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The Need for and Contributions of 
Biomonitoring 

• People, their doctors, policy makers, and 
industry need biomonitoring

• The Public has a right to this information, 
and can handle it. 

• Biomonitoring will not go away
• Do it right (good science)
• Some California specific recommendations

Dickjackson@berkeley.edu



In 1979 – The Unthinkable

• Removal of Lead from virtually every 
consumer use

• Jail terms for putting hazardous chemicals 
such as halogenated solvents in municipal 
landfills

• Smoking banned in workplaces, airplanes, 
even restaurants and bars



Pesticides and their 
hazards to human 
health, especially 
workers, and the 

difficulty of 
epidemiology when 
you don’t know who 

is exposed to how 
much of what.



Lessons from the 
Past

• Medflies 
discovered in 
Santa Clara 
County

• State declares 
Malathion 
spraying over 
populated areas 
is essential to 
maintain 
California’s 
$30 Billion 
agriculture 
industry



Malathion and 
Medfly --

1981

• At a public meeting: 
1000 protesters arrive, 
shouting: you are 
“Doctor Mengele”

• “How do you know the 
exposures are 
negligible?”

• Ten university 
professors sign on to 
full page protest ads in 
major newspapers and 
hold press conferences.



An advisor 
to the 
Governor 
performs a 
bioassay



Malathion Bait Application

• Citizens shoot at helicopters
• Community surveys ask about OP 

symptoms, allergies, etc.
• There is no evidence as to actual 

community exposures
• The control program costs close to $100 

million



June 1991  Dunsmuir California





18000 
gallons of 
Metam 
sodium 
flushes down 
the 
Sacramento 
River













Lessons from Lead Poisoning





Lead used in gasoline declined from 1976 through 1980
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Environmental modeling predicted only a slight decline 
in blood lead levels in people
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Blood lead
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Blood Lead Levels in the U.S. Population 1976–1999
NHANES II, III, 99+
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National Center for Environmental Health National Center for Environmental Health 



One of 16 NHANES Examination Trailers: 5000 person 
sample of the US per year



Biomonitoring at CDC
National and specific-population 
studies
Many Disease Endpoints
Used to measure potential 
chemical terrorism agents 
Major output is CDC’s National 
Report on Human Exposure to 
Environmental Chemicals



Serum dioxin (ppt)
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•A nicotine 
metabolite that 
tracks exposure to 
tobacco smoke.

•For nonsmokers, 
tracks exposure to  
secondhand 
smoke.

Cotinine



Exposure of the U.S. population to tobacco smoke: 
serum cotinine levels for persons aged 4 years and older 

NHANES III, 1988-1991 (n=11,800)
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California vs. Rest of US:  Adult Cigarette Consumption     
1984 to 2004

1989: $0.25 tax 
increase

1994: $0.02 tax 
increase

1998: $0.50 tax 
increase

California-
packs sold      
(per capita):  
128 to 44!

California State Board of Equalization (packs sold) and California Department of Finance (population).  U.S Census, Tax Burden on 
Tobacco, and United States Department of Agriculture.  Note that data is by fiscal year (July 1-June 30).



California: 19.5%!

U.S minus CA 
(SEER)*: 5.9%

*SEER includes 14 cancer registries from across U.S

American Cancer Society, CA Division and Public Health Institute, CA Cancer Registry. California Cancer Facts 
and Figures 2005.  September 2004.

Lung Cancer Incidence: California Vs. Rest of U.S.
1988-2001
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Perchlorate

• Component of propellant for 
rockets and missiles 

• Explosives, fireworks, road 
flares, tanning

• Contaminant in Chilean nitrate 
fertilizers



Potential sources for human 
exposure to perchlorate

• Direct consumption of 
contaminated water

• Crops grown with 
contaminated water, 
fertilizer or soil

– Food crops

– Forage crops



Perchlorate In NHANES 

• Perchlorate detected in 100% of urine samples 
tested

• Log normal distribution
• Children (6 – 11 yrs) have higher urine perchlorate 

compared with older age groups (12 + yrs)
• 95th percentile of dose estimates is approximately 

1/3 the EPA reference dose
• Urinary nitrate and thiocyanate also measured



CDC Perchlorate and TSH T4 Study

Associations of urine perchlorate with serum TSH or 
T4: 
– Men: Not significant for either TSH or T4
– Women: Significant for both TSH and T4
– Women with urinary iodine < 100 μg/L 

(susceptible group)
• Significant for both TSH and T4

– Women with urinary iodine ≥ 100 μg/L
• Significant only for TSH



Significance
• Perchlorate exposure is more prevalent than 

expected
• The predicted effect on T4 and TSH is at 

lower levels of perchlorate than previously 
determined experimentally in humans or in 
observational studies.

• Data provides additional information on 
perchlorate dose-response in the U.S. 
population







Assessing human exposure to uranium 
by measuring uranium in urine

Oak Ridge method NCEH method

Technique: Alpha spectroscopy     ICP-MS

Amount of urine: 1000 mL 0.5 mL

Time for analysis: 5 days 5 minutes



Cancer Cluster Investigations

• CDC worked with Nevada  
Department of Health to 

investigate 15 cases of 
leukemia in children

• Analyzed 132 chemicals in 
blood and urine

• Measured 15 volatile 
organic compounds

• Assessed gene variations
• Stored DNA from blood 

and buccal cells for future 
studies



The Science Must Be Impeccable





The Report was 
right –
Biomonitoring 
confirms that: 



Children do have higher exposures and body burdens



Body Burdens 
are lower in 
people who 
consume 
organic food.



A Laboratory’s most 
important element

BSCs have to be used to 
protect the worker AND 
the samples

The people



Disease-fighting labs languish on critical 
care list : State's failure to replace retiring 

scientists limits ability to respond to 
medical crises

Sabin Russell, Chronicle Staff Writer
Sunday, July 31, 2005



My Recommendations

• Do Not Undercapitalize
– Critical to adequately fund

• Very personnel dependant
• California Capacity is Important
• CDC partnership will be powerful
• …But Federal data is not enough
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