 0.1mg/kg Atrazine (From Cheung, 1990) 
	 
	7.4 Physiologically Based Pharmacokinetic Model 
	The rodent data described in Section 7.1 were used to develop a PBPK model which was scaled to humans.  This model was submitted to the USEPA in 2011 (Campbell et al., 2011).  The non-human primate data described in Section 7.2 will be used to recalibrate the model.  The human urinary clearance data will be used to validate model predictions. 
	The utility of the PBPK model for the chlorotriazines in human hazard and risk characterization, which is recognized as a high tier assessment, is illustrated schematically in Figure 15 (Clewell, 2011). Using the PBPK model, a comprehensive risk assessment for the most vulnerable Community Water Systems (CWS’s) in the United States, none of which were in California, was conducted (Sielken, 2011).  Margins of safety were greater than 1000 at the 99.9th percentile of the risk distribution, for the most vulner
	To our knowledge, USEPA has not yet formally reviewed this information nor considered its implications for the assessment of human developmental or reproductive hazard or risk.  However, the USEPA scientific advisory panel encouraged the EPA to utilize the model developed by Syngenta by stating: 
	“In general, the Panel supported the work of the Agency in pursuing a dose-response 
	analysis based on an internal dose metric, as an alternative to administered dose in the interest of reducing uncertainty in inter-route, interspecies and intraspecies extrapolations. In the one compartment model, the Agency has attempted to maximize use of the data available to them, making mainly conservative choices in the absence of hard information and verifying estimates to the extent possible. However, it was noted that the one compartment model was proposed by EPA as an interim approach, given that 
	 
	Figure 15 Use of PBPK Model in Atrazine Risk Characterization (From Clewell, 2011) 
	 
	8.0 CONCLUSIONS 
	OEHHA should not list chlorotriazines as developmental toxicants because  
	 
	1) Developmental delay, as indicated by reduced fetal body weight and delayed ossification of certain bones in rodent or rabbit fetuses, only occurred at chlorotriazine doses that were toxic to the mother.  The effects of maternal toxicity on developmental delay of fetuses has been described previously and is generally regarded as not reflecting a direct action of a chemical on the fetus. (Carney and Kimmel, 2007). 
	1) Developmental delay, as indicated by reduced fetal body weight and delayed ossification of certain bones in rodent or rabbit fetuses, only occurred at chlorotriazine doses that were toxic to the mother.  The effects of maternal toxicity on developmental delay of fetuses has been described previously and is generally regarded as not reflecting a direct action of a chemical on the fetus. (Carney and Kimmel, 2007). 
	1) Developmental delay, as indicated by reduced fetal body weight and delayed ossification of certain bones in rodent or rabbit fetuses, only occurred at chlorotriazine doses that were toxic to the mother.  The effects of maternal toxicity on developmental delay of fetuses has been described previously and is generally regarded as not reflecting a direct action of a chemical on the fetus. (Carney and Kimmel, 2007). 


	 
	2) Developmental delay only occurred in fetuses whose mothers were administered bolus doses of the chlorotriazines. 
	2) Developmental delay only occurred in fetuses whose mothers were administered bolus doses of the chlorotriazines. 
	2) Developmental delay only occurred in fetuses whose mothers were administered bolus doses of the chlorotriazines. 


	 
	3) There was no effect on fetal body weight when atrazine, simazine or propazine were administered as a distributed dose in the diet indicating that it is biologically implausible that the chlorotriazines will have developmental effects in humans exposed to the chlorotriazines in diet, drinking water or as a result of occupational or residential exposure.  
	3) There was no effect on fetal body weight when atrazine, simazine or propazine were administered as a distributed dose in the diet indicating that it is biologically implausible that the chlorotriazines will have developmental effects in humans exposed to the chlorotriazines in diet, drinking water or as a result of occupational or residential exposure.  
	3) There was no effect on fetal body weight when atrazine, simazine or propazine were administered as a distributed dose in the diet indicating that it is biologically implausible that the chlorotriazines will have developmental effects in humans exposed to the chlorotriazines in diet, drinking water or as a result of occupational or residential exposure.  


	 
	OEHHA should not list the chlortriazines as reproductive toxicants because 
	 
	1) Reproduction studies in rodents do not show any adverse effects on reproduction, fertility, development or the ability of next generations to successfully reproduce when the animals are exposed to the chlorotriazines in their diet, which distributes the dose throughout the entire day. 
	1) Reproduction studies in rodents do not show any adverse effects on reproduction, fertility, development or the ability of next generations to successfully reproduce when the animals are exposed to the chlorotriazines in their diet, which distributes the dose throughout the entire day. 
	1) Reproduction studies in rodents do not show any adverse effects on reproduction, fertility, development or the ability of next generations to successfully reproduce when the animals are exposed to the chlorotriazines in their diet, which distributes the dose throughout the entire day. 


	 
	2)  LH surge suppression is only observed in rodents when the animals are administered their entire daily dose within a few minutes (bolus dose) except in the 6-month study in reproductively aged SD rats.  The bolus dosing scenario does not occur in humans exposed to the chlorotriazines in diet, drinking water or as a result of occupational or residential exposure and therefore, the effects observed following such dosing are not relevant to humans. 
	2)  LH surge suppression is only observed in rodents when the animals are administered their entire daily dose within a few minutes (bolus dose) except in the 6-month study in reproductively aged SD rats.  The bolus dosing scenario does not occur in humans exposed to the chlorotriazines in diet, drinking water or as a result of occupational or residential exposure and therefore, the effects observed following such dosing are not relevant to humans. 
	2)  LH surge suppression is only observed in rodents when the animals are administered their entire daily dose within a few minutes (bolus dose) except in the 6-month study in reproductively aged SD rats.  The bolus dosing scenario does not occur in humans exposed to the chlorotriazines in diet, drinking water or as a result of occupational or residential exposure and therefore, the effects observed following such dosing are not relevant to humans. 


	 
	3) The chlorotriazines have a low rate of dermal absorption, do not bio-accumulate and are rapidly eliminated from plasma, urine and feces, therefore the biologically effective doses at which adverse effects were observed in rodent studies will never be achieved in humans exposed to the chlorotriazines in their diet, drinking water, or as a result of occupational use of the chemicals.  
	3) The chlorotriazines have a low rate of dermal absorption, do not bio-accumulate and are rapidly eliminated from plasma, urine and feces, therefore the biologically effective doses at which adverse effects were observed in rodent studies will never be achieved in humans exposed to the chlorotriazines in their diet, drinking water, or as a result of occupational use of the chemicals.  
	3) The chlorotriazines have a low rate of dermal absorption, do not bio-accumulate and are rapidly eliminated from plasma, urine and feces, therefore the biologically effective doses at which adverse effects were observed in rodent studies will never be achieved in humans exposed to the chlorotriazines in their diet, drinking water, or as a result of occupational use of the chemicals.  

	4) The endocrine response, the suppression of the luteinizing hormone (LH) surge, in rats exposed to high doses of the chlorotriazines is not in itself an adverse outcome.  
	4) The endocrine response, the suppression of the luteinizing hormone (LH) surge, in rats exposed to high doses of the chlorotriazines is not in itself an adverse outcome.  


	 
	5) The United States Environmental Protection Agency (USEPA) uses the effect of the chlorotriazines on LH as a conservative surrogate for potential reproductive effects in humans. 
	5) The United States Environmental Protection Agency (USEPA) uses the effect of the chlorotriazines on LH as a conservative surrogate for potential reproductive effects in humans. 
	5) The United States Environmental Protection Agency (USEPA) uses the effect of the chlorotriazines on LH as a conservative surrogate for potential reproductive effects in humans. 


	 
	6) The biological mechanisms controlling the LH surge in rodents are significantly different than those controlling the LH surge in humans and thus the effect of the chlorotriazines on the LH surge mechanism in rodents is not relevant to humans.  
	6) The biological mechanisms controlling the LH surge in rodents are significantly different than those controlling the LH surge in humans and thus the effect of the chlorotriazines on the LH surge mechanism in rodents is not relevant to humans.  
	6) The biological mechanisms controlling the LH surge in rodents are significantly different than those controlling the LH surge in humans and thus the effect of the chlorotriazines on the LH surge mechanism in rodents is not relevant to humans.  


	 
	7) The female rat ages reproductively in a manner that is significantly different from that of women and therefore effects of the chlorotriazines on reproductive aging in female rats are not relevant to humans. 
	7) The female rat ages reproductively in a manner that is significantly different from that of women and therefore effects of the chlorotriazines on reproductive aging in female rats are not relevant to humans. 
	7) The female rat ages reproductively in a manner that is significantly different from that of women and therefore effects of the chlorotriazines on reproductive aging in female rats are not relevant to humans. 


	 
	OEHHA should not list the chlortriazines as reproductive toxicants that delay sexual maturation because  
	 
	1) The effect has only been observed in rats following bolus doses of the chlorotriazines. 
	1) The effect has only been observed in rats following bolus doses of the chlorotriazines. 
	1) The effect has only been observed in rats following bolus doses of the chlorotriazines. 


	 
	2) Rapid pharmacokinetics of the chlorotriazines makes it implausible that delayed sexual maturation will occur in humans. 
	2) Rapid pharmacokinetics of the chlorotriazines makes it implausible that delayed sexual maturation will occur in humans. 
	2) Rapid pharmacokinetics of the chlorotriazines makes it implausible that delayed sexual maturation will occur in humans. 


	 
	3) Humans will not be exposed to bolus doses of atrazine through diet, in drinking water or as a result of occupational exposure to atrazine.   
	3) Humans will not be exposed to bolus doses of atrazine through diet, in drinking water or as a result of occupational exposure to atrazine.   
	3) Humans will not be exposed to bolus doses of atrazine through diet, in drinking water or as a result of occupational exposure to atrazine.   
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