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PESTICIDES

INSECTICIDES

FUMIGANTS

HERBICIDES

RODENTICIDES

FUNGICIDES

Pyrethroids
- Type I

- Phenothrin
- Type II

- Cypermethrin, 
Deltamethrin

Anticholinesterases
- Organophosphates

- Parathion, 
Chlorpyrifos

- Carbamates
- Aldicarb, Methomyl

Avermectins
- Ivermectin

Other
- Nitromethylene
- Chlor-onicotinyl
- Phenylpyrazole

Organochlorines
- Cylclodienes

-Dieldrin, Heptachlor
- Dichlorodiphenylethanes

-DDT, methoxychlor
- Cyclohexanes

- Lindane, β-HCH

Botanicals
- Nicotine
- Rotenoids

- Rotenone,   
Deguelin 

Phophine
Ethylene dibromide/ 
dibromochloropropane

Bipyridyls
- Paraquat

Diquat 
Chloroacetanilides

- Alachlor 
Chlorophenoxy Compounds

- 2,4-dichlorophenoxyacetate 
Phosphomethyl amino acids

- Glyphosate

Hexachlorobenze
Pentachlorophenol
Phthalamides

- Captan, Folpet

Dithiocarbamates
- Maneb, Ziram

Zinc Phosphide
Fluoroacetate Derivatives
α-naphthyl thiourea
Anticoagulants



Toxicological Sciences 2005, 2007

Paraquat, rotenone, and MPTP are different





An imbalanced equation

G x E = P

Geneticists talk about the missing heritability, but I am 
interested in the missing everything else.



The Exposome: a Wild idea

Defined the “Exposome” as all exposures from 
conception onwards, including those from 
lifestyle, diet and the environment (2005)
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Exposome: the cumulative measure of the environmental 
influences and corresponding biological responses throughout 

the lifespan (Miller and Jones, 2014)

ESEHD, NAS, 2010



Vermeulen, Schymanski, Barabasi, Miller, 2020

External factors  internal signals



A combined LC and GC high-resolution 
exposomics and metabolomics platform

Capturing exogenous chemicals and endogenous metabolites



Knowns, unknowns, and soon-to-be knowns



Metabolic, halogenated environmental chemical, 
dietary constituent, Alzheimer’s medication

*Adduct of rivastigmine strongest feature associated with AD

Niedzwiecki et al., 2019 Annals of Clinical and Translational Neurology



WHICAP study of Alzheimer’s 
disease, Richard Mayeux, PI

Vardarajan et al. Differences in Plasma Metabolites Related to Alzheimer’s Disease, APOE-ε4 status and Ethnicity. 
medRxiv posted 1/20/2020. Published in Alzheimer’s and Dementia. May 6;6(1):e12025, 2020



Vardarajan et al. Differences in Plasma Metabolites Related to Alzheimer’s Disease, APOE-ε4 status and Ethnicity. 
medRxiv posted 1/20/2020. Published in Alzheimer’s and Dementia. May 6;6(1):e12025, 2020



The exposomic workflow is amenable to C. 
elegans (~500 worms)-pro-aggregating tau

Kalia and Miller, unpublished observations



Mor, Kalia, Miller, Murphy (Preprint, bioRxiv 2/22/20, currently under review)



High-resolution mass spectrometry (HRMS) has become the de 
facto machinery for exposome research (in biological and 
environmental matrices: plasma, tissue, urine, water, dust, air, 
passive samplers)

HRMS provides the field with a tool that facilitates a systematic, 
comprehensive, and unbiased approach to study environmental 
contributors to neurodegenerative disease (or neuropsychiatric 
or neurodevelopmental conditions)

Conclusions 



Science. 367: 392-396, 2020
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