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Outline	  
• Toxicity	  
• Non-‐Carcinogenic	  Hazard	  
• Carcinogenic	  Risk	  
• Site	  Specific	  Risk	  



Toxicity	  –	  Exposure	  Route	  

InhalaJon	  

IngesJon	  

Dermal	  



Toxicity	  –	  Target	  Organs	  

•  Inhala'on	  
–  Lungs:	  most	  detrimental	  effects	  

•  Inges'on	  
– GastrointesJnal	  Tract	  	  
–  Liver	  
–  Kidneys	  

•  Dermal	  
–  Skin	  
–  Vascular	  system	  

	  



Toxicity	  –	  Fate	  

•  hydrophobic	  compounds:	  
end	  up	  in	  fa<y	  Jssues	  

•  Inorganic	  ions:	  end	  up	  in	  
bone	  (such	  as	  lead,	  radium,	  
and	  fluoride)	  

•  heavy	  metals:	  end	  up	  in	  the	  
kidney	  and	  liver	  	  	  



Toxicity	  -‐	  Dose	  

“everything	  is	  a	  poison	  given	  a	  sufficient	  dose”	  	  

For a given dose, there 
will  be a range of 
responses based on 
variability in the 
population in:  
●  Age 
●  Sex 
●  Diet 
●  Overall- health 
●  Genetics 



Non-‐carcinogenic	  Hazard	  

•  Reference	  Dose	  (RfD):	  	  
– Based	  on	  LOAEL	  (lowest	  observable	  adverse	  
effects	  level)	  or	  NOAEL	  (no	  observable	  adverse	  
effects	  level)	  from	  dose-‐response	  relaJonships	  

	  
	  

	  
– Dose-‐response	  data	  is	  taken	  from	  animal	  studies	  
with	  species	  as	  close	  to	  human	  as	  possible	  

	  
	  
	  
	  
	  

	  
	  



Non-‐carcinogenic	  Hazard	  

•  Reference	  Dose	  (RfD):	  	  
–  reduced	  by	  safety	  factors	  (1/10)	  to	  account	  for	  
the	  following:	  

•  1/10	  for	  non-‐human	  subjects	  
•  1/10	  for	  sub-‐chronic	  versus	  chronic	  study	  
•  1/10	  for	  LOAEL	  versus	  NOAEL	  



Non-‐carcinogenic	  Hazard	  

ConcentraJon	   Contact	  Rate	  
Exposure	  
Frequency	  

Exposure	  
DuraJon	  

Averaging	  Time	  

•  What	  is	  a	  safe	  Reference	  Dose	  (RfD)?	  
•  Hazard	  =	  Intake/	  RfD	  

– A	  safe	  number	  for	  non-‐carcinogenic	  effects	  is	  <1.0	  
	  

Body	  Weight	  



Non-‐Carcinogenic	  Hazard	  Example	  	  

 
●  Suppose Jimmy eats a bowl of rice 4 times per week that contains 50 ng 

of arsenic per bowl for 40 years. Is his intake safe? 
 

   
  
 
 
 
 
 
 
●  Yes, because the hazard is greater than 1.0 

http://cfpub.epa.gov/ncea/iris/compare.cfm 



Excess	  Carcinogenic	  Risk	  

Slope	  Factor	  



Excess	  Carcinogenic	  Risk	  Example	  	  

 
●  Suppose Jimmy eats a bowl of rice 4 times per week that contains 50 ng 

of arsenic per bowl for 40 years. What is his excess risk of developing 
cancer? 

 
   

  
 
 
 
 
 
 
●  Because this risk is greater than 1E-6 (1 in 1 million cancer background 

level) this is a high risk. 

http://cfpub.epa.gov/ncea/iris/compare.cfm 



Human	  Toxicology:	  ComparaJve	  Risk	  



ComparaJve	  Carcinogenic	  Risk	  



Dioxins:	  	  
•  Toxic	  dioxins	  among	  most	  potent	  human	  carcinogens	  	  
•  Non-‐cancer	  risks:	  	  

–  Strong	  correlaJon	  with	  diabetes	  
–  Immunotoxicity	  

Hexachlorobenzene	  (HCB):	  	  
•  Bioaccumulates	  in	  fa<y	  Jssue	  (takes	  15	  years	  to	  rid	  HCB	  from	  the	  

body)	  
•  Probable	  human	  carcinogen	  
Non-‐cancer	  risks:	  	  

–  Linked	  to	  diabetes	  
–  Immunotoxicity	  (can	  lead	  to	  cancer)	  
–  Liver	  damage	  	  
–  Miscarriage/infant	  death	  

	  
	  

	  

TCDD	  

Toxins	  at	  the	  Site	  



	  Toxins	  at	  the	  Site	  

Contaminant	   Maximum	  
Concentra'on	  	  

Loca'on	   Media	  

Dioxin	  (TEQ)	   1.1	  ppm	   Central	  Ditch	   Soil	  

Dioxin	  (TEQ)	   2.41E-‐6	  ppm	   Monitoring	  
Well	  8A	  	  

Groundwater	  

HCB	   2100	  ppm	   Central	  Ditch	   Soil	  

HCB	   2.8	  ppb	   Monitoring	  
Well	  8A	  	  

Groundwater	  

PCB	   75.02	  ppm	   Main	  Ditch	   Soil	  

PCB	   NA	   NA	   Groundwater	  



Waste	  Management	  Unit	   Es'mated	  Cancer	  
Risk	  

Central	  Ditch	   8	  in	  1,000	  

Western	  Ditch	   3	  in	  1,000	  

Chlorine	  Ditch	  	   2	  in	  1,000	  

Main	  Ditch	   2	  in	  1,000	  

Old	  Waste	  Pond-‐Inlet	  Area	   5	  in	  10,000	  

400	  Acre	  Waste	  Pond	   4	  in	  10,000	  

Courtyard	   2	  in	  10,000	  

Old	  Waste	  Pond-‐Area	  Away	  from	  
Inlet	  

1	  in	  10,000	  

Gypsum	  Pile	   9	  in	  100,000	  

Boron	  Ditch	   9	  in	  1,000,000	  

Smut	  Pile	   1	  in	  1,000,000	  

Barium	  Sulfate	  Area	   2	  in	  10,000,000	  
Degrandchamp	  Expert	  
Report	  2007	  

Any	  risk	  above	  1	  
in	  1	  million	  is	  
considered	  
elevated	  and	  
unsafe	  

Human	  Toxicology:	  Carcinogenic	  &	  
Non-‐Carcinogenic	  



Contaminant	  
Average	  
Body	  
Burden	  	  

Maximum	  
Body	  Burden	  

(ppt)	  

Average	  
Carcinogenic	  

Risk	  

Maximum	  
Carcinogenic	  

Risk	  

Average	  Non-‐
Carcinogenic	  

Hazard	  

HCB*	   3.4	  
ppb	   19.0	  ppb	   NA	   2	  in	  

10,000	  
2.7	  X	  safe	  
levels	  

Dioxin**	   41.5	  
ppt	  

	  
175.9	  	  ppt	  

	  

8.2	  in	  
1000	  

2.5	  in	  100	  
	  

5	  X	  safe	  
levels	  

*Degrandchamp	  Expert	  Report,	  2007	  
**Degrandchamp	  Expert	  Rebu<al	  Report	  2007	  
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