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3 PD patients, small industry, all exposed to TCE  

  65/134 coworkers responded to questionnaire 

  21 endorsed symptoms 

 14 with clinical signs of  parkinsonism on exam 

 



Biological plausibility:  Oral TCE:  

 - SNpc  neuron loss (dose dependent) 

 - Reduced rotarod performance 

 - Nigra: Reduced mt Complex I function, oxidative stress 

markers, microglial activation in SN 

 - α-synuclein in DM X, SN neurons 



PD & Occupational Solvent Exposure in 
99 Discordant Twin Pairs 
Goldman, Tanner, Quinlan, et al, Ann Neurol 2012 

 

Solvent 
Odds Ratio 
Ever/Never 

95% Confidence 
Interval 

p-value 

TCE 6.1 1.2-33 0.034 

PERC 10.5 0.97-113 0.053 

- NAS/NRC WWI Veteran Twins  

- Male twins discordant for PD 

- NIH criteria by consensus f 2 movement disorder neurologists 

(CMT, GWR) 

- Lifelong job task specific occupational history 

-  Exposure assigned by industrial hygienist unaware of  case 

status 



TriChloroethylene (TCE) &  
Perchloroethylene/tetrachloroethylene (PERC,PCE) 

• Environmentally persistent 

• Common soil, ground water contaminants 

PERC 

• Excellent solvent 

• Nonflammable 

• Popular drycleaning solvent 

TCE 

• Industrial degreasing agent 

• Surgical anesthetic, decaffeinated coffee  

• Most common organic contaminant  in groundwater 

 

 

  



Toxicants Associated with PD Risk: 
Mechanistic & Structural Similarity 

MPP+ 

Paraquat 

Rotenone 

TCE 

TaClo* 

CYP2E1 

Tryptamine 
PERC 

*1-trichloromethyl-1,2,3,4-tetrahydro-b-carboline 



Camp Lejeune N.C.  

Sources of exposure:  

   Drinking water,  bathing, 

   Inhalation,  swimming, recreation  

History: 

1953-1985 - Water contaminated with 

TCE & PCE (i.e., PERC)  

1980 – Contaminants discovered 

1987- Wells closed 

1989 - EPA Superfund 

500,000 – 1 million exposed 

Military: Marines, National Guard, , 

reservists 

Civilian: Family members, employees 

Exposure levels:  

Est.monthly median (max. mean) ug/L:  

PCE: 85  (158); TCE:  366 (783) 

vs. US max. contaminant level:  5 ug/l 



Honoring America’s Veterans & Caring for Camp Lejeune Families 

Act of 2012 
• Health benefits to veterans & family members with any of 15 

conditions identified in a National Research Council report as 

having limited/suggestive evidence of an association with 

TCE, PERC or a solvent mixture : 

Esophageal cancer  Lung cancer    Breast cancer 

Bladder cancer  Kidney cancer   

Adult leukemia  Multiple myeloma 

Myelodysplastic syndromes 

Renal toxicity  Hepatic steatosis   

Female infertility   

Miscarriage with exposure during pregnancy  

Scleroderma  Neurobehavioral effects  

 

• Benefits provided “notwithstanding that there is insufficient 

medical evidence to conclude that such illnesses or conditions 

are attributable to such service “..or “residence”  







ATSDR & VA Camp Lejeune Science Liaison Team   VA Technical Work Group 

VA TWG   EPA, NIH’s NTP, WHO/IARC,  NAS/NRC/IOM  



Institute of Medicine 2015 

“Parkinson’s disease is a neurobehavioral 

effect that may have resulted from 

consumption of contaminated drinking water 

at Camp Lejeune.” 



- 30 day comment  to 10/11/16 

 

• Adds Parkinson’s disease  as a 

presumptive condition associated 

with exposure to contaminants in 

the water supply at Camp Lejeune 

• All active duty, reserve, National 

Guard,  serving no less than 30 

days (may be nonconsecutive)  

• Service at Camp Lejeune or 

Marine Corps Air Station New 

River, NC, 8/1/53-12/31/87 



Thank You  


