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ABSTRACT

Hazard Identification for Simazine Risk Assessment
Marilyn Silva, Ph.D., D.A.B.T.

Medical Toxicology Branch. Department of Pesticide Regulation (DDPR). California Environmental Protection Agency (Cal/EPA). Sacramento. CA 95814, US

MECHANISM OF NEUROENDOCRINE TOXICITY

Human exposures to simazine 1s a priority in California because of potential for public &
occupational exposure (used 1n residential areas where children). Neuroendocrine effects
are the main toxicological concern. The metabolites desisopropyl-s-atrazine and
diaminochlorotriazine are of equal toxicity to simazine (common neuroendocrine toxicity
mechanism) so for risk assessment purposes they were not evaluated separately. Hazard
Identification (HazID) involves evaluation of published literature and registrant-submaitted
data and the compilation of definitive studies ascertaining target tissues and critical no-
observed-effect-levels (NOEL). Emphasis 1n selection of studies for HazID 1s on quality of
the study, relevance (eg. route of exposure), FIFRA Guideline acceptability, duration and
weight of evidence 1n cases where there 1s not a single definitive study. For simazine the
focus 1s on oral exposure. Critical NOELSs are significant to calculations for occupational,
residential, bystander and dietary margins of exposure for Risk Characterization. Acute and
short term (<1 mo), subchronic (1-3 mos) and chronic (>6 mos) exposure durations were
relevant to the simazine HazID. An acute study was not available so the critical NOEL was
obtained from a rabbit developmental gavage study showing acute effects (NOEL =

Smg/kg/d). A 90 day dietary rat study was selected for the subchronic duration (NOEL=
2.28 mg/kg/d) and a 2 year rat dietary study was used for the chronic duration (NOEL 0.52
mg/kg/d). All definitive studies were FIFRA Guideline acceptable. While neuroendocrine
effects are a priority, systemic effects at lower NOELs are selected as health protective end-
points. Mammary carcinogenesis 1s unique to Sprague-Dawley rats and 1s not a risk for
humans. No useful studies were available for dermal/inhalation exposures so oral NOELs
were used. Views are not Cal/EPA’s
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The Primary Degradation Pathways of Simazine ): where hydroxy-simazine (B) 1s produced by hydrolysis. Photo-

Iytic loss of alkyl groups produces DIPA (C) and DACT (D). Excreted 1n rat by 72 hr post-dosing (urine=49%; fe-
ces=41%)

Simazine preemergence herbicide to control broad-leaved & grass weeds. Neuroendocrine effects are main regulato-

ry concern. DIPA & DACT are equally toxic as simazine for neuroendocrine etfects.
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Simazine & Metabolites affect HGP Axis:
-LHRH stimulates LH & FSH for reproductive development.

-GnRH stimulates GH secretion for normal postnatal growth.

-Hypothalamic-pituitary-gonadal (HPG) axis toxicity alters hypothalamic GnRH function, LH
and PRL levels. Ultimately developmental and reproductive malfunction can occur.

-Simazine induces CNS neurotransmitter and neuropeptide alterations in the hypothalamus
that suppress the LH surge prior to ovulation causing prolonged estrus 1n adult rats and develop-
mental delays 1n fetuses.

ACUTE TOXICITY (Table 1)

a. Acute Oral, Dermal and Inhalation NOEL for Simazine: Acute studies are characteristi-
cally conducted to determine LDs, values, and as such, use relatively high dose levels 1in order to
produce lethality and not to establish NOELs. Since an acute simazine NOEL was not estab-
lished, a teratology study in New Zealand rabbit with acute effects was used (Infurna and Arthur,
1984). Eftects were: maternal tremors (p<0.05); | body weight (p<0.01), | body weight gain
(p<0.01) and | food consumption (p<0.01) at 75 mg/kg/d; Acute NOEL = 5 mg/kg/d. There were
no studies that established dermal or inhalation NOELSs for simazine. Therefore the NOEL (5
mg/kg/d) for oral acute exposure 1s used for these exposures routes.

b. USEPA: NOEL = 30 mg/kg/day, from a rat teratology study using simazine (LOEL = 300
mg/kg/d) used by USEPA 1n the RED of 2006 for subchronic exposure (Infurna, 1996).

SUBCHRONIC TOXICITY (Table 1)

a. Subchronic Oral, Dermal and Inhalation NOEL for Simazine: Simazine administered in diet
to Sprague-Dawley [Crl: COB7 CD7 (SD)BR] rats for 13 weeks showed | body weight, | food con-
sumption, T effects on hematological and clinical chemistry parameters, 1 organ weight etfects and
kidney pathology at 14 mg/kg/day which was also the lowest dose tested (LOEL; Tai et al., 1985a).
The NOEL was estimated by a Benchmark Dose Lower limit (BMDL 95" percentile) using | body
weight to achieve BMDLs of 2.28 mg/kg/day; Table 1). The simazine rat BMDLs 1s approximate-
ly the LOEL with a 10x Uncertainty Factor (another method of estimating NOEL when a tested dose
1s not available for risk assessment). The subchronic oral NOEL was used for dermal and inhalation
endpoints since acceptable studies were not available for those endpoints

b. USEPA: NOEL =1.8 mg/kg/day (LOEL = 3.65 mg/kg/day), for LH surge suppression and al-
tered estrous cycle in a 6-mon. study using atrazine in the female SD rat (Morseth, 1996).
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CHRONIC TOXICITY (Table 1)

a.Chronic Oral, Dermal and Inhalation NOEL s for Simazine: Simazine was fed in diet for 2-years to SD rats (McCormick, 1988). At the LOEL 5.34 mg/kg/day,
there was | body weight gain and | survival to two years. NOEL = 0.52 mg/kg/day. The chronic oral NOEL was used for dermal and inhalation endpoints since accepta-
ble studies were not available for those endpoints

b. USEPA: NOEL =1.8 mg/kg/day (LOEL = 3.65 mg/kg/day), for LH surge suppression and altered estrous cycle in a 6-mon. study using atrazine in the female SD rat

(Morseth, 1996).

GENOTOXICITY/ONCOGENICITY (Table 1)

Simazine, as a triazine evaluated by USEPA (2006) and the SAP (2010) was considered unlikely to be carcinogenic to humans. This was based on weight-of-evidence that
1t 1S not genotoxic and operates via a mode of action for the development of mammary and pituitary tumors in female rats similar to atrazine.

Simazine CNS toxicity induces mammary tumors specific to female Sprague-Dawley rats; the particular cascade of events leading to tumor formation 1n SD rat 1s not
considered to be operative 1n humans.

Table 1. SUMMARY OF NOELS for Hazard Identification DPR vs. USEPA

Exposure scenario 1.DPR NOEL mg/kg/d | 2. USEPA NOEL mg/kg/d Effects/endpoints
Endpoint Studies for Dietary Exposure
1.Developmental NZ White Rabbit Dams: |body weight, food consumption &
0.0 Dam 30 body weight gain; 1 tremors & abnormal stools
Acute 5.0 Fetus i
. S .u \ (SImazine) Rabbit Fetus: 7skeletal variations & resorptions; |body weight hld
imazine
2. Developmental SD Rat Fetuses: 1skeletal variations”

Chronic 0.52 M 1.8 1. SD F Rat: body weight|: lifespan |; mammary tumors 1°

)

(Simazine) (Atrazine) 2. SD F Rat: |LH surge, 6-month atrazine®
Reproduction 2-  |Systemic NOEL = 0.5 M/0.7 F | | el
Cunarations Reproduction NOEL > 28.89/34.96 (Simazine) 1.& 2. SD M/F Adult: | food intake; No effects on reproduction
Developmental See "Acute” above 1. & 2. Developmental NZ White Rabbit: See Acute, above al
Cancer Not Likely to be Carcinogenic for Humans via Oral, Dermal or Inhalation exposure (based on atrazine')
Endpoint Studies for Oral/Dermal Occupational Exposure
Short-term (1-30 . ; 6.25 1. Developmental NZ White Rabbit: See Acute, above al)
See “Acute” above |
days) (Atrazine) 2. Wistar F Rat: delayed preputial separation in pups PND 28¢
. . . - .. h
- 2.28 (BMDL 1. SD Rat: |body weight & body weight gain, clinical chemistr

Seasonal (1-6 | ( | 05) See “Chronic” above S |body weig y weight gain, clini istry
months) (Simazine) 2. SD F Rat: See Chronic, above®

' 1. SD F Rat: See Chronic, above®
chronic (>6 See “Chronic” above See “Chronic” above _ ’
months) 2. SD F Rat: See Chronic, above

Abbreviations: DNT=developmental neurotoxicity; F=female; LH = luteinizing hormone; M=male; NZ = New Zealand; PND = postnatal day; PPS=preputial separation; SD=Sprague-Dawley

References: a. Infurna and Arthur, 1984; b. Infurna, 1986; ¢. McCormick, 1988a; d. Morseth, 1996; e. Epstein et al., 1991; f. SAP, 2010; g. Stoker et al., 2000; h. Ta1 et al., 1985a;
1.- Acceptable to DPR under FIFRA testing guidelines.  j- Critical NOEL used by DPR for acute risk assessessment
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