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GLOSSARY 

- - 
- __ _ _  ._ -_ 

RISK - ASSESSMENT 

ABSORBED DOSE 

- The amount of a substance penetrating the exchange boundaries of an organism 
- after contact. Absorbed dose is calculated from the intake and the absorption 

It usually is expressed as mass of a substance absorbed into the 
. '6ody"per unit body weight per unit time (e.g., mg/kg-day). 

. ,  .-'.efficiency. 

.. .s . ~ ~ A O M I M I S T E R E D  DOSE 
;$,? .. i -..:: 

,.. . , :> ,?.: I 

' Tke mads of a substance given-to an organ-ism--and in contact with an exchange 
boundary (e.g., gastrointestinal tract) per unit body weight per unit .- time (e.g.,- 

.; mg] kg -day ) . 
' :ANALY TE S 

.The chemicals for which a sample i s  analyzed. 

-'!APPC I ED OOSE 

The amount of a substance given to an organism, especially through dermal 
contact. 5" 

CHEMICALS OF POTENTIAL CONCERN 

Chemicals that are potentially site-related and whose data are of sufficient 
quality for use in the quantitative r i s k  assessment. 

CHRONIC D A I L Y  INTAKE ( C O I L  

..4f€xp6sure expressed as mass of a substance contacted per unit body weight per unit 
time, averaged over a long period of time (as a Superfund program guideline, 

.: seven years to a lifetime). 

. . .'::ICONTACT I _.. RATE 
. .  

. .  - .  '. 

. ::?(;eig. , / 5.: ,.il iters of water ingested per day) 
...,:$. * Amo?.lnt.,p'f medium (e.g., ground water, soil) contacted per unit time or event 
';;" ;.,.-,.; r p '  

' -  

'The process o f  quantitatively evaluating toxicity information and characterizing 
-the relationship between the dose of a contaminant administered or received and 

'P the incidence of adverse health effects in the exposed population; From the 
quantitative dose-response relationship, toxicity values are derived t h a t  are 

. :used in the risk characterization step to estimate the likelihood of adverse 
?-- effects occurring in humans at different exposure levels. 

" 

9 " . 
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GLOSSARY 
t I 

RISK ASSESSMENT 
(Con t i nued) 

EX PO SUR I; 

Contac t  of an organism w i t h  a chemical o r  phys ica l  agen t .  Exposure i s  q u a n t i f i e d  
a s  t h e  amount of t he  a g e n t  a v a i l a b l e  a t  t h e  exchange boundar i e s  o f  t h e  organism 
(e .g . ,  s k i n ,  l u n g s ,  g u t )  and a v a i l a b l e  f o r  abso rp t ion .  

EXPOSURE ASSESSMENT 

The de t e rmina t ion  o r  e s t i m a t i o n  (qual f t a t f v e  o r  q u a n t i t a t i v e )  o f  t h e  magnitude, 
f requency ,  d u r a t i o n ,  and r o u t e  of exposure.  

EXPOSURE PATHWAY 

The cour se  a .  chemical  o r  phys ica l  agent  t akes  from a s o u r c e  t o  an exposed 
organism. An e x p o s u r e  pathway describes a unique mechanism by which an 
ind iv idua l  o r  p o p u l a t i o n  i s  exposed t o  chemicals  or p h y s i c a l  agen t s  a t  o r  
o r i g i n a t i n g  from a s i t e .  Each exposure pathway includes a s o u r c e  o r  r e l e a s e  from 
a source ,  an exposure  p o i n t , a  nd an exposure rou te .  I f  t h e  exposure  po in t  
d i f f e r s  from the s o u r c e ,  a t r anspor t / exposure  medium (e.g., a i r )  o r  media ( i n  
c a s e s  o f  i n t e rmed ia  t r a n s f e r )  a l s o  i s  included. 

EXPOSURE POINT 

A l o c a t i o n  o f  p o t e n t i a l  c o n t a c t  between an organism and a chemical o r  physical  
agen t  . 
EXPOSURE ROUTE 

, .. , ~ 

The way a chemical o r  p h y s i c a l  agent  comes i n  c o n t a c t  w i t h  an organism (e.9.; by 
i n g e s t i o n ,  i n h a l a t i o n ,  dermal c o n t a c t ) .  
EXPOSURE 

Con tac t  of  an organism w i t h  a chemical o r  physical  agent .  Exposure is  q u a n t i f i e d  
a s  the amount of  t h e  agen t  a v a i l a b l e  a t  the exchange boundar i e s  o f  the organism 
(e.r . ,  s k i n ,  l u n g s ,  g u t )  and a v a i l a b l e  for absorp t lon .  

HAZARD IDENTIFICATION 

The p rocess  o f  d e t e r m i n i n g  whether  exposure t o  an agen t  can  c a u s e  an  inc rease  i n  
t h e  inc idence  of  a p a r t i c u l a r  adverse  h e a l t h  effect  (e .g . ,  c a n c e r ,  b i r t h  d e f e c t )  
and whether  the a d v e r s e  h e a l t h  effect  i s  l i k e l y  t o  occur  in-humans.  

-2 -  



G LOS S ARY 

RISK ASSESSMENT 
(Cont i nued) - 

._ __ - -. - 1 -- _ _  - - 

INTAKE 

A measure o f  exposure expressed as the mass of a substance in contact with the 
exchange boundary per unit body weight per unit time (e.g., mg chemical/kg-day). 
Also termed the normalized exposure rate equivalent to administered dose. 

LIFETIME AVERAGE DAILY INTAKE 

Exposure expressed as mass o f  a substance contacted per unit body weight per unit 
time, averaged over a lifetime. 

OUALITY ASSURANCE PROJECT PLAN fQAPIP1 

Describes the policy, organization, functional activities, and quality assurance 
and quality control protocols necessary t o  achieve DQOs dictated by the intended 
use of the data ( R I / f S  quidance). 

SAMPLING AND ANALYSIS PLAN (SAP1 
. Consists o f  a Qual i ty  Assurance Project Plan (QAPjP) and a Field Sampling Plan 6. .*- I (FSP). 

TOXICITY VALUE 

A numerical expression of a substance’s dose-response relationship that i s  used 
in risk assessments. The most common toxicity values used in Superfund program 
risk assessments are reference doses (for noncarcinogenic effects) and slope 
factors (for carcinogenic effects). 

-3- 



Chronological Schedule of Primary Reports 

October. 24, 1990 

January 4,  1991 

April 18, 1991 

October 19, 1992 

March 15, 1993' 

April 16, 1993 

April 19, 1993 

ic 1 5 5 9  Required by the' Amended Consent Agreement 
Operable Units 1 - 5 ' .  

September 10, 1993 

October 12, 1993 

December 10, 1993' ' March 7, 1994 

June 10, 1994 

June24, 1994 

November 16, 1994 

December 6, 1994 

March 28, 1995 

OU 1 Initial Screening of Alternatives 

OU 2 Initial Screening of Alternatives 

OU 2 Remedial Investigation/Baseline Risk Assessment 

OU 2 Feasibility Study/Proposed Plan 

OU 5 Initial Screening of Alternatives 

OU 4 Remedial Investigation/Baseline Risk Assessment 

OU 4 Feasibility Study/Proposed Plan 

OU 1 Remedial Investigation/Baseline Risk Assessment 

OU 2 Record of Decision 

OU 1 Feasibility Study/Proposed Plan 

OU 4 Record of Decision 

OU 5 Remedial Investigation/Baseline Risk Assessment 

OU 5 Feasibility Study/Proposed Plan 

OU 1 Record of Decision 

OU 3 Initial Screening of Alternatives 

- August 2, 1995 - OU 5 Record of Decision . -  

March 13, 1996 

August 7, 1996 

May 2, 1997 

OU 3 Remedial Investigation/Baseline Risk Assessment 

OU 3 Feasibility Study/Proposed Plan 

OU 3 Record of Decision 

' These deadlines are being negotiated with the U.S. EPA 

B. 



R l n  Risk Asswmenl Work It Plan 15.p;ja 

- 

Date: 06112192 
Vol. WP - Section 2.0 

Page 2 of 12 

Data Collection and Analysis 

0 Gather and analyze relevant site data 
ldentrfy potential chemicals of concern 

- 

- 

ExDosure Assessment 

0 Analyze contaminant releases 
ldentrfy exposed populations 
ldentrfy potential exposure 
pathways and routes 

0 Estimate exposure point 
concentrations for  pathways 

0 Estimate contaminant intakes 
for pathways 

c Toxicity Assessment 

0 Evaluate qualitative weight of 
evidence that chemicals cause 
adverse effects in humans 

0 Evaluate quantitative evidence 
and determine toxicity reference 
values 

I Risk Characterization 

t 0 Estimate potential for adverse health 
effects to occur 

- - 0  Evaiuateuncertainty- - - _ _ _  - i 0 Summarize risk information 

Source: Adapted from €PA, 1989a 

FIGURE 2-1 
BASELINE RISK ASSESSMENT PROCESS 

i I--. 
i 
! 
I 

i 

KNOX/RA-UP/AB/RAVPA2.lXT/1- 1/06-11 -92 



R l E S  Risk hsswment Work Plan 7 5 5  

- 

Date: 06/12192 
Vol. WP - Section 2.0 

Page 2 of 12' 

0 Gather and analyze relevant site data 
ldentdy potential chemicals of concern 

Data Collection and Analysis 

Risk Characterization 

0 Estimate potential for adverse health 
effects to occur 

Evaluate uncertainty 
0 Summarize risk information 

- 

i 
Exposure Assessment 

Analyze contaminant releases 
ldentdy exposed populations 

0 Identify potential exposure 
pathways and routes 

0 Estimate exposure point 
concentrations for pathways 

0 Estimate contaminant intakes 
for pathways 

I Toxicrty Assessment 

0 Evaluate qualitative weight of 
evidence that chemicals cause 
adverse effects in humans 

Evaluate quantitative evidence 
and determine toxicity reference 
values 

Source: AdaDted from EPA, 1989a 

FIGURE 2-1 
BASELINE RISK ASSESSMENT PROCESS 
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0 Environmental RISK Management 
BRIDGING THE GAP 

BETWEEN 
Technical Issues and Social Concerns 

The Social and Political Dynamics of Risk Communication 
1, 

VIDEOCONFERENCE TRAINING SERIES 

Program 3 
This Program Corresponds to Tapes 7 - 9 

Identifying the Gap: Divergent Technical & Social 
Models for Risk Characterization 

Air Date: April 14,1993 
Lead Presenter: Bruce J. Kelman, Ph.D., D.A.B.T. 

Presented by 

Wastemanagement Education and Research Consortium 
. Composedof 

New Mexico State University University of New Mexico New Mexico Institute 
of Mining and Technology Navajo Communlty College U.S. Department of Energy 

Sandia National Laboratories Los Alamos National Laboratory 
This WERC Mdmnference series is another training and education initiative of the U.S. Department of Energy. 

wsu 
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1993 Broadcast Dates 

10 

17 

24 

31 

JANUARY 

3 4 5 6 7  

11 12 13 14 

18 19 20 21 

25 26 27 28 

APRIL 

JULY 

OCTOBER 

FEBRUARY 

MAY 

z 29 30 

AUGUST 

NOVEMBER 

SEPTEMBER 

0 Facilitators RISK A RAD 

DECEMBER 



Program Description 

Technical and social models for risk characterization differ greatly. Once these models are defined and understood, effective 
strategies for risk communication can be developed. This program will describe the divergent technical and social models for 
risk characterization. The discussions will include natural and technological risks, distribution of risks, and social amplification 
of risk. The Risk du Jour feature will highlight risk concepts from the Goiania incident, which involved an accidental release of 
Cesium-137 that resulted in serious social and economic impacts for the Goiania region. 

Intended Audience 

This series will benefit site managers, engineers, scientists, business people, teachers, and students who are concerned about or 
responsible for risk management activities and seek to develop an understanding of the interaction between technological risks 
and social processes. Those new to the field will learn basic concepts, methodology, and applications. For those already involved 
in risk-related activities, this program will offer an integrated approach to addressing both the social and technical aspects of 
risk. 

Editorial Responsibility 
~~ ~ ~~ ~~~ ~ 

The regulatory interpretive information provided by presenters represents the views of the individual presenter and does not 
constitute an endorsement by regulatory agencies or personnel. The regulations are complicated, constantly changing, and 
subject to differing interpretations over time; presentations necessarily represent a simplification of this complex body of 
information. Thus, the materials presented should not be relied upon for compliance or enforcement actions. The original 
regulatory material should always be consulted, as should the appropriate regulatory agencies. 
0 1993 The University of New Mexico ) 
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Environmental RISK Management a 

Program Introduction 

NMSU and Failure Analysis Associates, Inc. 
149 Commonwealth Drive 
Menlo Park, CA 94025 

(415) 688-6963 FAX (415) 328-2981 

Bruce Kelman, PhD., DAB.T 
NMSU and Failure Analysis Associates, Inc. 

149 Commonwealth Drive 
Menlo Park, CA 94025 

(415) 688-6963 FAX (415) 328-2981 
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Notes: 



Environmental RISK Management 
- 

Notes: 

Technical Models for Risk 
Characterization 

Robert M. Cranwell, Ph.D. 
Sandia Natiod Laboratories 

Organization 6613 
EO. Box 5800 

Albuquerque, NM 87185 
(505) 844-8368 FAX (505) 8443321 

Definitions of Risk 

# The formal definition of risk is: 
“The combination of probability that an undesired 
event will occur and the consequences resulting 
from the undesired event.” 

0 Classical: 
.Risk = Probability x Consequences 
.Probability vs. consequence 

.Reliability ~ 

.Economics 

CT Others: 

2b 

Notes: 

. .  
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Environmental RISK Management 

0 Risk charaetebtion *. tools 
0 Probabilisti&isk assessment (PRA) 
0 Perfonnance:psessment 
0 Reliability adysis 
0 Decision *is 

0 Riskmeasures2 
0 Economic rir%s 
0 Health risks,: 
0 Environmed risks 

$ 
< ,- 

3a 

Elements of Risk Characterization 
P; 

0 System f-tion 
# Identify/quant@ failure mechanisms. 

0 Failure mode and effects analysis (FMEA) 
0 Probability of fdurdfailure rates 

~Faulttrees 
0 Block diagrams 

c1 Development of system model(s) 

# Analysis of system performance 
0 Riswreliability 
.Safety 

# Uncertaintyiiimportance analysis 3b 

- __ -Notes: 

i Notes: 

. .  
3 



Environmental RISK Management 

Notes: I Emerging Uses of Risk Assessment 

0 Office of Management and Budget 

0 Nuclear weapons safety 
Proposed requirement for risk-based budgeting 

PRAs for all weapons, DOE, Air Force 
Basis for sdety decisions 

PRAs for hazardous hcilities 
Waste management performance assessment 
Comparison of sites for remediation 

0 Department of Energy 

4a I 

Emerging Uses of Risk Assessment 
(cont‘d) 

2 Semiconductor industry 

0 Healthcare 
Equipment reliability 

New medical technology 
Reduction in health-care costs 

4b 

Notes: 

4 



Environmental RISK Management a 
- -- - ---- - - - 

Risk Characterization Example - 
Performance Assessment of Radioactive 
Waste Repositories 

Performance Assessment Definition: 
“The pracess of quantiWive& evaluating the 
abili@ of a disposal system to contain and isolate 
radioactivve waste ’’ 

ngulations 

# Used to support development of a repository 
0 Used to determine compliance with applicable 

0 EPA and NRC require use of a performance 
assessment. Sa 

Elements of a Performance Assessment 

D Procedures for scenario development 
Events and processes that could disrupt a geologic 

Determine probabilities of scenario occurrence. 
D - _  Models - for use in estimating -~ _ _ _  ~ consequences - - - 

Waste package 
Repository 
Groundwater flow and radionuclide transport 
Health effects 

repository 

5b 

Notes: 

5 



Environmental R&SK Management 

Elements of a Performance Assessment 

NRC 

Notes: 

EPA Environmental Standards (40 CFR 191) 
Containment rrequirements 
Individual protection requirements 
Groundwater protection requirements 

NRC Regulations 
Minimum waste package lifetime 
Maximum radionuclide release rate 
Minimum groundwater travel time 

6b 

. .  

6 



Environmental RISK Management a 
m- ConseqTnceModelmg S equencd-Pofihi 

of Compliance Assessment with EPA and 
NRC Regulations 

CONSEQUENCE MODEIWC RECUIATIONS 

I I 

I Engineered M e r  
Release Rate - 

Groundwater Flow & 
Radionuclide Transport Groundwater Travel Time 

Containment Requirement 
Groundwater Rotection 

Radionuclide Transport 
in Biosphere 

Individual Protection 
R€!qUiTemffltS w 

7a 

EPA Containment Requirements 
Assessment 

1 

EPA Containment 

_ _ _  - - 

Possible Violations 

10” 
10“ 10.1 1 10 

Summed Ratios 
102 103 

7b 

-Notes:-- __ - 

Notes: 

7 



Environmental RISK Management 
_ _  ._ 

Notes: Treatment of Data Uncertainty in 
Consequence Modeling 

flow and 
Radionuclide 
Transport 

Release to 
Accessible 

Environment 

Package Repository 

x, .... x, x1 .... x, x 1  .... x, 
b... L m... L L...L 

X2,1 - - x2,1 x2,1+1 * - x2,J x2,J+l * X2,K 

1 xl,l xl,l xl,l+l xl,J q,J+l . . . xl,K Yl 
y 2  

Risk Characterization Example - RisW 
Reliability Assessment of Burn Diagnostic 
and Laser Debridement System 

Objective: Perfom reliability and system safety analysis 
to provide overall safety assurance to the integrated Bun 
Diagnostic and Laser Debridement Systems (BDLDS) 
0 Analyze failure mechanisms (FMEA). 
0 Understand risks associated with failures. 
# Develop model(s) of system. 
Q Evaluate design tradeoffs with costhenefit analysis. 
0 Provide-insights into system improvements. 

8b 

8 



Environmental RISK Management a 
Bum- Debridement 

# Subsystems 
Laser 
- Spot size, scan rate, power 
- Closed-loop tracking 
- E-stop circuit 
- Safety 

- Closed-loop service control 
- Manual position mode 
- Safety 

Robot (automation) 

9a 

Burn Debridement (coned) 

Imaging (diagnostic) 
- Indocyanhegreen 

- Options 

- Laserhissue model 
- Reliabilityhisk assessment 

- 3D111apping 

World model _ _  

9b 

Notes: - 

Notes: 

9 



Environmental RISK Management 
~ ~- - 

Burn Debridement (cont‘d) 

# Systems 
Supervisory control 

0 Generic intelligent system controller (GISC) 

Robot independent programming environment 

Robot independent programming language (RIPL) 
Model based control 
Sensor based control 

- Modular subsystems 

(RIPE) 

10a 

~ 

Summary 

LI Technical models for risk characterization are 
varied. 

CI “Risk” can be characterized in variety of ways. 
CI Applications of risk analysis are spreading. 
0 Regulations are moving more and more to risk- 

CI Risk and reliability models are based on data to the 

0 Data collection and analysis are critical parts of risk 

based. 

extent possible. 

and reliability studies. 
10b 

Notes: 

Notes: 

10 



Environmental RISK Management e 

Social Models: Risk Perception 

Paul Slovic, Ph.D. 
Decision Research 
1201 oak street 

Eugene, OR 97401 
(503) 485-2400 FAX (503) 485-2403 

Basic Thesis c Notes: 
I 

The management and regulation of hazards need to 
be based on an understanding of the ways in which 
people THINK about risk. 



Environmental RISK Management 

Notes: Risk Conflicts 

0 Limited science vs. 
values 
lkust 
Fairness 
Power 
Politics 
in an adversarial system 

12a 

Notes: "bo Models 

lkaditional model 
Science guides risk-management policy. 

New model 
Science and public values guide policy. 

I.. 

- 

12b 



Environmental RISK Management 
9 

Science % Management Risk Assessment 0 

(10,000):. (1) 

Identificatidn Perception/ 
2% 

a* Evaluation 

Measurem~ Communication 
toxirn1opy; 

mimbio g"'o? 03 

epidemio o& 
engineerin& 

meteorologyg 

radiation asmTs iolsgy 

iidysis 3 

3 
a 
a 

O - 2 "  ',I 
13a 

- 

Risk Probleds 
... 

Perceived riskis a battleground marked by strong 
and conflicting views. 
As we have become healthier and safer on average, 
we have become more concerned about risk. 
Studies of risk perception attempt to understand this 
paiadox, as well as theseemingly inconsistent - 
attitudes across hazards (e.&, nuclear power vs. 
dams; chemicals vs. smoking, etc.) 

13b 

Notes: -- 

Notes: 

13 



Ehvironmental RISK Management 

Notes: I Risk Today Vs. 20 Years Ago (More Risk 
TdaY) 

I 

5 Chemicals I Disease Heart I Drinking 1 Climate I Infectious I 
$2 Water Changes Diseases 
;r Cancer Food Travel Energy Prescription 
_- 

Sources Drugs 1 4a 

I flree-Association to the Word “Chemicals” 
I -  1 

5 Chemicals 
; Chemicals 
?! Chemicals 

2 etc. 
m 

Chemical Co. Executives (N = 28) 
College Students (N = 50) 

I 

14b 

Notes: 
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Environmental RISK Management a 
Public Perceptions Drive EPXs Agenda 

Q “Analysis of recent public polling data made it clear 
that EPAs actual priorities and legislative authorities 
correspond more closely with public opinion than 
they do with EPA task force’s estimates of the 
relative risk.” 

S O U ~ C ~ :  EPA Journal, NOR 1987, pp. 9-10. 

15a 

Excerpts horn a 1987 Speech by 
Elizabeth Whelm* 

0 Our public health priorities in the U.S. are inverted 
and confused. 

# As a nation in pursuit of good health we are 
squishing an& and letting the elephane run wild. 

# This may be one of the most &tical domestic issues 
hcing the U.S. today. 

0 It is wasteful and unprincipled to chase after 
chemical residues in our food when cigarettes, AIDS, 
alcohol,-and’drug abuse are costing hundreds of 
thousands of lives, billions upon billions of dollars and untold human suffering. i5b 

-Notes: . ._ ~- 

Notes: 

15 



Environmental RISK Management 

Notes: I Excerpts From a 1987 Speech by 
~ 

(cont'd) I Elizaketh Whelm* 
~~ 

0 I believe that the growing fear of technology and the 
associated regulatory effort to purge our land of 
hypothetical risks at any cost are economic suicide. 

* Executive Director, American Council on Science 
and Health 

16a 

Factors Contributing to Increasing 
Perception of Risk 
1. &eater ability to detect minute levels of toxic 

"2. Increasing reliance on udimihr technologies 
"3. speCta*/dramatic mishaps 
*4. Extensive media coverage 
*5. Increasing litigation and interest group involvement 
"6. Limitations of risk assessment; disputes among 

substances 

experts ,=-  

7. Benefits taken for granted 
16b 

16 



Environmental RISK Management 0 
Perception of Risk (Confd) 

8. Greater ability to control some elements of risk 
(e.g., lifestyle) - anger at involuntary exposures 

9. Conservatism (risk aversion) induced by health and 
wealth (more to lose) 

10. Real changes in the nature of today’s risks 
11. The destruction of trust linked to #2,3,4,5,6 

17a 

Science Exacerbates Perceived Risk!* 
By demonstrating problems at high doses 
By detecting presence of “high-dose” carcinogens at 
minute concentrations 
By being unable to prove that low doses are safe 

* within an adversarial environment where trust is lacking 

17b 

Notes: 

17 
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Notes: Understanding Perceived Risk 

2 Risk perception can be studied scientificallym 
3 Perceptions are quantifiable and predictable, 
3 Research shows the following dichotomies to be 

misleading 
Experts hypersons 

Risk Assessment VSm Risk Perception 
Objective VSm Subjective 
Analytic VSm IntuitidEmotional 
Wise VSm Foolish 
hti0M.I VSm Irrational 

18a 

Understanding Perceived Risk (confd) 

Perceptions have great social, economic, and political 
impacts on individuals and societym 
Lid to communication 

Notes: 
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- __ 

ShdieZ of Perceived Risk ~ 

~ 

"Risk" is left unc le fined. 
Rate the risk to society as a whole on a 0 - 100 scale. 
Motor vehicles ................................................. 

0 100 
Pesticides ................................................. 

0 100 
hgs/Medicines ................................................. 

0 100 
etc. 
up to 90 items 

19a 

Experts vs. qpersons Perceptions of Risk 

1977 
LayperSOnS 

1 
2 
3- 
4 
c 

17 

- .  

c 
22 _ _  c 
30 

c. . 

Rank Order 
Experts 

Nuclear Power 
Motor Vehicles 
- Handguns 

Smoking 

Electric Power 
(Non-Nuclear) 

x-Rays 

Vaccinations 

20 
1 

- .  4 
2 
I 
9 

. e  
7 c 

25 19b 

Notes: 

19 
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~ 

Qualitative Risk Concerns 

0 Voluntary - Involuntary 
0 chronic - catastrophic 
0 Common-Dread 
0 Certainly not fatal - Certainly fatal 
0 Known to exposed - Not known to exposed 
c1 Immediate - Delayed 
0 Known to science - Not known to science 
0 Not controllable - Controllable 

0 Equitable - Not equitable 
0 New-Old 

20a 

MEAN wnffi 
l WOLUNATFIY 

1 2 3 4 5 6 7  
VOLUHTARY 

CHRONIC CATASTROPHIC 

COMMON DREAD 

CERTAIN NOT FATAL CERTAINLY FATAL 

KNowNT0MposED NOTKNOWNTOMPOSED 

IMMEDIATE DELAYEO 

KNOWN TO SCIENCE 

NOTCONTROUBLE CONTROLLABLE 

NOT KNOWN TO SCIENCE 

OLD '?' 1 2  3 4 5 6 7 - 

20b 

- 
Notes: 

Notes: 
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FactorStructuri of Risk-Perceptions 

D SeeAppendix 

Radiation 
I 1 

Nuclear Power X-Rays 

Risk Benefit 

(Data from U.S., my, Sweden, Canada) 

2 l a  

Notes: 

Chemicals 

Pesticides Medicines 
Industrial Chemicals 

21 
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Perceived Risk 

X X I 

Perceived Benefit 

X 
a X a 

22b G s 

Notes: 
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Perceived Health Risks to Canadian 
Public by Gender 

Perceived Health Risks: Difference 
Between Males and Females 

3 0 ,  i 

I 
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Notes: Perceptions Have Impacts 

0 
0 

Signals and ripples 
Social amplification of risk 

24a 

I 

Thesis 

0 Individual risk perceptions and cognitions, 
interacting with social and institutional forces, can 
trigger massive social and economic impacts due to 

Responses to events (even "small" incidents) 
Stigma effects 

24b 

24 

Notes: 
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I 
0 The perceived seriousness of a mishap, the media 

coverage it gets, and the long-range costs to the 
responsible company, industry, or agency are 
determined by the mishap's signal value. 

25a 

Accidents Are Signals (cont'd) 
m 

c3 Signal value reflects perceptions that the event 
privides new infoktion about the likelihood of 
similar or more destructive future mishaps. 

.. 

25b 

Notes: 

25 
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Notes: Accidents Are Signals (cont‘d) 

High signal events: TMI, Bhopal, DC-10, 
Qlenol, Alar 
“What truly grips us in these accounts (of disaster) 
is not so much the numbers as the spectacle of 
suddenly vanishing competence, of men utterly 
routed by technology, of fail-safe systems 
failingooand the spectacle haunts us because it seems 
to carry allegorical import, like the whispery omen of 
a hovering future.’’ 
- The Nau Ydw, 2-18-85 

26a 

~~ 

Accidents As Signals 

FACTOR II 
UNKNOWN RISK 

L *i- * *  

I Signal value of a mishap 
(size of dot) and cost/ 
seriousness of that mishap 
appears predictable from the 
factor smce. 

0 

FACTOR I 
DREADRISK 

26b 

c 

Notes: 

26 
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EVENT INTERPRETATlON SPREADS IMPACT TYPE OF IMPACT 
cHARAcTERtsncs ANDREspolSsE (RIPPLING) (COWANY LEVEL) 

Highly simplified representation of the social amplification of risk 
and potentlal impacts on a corporation 

27a 

Policy Implications of Social 
Amplification 

0 “Extra” protection worthwhile 
Prevent rather than just contain accidents. 
Remote siting 
Dedicated trains- - 
Rimper-resistant paclcaging 

__ ~ 

27b 

. - . -~ . -Notes: 

Notes: 
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Notes: Summary 

Q Experts and lay people conceptualize risk differently. 
Experts view risk quantitatively, as probability x 

Lay people take many qualitative considerations 
magnitude of loss. 

into consideration in defining risk. 

28a 

Summay (confd) 

These qualitative concerns can predict societal 
responses toward hazards. 
- Perceptions of risk 
- Attitudes towards regulation of a hazard 

- Response to an accident or mishap 
- Mediacoverage 
- Ripple effects: lawsuits, stricter regulations, 

etc. 

28b 

Notes: 

28 
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. “Acceptance of any risk is more 
dependent on public confidence in risk 

management than on quantitative 
estimates of risk.” 

c. stun 

‘29a 

The Problem of Trust 

Lack of trust 
A consequence of “the system” and events 
A cause of the perception problem 
Not unique to nuclear power 
AU major U.S. institutions except “V news have- 
declined in trustworthiness since 1965. 

1 -  

- 

~~. 

29b 

Notes: 
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-- - 

Trust Is Fragile 

“If you once forfeit the confidence of your 
fellow citizms, you can never regain their 

respect and esteem.” 
A. Lincoln 

30a 

’Erustr The Asymmetry Principle 
It is far easier to destroy trust than to create it! 

Negative (trust destroying) events outweigh 

Negative events more sharply defined (accidents, 

Positive events ofien fuzzy or indistinct 

positive events. 

lies). 

- For example, how many positive events are 
represented by the safe operation of a nuclear 
power plant for one day? 

Sources a€ bad news are more credible than 
sources of good news. 
Risk is easier to demonstrate than safety. 30b 

Notes: 

Notes: 

30 
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Increased Trust 

a 37. 
a 07. 
a 38. 
a 23. 
a 26. 
Q 10. 
a 30. 
a 25. 
a 18. 
034 
a os. 
0 28. 

0 14. 
a 10. 
a 35. 
002 
a 22. 
042. 
a 11. 
a 06. 
a 43. 
015. 
a 28. 
0 39. 
0 13. 
a a. 

am. 

1 I I I I I 

0 1 0 2 0 3 0 4 0 5 4 ~  
% Very Powerful 

OP. ORSb gvvenrmm m o r  
026. RemrdsdtorfhdingprOMans 
040. Eflectiveemcrgencyactiontdm 
030. Ldadvkoyboardesteblkhed 
0 25. Pub& encouraged to tour p h t  
010. Mandatoydrugtesting 
034. Noproblemsforti years 
0 05. Hold ear public hea- 
029. Empkyeep CllrefUUy trained om. condudemergenytraining 
014. Canmunilyhasrccesstoorecords 

solo. Ser#wIddentbcontrdkd 
035. N e a b y ~ k g o o d  
002. Monitorradmcth anmissions 
022 Employees irdomed of problems 
042 Neighbors n q i i  of problems 

043. conh&tetobaldlaritii 

028. Tytomeetwithpublic 

tl: P ~ & G i n g ~ a t i o n  

0 15. Empbyees dosely supefvtsed 

039. Marmge~sliveneahy 
013. operseSaccordingtoregulations 

31a 

Decreased Trust 

0 31. 
*Q10. 
a 27. 
ow. 
0 04. 
Q 44. 
Q 19. 
Q 33. 
0 16. 
Q 45. 
ow. 
0 17. 
0 36. 
Q 12 
Q 24. 
432. 

o i o  2 0 3 0  40 54 
%Very Powerful 

Q 20. Records found falsified 
Q 09. Employees drunk on job 
Q 41. Plant covered up problem 
Q 31. No adequate emergency response plan 
Q 10. Serious accident is controlled 
Q 27. Offiaal lied to government 
Q #). Health nearby worse than average 
Q 04. Public tours not permitted - 

Q 19. Employees not informed ofproblems 
Q 33. Denied access to records 
Q 16. Accused of releasing radiation 
Q 45. Accident o a r s  in another state 
Q 08. Poor record keeping 
Q 17. Officials live far away 
Q 36. Emergency response plans not rehearsed 
Q 12. Little communication with community 
Q 24. No public hearings 
Q 32 Don’t contribute to local charities 

- -0 44. Delayed inspections - -~ 

31b 

Notes: 

31 
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Notes: Many Factors Work to Obliterate Trust 

0 

0 

Media reporting of problems worldwide 
In nuclear and related industries 

Adversarial risk management system 
Litigation 
Expert vs. expert 
Special interest groups keep problems in the 
“spotlight” 

32a 

Notes: Many Factors Work to Obliterate Tmst 
(confd) 

Legacy of real problem 
Risk can be demonstrated Ear more easily than safety. 
Distrust fuels distrust. 
Limits contacts that could --> trust 
Colors our interpretation of events 

32b 



Environmental RISK Management 

0 
- .. - Trust! 

Confront the problem 
Top priority 
Goes beyond any one industry 
- Chemicals 
- Nuclearpower 
- Biotech 

Problem not merely ignorance or irrationality 
Public relations won’t produce trust. 
Risk communication won’t work without it. 
To date, there has been remarkably little research on 
the topic of trust. 33a 

Notes: . .  . - _ _  

Notes: 

33 
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Divergent Approaches to 
Cancer Risk Regulation 

e 
Y 
4 

,+ .a 
4 
A a 

3 
2 

d i. 

4 

ii Tampa,FL 33609 
2 

John Bell, Ph.D., D.BAT. 
Toxicology and Risk Assessment Group 

Dames & Moore 
1 North Dale Mabry, Suite 700 

f 
4 

(813) 875-1115 FAX (813) 874-7424 

FDA and the Delaney Clause 

Delaney Clause enacted as part of Food Additives 
Amendment to Federal Food, Drug, and Cosmetic 
Actin 1958 
Essentially prohibits the addition of any human or 
animal carcinogen to the human food supply (Le., 
zero risk) 
In practice, lifetime cancer risks which do not 
exceed one in a million are considered "de minimis" 
and are ignored (controversial). 

- - 

34b 

Notes: 
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9 

Example: Reduction of the PEL 
Rationale 

Reasonable expectation that workers will suffer 
material impairment of health under the existing 
standard 

0 Obligation 
Establish a new PEL which represents the lowest 
level felt to be economically and technologically 
feasible in the most marginal segment of the 
industry affected by the new standard. 

35a 

Handling Risk Within OSHA (cont'd) 

2 Reality ~ 

For al l  new PELS promulgated by OSHA since 
1983 (all carcinogens), the lowest feasible risk has 
exceeded 1 per 1,000. 

. .  . . 

35b 

Notes: 
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- 

a Notes: Handling Risls]Within OSHA (confd) 
-3 

0 PEL for asbestoq was reduced from 2.0 to 0.2 
fhers/cc of air in 1986. 

CL Estimated asbestos-related s cancer mortality for 45- 
year exposure 

PEL (€'a):$ Mortality (/1,000) 
h 

2.0 64 
0.2 3 6.7 

o OSHA estimated 

deaths per yeaz 

$460,000,000 36a 

Reduction of &e PEL would prevent 75 cancer 

Annual complhce costs for affected industries: 

EPA Groundwater Remediation Under 
Superfund 

According to the NCP (1990) 
CII Groundwater that is or could be used for drinking 

generally will be restored to the MCLG when it is 
above zero. 

0 When the MCLG equals zero (most carcinogens), the 
MCL will be used as the cleanup level. 

0 Cleanup level of zero is not appropriate because 
CERCLA does not require the complete elimination 

It is impossible to detect whether true zero has 

' 

ofrisk - I  

been attained. 36b 

Notes: 
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a 
I 

_ _  - 

EPA Groundwater Remediation Under-- 
Superfund (confd) 

_ _ _ ~  ~~ 

c3 NCP sets the acceptable risk range between 

c3 In practical terms, the MCL, equivalent to a risk of 1 

(1 
in 10,000) and lo6 (1 in 1 million) with the point 
of departure at lo6. 

in 1 million, will become the cleanup level. 

Notes: - -- . 

Notes: 

International Commission on Radiological Protection 
( I C W  
D Excess environmental radiation (Le., net exposure 

above background) should be limited to 100 
mre*ear for the general population. . 

(-). 

positive benefit (social and economic). 

Ll Exposure should be as low as reasonably achievable 

c3 Technologies causing exposures should have a net 

- 

- 

37 OCi"OF2 
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Dealing with Radiation Risk (cont'd) 

Problem 
0 Background sources could contribute exposure of 

100 mremly4yar. Over a 70-year lifetime, could cause 
3 cancer deaths per 1,000 people exposed 

D Liietime exposure to radon at the EPA indoor 
exposure guideline level (4 pCi/liter) could 
contribute 1 rem&ear, leading to 5 cancer deaths per 
100 people exposed. 

38a 

Communication of Risk 
Risk of death from being hit by an airplane while on 
the ground (over a 70-year lifetime) 

4.2 in a d o n  
Risk of death 

Not influenced by our skills 
Not optional 
Provides no benefits to anybody involved 
Not an act of nature 

- 

38b 

Notes: 
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0 
(confd) 

Q As publidprivate citizens, we could modify the risks; 
however, such an action would be unlikely given the 
magnitude of the risk. 

Adapted from “Risk to Groundlings of Death Due to Airplanes: A Risk 
Communication Tool,” B.D. Coldstein, M. Demak, M. Northridge, D. 
Wartenberg. Risk Analysis, VoL 12 (1992) 339341. 

39a 

Notes: 
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Notes: 

Naturally-Occurring and 
Man-Made Carcinogens 

Bruce Ames, PhD. 
University of California 

Department of Molecular and Cell Biology 
401 Barker Hall 

Berkeley, CA 94720 
(510) 642-5165 FAX (510) 643-7935 

Notes: See Special Section 
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a 

The Mass Media and the “Social 
Amplification of Risk” 

Robert Lode 
The El Paso Times 
P.O. Box 20 

El Paso, TX 79922 
(915) 546-6146 FAX (915) 546-6415 

The Argument 
The mass media misunderstand, misrepresent, 
amplifj, sensationalize and trivialhe risk and risk 
assessment, and generally confuse a gullible public. 

41b 

-Notes: . _ - _  

Notes: 

~ 
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The Problem 

Journalists are generalists: liberal arts majors 
mostly. 
Competitive pressure 
Get it now! Sort it out later. 
Watchdogging: don’t trust nobody. 
Go with the underdog: the regular folks. 

42a 

The Safeguards 

You ain’t gonna believe this: We try lilse hell. 
Ethics: What we believe 
Objectivity: Who we talk to 

The researchers 
The critics 
The doers 
Oxes that might get gored 

42b 

- 
Notes: 

Notes: 
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a 
_ _  

The Bachround 
B Too much denial: tobacco 
Q Too many deaths: asbestos 
B Too much fiemy: sweeteners 
B Too much nonsense: alar 
B Too little benefik artificial coloring 
B Too little action: cholera 
0 Too much confusion: Three Mile Island 
Q Too little attention: heart disease and accidents 

43a 

The Questions 

Q Whose risk? ... Whose benefit? 
0 Who gets to choose? 
B How much risk is acceptable? 

B-Can_dsk be educed more? Is ‘‘pretty low’’ - -  low ~~ -~ 

Q Can we put faces on the risk ... and the benefit? 

(One in a million is 100% if it’s my kid.) 

enough? 

43b 

Notes: 
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I me :, , Answers 
33 

'Mk to us. Don't hide behind statistics, but make 

d Never lie. In the end you get caught, and the price of 

@ ,* Provide your experts, not just public relations 

6' Be franlc concede what you don't know. 
& Be human: imagine it's your home, your kid, your 

& NEVER overstate safety levels. 

q 4 theuncertaintyclear. 

$ distrustis high. 

-e people. 

e. 2 cancer. 

4 
44a 3 

:a -p 
L 

.* 2- 

*?' 
4! 

'Mk to us. Don't hide behind statistics, but make 

d Never lie. In the end you get caught, and the price of 

@ ,* Provide your experts, not just public relations 

6' Be franlc concede what you don't know. 
& Be human: imagine it's your home, your kid, your 

& NEVER overstate safety levels. 

q 4 theuncertaintyclear. 

$ distrustis high. 

-e people. 

e. 2 cancer. 

4 
44a 

.. 

'3 

The End 
3 

# The media reflect the attitudes and biases of the 

d Our concern rests much more with people than with 

# Problems don't go away just because the media 

' 9  i$ public much more than they shape it. 

institutions. 
% 

' don't report them. 

- 

- 

44b 

- 
Notes: 

-. 
Notes: 
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Environmental Racism 

John Grdova 
Community Relations Consultant 

1400 Cagua NE 
Albuquerque, NM 87110 

(505)26&8297 

- 

IntroductiodOverview 

CI 
CI 
CI 
CI 
0 

History of environmental racism 
Terminology 
Changing social and political context 
Legal context 
Alternatives in dealing _ _  with changing context ~ 

Notes: 

Notes: 
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Notes: History of Environmental Racism 
Q 1982 - Siting of PCB landfill 
tl 1983 - U.S. General Accounting Office (GAO) study 
tl 1987 - United Church of Christ, Commission for 

Racial Justice Report 
0 1987 - Reverend Benjamin Chavis Jr., United 

Church of Christ 

46a 

Terminology - Racism 

tl Highlycharged 
B “Apparent” meaning 
0 Applied to activities and outcomes 
0 Verbalinflation 

46b 

- -  a 
Notes: 
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_ _  ._ 

Terhinology 9 Racism ~ 

D Structural oppression 
D Domination and subordination 
D Need not be intentional 
0 Unconscious 
D Color-blindness of the law 

47a 

Changing Social and Political Context 

D Paradigmshift 
# Culture 

Ways of aggregating facts 
Ways of interpreting d t y  

culturally generated phenomena. 
D Pollution creation and its control and disposal are 

47b 

._ Notes: - -  

Notes: 
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Changing Social and Political Context 
(confd) 

0 Sociological 
0 Psych~l~gid 
0 spiritual 
0 Scientifidtechnological 
0 Legal 

48a 

Changing Social and Political Context 
(confd) 

0 NIMBY not in my backyard 
0 PIBBY place in blacks’ backyard 
0 PIMBY place in minorities’ backyard 
0 NIMTOF not in my term of office 
0 NIMEY not in my election year 
0 LULU locally unwanted land uses 
0 CAVE citizens against virtually everything 

x .  - - 

48b 

Notes: 

2 ’. 
- .  

Notes: 
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a 
0 Equal protection clause of the fourteenth 

c3 Civil Rights Act of 1866 - Section 1983 
amendment 

49a 

# Respect for legitimate property rights 
# Greater cultural sensitivity 
0 Sustainable development 
CI Subsidies 

- - - - - - - - - - ~ -  - ~- - - 

49b 

Notes: 

. 
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Notes: Alternatives in Dealing with Changing 
Context 

# Overcome local hostility. 
B Appease l o d  concerns. 
0 By-pass local opposition. 

50a 

# supernview 
0 Sitedesignation 
# Localcontrol 
# Incentives approach 

* 

Notes: 
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Conflict on the Rio Grande 
Water Use on the Isleta Pueblo 

Louise Maffd 
The University of New Mexico 

Chemical and Nuclear Engineering Department 
Albuquerque, NM 87131 

(505) 277-1689 FAX (505) 277-0813 

Notes: 
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h. NatL Acad Sci USA 
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Procedures of the National Academy of Science 
Val. 87,,PP 7777 -7781, Oct. 1990 

Dietary pesticides (99.99% a l l  ~ h d ) *  
(caniaoge~iage&~ge&affee) 

Bruce N. AmesG, Margie Profett, and Lois Swirsky Gold?§ 
Division of Biochemistry and Molecular Biologyf Barker Hall, University of Caldornia, Berkeley, CA 94nQ and 
Laboratory, Berkeleyf CA 94720 

and Molecular Biology Division, Lawrence Berkely 

Gmtn3uted by Bmce N. Ames, Ju& 19,1990 

ABSTRACT T h e t o ~ b g i c a l s ~ a o f ~ t o s y n t h e t i c  
&emids is examinedm the context ofexposum tonatudy oaming 
chemicals. We calnllate that 99.99% (by weight) of the peslicides in the 
American diet an! drPmirnlr that plants prodace to defend themselves. 
W52 nabrralpestieideshavebeen tested m high.dose animal cancer 
tests, and about half (27) are rodent caninogens; these 27 an shownto 
be p t  in y e o m m ~ ~ ~  foods. We amdude that naturaland 
synetfnechem~cals are equanY likely to be positive m animal cancertests. 
We also conclude that at the low doses of most human exposures the 
compaative haads of synthetic pesticide residues are insicant. 

Toxicological d a t i o n  of synthetic chemicals such as pesticides and 
industrial pollutants, without similar examination of the chemicals in the 
natural world to use for comparison, has generated an imbalance in both 
data and perception about potential hazards to humans (1-6). In this and 
two accompanying papers (7,8), we hy to redress this imbalance and 
discuss in detail one major group of natural chemicals in our diet- 
nature’s pesticides. 

About half of all chemicals (whether natural or synthetic) tested 
chronically in animal Cancer tests at the maximum tolerated dose (MTD) 
are carcinogens (7,9-14).1 The MTD of the test chemical is a near-toxic 
dose that can cause chronic mitogenesis, often as a result of cell killing (7). 
We have argued that mitogenesis increases mutagenesis, and therefore that 
a high percentage of all chemicals might be expected to be carcinogenic 
when tested chronically at the MTD (7). A high proportion of both natural 
and synthetic test chemicals are positive for carcinogenicity. Natural 
chemicals constitute the vast bulk of chemicals in the human diet and 
therefore should be used as a reference for evaluating possible carcinogenic 
hazards from synthetic chemicals. In recent years, we have compared the 
possible hazards of various rodent carcinogens, using the human 
exposurdrodent potency (HERP) ratio (I, 6). It should be emphasized that 
as the understandmg of carcinogenesis mechanisms improves, these 
comparisons can be refined but they cannot provide a direct estimate of 
human hazard. This paper does not extend the HERP comparisons (1) 
because our purpose is different and space does not allow a proper analysis. 

Nature’s Pestkides: Mutagenkity and cafiinogenicity 

Plants are not just food for animals.. . . The world is not green. It is colored 
lectin, tannin, cyanide, d e i n e ,  aflatoxin, and canavanine [Janzen (IS)]. 

Dietary Pesticides Are 99S% All Natural Nature’s pesticides are 
one important subset of natural chemicals. Plants produce toxins to 
protect themselves against fungi, insects, and animal predators (5,1623). 
Tens of thousands of these natural pesticides have been discovered, and 
every species of plant analyzed conbins its own set of perhaps a few dozen 
toxins. When plants are-strW or damaged, such as during a pest attack, 
they may greatly increase their natural pesticide levels, occasionally to 

levels that can be acutely toxic to humans. We estimate that Americans eat 
about 1.5 g of natural pesticides per person per day, which is about 10,000 
times more than they eat of synthetic pesticide residues (see below). As 
referenced in this paper (see refs. 16-21 and legends to Tables 1 and 2), 
there is a very large literature on natural toxins in plants and their role in 
plant defenses. The human intake of these toxins varies markedly with diet 
and would be higher in Vegetarians. Our estimate of 1.5 g of natural 
pesticides per person per day is based on the content of toxins in the major 
plant foods (e.&, 13 g of roasted c o k  per person per day contains about 
765 mg of chlorogenic acid, neochlorogenic acid, caffeic acid, and catleine; 
see refs. 22 and 23 and Table 2). Phenolics from other plants are estimated 
to contribute another several hundred milligrams of toxins. Flavonoids and 
glucosinolates account for several hundred milligrams; potato and tomato 
toxins may contribute another hundred, and saponins from legumes 
another hundred Grains such as white flour and white rice contribute very 
little, but whole wheat, brown rice, and corn (maize) may contribute 
several hundred milligrams more. The percentage of a plant‘s weight that 
is toxinvaries, but a few percent of dry weight is a reasonable estimate: 
15% of alfalfa sprouts is canavanine and 4% of coffee beans is 
However, the percentage in some plant cultivars is lower (e.&, potatoes 
tomatoes). 

Abbreviation: MTD, maximum tolerated dose. 
%is is paper no. 2 of a series. Paper no. 1 is ref. 7. 
$To whom reprint requests should be addressed 
!References to, and analyses of, individual cancer tests are in the Carcinogenic 
Potency Database papers (10-13). Our anatym are based on this database, Aich 
reports only results of chronic, long-term bioassays that are dequate to detect a 
carcinogenic effect or lack of effect and to estimate potency. More than 4000 
experiments met the inclusion criteria of the database, but thousands of others did 
not e&, tests that lack a control group, that are too short or include too few 
animals to detect an effect, that use routes of administration not likely to result in 
whole body exposure (like skin painting or subcutaneous administration). 
cocarcinogenesis studies, and bioassays of particulate or fibrous mattm. 

One-third ofthe chemicals in the database have been tested by the National 
Cancer InstituWNational Toxicology Program, using standard protocols with tests 
in two species at the MTD (15). About half of the chemicals in the database, 
however, have been tested in only one species. Positivity rak  and prediction 
between sped6 have been ~a)yz;ed (9). 

of the authors’ opinion in the published paper and classify a chemical as positive if 
it has been evaluated as positive by the author of at least one experiment. We use 
the author’s opinion to determine positivity because it often takes into account 
more information than statistical significance alone, such as historical control tates 
for particular sites;surviaI and latency, andor dose response. Generally, this 
designation by author’s opinion corresponds well with the results of statistical 
reanalyses of the significance of the dose-response effect (9). 

We classi the results of an experiment as either positive or negative on the basis 
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- _ _  ..._ _. .- - - - _ _  Table 1. F&&e nahual-@cides and metabolites fiiiid in cabbage 

Ghcosinolates: 2-propenyl glucosinokte (sinigrin)? 3-methylthiopropyl glucosinolate, 3-methyhltinylpropyl glucosinolate, 3-butenyl glucosinolate, 2-hydroxy-3- 
butenyl glucosindate, 4methylthiobutyl glucosinolate, 4-methylsultinyltutyl glucosinolate, Cmethyisulfonylbutyl glucosinolate, benzyl glucosinolate, 2-phenylethyl 
glucosinolate, propyl glucosinolate. butyl glucosinolate 

Indole gtucminohtes and related indoles: 3-inddylmethyl glucosinolate (glumbrassicin), l-methoxy-3-indolylmethyl glucosinolate (neoglucobrassicin), indde-3- 
carbind,* indole-3acetonitrile, bis(3-indoly1)methanene 

lsothiocynates and goitrin: allyl isothiocyanate,* 3-methylthiopwl isothiocyanate, 3-methyMfinylpro~I isothiqanate, 3-butenyl isothioeyanate, 5vinylomlidine- 
2-thione (goitrin), Cmethylthiobutyl isothiocyanate, 4-methylsulfmylbutyl isothiocyanate, 4methylsulfonylbutyI isothiocyanate, bpentenyl isothigtanate, benzyl 
isothiwanate, phenylethyl isothiocyanate 

Cyanides: l-cyano-23epithiopmpane, lsyano-3,4-eqithiobutane, lqano-3,4-epithicpentane, tnr~o-lsyano-22hydroxy-3,4epithiobutane, erythro-l-cyane2-hydroxy- 
3,4epithiobutane, 2-phenylpropionitrile, allyl cyanide,* lqane2-hydroxy-3-butene, l-cyano-3-methylsulfinyIpropane, lcyan&methylsulfinylbutane 

Terpenes: menthol, neomenthol, isomenthol, m n e *  
Phenols 2-methoxyphend. Wuylquinic acid (chlorogenic acid),* 4-caffcylquinic acid,* S-caffoylquinic acid (neochlorogenic acid),* dQ-uxlmaroyl)quinic acid, 5-6- 

mmoyl)quinic acid, S-feruloyltpinic acid 

*Discussed below: all others untested. C&ogmiuty. Chlorogenic acid (25) and allyl isothiocyanate are positive (26). Chlorogenic acid and its metabolite d e i c  acid are 
alx, mutagens (27-29), as is allyl isrhiocyanate (30). Gmhqmidy. Altyl isothiocyanate induced papillomas of the bladder in male rats (a neoplasm that is unusually 
me in control rats) and was classified by the National Toxicologv Program as carcinogenic There was no evidence of carcinogenicity in mice; however, it was stated "the 
mice probably did not receive the MTD" (31,32). Sinigrin (allyl glucasinokte, i.e., thioglycoside of allyl isothiqanate) is cociucinogenic for the rat pancreas (33). Cawone 
is negative in mice (34). Indolehsetonitrile has been shchvn to form a carcinogen, nitroso indole acetonitrile, in the presence of nitrite (35). Caffeic acid is a carcinogen 
(36,37) and clastogen (25) and is a metabolite of its esters 3-, 4. and 5caffoylquinic acid (chlorogenic and neochlorogenic acid).hktuboliles Sinigrin gives rise to allyl 
isothi~anate when raw cabbage (e.& coleslaw) is eaten; in cooked cabbage it also is metabolized to allyl cyanide, which is untested. Indole-3sarbinol forms dimers and 
trimers on ingestion, which mimic dioxin (8). Oonmence. See refs. 1821, and 38-40. Toxicofog/. The mitogenic effects of goitrin (which is goitrogenic) and various 
organic cyanides from cabbage suggest that they may be potential carcinogens (41,42). Aromatic cyanides related to those from cabbage have been shown to be mutagens 
and are metibolized to hydrogen cyanide and potentially mutagenic aldehydes (43). 

_ _  a- 

' 

Concentrations of n a t d  pesticides in plants are usually measured in 
park per thousands or million (1623) rather than parts per billion, the 
usual concentration of synthetic pesticide residues or of water pollutants 
(1,24). We estimate that humans ingest roughly 5000 to 10,000 Merent 
natural pesticides and their breakdown products (16-23). For example, 
Table 1 shows 49 natural pesticides (and metabolites) that are ingested 
when cabbage is eaten, and indicates how few have been tested for 
carcinogenicity or dastogenicity. Lima beans contain a completely 
different array of 23 natUraI toxins that, in stressed plants, range in 
concentration from 02 to 33 parts per thousand fresh weight none 
appears to have been tested yet for carcinogenicity or teratogenicity (19). 
Many Leguminosae contiin canavanine, a toxin arginine analog that, after 
being eaten by m'mals, is incorporated into protein in place oiarginine. 
Feeding alfalfa sprouts (1.5% canavanine dry weight) or canavanine to 
monkeys causes a lupus erythematosus-like syndrome (44). Lupus in 
humans is characterized by a defect in the immune system that is 
associated with autoimmunity, anti-nudear antibodies, chromosome 
b d ,  and various types of pathology. The toxicity of nonfood plants is 
well known: plants are among the most commonly ingested poisonous 
substances for children under 5 years. 

Surprisingly few plant toxins have been tested for carcinogenicity (10- 
13,45). Among 1052 chemicals tested in at least one species in chronic - 

/Ale list of 52 natural plant pesticides includes 7 toxins from edible mushrooms 
because mushrooms are commonly considered a plant food Fungal toxins are not 
included but are given belw . 
fhtpesticides Carcinogens acetaldehyde methylformyhydrazone, allyl 
isothiqanate, arecoline hydrochloride, benzaldehyde, benzyl acetate, d e i c  add, 
catechol, divorine, cycasidmethylmxyrnethanol acetate mixture. estragole, ethyl 
anylate, glutamyl phydrazinobenzoic acid,p-hydminobenzoic acid, lasiocarpine, 
N-methyl-N-formylhydrazine, &limonene, a-methylbenzyl alcohol, 
methylhydrazine. Brnehxypsoralen, momtaline.  pentanal 
methylformalhydrazone, petasitenine, reserpine, safrole, senkirkine, m o l ,  and 
symphybne. [Cycasin as well as its metabolite methyl~~methanol  are positive in 
numenu tests (45) that do not meet the inclusion cnteM d the databasel 5 and 
gMethoxypsaralen and psoralen are light-activated mutagens (17,45,46). 8- 
Methoxyporalen is positive in a National Toxicologv hogram gavage study 

cancer tests, only 52 are ~ tu ra l ly  occurring plant pesticides (10-13). 
Among these, about half (27/52) are carcinogenid Even though only a 
tiny proportion of the plant toxins in our diet have been tested so far, the 
27 natural pesticides that are rodent carcinogens are present in the 
following foods: anise, apple, apricot, banana, basil, broccoli, brussels 
sprouts, cabbage, cantaloupe, caraway, carrot, cauliflower, celery, cherries, 
cinnamon, cloves, uxoa, coffee, collard greens, comfrey herb tea, cunants, 
dill, eggplant, endive, fennel, grapefruit juice, grapes, g u a a  honey, 
honeydew melon, horseradish, kale, lentils, lettuce, mango, mushrooms, 
mustard, nuheg ,  orange juice, parsley, parsnip, peads pear, peas, black 
pepper, pineapple, plum, potato, radish, raspberries, rosemary, sesame 
seeds, tanagon, tea tomato, and tumip. Thus, it is probable that almost 
every fruit and vegetable in the supermarket contains M ~ U I ~ I  plant 
pesticides that are rodent carcinogens. The levels of these 27 rodent 
carcinogens in the above plants are commonly thousands of times higher 
than the levels of synthetic pesticides. Table 2 shows a Mliety of natural 
pesticides that are rodent carcinogens occurring in the parts-per-million 
range in plant foods. 

The catechol-type phenolics, such as tannins, and caffeic acid and its 
esters (chlorogenic and neochlorogenic acids), are more widespread in 
plant species than other natural pesticides (e& Tables 1 and 2). It may be 
that these phenolics have an antimicrobial role analogous to the 

(without light) and is in the database (47). SMethoxypsoralen and psoralen have 
only been tested in a skin painting study (with light) and are positive (46); they are 
not in our database, because the route of adminisbation would not result in whde 
bdy exposure. Noncarcinogens: atropine, benzyl alcohol. biphenyl, caffeine, 
m n e ,  desrpidine disodium glycyrrhizinate. emetine dihydrochloride, ephedrine - 
sulfate, eucalyptol, eugenol, b-N-[g-L(+)-glutamyl]4- 
hyhxymethylphenylhydlvdrmine, isosafrole, haempferol, DLmenthd, nicotine, 
noharman, piloczupine, piperidine. rotenone, rutin sulfate, sodium benzoate, and 
vinblastine. Uncertain: ham-anethole and quercetin. 
Fmgd taxinr Among 16 fungal toxins tested for carcinogenicity 11 were positive. 
Carcinogens: aflatoxin,.hzxytidine, azaserine citrinin, griseofuhin, luteosbrin, 
mitomyan C, ochrahn  A, sterigmamstin, streptozotccin, and zedenone. 
Noncarcinogens erythromycin stearate, fusarenon X, oxytetracycline 
hydrochloride, patulin, and peniallin VK. 

- 
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Table 2. Some natural pesticide carcinogens in food 

Rodent carcinogen 

5-/8-Methoxypsoralen 

p-H ydrazinobenzoate 
Glutamyl phydrazinobenzoate 
Sinigrin* (allyl isothiocyanate) 

D-Limonene 

Estragole 

Safrole 

Ethyl acrylate 
Sesamol 
a-Methylbenzyl alcohol 
Benzyl acetate 

Catechol 
Caffeic acid 

Chlorogenic acidt (caffeic acid) 

Neochlorogenic acidf (caffeic acid) 

Conc., ppm 

14 
32 
0.8 
6.2 
25 
11 
42 
35-590 
250-788 
12-66 
110-1,560 
16,000-72.000 
4,500 
31 
40 
8,000 
3,800 
3,000 
3,000 

100 
0.07 
75 
1.3 
82 
230 
15 
100 
50-200 

>1,0oO 

1,800 
50-500 
21.600 
50-500 

11.600 

10,cXxi- 

Plant food 

Parsley 
Parsnip, cooked 
Celery . 
Celery. new cultivar 
celery. stressed 
Mushrooms 
Mushrooms 
Cabbage 
Collard greens 
cauliflower 
Brussels sprouts 
Mustard (brown) 
Horseradish 
Orange juice 

Pepper, black 
Basil 
Fennel 
Nutmeg 
Mace 
Pepper. black 
Pineapple 
Sesame seeds (heated oil) 
Cocoa 
Basil 
Jasmine tea 
Honey 
Coffee (roasted beans) 
Apple, carrot, celery, cherry, eggplant, 
endive, grapes, lettuce, pear, plum,potato 
Absinthe, anise, basil caraway, dill, 
marjoram, rosemary, sage, savory, 
tarragon, thyme 
Coffee (roasted beans) 
Apricot, cherry, peach, plum 
Coffee (roasted beans) 
Apple, apricot, broccoli, brussels sprouts, 
cabbage, cherry, Me, peach, pear. plum 
Coffee (masted beans) 

Mango 

Carcinogen tests are referenced in refs. 10-13 and the following: 5-methoxypsoralen (light-activated) and 8- 
methoxypsoralen (46.47) (psoralen, which is carcinogenic by skin painting, and many other mutagenic psoralen 
derivatives are also present in parsley and celery); p-hydrazinobenzoate and glutamyl p-hydrazinobenzoate (48. 
49); allyl isothiocyanate (31.32); D-limonene (50); estragole and safrole (45,51); ethyl acrylate and benzyl 
acetate (52); a-methylbenzyl alcohol (53); caffeic acid (37); sesamol(37); catechol (37). Concentration references 
are as follows: 5- and 8-methoxypsoralen (17,55-59); p-hydrazinobenzoates (in commercial mushrooms) (48, 
49); sinigrin (3840.60); D-limonene (61-63); estragole and safrole (64-67); ethyl acrylate (68); benzyl acetate 
(69-71). a-methylbenzyl alcohol (23); caffeic acid, chlorogenic acid, and neochlorogenic acid (72-80) [in coffee 
(81)]; catechol (83.84); sesamol(85). For mutagenicity and clastogenicity references, see text. 
*Sinigrin is a cocarcinogen (33) and is metabolized to the rodent carcinogen allyl isothiocyanate, although no 
adequate test has been &ne on sinigrin itself. The proportion converted to allyl isothiocyanate or to allyl cyanide 
depends on food preparation (3840). 
Shlorogenic  and neochlorogenic acid are’metabolited to the carcinogens caffeic acid and catechol (a metabolite 
of quinic acid) but have not been tested for carcinogenicity themselves. The clastogenicity and mutagenicity of 
these compounds are referenced in Table 1. 

respiratoly burst of oxygen radicals from mammalian phagocytic cells. The 
phenolics oxidize when a plant is wounded, yielding a burst of mutagenic 
oxygen radicals (e& the browing when an apple is cut). 

Caution is nemsary in interpreting the implications of the 
m r r e n c e  in the diet of natural pesticides that are rodent carcinogens. It 
is not argued here that these dietary exposures are necessarily of much 
relevance to human cancer. Indeed, a diet rich in fruit and vegetables is 
associated with lower cancer rates (86,87). This may be because 

anticarcinogenic vitamins and antioxidants come from plants (86,81). 
What is important in our analysis is that exposures to natural rodent 
carcinogens may cast doubt on the relevance of far lower levels of .. 
exposures to synthetic rodent carcinogens. 

(88) has discussed the regulation of of synthetic pesticides that are rode 
carcinogens, but ignored natural pesticides. The U.S. Food and Drug 
Administration (FDA) has assayed food for 200 chemicals including the 

Residues of Synthetic Pesticides. A National Research Couhcil report 
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synthetic pesticide residues thought to be of greatest importance and the 
- -  residues of some industrial chemicals such as polychlorinated biphenyls 

(PCBS) (24). The FDA found residues for 105 of these chemicals: the US. 
intake of the sum of these 105 chemicals averages about 0.09 mg per 
person per day, which we compare to 1.5 g of nabd pesticides (i.e., 
99.99% natural).** Other analyses of synthetic pesticide residues are 
similar (90). About half (0.04 mg) of this daily intake of synthetic pesticides 
is composed of four Chemicals (24) that were not carcinogenic in rodent 
tests ethylhexyl diphenyl phosphate, chlorpropham, malathion, and 
diclotan (10,89). Thus, the intake of rodent carcinogens from synthetic 
residues is only about 0.05 mg a day (averaging about 0.06 ppm in plant 
food) even if one assumes that all the other residues are carcinogenic in 
rodents (which is unlikely). 

coaking Food The cooking of food is also a major dietary source of 
potential rodent carcinogens. Cooking produces about 2 g (per person per 
day) of mostly untested burnt material that contains many rodent 
carcinogewg.,  polycyclic hydrocarbons (81,91), heterocydic amines 
(92,93), furfuml(22,23), nitrosamines and nitroaromatics (1,94)-aswell 
as a plethora of mutagens (91-95). Thus, the number and amounts of 
carcinogenic (or total) synthetic pesticide residues appear to be rmnimal 
compared to the background of naturally occurring chemicals in the diet 
Roasted coffee, for example, is known to contain 826 volatile chemicals 
(22); 21 have been tested chronically and 16 are rodent cardnogens (10- 
13); caffeic acid, a nonvolatile rodent carcinogen, is also present (Table 2). 
A typid cup of coffee contains at least 10 mg (40 ppm) of rodent 
carcinogens (mostly caffeic acid, catechol, furfural, hydroquinone and 
hydrogen peroxide) (Table 2). The evidence on coffee and human health 
has been recently reviewed, and the evidence to date is insufficient to show 
that coffee is a risk factor for cancer in humans (81,86). The same caution 
about the implications for humans of rodent carcinogens in the diet that 
were discussed above for nature's pesticides apply to coffee and the 
products of cooked food 

Cksaogenidty and Mutagenidty Studies. Results from m Uitro 
studies also indicate that the natural world should not be ignored and that 
positive results are commonly observed in highdose protocols. Ishidate et 
uL (26) reviewed experiments on the dastogenicity (ability to break 
chromosomes) of 951 chemicals in mammalian cell cultures. Of these 951 
chemicals, we identified 72 as natural plant peshcides, and 35 (48%) were 
positive for clastogenicity in at least one test This is similar to the results 
for the remaining chemicals, of which 467/879 (53%) were positive in at 
least one test 

Of particular interest are the levels at which some of the carcinogenic 
plant toxins in Table 2 were clastogenic (26). Allyl isothiocyanate was 
dastogeruc at a concentration of 0.0005 ppm, which is about 200,000 times 
less than the concentration of sinigrin, its glucosinolate, in cabbage. AUyl 
isothiocyanate was among the most potent chemicals in the compendium 
(26) and is also effective at unusually low levels in bansforming (96) and 
mutating (30) animal cells. (See also the discussion of cancer tests in Table 
1.) Safrole was clastogenic at a concentration of about 100 ppm, which is 
30 times less than the concentration in nutmeg and roughly equal to the 
concentration in black wpper. The rodent minogens safrole and 
estragole, and a number of other related dietary ~ t ~ r a l  pesticides that 
have not been tested in animal cancer tests, have been shown to produce 
DNA adducts in mice (97). caffeic acid was clastogenic at  a concentration 
of 260 and 500 ppm, which is less than its concentraljon in roasted coffee 
beans and dose to its concentration in apples, lettuce, endive, and potato 

- - 

a 

a 

__ - 

L- 

**,gum hire are bxed on men aged 2130 in 1982-1984. Cancer test mlts are 
in refr 10-13. The negative test on 2-ethylhexyl diphenyl phosphate is in ref. 89. 
Ihe latest FDA figures on xtual expcmres do not include every known mthetic 
pesticide, and diets  MI^. Nevertheless, 0.05 mg of possibly cartinogenic pestiade 
residues consumed in a day seems to be a reasonable rough estimate. 

skin. Chlorogenic acid, a precursor of caffeic acid, was dastogenic at a 
concenttation of 150 ppm, which is-100 times less than its concentration 
in roasted coffee beans and similar to its concentration in apples, pears, 
plums, peaches, chemes, and apricots. Chlorogenic acid and caffeic aa'd 
are also mutagens (Table 1). Coffee is genotoxic to mammalian cells (98). 
Plant phenolics such as caffeic acid, chlorogenic acid, and tannins (esters of 
gallic acid) have been reviewed for their mutagenicity and 
antimutageniaty, dastogenicity, and carcinogenicity (99). 
We dedicate this paper to the memory of William Havender. We are indebted to R 
Peto, N. B. Manley, T. H. Slone, C. Wehr, R Beier, L W. Wattenberg, R Hall, T. 
Jukes, C. R Fenwick, J. Caldwell, J. Duke, C. VanEtlen, D. Freedman, R. Prokow, 
and N. Ito. This work was supported by National Cancer Institute Outstanding 
Investigator Grant CA39910, by National Institute of Environmental Health 
Sciences Center Grant ESO1896, and by Conbad DEAC0376SMW#)98: Director, 
Office of Energy Research, Office of Health and Environmental Research, US. 
Depanment of Energy. 
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ABSTRACT ~ t o x i a l l o ~ o f s y p f h e f i c c h ~  iscompmedto 
tbatofaatualclEmia4wbich~ttheVastbuIkOfthe* 
towbichhnmanzareexposed.Itisarguedthataninulchaveabroad 
anay of inducible gemd defenses to combat the 
dxmkals m phut food ( w e ’ s  pesticides) and 
effective against both mand synthetic- synthetic taxins sueh 
as dioxin an compand to natural &emids such as indole carbinol (in 
broccoli) and ethanol. Tradeoffs between spthetjcand naturalpe~tiddes 
are discusd Ihe !inding that in high-dose tests, ahighpraportion of 
bothnatmaland~theticchernicalsarecafiinogens,mlltagens, 
teratogens, and dastogens (30-50% far each group) undermines current 
reguhtory efforts to protect publicheah fromsynthetic chemids based 
on these tests. 

laeTosico~ofSyntheticandNahnalToxinsIsSimikr 

It is often assumed that because plants are part of human evolutiomy 
history whereas synthetic chemicals are recent the mechanisms that 
animals have evolved to cope with the toxicity of natural chemicals will fail 
to protect us against synthetic chemicals (1,64).7 We find this assumption 
flawed for several reasons. 

(i) Defenses that animals have evolved are mostly of a general type, as 
might be expected since the number of natural chemicals that might have 
toxic effeds is so large. General defenses offer protection not only against 
natural but also against synthetic chemicals, making humans well buffered 
against toxins (2-6). These defenses include the following. (a) The 
continuous shedding of cells exposed to toxins: the surface layers of the 
mouth, esophagus, stomach, intestine, colon, skin, and lungs are discarded 
every few days. (b) The induction of a wide variety of general detoxifying 
mechanisms, such as antioxidant defenses (7,8) or the glutathione 
hansferases for detoxifying alkylatmg agents (9): human cells that are 
exposed to small doses of an oxidant such as radiation or hydrogen 
peroxide, induce antioxidant defenses and become more resistant to higher 
doses (10-14). These defenses can be induced both by synthetic oxidants 
(e.%, the herbicide paraquat) and by natural oxidants and are effective 
against both. (c) The active excretion of planar hydrophobic molecules 
(natural or synthetic) out of liver and intestinal cells (15). fd) DNA repair: 
this is effective agamt DNAadducts formed from both synthetic and 
natural chemicals and is inducible in response to DNAdamage (16). (e) 
Animals’ olhctory and gustatory perception of bitter, acrid, astringent, and 
pungent chemicals: these defenses warn against a wide range of toxins and 
could possibly be more effective in warning against some natural toxins 
that have been important in food toxicity during evolution, than against 
some synthetic toxins. However, it seems likely that these stimuli are also 
general defenses and moni‘toring particular structures correlated with 
toxicik some synthetic toxic compounds are also pungent acrid, or 

~~ 

The publication costs of this article were defrayed in part by page charge 
payment This article must therefore be hereby marked “udmrtisement”in 
accordance with 18 U.S.C. 01734 solely to indicate this fact 

57 

astringent Even though mustard, pepper, garlic onions, e tc  have some 
these attributes, humans often ignore the warnings. 
That defenses are usually general, rather than specific for each chemical, 

makes good evolutionary sense. The reason that predators of plants evolved 
general defenses against toxins is presumably to be prepared to counter a 
diverse and ever-changing array of plant toxins in an evolving world, if a 
herbivore had defenses against only a set of specific toxins it would be at a 
great disadvantage in obtaining new foods when favored foods became 
scarce or evolved new toxins. 

vertebrate evolutionary history, nevertheless cause cancer in vertebrates. 
Mold aflatoxins, for example, have been shown to cause cancer in trout, 
rats, mice, monkeys, and possibly in humans (2,17). Eleven mold toxins 
have been reported to be carcinogenic (6), and 19 mold toxins have been 
shown to be clastogenic (18). Many of the common elements are 
carcinogenic (e.&, salts of lead, cadmium, beryllium, nickel, chromium, 
selenium, and arsenic) or clastogenic (18) at high doses, despite their 
presence throughout evolution. Selenium and chromium are essential 
bace elements in animal nutrition. 

Furthermore, epidemiological studies from various parts of the world 
show that certain natural chemicals in food may be carcinogenic risks to 
humans: the chewing of betel nuts with tobacco around the world has been 
correlatedwith oral cancer (17,19). The phorbol esters present in the 
Euphorbiaceae, some of which are used as folk remedies or herb teas, are 
potent mitogens and are thought to be a cause of nasopharyngeal cancer in 
China and esophageal cancer in Curacao (20,21). Pyrmlizidine toxins are 
mutagens that are found in comfrey tea, various herbal medicines, and 
some foods; they are hepatocarcinogens in rats and may cause liver 
cirrhosis and other pathological states in humans (19). 

Plants have been evolving and refining their chemical weapons for at 
least 500 million yean and incur large fitness costs in producing these 
chemicals. If these chemicals were not effective in deterring predators, 
plants would not have been naturally selected to produce them. 

of the plants in their diet Indeed, very few of the plants that humans eat 
would have been present in an African hunter-gatherer‘s diet The human 
diet has changed drastically in the last few thousand years, and most 
humans are eating many recently introduced plants that their ancestors 
did not+.&, coffee, cocoa, tea, potatoes, tomatoes, com, avocados, 
mangoes. olives, and kiwi fruit In addition, cruciferous vegetables such as 
cabbage, broccoli, Me, cauliflower, and mustard were used in ancient 
times “primarily for medicinal purposes” and were spread as foods across 
Europe only in the Middle& (22.23). Natural selection works far too 
slowly for humans to have evolved specific resistance to the food toxins in 
these newly introduced plants. 

(iv) Poisoning from plant toxins in the milk of foraging animals was 
quite common in previous centuries. Cow or goat milk and other ingested 
dairy products were contaminated by the natural toxins from plants that 
were eaten by foraging animals in nonindustrial, agricultural societies, 
because toxins that are absorbed through the animal’s gut are often 

(ii) Various natural toxins, some of which have been present throughout 

(ii) Humans have not had time to evolve into a “toxic harmony” with all 
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secreted in the milk Siice the plants foraged by cows vary from place to 
place and are usually inedible for human consumption, the plant toxins 
that are secreted in the milk are, in general, not toxins to which humans 
could have easily adapted. Abraham Lincoln's mother, for example, died 
from drinking cow's milk that had been contaminated with toxins from the 
snakeroot plant (24). Foraging cows can eat bracken fern, which contains a 
known carcinogen; the milk from cows eating bncken fem is carcinogenic 
to rats (19). When cows and goats forage on lupine, their offspring may 
have teratogenic abnormalities, such as "crooked calf' syndrome caused by 
the anagyrine in lupine (25-27). Such significant amounts of these 
teratogens can be transferred to the animals' milk that drinking the milk 
during pregnancy is a teratogenic risk for humans (2527): in one rural 
California family, a baby boy, a litter of puppies, and goat kids all had a 
"crooked" bone birth defect Both the pregnant woman and the pregnant 
dog had been drinking milk obtained from the family goats, which had 
been foraging on lupine, the main forage in winter (25-27). 

(u) Anticarcinogenic chemicals in the diet may help to protect humans 
equally well against synthetic and natural carcinogens. Although plants 
contain anticarcinogenic chemicals that may protect against carcinogens 
(28,29,64), these anticarcinogens (e.g., plant antioxidants) do not 
distinguish whether carcinogens are synthetic or natural in origin. 

(vi) I t  has been argued that synergism between synthetic carcinogens 
could multiply hazards; however, this is also true of natural chemicals, 
which are by far the major source of chemids in the diet 

(vii) DDT bioconcentrates in the food chain due to its unusual 
iipophilicih however, natural toxins can also bioconcentnte. DDT 
["dichlorodiphenyltchlo~than~" l,l,l-trichloro-2,2-bis~- 
chlorophenyl)ethane] is often viewed as the typically dangerous synthetic 
pesticide because it persists for yean; it was representative of aclass of 
chlorinated pesticides. Natllral pesticides, however, also bioconcentrate if 
lipophilic: the tentogens solanine (and its aglycone solanidine) and 
chaconine, for example, are found in the tissues of potato eaters (30-32). 
Although DDT was unusual with respect to bioconcentration, it was 
remarkably nontoxic to mammals, saved millions of lives, and has not been 
shown to cause harm to humans (33). To a large extent DDT, the first 
major synthetic insecticide, replaced lead arsenate, a major carcinogenic 
pesticide used before the modem era; lead arsenate is even more persistent 
than DIYT. When the undesirable bioconcentratjon and persistence of DDT 
and its lethal effects on some birds were recognized it was prudently 
phased out, and less persistent chemicals were developed to replace i t  
Examples are the synthetic pyrethroids that disrupt the same sodium 
channel in insects as DDT (M), are degraded rapidly in the environment, 
and can often be used at a concentrahon as low as a few 

synthetic toxins: the case of dioxin. Cabbage and broccoli contain a 
chemical whose breakdown products bind to the body's aromatic 
hydrocarbon (Ah) receptor, induce the defense enzymes under the control 
of the receptors, and possibly cause mitogenesis-just as does dioxin 
[2,3,7,8-tetrachlorodibemp-doxin (TCDD)], one of the most feared 
industtial contaminants. TCDD is of great public concern because it is 
carcinogenic and teratogenic in rodents at extremely low doses. The doses 
humans ingest are, however, far lower than the lowest doses that have been 
shown to cause cancer and reproductive damage in rodents. 

TCDD exerts many or all of its harmful effects in mammalian cells 
through binding to the Ah receptor (35). A wide variety of natural 
substances also bind to the Ah receptor [e.$, tryptophan oxidation 
products (36)l and insofar as they have been examined, they have similar 
properties to TCDD. A a o k d  steak, for example, contains polycyclic 
hydrocarbons that bind to the Ah receptor and mimic TCDD. In addition, a 
variety of flavones and other plant substances in the diet, such as indole 
carbinol (IC), also bind to the Ah receptor. IC is the main breakdown 
compound of glucobrassicin, a glucosinolate that is present in large 

- 

per acre. 
(e) Natural toxins can have the same mechanisms o Y toxlcity as 

amounts in vegetables of the Brardca genus, including broccoli (about 
mg per 100-g portion) (62) Brussels sprouts (125 mg per 100 g) (621, and 
cabba& (25 ma Der 100 (23). When tissues of these veeetables are -. . . 
lacera'led as &k during chewing they release an en$ne  that breaks 
down the glucobmicin. The enzyme is quite heat stable, and cooked 
vegetables yield most of the indole compounds that raw vegetables do (37). 
Therefore, we assume for the following calculation that 20% of 
glucobmian is converted to IC on eabng. At the pH of the stomach, IC 
makes dimers and trimers that induce the same set of detoxirying enzymes 
as TCDD (37-39). IC, like TCDD, protects against carcinogenesis when 
given bdm atlatoxin or other carcinogens (39-41). However, when given 
&eraflatoxin or other carcinogens, IC, like TCDD, stimulates 
carcino nesis (38). This stimulation of carcinogenesis has also been 

of a potential hazard than TCDD if binding to the Ah receptor is critical for 
toxic effects. The Environmental Protection Agency's human "reference 
dose" (formerly "acceptable dose limit") of TCDD is 6 fg per kg per day. 
This should be compared with 5 mg of IC per 100 of broccoli or cabbage 
(6). Although the affinity of one major indole dimer in binding to Ah 
receptors is less than that of TCDD by a factor of about 8000 (L. F. 
Bjeldanes and C. A Bradfield, personal communication), the effective dose 
to the Ah receptor from a helping of broccoli would be about 1500 times 
higher than that ofTCDD, taking into account an exba factor of 1000 for 
the very long lifetime of TCDD in the body (several years) and assuming 
that the lifetime of the hydrophobic indole dimers is as short as 1 day. 
Another iC dimer has recently been shown to bind to the Ah receptor with 
about the same aff~nity as TCDD (L Bjeldanes, personal communication). 
However, it is not dear whether at the low doses of human exposure either 
is hazardous; they may even be protective. It seems likely that many more 
of these natural "dioxin simulators" will be discovered in the future. 

If TCDD is compared with ethanol it seems of minor interest as a 
teratogen or carcinogen. Alcoholic beverages are the most important 
known human chemical teratogens (43). In contrast, there is no persuasive 
evidence that TCDD is either carcinogenic or teratogenic in humans, 
although it is both at near-toxic doses in rodents. Ifone compares the 
teratogenic potential ofTCDD to that of alcohol for causing birth defects 
(after adjushng for their respective potency as determined in rodent tests), 
then a daily consumption of the Environmental Protection Agency's 
reference dose of TCDD (6 fg per kg) would be equivalent in teratogenic 
potential to a daily consumption of alcohol from 1/3,OOO,OOOth of a beer. 
That is equivalent to drinking a single beer (15 g of ethanol) over a period 
of 8000 years. 

Alcoholic beverages in humans are a risk factor for cancer (17) as well as 
birth defects. A comparison of the carcinogenic potential for rodents of 
TCDD with that of alcohol (adjusting for the potency in rodents) (2) shows 
that ingesting the TCDD reference dose of 6 fg per kg per day is equivalent 
to ingesting one beer every 345 years. Since the average consumption of 
alcohol in the United States is equivalent to more than one beer per person 
per day, and since five drinks a day are a carcinogenic risk in humans, the 
experimental evidence does not of itself seem to justify the great concern 
over TCDD at levels in the mge of the reference dose. 

Trade-otfs Between Nahnal and Synthetic Pesticides 

Since no plot of land is immune to attack by insects, plants need 
chemical defenses, either natural or synthetic, in order to survive pest 
attack. "It has been suggested that one consequence of crop plant 
domestication is the deliberate or inadvertent selection for r e d u d  levels 
of secondary compounds that are distasteful or toxic Insofar as many of 
these chemicals are involved in the defense of plants against their 

least in part for the increased susceptibility of crop plants to herbivores 
the reduction due to artificial selection in these defenses may account 

shown ? or cabbage itself (42). These IC derivatives appear to be much more 

a 
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pathogens. . . ." (44). Therefore, there is a trade-off between nature's 
M c i d e s  and Svnthetic oesticides. . - 

a 
Cultivated plant food;commody contain on average fewer naturai 

toxins than do their wild counterparts. For example, the wild potato 
Sohum acade, the progenitor of cultivated strains of potato, has a 
glycoalkaloid content about 3 times that of cultivated strains and is more 
toxic (45.46). The leaves of the wild cabbage Brassica o h c a  (the 
progenitor of cabbage, broccoli, and cauliflower) contain about twice as 
many glucosinolates as cultivated cabbage (47). The wild bean Phasedus 
hnatus contains about 3 times as many cyanogenic glucosides as does the 
cultivated bean (48). Similar reductions in toxicity through agriculture 
have been reported in lettuce, lima bean, mango, and cassava (49). 

One consequence of disproportionate concern about synthetic pesticide 
residues is that plant breeders are developing plants that are more insect- 
resistant but that are also higher in natural toxins. Two recent cases 
illustrate the potential hazards of this approach to pest control. (i) When a 
major grower introduced a new Mliety of highly insect-resistant celery into 
commerce, a flurry of complaints were made to the Centers of Disease 
Control from all over the counby because people who handled the celery 
developed rashes and burns when they were subsequently exposed to 
sunlight Some detective work found that the pest-resistant celery 
contained 6200 ppb of carcinogenic (and mutagenic) psoralens instead of 
the 800 ppb present in normal celery (6,50-52). It is not known whether 
other natural pesticides in the celery were increased as well. The celery is 
still on the market (a A new potato cultiw, developed at a cost of 
millions of dollars, had to be withdrawn from the market because of its 
acute toxicity to hum- consequence of higher levels of two natural 
toxins, solanine and chamnine. Solanine and chaconine inhibit 
cholinestemse, thereby blocking nerve transmission, and are known rodent 
teratogens. They were widely introduced into the world diet about 400 
years ago with the dissemination of the potato from the Andes. Total toxins 
are present in normal potatoes at a level of 15 mg per 200-g potato (75 
ppm), which is less than a 10-fold safety margin from the measurably toxic, 
daily dose level for humans (45). Neither solanine nor chaconine has been 
tested for carcinogenicity. In contrast, the cholinesterase inhibitor 
malathion, the main synthetic organophosphate pesticide residue in our 
diet (0.006 mg per day), has been tested and is not a cara'nogen in rats or 
mice. Common cultivars of plants differ widely in the level of particular 
natural toxins (6), and other factors in the plant also play a part in pest 
resistance. Breeding or genetic engineering can be used to increase or 
decrease specific chemicals or other factors. 
Certain cultivated crops have become popular in developing countkes 

because they thrive without costly synthetic pesbcides. However, the trade- 
of% of cultivating some of these naturally pest-resistant crops are that they 
are highly toxic and require extensive processing to detoxify them. For 
example, cassava root, a major food crop in Africa and South Americq is 
quite resistant to pests and disease; howver,it contains cyanide at such 
high levels that only a laborious process of washing, grinding, fermenting, 
and heating can make it edible; ataxia due to chronic cyanide poisoning is 
endemic in many of the cassavading area5 of Africa (53). In one part of 
India, the pest-resistant grain Lathynrs suth is cultivated to make some 
types of dahl. Its seeds contain the neurotoxin B-N-oxalylaminoalanine, 
which causes a crippling nervous system disorder, neurolathyrism (54). 

synthetic and to chamderize synthetic chemicals as toxic, as if every 
natural chemical were not also toxic at some dose. Even a recent National 
Research Council report (55) states: 'Advanm in classical plant 
breeding.. , offer somepromise for nonchemical pest control in the future. 
Nonchemical approaches will be encouraged by tolerance revocations. . . .' 
The report was concerned with pesticide residues but ignored natural 
pesticides. Tomatine, one of the natural toxins in tomatoes, is a recent 
chemical too, since it was introduced to the world diet from Peru 400 years 

I 

- -_  

There is a tendency for nonscientists to thii of chm'cak as being only 

ago. Neither tomatine nor its aglycone, tomatidine, an antifungal steroid- 
like molecule, has been tested in rodent cancer bioassays. Tomatine is 
present at 36 mg per 100-g tomato (360 ppm), a concentration that is 
much closer to the acutely toxic level in humans than are synthetic 
pesticide residues (45). 

As an alternative to synthetic pesticides, it is legal for "organic farmers" 
to use the natural pesticides from one plant species against pests that 
attack a different plant species, cg, rotenone (which Indians used to 
poison fish) or the pyrethrins from cluysanthemum plank, These natudly 
derived pesticides have not been tested as extensively for carcinogenicity 
(rotenone is negahve, however), mutagenicity, or tetatogeniaty as have 
synthetic pesticides; therefore, their safety compared to synthetically 
derived pesticides should not be prematurely assumed 

Synthetic pesticides have markedly lowered the cost of plant food, thus 
increasing consumption Eating more fruits and vegetables and less fat 
may be the best way to lower risks of cancer and hea t  disease, other than 
giving up smoking (35,56,57) 

"Toxic chemicals" and Human Risk 

Positive results are remarkably common in highdose screening tests for 
carcinogens, dastogens (agents that break chromosomes), teratogens, and 
mutagens. About half of the chemicals tested, whether natural or synthetic, 
are carcinogens in chronic, highdose rodent tests (5,6) andabout half are 
clastogens in tissue culture tests (18). A high proportion of positives is also 
reported for rodent telatogenicity tests: 38% of the 2800 chemicals tested 
in laboratory animals "have been teratogenic" in the standard, highdose 
protocol (58). It is therefore reasonable to assume that a sizable 
percentage of both synthetic and natural chemicals will be reproductive 
toxins at high doses. Mutagens may also-be common: of the 340 chemids 
tested for carcinogenicity in both tats and mice and for mutagenicity in 
Szfmonda (ref. 59; L.S.G., unpublished work), 46% were mutagens, and 
mutagens were nearly twice as likely to be carcinogenic than were 
nonmutagens. Of these 340 chemicals, 70% were either mutagens or 
carcinogens or both How much this high frequency of positive results is 
due to bias in selecting chemicals is not known (5). Even if selection bias 
doubled the percentage of positives, which we think is unlikely (5), the 
high proportion of positives would still mean that almost everything 
natural we eat contains carcinogens, mutagens, teratogens, and dastogens 
(6). Thus, testing a random group of natural pesticides and pyrolysis 
products from cooking should be a high priority for these various tests so 
that an adequate comparison can be made to synthetic toxins. 
Dozens of mammalian metabolites are commonly produced from any 

reasonably complex molecule. Therefore, even nomutagenic, 
nonclastogenic, noncarcinogenic, and nonteratogenic chemicals, whether 
synthetic or natural, are likely to produce some carcinogenic, clastogenic, 
teratogenic, and mutagenic mammalian metabolites. 

Several chemicals that have been shown to be carcinogens at high doses 
in rodents have also been shown to be anticarcinogens in other animal 
models at lower doses-e.g., limonene, caffeic acid, TCDD, and IC (28,29). 
Therefore, the dose and context of a chemical exposure may be critical. 

The first rule of toxicology is that all chemicals are "toxic chemicals;" it 
is the dose that makes the poison Highdose tests are relevant for some 
mpational or medicinal exposures that can be at high doses (2,60). With 
mutagens there is some theoretical justification for thinking that low doses 
may have an effect, although the complexities of inducible protectjon 
systems may well produce a dose-response threshold, or even protective 
effects at very low doses. The high endogenous DNA damage rate is also 
relevant (5). In any case, there should be a threshold of attention for 
hypothetical risks that are low compared to background risks, otherwise 
m o u r n  are diverted from more important risks. The arguments in this 
and the precedmg papers (5,6) undermine many assumptions of current 
regulatory policy and necessitate a rethinking of policy designed to reduce 
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human cancer. Minimizing pollution is asepmte issue and is dearly 
desirable for reasons other than effects &public health. 

It is by no means clear that many si@cant risk factors for human 
cancer will be single chemids that will be discovered by screening assays. 
Dietary imbalances are likely to be a majBI contributor to human cancer 
(43,56,57) and understanding these s h d d  be, but is not, a major priority 
of research Understanding why caloric latiction dramatically lowers 
cancer and mitogenesis rata and extenMife-span in experimental animals 
(61,62) should also be a major research*ority. More studies on 
mechanisms of cara’nogenesis are also a g h  priority. 
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Glossary of Terms 

CERCIA 
FDA 
MCL 
MCLG 
NCP 
OSHA 
Pci 

- __ - . - As low as reasonably achievable -- -- 

Comprehensive Environmental Response, Compensation, and Liability Act 
Food and Drug Administration 
Maximum contaminant level 
Maximum contaminant level goal 
National Oil and Hazardous Substances Pollution Contingency Plan 
Occupational Safety and Health Administration 
Picocurie 
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Test Questions 

-~ 1. . _ _  

2. 
3. 
4. 

5. 

6. 

7. 
8. 
9. 

_ _  
(True or False) Within the general approach followed by FDA in the management of carcinogenic - food additives, - a - “de 
minimis” risk would describe a lifetime risk of cancerof less thii one itia million. -- 

(True or False) In developing the PEL for a chemical, OSHA considers only the health effects of potential worker exposure. 
When dealing with potential exposure to radiation, what is “ALARA!” 
(True or False) The media will invariably give a great deal of attention to a few deaths from unusual or unexpected risks, 
while largely ignoring such huge risks as alcohol abuse, lifeslyle-related heart disease and failure to use automobile 
seatbelts. 
(True or False) Large corporations can be trusted to immediately publicize any research hints of previously unknown 
hazards involving their products and to take prompt action to protect their employees, customers, and the general public. 
(True or False) Government at any level is adept at anticipating risks, tying to prevent them, and acting to limit their 
damage. 
How do the factors that influence public perceptions of risk differ from the fadors that influence experts’ assessments? 
Is one perspective, technical or public, more legitimate and more useful than the other? Why or why not? 
How can an understanding of risk perception improve risk communication? 

10. What is social amplification of risk and why is it important? 
11. What event precipitated the controversy which led to the coining of the term “environmental racism?” 
12. Has it been shown that minority communities bear a disparate impact of the risks posed by environmental hazards? 
13. Isn’t the siting of hazardous waste producing and disposal primarily (or only) economic? 
14. How does one define culture? 
15. How does one define paradigm? 
16. Describe the shift from one paradigm to another. 
17. If one is unable to show intent to adversely affect a minority community, what legal options remain to an effected 

18. Under what conditions can a minority community successfully block public decisions effecting them? 
19. In working with local communities, what approaches have been shown to be more successful in developing support for 

community? 

implementation of public policies? 

65 



Presenters’ Biographies 

Bruce N. Ames 
University of California 
Department of Molecular and Cell Biology 
401 Barker Hall 
Berkdey,CA 94720 
Phone: (510) 6425165 FAX: (510) 643-7935 
Bruce Ames, Ph.D., is a professor of biochemistry and molecular biology and Director of National Institute of Environmental 
Health Sciences Center at the University of California, Berkeley. Dr. Ames has been the international leader in the field of 
mutagenesis and genetic toxicology for over 20 years; his work has had a major impact on basic and applied research on 
mutation, cancer, and aging. The development of Ames’ mutagenicity test as a practical tool for the detection of potential 
carcinogens has led to its use in over 3,000 laboratories and in all the major drug and chemical companies. Dr. Ames is a 
member of the National Academy of Sciences and a former member of the board of directors of the National Cancer Institute 
(National Cancer Advisory Board). He was the recipient of the most prestigious award for cancer research, the General Motors 
Cancer Research Foundation Prize (1983), the highest award in environmental achievement, the Qler Prize (1985), and the 
Gold Medal Award of the American Institute of Chemists (1991). 

John U. Bell 
Toximlogy and Risk Assessment Group 
Dames & Moore 
1 North Dale Mabry, Suite 700 
‘hmpa,FL 33609 
Phone: (813) 875-1115 FAX: (813) 874-7424 
John Bell, Ph.D., DAB.“., is a Senior Toxicologist in Dames & Moore’s Toxicology and Risk Assessment Group. Dr. Bell received 
his B.Sc. and Ph.D. from Dalhousie University. He is a board-certified toxicologist with over 19 years of academic and consuiting 
experience evaluating the adverse effects of chemical contaminants on human health and the environment. He has conducted 
risk assessments at a number of contaminated sites regulated under federal RCRA and CERCWSuperfund programs as well as 
at sites regulated under state-led programs. 

John J. Clkdova 
Community Relations Consultant 
1400 Cagua NE 
Albnquerque,NM 87110 
Phone: (505) 266-8297 
John C6rdaa has worked in government or government-related projects for 30 years. His experience includes 10 years of work 
in Washington, D.C., 15 years in state and local government in New Mexico, and 5 years providing technical and evaluation 
assistance to Indian tribes and government agencies in the Rocky Mountain region. Most recently he has worked as a 
consultant to the Hirst Company, an Albuquerque-based public relations firm. The company provides public relations 
counseling to a number of clients, including Westinghouse Electric Company, which operates the Waste Isolation Pilot Plant 
(WIPP) in Carlsbad, New Mexico and Browning Ferris Industries of Houston, Texas. Mr. C6rdova devoted much of his time to 
these clients, offering community relations advice, assistance, and counseling. He provided information on these projeds to a 
number of state, local, and regional agencies and Indian tribes. Mr. Gjrdova has also served as a community relations counselor 
to Sandia National Laboratories and to the U.S. Department of Energy. 
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Presenters' B&graphies 

Robert M. Cranwell . 
Sandia National Laborataiis 
P.O. Box 5800 
Albuquerque, NM 87185 
Phone: (505) 844-8368 l!!U (505) 844-3321 
Robert Cranwell received 6 PhD. in Mathematics (Stochastic Processes and Reliability Theory) in 1975 from Arizona State 
University. He then becmi%n assistant professor of mathematics at Arizona State University and the University of Msconsin. 
Since joining Sandia N a t i d  Laboratories in 1978, Dr. Cranwell has directed the development and application of risk and 
reliability tools to assist USindustry and government agencies in manufacturing- and regulatory-related issues. For the past 
three years, he has direct& program with the Semiconductor Manufacturing Technology Consortium to enhance the 
reliability of semicondueanufactur ing equipment He also directed the first Cooperative Research and Development 
Agreement signed at Sandifwith Motorola, Inc. to evaluate the reliability of printed wiring boards manufactured under a new 
no-clean soldering proces..Dr. Cranwell has served as an international consultant with the Nuclear Energy Agency, the 
Swedish Nuclear Paver Inqkedorate, and the Netherlands Central Organization for Radioactive Waste. 

Bruce J. Kelman 5 
NMSU & Failure A n a t y s W e s ,  Inc 
149 Commonwealth M3 
MenloPark,CA 94025 ,s 
Phone: (415) 688-6963 (415) 328-2981 
Bruce Kelman, Ph.D, D&., is Manager of Toxicology at Failure Analysis Associates, Inc,, and an adjunct professor at New 
Mexico State University. %;holds a Ph.D. from the University of Illinois in Veterinary Medical Science and is certified in 
toxicology by the American@oard of Toxicology. Dr. Kelman's research has focused on components of health risk models, 
including mechanistic stuW aimed at quantitating exposure of critical organ systems. He has experience with a variety of 
chemical and physical agents, exposure scenarios, and routes of exposure. He has conducted health-effects evaluations of 
contaminated environmeml sites and has evaluated air quality and health risk from asbestos in structures. Associated with 
these activities, Dr. K e l m m w  presented a variety of health risk concepts to policy makers, government regulators, citizen 
groups, and individuals indved in all aspects of the legal process. 

Robert hcke 3 
The El Pas0 rimes z 
P.O. Box 20 3 
ElPas0,'IX 79922 
Phone: (915) 546-6146 (915) 546-6415 
Robert Lake  is City Editofof TheEZPaso T m  and formerly West Coast science writer for The Associated Press &d Science 
Editor of the Srm Diego 7@une. Mr. Locke is a Journalism/Political Science graduate of the University of New Mexico. 
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Pad Slovic ,.. I 

6 Decision Research 
1201 oak street 
Eugene, OR 97401 
Phone: (503) 485-2400 FAX: (503) 485-2403 
Paul Slovic is President df Decision Research in Eugene, Oregon, and a professor of psychology at the University of Oregon. 
During the past Eyears, Dr. Slovic and his associates have developed methods for describing risk perceptions and measuring 
their impacts on individuals, industry, and society. They have created a taxonomic system that enables one to understand and 
predict perceived risk, attitudes toward regulation, and the impacts resulting from accidents or failures. Dr. Slovic has been a 
consultant to numerous companies and government agencies. He is a member of the National Council on Radiation Protection 
and Measurements and a past president of the Society for Risk Analysis. 
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Videotapflideoconference Training Series 

The need foriiformation and technologies about-. - of Minim and Technolom Sandia National Laboratories, - - 

hazardous waste and waste management is critical, as 
public concern increases. By eliminating the cost of travel 
and perdiem budgets, these videotape training series 
address the issue in a cost-effective manner. The low cost 
of videotape programming means that more people can be 
trained for the same investment, 
These series have been developed and are presented by the 
New Mexico Waste-management Education and Research 
Consortium (WERC), a collaboration of New Mexico State 
University, University of New Mexico, New Mexico Institute 

Los Alartios National Laboratory, and Navajo Communitjl 
College (affiliate member). WERC is funded by the U.S. 
Department of Energy. The consortium works together to 
address hazardous waste issues, facilitating technology 
transfer, education, training and research in hazardous 
Waste. 
CERTIFICATION WERC awards an official certificate 

to all students completing the series. CEUs are available. 
WERC also offers credit courses on KU-band satellite from 
the three participating universities. Call for details. 
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Videotape Training Series 

Waste Minimization and Pollution Prevention 
Although it  is impossible to have entirely “clean” 
manufacturing, we can drasticplly cut the generation of 
all waste from nearly all prow@es. Further, much of 
what we call “waste” is often an unused by-product that 

could be further processed or refined and sold as a product. 
Often toxic waste generated as a by-product of 
manufacturing can be reduced dramatically through better 
process control, or avoided entirely by an alternate process. 

? 
1. Overview - Wny Minimize Waste? 
Co-Leaders: Joan Woodard, Ph.R,‘ Sandia 
National Laboratories, Mary Ann3aker, 
Esq., NM Environment Dept 

what is waste minimization? -3 
Beyond complianc+waste !$ 
minimization makes good bushes  
sense from a cost/benefit perspqctive 
Federal regulations (existing a~@ 
proposed) and State samples %* 

Determining baselines-how @t done? . Goal setting/looking for oppo~ni t ies  . How waste minimization a f fed  small businesses 2 . International concerns/Issues -2 
p 

2. Wen& We Stmt Waste $2 
$ Minimitotion? 

Lead Presenter: Jeff Weinrach, PkD., Los 
AlamosNational Laboratory ! 

The need for assessments 3 
The methods for assessments 5 
The goals for assessments 7 
The follow-through to assessments 

3. How Does RaYcling/euseP 
Reebation Make Economic Sense? 
Lead Presenter: John Hernandez, PkD., 
NM State University 

Marketable products as by-products 
How to avoid permitting 
Myths versus facts 
The world view: In-process materials . Packaging 
Not changing the f rontad  processes, 

Case studies (Siemens, etching) 

substitutions 

changing middle 

4. Are ~e Right Productll3.ocess 
Designs Being Addnssed? 
Lead Presenter: Robert V. Fultyn, Sc.D., 
Digital Equipment (retired) 

How to get it right from the start 
How to use TQM approaches to lower 
environmental impact 
Concurrent engineering 
New concepts for product and process 
design 
Discovering and evaluating alternative 
materials andmethods 
Cost effectiveness of redesign 
Measuring and controlling 
Continuous improvement 

5. Solpents and Otyanic ChemicaLs 
Co-Leaders: Barry Cmoff, Ph.D., Sandia 
National Laboratories, Jon Nimitz, Ph.D., 
University of New Mexico 

Overview and purpose 
Alternative chemicals 
Alternative processes 
Systems and coaenefit  analyses . success stories 
Beyond compliance 

6. How to i m p h e n t  Mhimuation h 
Metah, Phting, and Ehdrical 
Indaronnects 
Lead Presenter: Fred Kear, Ph.D., 
Siemens Stromberg-Carlson 

Waste minimization opportunities in 
metallization and soldering 
The regulatory impetus for minimizing 
waste 
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. Electroplating waste redudion: process 

Lead legislation and electronic 

Health-related risks associated with lead 

Alternate processes/Materials for 

changes and recycling 

soldering alternatives 

use 

electronic interconnects 

7. How to Minimize “End of Life” 
M l e m s  
Lead Presenter: Larry L. Barton, Ph.D., 
University of New Mexico 

Before the cradle and beyond the grave 
Liability and federal regulations 
Case studies and success stories 
Lead/acid batteries and other produ 
Waste incompatibilities and 

8. WtaP-GJ 
Lead Presenter: Robert H. Neill, 
Environmental Evaluation Croup 

Focus on case studies, direct 

Qing it all together . Where do we go from here? 
A detailed example 
Lessons learned . What worked/What didn’t . Riskassessment . Impact on global environment 

applications 
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Videotape Training Series 

a 
Waste Minimization Lead Presenters 

Mary AM R Baker, Esquire, is an Assistant General Counsel 
for the New Mexico Environment Department (NMED), 
concentrating on R C W S "  regulatory enforcement and 
litigation, CERCLA negotiations, and advising NMED's 
management on a wide variety of environmental law issues. In 
addition, she teaches a course on Hazardous Materials 
Regulations Applicable in New Mexico at the Santa Fe 
Community College. 

Lany Barton, PkD, is a faculty member of the UNM Biology 
Department, where his laboratory studies the microbial 
transformation of lead, selenium, and chromium. He has also 
worked with the Dept. of Biochemistry at the University of 
Georgia and the School of Health and Hygiene at Johns 
Hopkins University. His research includes physiological 
activities of microorganisms, focusing on metabolism of 
inorganic compounds by bacteria. 

Robert V. Fdtyn, ScD., served as a staff member at Los Alamos 
National Laboratory for over 17 years, engaged in data analysis 
and modeling of atmospheric phenomena; computer-based 
laboratory instrumentation; and administrative data processing 
techniques. He recently retired from Digital Equipment 
Corporation, after more than ten years of involvement in the 
advancement of quality and productivity issues by statistical 
data analysis. 

Bany Cranoff, PhD, is Manager of the Environmentally 
Conscious Manufacturing ( E M )  Programs at Sandia National 
Laboratories, where his work focuses on waste minimization 
and pollution prevention, with an emphasis on precision 
cleaning and solvent substitutes for chlorofluoroahons and 
chlorinated hydrocarbons. Prior to this, he had worked in 
materials science, process chemistry, and energy conversion. He 
has been involved in numerous technical programs. 

ked Kear is a Staff Process Engineer at Siemens Strombeg- 
Carhn, involved with manufaduring issues and environmental 
and OSHA compliance. His memberships include: Siemens USA 
Environmental Network; U.S. Chamber of Commerce; 
Occupationai Health and Safety Council; and the Electronics 
Industry Ad Hoc Lead Committee. He has authored five 
engineering texts dealing with process engineering and printed 
circuit manufacture. 

Jon Nimitz, Ph.D., joined the NM Engineering Research 
Institute as a Senior Scientist after teaching chemistry at the 
University of New Mexico for several years. His specialties 
include development, assessment, and review of alternative 
chemicals and processes to minimize ozone depletion, global 
warming, and nuclear wastes. He has co-authored over 30 
technical reports and papers, plus an organic chemistry 
laboratory textbook 

Jeff Weinxach, PhD. earned his doctorate in physical-inorganic 
chemistry from the University of Wisconsin-Milwaukee in 1987. 
He has served as a staff member on the Waste Minimization 
Team for two years. He is technical coordinator for the Los 
Alamos National Laboratory Waste Minimization Progm.  
During the past two yean he has delivered 13 presentations 
regarding waste minimization and pollution prevention. 

Joan Woodard, PB.D., is Diredor of Manufacturing and 
Environmental Research and Development Programs at Sandia 
National Laboratories. She is responsible for research and 
development in waste minimization, waste treatment, 
instrumentation, remediation, and waste management. Her 
ear!ier work at Sandia included material characterization, 
combustion research, and solar thermal systems research 

John Hernandez, PhD, has been a professor of Civil 
Engineering at NM-State-University-for-the past-25-yeaq 
specializing in water quality management. He has served at 
both the state (New Mexico Department of Public Health) and at 
the federal level (Deputy Adminisbator of the US. 
Environmental Protection Agency). He has broad experience in 
the management of solid and hazardous wastes and in the 
regulatory structure on which design criteria is based. 

~ _. 
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Videotape Training Series 

Hazardous Waste Management 
This training program recognizes the critical nature of 
waste management in light of the serious ecological 
problems confronting the country. The series incorporates 

1. WhatIs Waste? 5. Site&mxte&ntion 9. Radiation and Radioactive Materials 

the latest technology and research, showing practical 
application for business, industry, research and 
educational facilities across the country. 

Leader: Toni K. Ristau, Geoscience 
Consultants, Ltd. Consultants, Ltd. Ridge National Labontory 

Leader: Randall T. Hicks, Geoscience Leader: Glenn D. Pierce, Ph.D., Oak 

2. Risks Associated with Hazardous and 
Radioactiw W a s h  
Leader: John Hernandez, PhD., NM 
State University 

W e S b  
Leader: John W. Wilson, Ph.D., NM 
Institute of Mining & Technology 

4. Waste Form Md%cation 
Leader: David K a u h ,  Ph.D., 
University of New Mexico 

3. lhmqnntPlocesseSRelbtedfo 

6. Sbrnpling andAna&sis 
Leader: Craig Scott Leasure, Los 
Alamos National Laboratory 

7. Soil and C m u n h h  Remediation I: 
P b s i c a U W c a l  A.ocesses 
Leader. Adrian Hanson, PhD., NM 
State University 

8. Soil and C m u n h h  Remediation 
11: Biological A.ocesses 
Leader: Ricardo Jacquez, PhD., NM 
State University 

lO.Radhmtive andMixed Wastes 
Management 
Leader: Bruce M. Thomson, PhD., 
University of New Mexico 

11.Whste Mhimiurton and SmieS ' 

CIose 
Leader: Joan B. Woodard, Sandia 
National Laboratories 

Toni K. Ristau served as the Southwest Regional Director for 
Geoscience Consultants, Ltd. and provided technical support as 
an environmental engineer, architect and environmental 
attorney. She has over 18 years of professional experience in 
environmental regulatory compliance and enforcement and 
environmental projedprogram management Ms. Ristau has 
worked as program manager for the CERCM section for the 
State of Utah and as Director of Western States Hazardous 
Waste Project through the Attorney General's Office in Arizona. 
John Hernandez, PhJ)., has been a professor of Civil 
Engineering at NM State University for the past 25 years, 
specializing in water quality management. He has served at 
both the state (New Mexico Department of Public Health) and at 
the federal level (Deputy Administrator of the U.S. 
Environmental Protection Agency). He has broad experience in 
the management of solid and h d o u s  wastes and in the 
regulatory structure on which design criteria are based. 
John Wilson, PhD.,is a professor and Director of the 
Hydrology Program at New Mexico Institute of Mining and 
Technology in Socorro. He is currently a delegate to the 
Universities Council on Water Resources, and associate editor of 
the journal, "Hazardous Waste." Dr. Wilson chairs the 
Groundwater Hydrology Committee of the American 
Geophysical Union and is a member of the Committee on Flow 
in Porous Media, Intemdlonal Association for Hydraulic 
Research Dr. Wilson also serves as Vice-chairman of the 
Science Advisory Committee, EPA Western Region Hazardous 
Waste R-ch Center, Stanford University. 

A. r 

e David Kauffman, Ph.D., is the Associate Dean of the College 
Engineering at the University of New Mexico. He is also an 
associate professor of Chemical and Nuclear Engineering. His 
areas of specialization include chemical engineering; process 
plant design; safety and reliability; environmental engineering; 
geothermal energy; kinetics and catalysis; and engineering 
design education. Dr. Kauffman is the Technical Leader of 
Education Programs for WERC. 
Randall T. Hicks is a Certified Professional Geologist 
specializing in hydrogeology, groundwater monitoring 
programs, contaminant transport in the unsaturated zone, and 
geochemistry. Mr. Hicks has directed projects involving the 
design and installation of waste management systems for many 
large industrial clients, ranging from fiberboard manufacturers 
to oil refineries. In addition, he has performed geohydrologic 
evaluations of hazardous waste sites, RCRA and CERCLA sites, 
municipal wastewater treatment plants, and other facilities. He 
is the co-author of the 1981 Underground Injection Control 
Regulations for the state of New Mexico. Mr. Hicks serves as the 
Senior Vice-president of Technical Services for Geoscience 
Consultants, Ltd. 
Craig Scott Leasure is Health and Environmental Chemistry 
Group Leader at Los Alamos National Laboratory. He is 
responsible for chemical analyses supporting radiation 
protection, industrial hygiene, waste management and 
environmental compliance activities. Earlier work at Lockheed 
included applied research and test projections in support of 
space shuffles and space stations and environmental analysi 
air, water. and soil. 
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Videotape Training Series 

Hazardous Waste Management Lead Presenters 

Adrian T. Hanson, PhD.? is an assistant professor in 
Environmental Engineenng with the Civil Agricultural and 
Geological Engineering Department at New Mexico State 
University. Working as a project engineer for a consulting firm, 
Dr. Hanson has had practical experience in municipal, 
industrial, and hazardous waste treatment. He teaches all 
phases of environmental engineering, but specializes in 
ChemicaYphysical treatment. His research has involved diverse 
topics from in-situ slu e digestion for the redamation of 

field structure and metal chemism in flocculation. He is 
currently researching the reclamation of metals contaminated 
soils using heap leaching. 
Ricardo Jaquez, Ph.D, is a professor of Civil Engineering at 
New Mexico State University. Dr Jacquez is a Technical Head of 
the Research and Education Programs for WREC. He is a 
registered professional engineer in the state of New Mexico. His 
areas of specialization include environmental engineering; 
bioremediation of domestic, industrial and hazardous wastes; 
groundwater monitoring and remediation; and hazardous 
waste management. 
Glenn D. Pierce, Ph.D., earned a doctorate in Civil 
Engineering (Environmental Engineering Option) from the 
University of New Mexico. Dr. Pierce has 13 years of experience 
in radioactive waste management. He is a former Waste 
Management Engineer for Argonne National Laboratory-West. 
Since 1985, he has provided engineering support to the US. 
DOE TRU Waste program. He is currently supporting design 
review activities for the Waste Handling and Packagmg Plant, a 
processing facility for remote handled TRU waste, at Oak Ridge 
National Laboratory. 

eutrophic lakes to the dB e ect of temperature on turbulent flow 

* 

Bruce Thomson, Phil., is an associate professor with the 
Department of Civil Engineering at the University of New 
Mexico. Dr. Thomson served as a visiting professor of the 
Environics Division, US Air Force Engineering Services Center 
at vndall AFB in Florida. He has also consulted for the United 
Nations Industrial Development Organization in Chile; Sandia 
National Laboratories; Deuel and Associates; Sullivan Design 
Group; and Intel Corporation, all in N e w  Mexico. He is the 
author of as DUMS The D- 
Materials in And Ecosvstems. 
Joan Woodad, PhJ), is Director of Manufacturing and 
Environmental Research and Development Programs at Sandia 
National Laboratories. She is responsible for research and 
development in waste minimization, waste treatment, 
instrumentation, remediation, and waste management. Her 
earlier work at Sandia included material chaxacterization, 
combustion research, and solar thermal systems research 
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Videotape Training Series 

Total Quality Management 
TQM has been defined as “A cooperative form of doing 
btkiness that relies on the d e n t s  and capabilities of both 
labbr and management to continually improve quality and 
prdductivity using teams” (Jablonski, 1990). 
Th% training is based on the American experts’ philosophy 
ofquality. It incorporates expertise from industry and 

academia with a unique engineeringhnanagement 
approach. The series mists org-tions moving toward 
Total Quality Management and sharpens the skills of those 
already implementing Total Quality Management. The series 
addresses all aspects of TQM-including technical, 
organizational, behavioral, and managerial considerations. 

Chose  one of three introductory 
priigrams orienting 
q: series to: 

&nlent 
(ederal recognition programs for 

The Federal Quality Institute 
Relevant applications of continuous 

Nehvorking as a money-saving and 

A historical perspective of quality in 

ne need for Total Quality 

Management issues which arise 

&plying these concepts 

process improvement 

benchmarking aid 

government 

Management 

$om an organization’s movement 
toward TQM 

’ 

Manufacturing 
A historical perspective on quality 

0 The need for Total Quality in U.S. 
manufacturing 

How teams are used to bring 
improved products to market faster 
Team techniques case studies 
The important role of employee and 
supplier involvement 
How an organization implements 
quality 
The application of TQM to 
downsizing organizations 
The Malcolm Baldrige National 
Quality Award as a standard of 
excellence 

Improving Your Competitive 
Position . 

Developing Quality requirements for 

Responding to quality requirements 

Examples of how quality is surfacing 

Creating partnerships with your 

Requests for Proposals (RFPs) 

in RFPs 

in RFPs and contracts 

suppliers 

TQM as a “Strategic Competitive 
Tool” 
Applications in both manufacturing 
and services 
White-collar application of quality to 
professional senices 
The Malcolm Baldrige National 
Quality Award as a standard of 
excellence 

Program Titles 
1. Infroduction and Implementing 

TQM in Your Otyanization 
2. otyanritarional Change and 

hademhip in lQM 
3. Selecting and Undmtandhg 

A.ocesses hr Impmvement in 
TQM 

4. Team Inwlvement and 
Measurement 

5. Datu Analysis and Design o f  
hbperiments 

6. Implementing h c e s s  Change and 
Institutionalizing lQM in Your 
Oqanuation 
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Videotape Training Series 

Total Quality Management Lead Presenters 

Joseph E. Champoux, P U . ,  is the James L. Rutledge Professor 
of Management at the Robert 0. Anderson Schools of 
Management of the University of New Mexico. He received his 
Ph.D. in Administration from the University of California, Intine, 
and joined the Anderson Schools’ faculty in 1972. He teaches 
graduate and undergraduate courses in Organizational Theoly 
and Organizational Behavior. 
Lany Cox had 26 years of management experience. serving most 
recently as a senior Department of Defense manager in the 
government contracts arena. He s u ~ f u l b  implemented TQM 
in a 700-person organization. Variability was reduced in 23 critical 
processes, resulting in reduced rework, shorter production flow 
times and fewer customer defect reports. He holds a B.S. degree in 
Business Administration and an MA. in Psychology. He is a 
certified professional contracts manager. 
Pad Hartman has 15 years of involvement with learning, 
promoting, teaching, and facilitating Total Quality Management 
concepts and techniques. He is Manager of Quality Services with 
UNC Anaiytd Services. He provides training and support 
services to the Department of Energy, as well as business and 
industry in the private sector. 
Joseph R Jablonski received his B.S. in Mechanical Engineering 
from the University of New Mexico. He is President of Technical 
Management Consortium, Inc, a professional services firm 
specializing in Quality and Technical Project Management. Author 
of I . lem&g TQM bmpehg m the 199&, he routinely 
consults with private and government organizations on the 
implementation of TQM and development of quality-related 
issues. 

Joe H. Mullins, Ph.D., is the Director of Manufacturing 
Engineering at the University of New Mexico. He received both his 
M.S. and PhD. in Physics from the California Institute of 
Technology. Dr. Mullins had served on the faculty of the California 
Institute of Technology and has been the director of several 
laboratories while with AT&T Bell Laboratories. 
Richard H. Williams Ph.D., is a Professor of Electrical and 
Computer Engineering and a Research Professor of Neurology at 
the University of New Mexico. Professor Williams teaches graduate 
and undergraduate courses in digital electronics, circuits and 
systems, fields and waves, and Utal  signal processing. He is 
currently writing a textbook on probabilistic methods for 
electrical engineers. 
Steven Yourstone, Ph.D., is a Professor of Production and 
Operations Management at the Robert 0. Anderson Schools of 
Management at the University of New Mexico. He received his 
PhD. from the University of Washington. His research and 
publications are in statistical quality control. Professor Yourstone 
recently published research focusing on real-time quality control 
in the journal, “Quality and Reliability Engineering 
International.” 
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Live via Satellite Videoconference Training Series 

Radioactive Waste Management 
The training series will begin with a general review of 
radioactivity and health physics and lead into discussions 
of the major national programs associated with radioactive 
waste management and disposal: uranium mill tailings, 
low-level waste, high-level waste, and transuranic wastes. 
The final program will address new technologies and 

1. Introducfion to Ra&oa& Waste 
Management-Mamh 3,1993 
Co-Leaders: Bruce Thomson, Ph.D., 
University of New Mexico 
James Johnson, Ph.D., University of New 
Mexico 

Qpes of radioactivity 
Sources of radioactive waste 
Federal regulations (NRC & EPA) 
Waste characterization 
Examples ofwaste 
Wasteclassification 

2. Interactions Betuwen Radiation 
andMa&-Mmdr 31,1993 
Co-Leaders: Robert Murphy, Ph.D., 
Benchmark Environmental Corp. 
James Johnson, Ph.D., University of New 
Mexico 

Decaykinetics 
Interactions of radiation with matter 
Radiation measurement 
Biological effects 
Healthphysics 

0 Inhalation Toxicology 

3. Decommission and 
oecotlromination-&d28,1993 
Co-Leaders: Glenn Pierce, Ph.D. , The 
SM Stoller Corporation 
Charles Reith, PhJ)., Jacobs Engineering 
Group 

Technologies for dealing with surfaces, 
soils, and water 
Waste minimization 
Volume reduction 
Federal land disposal restrictions 
Mixed-waste management 

international ladioactive waste management programs 
currently under development. 
This series is broadcast on C-band and NTU. Facilities with 
a satellite dish anywhere in the United States can receive 
this series, providing on-site training for all interested 
employees. 

4. II).mtspordafion Issues in Radioactive 
WasteMana ementandI/EITRA- 

Leader: James Brogan, PhD., University 
of New Mexico 
Co-Leaders: Charles Reith, PhD., Jacobs 
Engineering Croup 
Jack Caldwell, Jacobs Engineering Group 
Part 1. 'hamportation issues 

Containers, routes, risk, and emergency 

Part 2. UMTRA Program & Near Surface 
Disposal Design 

Uranium mill tailings characteristics 
Regulations (Title I vs. Title I1 sites) 
Disposal cell technology and 
applications to near surface disposal of 
LLW and hazardous waste 

May26,19 !f 3 

response 

5. h w h l  Radioactive Waste (W) 
Management-June 9,1993 
Leader: Bruce Thomson, Ph.D., University 
of New Mexico 

LLW characteristics, sources, and 
regulations 
Status of compacts 
Current federal and commercial 
practice for LLW disposal 
Incinention 
Natudly-occumng radioactive 
materials (NORMS) 

6. High-Level Radioactive Waste (W) 
Management&ptmtber8,1993 
CO-Leaders: Jonathan Myers, Ph.D., IT 
Corporation 
Bob Busch, Ph9, University of New 
Mexico 

HLW characteristics, sources, and 
regulations 
Wasteforms 
Naturalanalogs 
YuccaMountain 

7. 'I)rmslaanic Radioactive Waste 
(TRU) Management-ocfobet 1 3 , l M e  
Leader: Kevin Donovan, Westinghouse 

TRU characteristics, sources, and 
regulations 
Wasteforms 
WIPP 

8. New and Mer Teahnohgies for 
Radioactive Waste Management- 
No~embe?'3,1993 
Co-Leaders: D.R. "Rip" Anderson, Ph. D., 
Sandia National Laboratories 
Rodney Ewing, Ph.D., University of New 
Mexico 

Radionuclide migration: use of natural 

Newwasteforms 
Subseabeddisposal 
Transmutation 
International Programs 
Wrap-up series 

analogs 
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Radioactive Waste'3Wanagement Lead Presenters 
TechnidAdvisor 
Bruce Thomson, Ph.D., isan associate professor in the 
Department of Civil Engimering at the University of New 
Mexico. He received his R S  in civil engineering at the 
University of California, Da@s, and his M.S. and PhD. degrees 
in environmental sc ienced engineering from Rice 
University in Houston, TX 
James Brogan, Ph.D., his doctorate in civil 
engineering from the Uniwbity of Tennessee. His areas of 
expertise include transpor&%on planning, transportation 
engineering, traffic e n g i d n g  and highway safety. 
Robert D. Busch, Ph.D., &Director of the Environmental 
Radiation Measurements Wontory at the University of New 
Mexico, where he is r e spod le  for acquiring equipment and 
performing quantitative aaiyses of radiation levels in soil, air, 
and water. Dr. Busch e a d  his M.S. and Ph.D. in nuclear 
engineering from the Unimmity of New Mexico. 
Jack A. Caldwel is a civil itmi geotechnical engineer with 22 
years experience in waste management. As Operations 
Manager for the Jacobs Emeer ing  Group, Inc., he is 
responsible for the managment of engineering and 
environmental restoratiomjirojects. Previously, as Manager of 
Engineering on the DOE IHTRA Project, his primary 
responsibility was the e-ering of the 24 disposal cells for 
the DOES Uranium Mill 'MBngs Remedial Action Project 
Kevin S. Donovan is the Mmger, TRU System Integration, 
Westinghouse Waste Isolaihn Division, at the Waste Isolation 
Pilot Plant in New MexicoSe provides technical support to 
the U.S. DOE WIPP Projedntegration Office in areas 
pertaining to integration afwaste management activities 
related to geologic disposalmf transulanic waste. Included in 
these activities are TRU wate  characterization, waste 
certification, and transporbkion. 
Rodney Charles Ewin& PED., earned a PhJ). with distinction 
from Stanford University in1974. He has been involved in 
nuclear waste disposal m c h  since 1978 and has worked 

European Institute for lkansulanium Elements in Germany; 
the Commissariat L'Enetgie Atomique in France; Atomic 
Energy Canada; and the Swedish Nuclear Fuel and Waste 
Management Company. 

N 

-with scientists at various national laboratories. He also -~ __ 
' collaborates with the HahiMeitner Institute and the 

James E. Johnson, %D., is a research professor in the 
Department of Chemical and Nuclear Engineering at the 
University of New Mexico. He earned an undergraduate 
degree in chemistry and an M.S. and PhD. (1965) in health 
physics (radiation protection) from Colorado State University. 
Jonathan Myers, Ph.D., holds a doctorate in geochemistry 
and has eleven years of professional experience in the 
management, storage, treatment, and disposal of hazardous 
and radioactive waste. His specialty involves applying 
computer simulation techniques for designing waste isolation 
systems; predicting interactions between contaminants, soil, 
rock, and groundwater; and predicting the fate of hazardous, 
low-level, transuranic, and high-level radioactive substances 
released into the environment. He is currently manager of 
the Hydrologic and Geotechnical Assessments Group for I.T. 
Corporation in Albuquerque, NM. 
Robert 0. Murphy, %D., earned a doctorate in nuclear 
engineering (health physics option) from Georgia Institute of 
Technology. Dr. Murphy has 13 years experience in nuclear 
industry, including the last five in radioactive waste 
management. 
Glenn D. Piem, Ph.D., has a doctorate in civil engineering 
(environmental engineering option) from the University of 
New Mexico. Dr. Pierce has 13 years of experience in 
radioactive waste management. He is a former Waste 
Management Engineer for Argonne National Laboratory-West. 
Charles Reith, Ph.D., eamed his PhD. in ecology from the 
University of New Mexico. He is the Manager of Technology 
Development for Jacobs Engineering Group at a Central- 
California Air Force Base. Formerly he worked at the Weldon 
Springs Site Remedial Action Project (WSSRAP), a DOE 
project to clean up contaminated structures and mixed wastes 
at a former uranium production facility near St. Louis, 
Missouri. 
D. RiM Anderson, Ph9, has worked at Sandia National 
Laboratories for the past 31 years and is currently Supervisor 
of the WIPP Performance Assessment and Ocean Programs ~ - 

Division. He earned his dodorate in Theoretical Organic 
Chemistry and Chemical Oceanography from Oregon State 
University. 
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$1 

Environmental Risk Management 
- 

h&asingIy aware of environmental issues, the American 
p q i c  has begun to demand accountability concerning 
themanagement of environmental risks. Government, 
bu@ness, and industry must respond by characterizing 
dassessing these risks and then effectively 
9muniQting with a Mliety Of Public grOUPS about the 

3.Iden ingthe 
T h i c a  and Socik M&k t Risk Res& andhblic Perceptiotr- 

l.@sk: Termin-, Concepts, 
Mdtoak, Applicatitms; Wiy Risk 
kpnunimtion Is D H m &  Chc terkn t ioApr i I  14,1993 
F&uay 10,1993 Program Leader: Bruce Kelman, Ph.D., 
Pmgm Leader: Albert 0. Bendure, New Mexico State University 
PhlD., Sandia National Laboratories Failure Analysis Associates 
0 hteraction between technical and 0 Technical models for risk 

0 Bamrd, risk, and safety 0 Social models for risk characterization 
0 Befinitions and measures of risk 0 Natural vs. technological hazards 
0 h b l i c  risk (examples and comparisons) 0 Voluntary vs. involuntary risks 
0 6 s k  study methodology 0 The mass media and the “social 

amplification of risk” 
0 Distribution of risks 

0 Bihe role of trust 
4. Quantification of Models for Risk 

2 .m~ Do We Decide What Is Risky? Assessment-Mag 12,1993 
Il;wsnical and Social Methods for Program Leader: Stanley M. Nealey, Ph.D, 
I@ti&%g Risk - M d  10,1993 Battelle Seattle Research Center 
-ram Leaders: William Hadley, PhD, Risk-based environmental regulations 
University of New Mexico 0 Where do the numbers come from? 
L Anspaugh, PhD., Lawrence Qpes and sources of data Realization of diminishing returns 
Li rmore National Laboratory 0 Measuring uncertainty and public (when to stop) 

Uentification of hazards 
0 k i n g  risks to human health 
0 $ssessing risks to ecological receptors 
0 Epidemiological and toxicological scientific uncertainty concerns 

studies 
0 Bsases of public perceptions of risks to 

bman health and the environment 
Uncertainties in risk determinations 

risk-based decisions they make. This series covers primary 
technical concepts, social concerns, and communication 
issues as they apply to environmental risk management. 
This series is broadcast on C-band and NTU. Facilities with 
a satellite dish anywhere in the United States can receive 
this series, providing on-site training for all interested 

-- employees. % 
6. RiskAssessmenh Communicating 

Septembw29,1993 
Program Leader: Robert LUM, Ph.D., 
Sandia National Laboratories 
0 Risk-based decision making 
0 Communicating results: Formal and 

0 Trust revisiteddifficulties of 

0 Incorporating public input into the 

0 Issues of risk acceptability 
0 Issues of compensation 

7. Risk-Basedlkcision Making: A 
Final Act?-Odvber 27,1993 
Program Leader: Desmond Stack, 
Los Alamos National Laboratory 
0 Optimal allocation of risk-reduction 

Y 7 DiTent 

dual risk perspectives characterization informal processes 

maintaining or restoring trust 

process 

a 
resources 

perceptions of risk Design and engineering with the public 

0 Practical applications of public 

Rethinking permanence of design 
0 Other strategies 
0 Learning how to leam as we go 
0 Tools for retaining knowledge and 

0 Making the most of public input 

T 
Role of the mass media 

0 Public perceptions of science and 

0 Public responses to scientific disputes 

0 Public trust and perceptions of risk 

5. Risk Cliamdehtion: Synthesis and 
Communication-September 1,1993 

Inc. 
0 Bridging the gap between technical and 

in mind 

over risk 

experience 

s P r o g m  Leader: Charles D. 0 Wrap-up of Risk Series 
i, Hundertmark, Jacobs Engineering Croup, 0 Introduction to next series 

5 
7 

social characterizations of risk 

experts to public) 

technological risks 

- 0 Traditional approaches (one-way flow, 

0 Alternative approaches (two-way flow) 
0 Trust and public readon to 
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Hank C. Jenkins-Smith, PhD, serves as a Technical Advisor 
for the series. Professor Jenkins-Smith is a specialist in the 
arm of risk perception, public policy analysis, natulai resource 
policy, and methodology. He is on the faculty of the University 
of New Mexico Department of Political Science, and is former 
Director of the UNM Institute for Public Policy and UNM’s 
Survey Research Center. 
A. Shadf Heger, PhD., RE, serves as a Technical Advisor for 
the series. Professor Heger is an assistant professor at the 
University of New Mexico and a visiting professor at Sandia 
National Laboratories. He teaches nuclear reactor theoly at 
UNM and has done active research in waste management and 
probabilistic risk assessment He is currently working in 
conjunction with Sandia National Laboratories and AT&T 
developing a decision support system for performance 
assessment of waste repositories. 
Iynn R Anspaugh, PhD, is a biophysicist and the Division 
Leader of the Environmental Sciences Division at the Lawrence 
Livermore National Laboratory (LLNL), and Co-Director of the 
LLNL-University of California, Davis, Risk Sciences 
CenterRrogtam. Dr. Anspaugh is the Scientific Director of the 
Basic Environmental Compliance and Monitoring Program at 
the U.S. Nevada Test Site, and the U.S. leader of the Joint 
Coordinating Committee on Civilian Nuclear Reactor Safety’s 
Working Group 7.1 on Environmental Transport. 
Albert 0. B e d u n ,  k.S.E.E., is a Senior Member of Technical 
Staff in the Risk Management and NEPA Department of Sandia 
National Labolatories. He is the leader of Sandia’s Risk 
Management Team, responsible for the risk management 
process for Sandia’s halities and operations. Mr. Bendure has 
over 24 years of experience in microelectronics and 
semicondudor manuhcturing, including eight years in 
managing the environment, safety, health, and waste- 
management functions for an integrated circuit production 
facility. 
W h  M. Hadley is Dean of the University of New Mexico 
College of Pharmacy, a professor of pharmacy, and an adjunct 
scientist at the Lovelace Inhalation Toxicology Research 
Institute. Dr. Hadley has developed and taught a variety of 

pharmacology/toxicology, analytical toxicology, and pollution 
toxicology. He is the author or co-author of more than 50 
scientific presentations and publications. 

- courses, including general toxicology, biochemical - - - 

Charles A. Hundertmark, MA, APR, is the Communication 
Training Specialist for Jacobs Engineering Group, Inc., where 
he has developed and conducted risk communication training 
for the DOES Uranium Mill ’hilings Remedial Action (UMTRA) 
Project; Accident Response Groups at Los Alamos National 
Laboratoly and Sandia National Laboratories; the New 
Production Reactor Program; and the National Defense 
Executive Resewe. 
Bruce J. Kelman, Ph.D., D.AB.T., is Manager of Toxicology at 
Failure Analysis Associates, Inc. and an adjunct professor at 
New Mexico State University. Dr. Kelman’s research has 
focused on components of health risk models, including 
mechanistic studies aimed at quantitating exposure of critical 
organ systems. Associated with these activities, Dr. Kelman has 
presented a variety of health risk concepts to policy makers, 
government regulators, citizen groups, and individuals 
involved in all aspects of the legal process. 
Robed E. Luna, Ph.D., P.E., is Acting Manager for the 
Transportation System Development Department at Sandia 
National Laboratories, where he maintains the original 
radioactive material transportation R&D program for DOE- 
EM50. He also works to broaden the scope of this program to 
include hazardous materials and mixed waste predisposal 
problems and develops transportation-related programs with 
DOT, NRC, and DoD. 
Stanley M. Nealey, Ph.D., is a Research Sceintist a t  the 
Environmental Planning and Social Research Center, part of 
the Battelle Human Affairs Research Centers in Seattle, WA. In 
a diverse carreer spanning twenty years, Dr. Nealey has taught, 
conducted research and managed a wide variety of research 
projects. Public concern about advanced technology, and 
particularly societal controversy over nuclear power and waste, 
is one focus of Dr. Nealey’s research. 
Desmond Stack M.A., M.S., has 15 years experience 
performing probablistic risk assessments (PRAs) for the 
Nuclear Regulatory Commission and the Department of 
Energy at  Sandia National Laboratories and Los Alamos 
National Laboratory. At Sandia, Mr. Stack helped develop the 
SETS computer code and its applications for PRA, vital area 
analysis, and common cause analysis. At Los Alamos, he was 
principal investigator for a number of PRAs. He is currently the 
section leader for the Probabilistic Safety Assessment section in 
the Engineering and Safety Analysis group. 
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WERC/ITV Spring Courses 

Electrid and Computer Engineering 
EECE 213 CIRCUIT ANALYSIS II 
EECE 340 PROBALISTICMETHOLS 
EECE 362 FIELDS AND WAVES 
EECE 440 COMPUTER NETWORKS 
EECE 441 
EECE 445 
EECE 461 ANTENNAS AND PROP 
EECE 472 MICRO ELECTRONICS 
EECE 495/595/ME 462/562 DESIGN FOR MANUFACTURING 
EECE 512 MODERN NETWORK THEORY 

INTRO TO COMMUNICATION SYSTEMS 
INTRODUCTION TO COWTROL SYSTEMS 

EECE 51UCS 532 COMPUTER VISION 
EECE 517/CS 53YMATI-I 566 P A m R N  RECOGNITION 
EECE 520 VLSI DESIGN 
EECE 538 ADVANCED COMPUTER DESIGN 
EECE 539 DIGITAL SIGNAL PROCESSING 
EECE 546 MULR VARIABLE CONTROLS 
EECE 5#8 FUZZYLOGIC 
EECE 567 ADVANCED OPTICS I1 
EECE 572 
EECE 576 FIELD EFFECT DEVICES 

SEMI CONDUCTOR AND PROP 

EECE 595 QUANTUM WELL MATERIALS 
EECE 595 INTELLIGENT CONTROL 
EECE 630 FAULT TOLERANT COMP 
EECE 649 TROBUST CONTROL 
EECE 5954.3 49l/591 PARALLEL ALGORITHMS 

CS 350 PROGRAMMING PRACTICUM 
cs 363 mMDAMENTALS OF DATA SI'RUCTURJ3 
CS 457/490 PRIN OF ARTIFICIAL INTELLIGENCE 

MACHINES 
cs 463 STORAGE AND RETRIEVAL OF INFO 
CS 501 MATH THEORY OF FORMAL LANGUAGES 
CS 5 3 E E C E  517/MATH 566 PATTERN RECOGNITION 
CS 49l/CS 5 9 E E C E  595 PARA ALGORITHMS 
CS 592 COLLOQUIUM 
CS 532EECE 516 COMPUTER VISION 

CE 479L METHODS IMPROVEMENT 

Computer Science 

Ci Engineering 

* CE 532 
* CE 539 
* CE 436 

**CE 491 SOIL MICROBIOLOGY 
* CE 551 

**CE 551 
* CE 584 

ADVANCED PHYSICAL CHEMICAL TREATMENT 
RADIOACTIVE WASTE MANAGEMENT 
BIOLOGY OF WASTE WATER TREATMENT 

NATURAL RESOURCES LEGAL ISSUES IN 
ENVIRONMENTAL ENGINEERING 
FATE & TRANSP. OF ENV. CONTAMINANTS 
TRANSPORTATION OF HAwlRDOUS MATERIALS 

Chemical and Nuclear Engineering 
***cHNE 499 

CHNE 499 
* CHNE 499 

*** CHNE 499 

CHNE 511 
CHNE 515 
CHNE 515 
CHNE 524 
CHNE 575 
CHNE 575 

** CHNE 515 

INTRO TO HEALTH PHYSICS 
T/ ANALYSIS MATHEMATICA 
T/HAZARDOUS WASTE SEMINAR 
WASTE MANG. ISSUES IN DOMESTIC 
PETROLEUM 
NUCLEAR REACTOR THEORY I 
TI EXTERNAL RAD DOSIM 
TISPACE SYSTEMS TECHNOLOGY 
INTERACTION RADIATION WITH MATER 
T/ CHARACT SOLID STAR 
T/ GLASS SCIENCE 
ENVIRONMENTAL TOXICOLOGY 

Mechanical Engineering 
ME 430 INTERMEDIATE FLUID MECHANICS 
M E  4M/5M/EECE 4951595 DESIGNFOR 

MANUFACTURABUTY 
ME 4621562 FRACTURE MECHANICS 
ME 462/562 NONLINEAR AND CHAOTIC VIBRATIONS 
ME 471/562 ADVANCED MARRIALS SCIENCES 
ME 475 NUMERICAL METHODS 
ME 500 NUMERICAL TECHNIQUES IN ME. 
ME 522 HEAT CONDUCTION 
ME532 GASDYNAMICS 
ME541 ELASTICITY 
ME 543 
ME 562 ADVANCED ORBIlXL MECHANICS 

ANALYSIS OF THERMAL STRESS 

ME 562 
ME 562/MANAG 506 MANAGEMENT AND ORG IN 

MANUFACTURING AND COST ACCTG. 

MANUFACTURING 

Mathematics and Statistics 
MATH 463 INTRODUCTION TO PART DIFF EQUATIONS 
MATH 466 MATHEMATICAL METHODS IN SCIENCE ENG 
MATH 566/ECEE 517/CS 531 PATERN RECOGNITION 

MANAG 361 ORGANIZATIONAL THEORY 
MANAG 5 0 W  562 MANAGEMENT AND ORG IN 

MANUFACTURING 

Management 

Modem Languages 
J A P M E  101 ELEMENTARY JAPANESE 

* WERC COURSES FROM UNM 
** WERC COURSES FROM NMSU 

*** WERC COURSES FROM NMIMT 

For m m  information about mkshops and short comes, please caU (505) 277-6061 or 1-800-292-7051. 
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1993 Workshops 
I 

_ _ _  April 7-9 Soil-Vapor Exbadion----- - Drs. Hanson;-Samani, 

June 16-18 Image Processing with Khoros Prof. Gregory Donohoe 
July 14-16 

- 

& Sepher 

Drs. A. Hanson, N. Khandan, 
& B. Thomson 

Soil and Groundwater Remediation 

August 11-13 Image Processing with Khoros Prof. Gregory Donohoe 
October 26-28 Dr. B. Livesay, N. Donlin 

& E. Hnatek 
Integrated Circuit Quality & Reliability 

For m m  ihnnaiibn about mishops and shod courses, please call (505) 277-6061 or 1-800-292-7051. 

81 



Order Form 

P Entire eight-program series (ad Facilitator Program) $2,240 P Per-program price $350 
P Are the Right Producflrocess Designs 

Being Addressed? 
P solvents and organic 

0 Overview - Why Minimize Waste? 
P Where Do We Start Waste Minimization? 
0 How Does Recycling/Reusd Reclamation 

Hazardous Waste Management 

0 What Is Waste? 
0 Risks Associated with Hazardous and 

0 Transport Processes Related to Wastes 
P Waste Form Modification 

0 How to Implement Minimization in Metals, 
Plating, and Electrical Interconnects 

0 How to Minimize “End of Life” Problems 
P Planning and Preparing for the Future Make Economic Sense? 

0 Entire eleven-pmgram series (and Facilitator Program) $3,080 0 Per-pmgram price $3.50 
0 Site Characterization 
P Sampling and Analysis 
P Soil and Groundwater Remediation I: 

0 Soil and Groundwater Remediation Ik 

0 Radiation and Radioactive Materials 
0 Radioactive and Mixed Wastes Management 
0 Waste Minimization and Series Close 

Biological Processes 
Radioactive Wastes 

PhysicallChemical Processes 

Total Quality Management 

P Introduction and Implementing TQM in 

0 Organizational Change and Leadership in 

P Entire su-program series (and Introducto y Program) $2,240 0 Per-pgram price $350 

0 Selecting and Understanding Processes for 
Your Organization Improvement in TQM 0 Implementing Process Change and 

0 Team Involvement and Measurement 
TQM Organization 

0 Data Analysis and Design of Experiments 

Institutionalizing TQM in Your 

Radioactive Waste Management 
Complete eight-program series (and Facilitator Pryram) 
0 Site rate: $1360 for complete series (unhited viewers at one site) 

Smgle progrmn 
0 Individual rate: $50 per person, p e r  program 

P Transportation Issues in Radioactive Waste 

0 Low-Level Radioactive Waste (LLW) 

P High-Level Radioactive Waste (HLW) 

0 Introduction to Radioactive Waste 

0 Interactions Between Radiation and Matter 
P Decommission and Decontamination Management Waste Management 

0 Transuranic Radioactive Waste (TRU) 

0 New/Other Technologies of Radioactive 
Management Management and UMTRA Management 

Management 

Environmental Risk Management 
Complete seven-progmm series (and Facilitator Progrmn) 
0 Site rate:$2,240 for complete series (unlimited viewers at one site) 

Singleprognm? 
P $!iOperpmon, per program 

P Risk Terminology, Concepts, Methods, 
Applications; Why Risk Communication Is 
Difficult 

0 How Do We Decide What Is Risky? 
Technical and Social Methods for 
Identifving Risk 

P Identifying the Gap: Divergent Technical 

P Quantification of Models for Risk 

P Risk Characterization: Synthesis and 

0 Risk Assessment Communicating Results 

0 Risk-Based Decision Making: A Final Act? 

and Social Models for Risk Characterization 

Assessment 

Communication 

and Public Perception 

Envi&%ental Risk Awareness 30-Minute Videotape for High School Students 
CL $15.00 (includes shipping 6r handling) 

Address City, State, Zip 

Signature Amount of Order 

Please check one: Q Check enclosed, payable to UNM, PEDATV 
CL Please bill mdmy organization. Purchase Order No. 

Mail your order to: The University of New Mexico, College of Engineering 
Fams Engineering Center, Rm 151 
Albuquerque, NM 87131-1387 

* Q(yyp7 82 
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Our Satisified Customers 

Alabama - - U.S. DOE, Pinellas Area Office, Largo MinneSOta .-- - - ~ 

Auburn Unwersity, Auburn U.ST Dept.3f t l i e N @ ~ P a E E - C i t j ~ -  - IBMLROchi&ter Comm-Univ College,------- 

hrg ia 
Georgia Institute of Technology, Atlanta 
Southeastern Power Administration, 

Idaho 
EG&G Idaho INEL, Idaho Falls 
Hewlett Packard, Boise 
Idaho State University, Pocatello 
U.S. DOE Field Office, Idaho Falls 

Ill inOiS 
Argonne National Laboratory, Argonne 
Deere and Company, Moline 
Honeywell, Freeport ’ 

U.S. DOE, Chicago Field Office, Argonne 

Alberton 

Rochester 
K I Sawyer Air Force Base 
3M Company, St. Paul 
Mississippi 
Naval Oceanographic Office, 

Stennis Space Center 
U.S. Army Corps of Engineers, Vicksburg 
Missouri 
Allied Signal, Kansas City 
University of Missouri, Kansas City 
Whiteman Air Force Base 

Montana 
Loring Air Force Base 
Malmstrom Air Force Base 

Arkansas 
Eaker Air Force Base 
Arizona 
IBM Corporation, Tucson 
Motorola, Mesa 
California 
Allied Signal, Torrance 
Beale Air Force Base 
Castle Air Force Base 
Electric Power Research Institute, 

Hewlett Packard, Cupertino 
Hewlett Packard, Rohnert 
Hewlett Packard, Roseville 
Lawrence Livermore National Laboratory, 

March Air Force Base 
Pacific Bell, Pasadena 
Paclfic Bell, Sacramento 

Pacific Bell, San Ramon 
Pacific Bell, %stin Fort Dodge 
U.S. DOE, San Francisco Field Office, 

Palo Alto 

Indiana Nebrash 
Grissom Air Force Base 
Magnavox Electronic Systems, Ft. Wayne 
Naval Weapons Support Center, Crane 

Iowa Central Community College, 

John Deere Dubuaue Works, Dubuaue 

Offutt Air Force Base 
Nevada 
U.S. DOE Field Ofice, Las Vegas 

New Jersey 
AT&T Bell Laboratories, Whippany 
AT&T Technologies, Middletown 
New Mexico 
Army Corps of Engineers, Albuquerque 
Bamhill Bolt Company, Albuquerque 
BDM International, Inc, Albuquerque 
Bureau of Land Management, Albuquerque 
Digital Equipment Corporation, 

Envirco, Albuquerque 
Environmental Improvement Division, 

General Electric, Albuquerque 
Los Alamos National Laboratory, 

Livermore 

Pacific Bell, San Diego Iowa 

Albuquerque 

Albuquerque 
- - ._ 

Los Alamos 

santa Fe 

Technology, Socorro 

NCR Corporation, Ft. Collins Maryland 
Pike’s Peak Community College, 

New Mexico Institute of Mining & University of Maryland, College Park Connecticut U.S. DOE Headquarters, Germantown Hartford Graduate Center, Hartford 
Sirkorsky Aircraft, Stratford Massachusetts New Mexico Junior College, Hobbs 
University of Hartford, Hartford Polaroid CorDoration. Cambridge New Mexico Primate Research Lab, 

Naval Ordnance Station,lnd:m Head - New Mexico Environment Department, ~ _ _  ~ - - __ - __ - __ 
Colorado Springs SAIC, Germantown 

Oakland 
Kansas 

Colorado Allied Signal Aerospace 
EG&G Rocky Flats, Golden 
Environmental Protection Agency, Kentucky 

Reeion 8. Denver Paducah Community College, Paducah - 

Louisiana 
Barksdale Air Force Base 
Exxon Research and Development, 

Martin Marietta Corporation, New Orleans 

HewlG Pa&d, Ft. Collins 
IBM Corporation, Boulder 
Martin Marietta Astron, Littleton 
Metrum Information Storage, Littleton 
National Technological University, Ft. Baton Rouge 

Collins 

- 
Holloman AFB 

MiChigiUl 

National Center for Manufaduring 
Sciences, Ann Arbor 

Wurtsmith Air Force Base 

New Mexico State University, Alamogordo 

New Mexico State University, Las Cruces 
Plains Electric, Grants 

Delaware 
E.I. Dupont, Newark 
Florida 
GE.-Neutron Devices, Largo 

Muskegon Community College, Muskegon New Mexico State University, Grants 
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Customers (continued) 

Washington Rio Crande Minority Purchasing Council, 

Sandia National Laboratories, Albuquerque 
San Juan College, Farmington 
Siemens Stromberg-Carlson, Albuquerque 
Stride, Inc, Albuquerque 
Summit Electric Company, Albuquerque 
Transportation Manufacturing Corp., 

"kumcari Area Vocational School, 

UNI-Chem International, Hobbs 
University of New Mexico, Albuquerque 
U.S. DOE Field Office, Albuquerque 
Western New Mexico University, Silver City 
Westinghouse-WIPE Carlsbad 
New York 
Eastman Kodak Company, Rochester 
General Electric Company, Utica 
IBM Corporation, Endicott 
IBM Corporation, Owego 
IBM Corporation, Poughkeepsie 
Plattsburgh Air Force Base 
Rome Laboratory, Criffis AFB 
United Technologies, Melville 
U.S. DOE, Brookhaven Area Office, Upton 
North Carolina 
Catawba Valley Community College, 

Hickory 
IBM Corporation, Charlotte 
IBM Corporation, Research Triangle Park 
North Dakota 
Grand Forks Air Force Base 
Minot Air Force Base 

Ohio 
Air Force Institute of Technology, 

Wrat-Patterson AFB 
EG&C Mound Applied Technology, 

Miamisberg 
General Electric, Cincinnati 
Goodyear Tire and Rubber Company, 

Akron 
Martin Marietta Energy Systems, Piketon 
Newark Air Force Base 
Ohio University, Ironton- ,x 

Westinghouse Envirdnmental Mgt. Co. of 

Oklahoma 
Oklahoma State University, Stillwater 

Inc., Albuquerque 

Roswell 

Tucumcari 

Ohio, Cincinnati 

Postal Service, Norman 
Southwestern Power Administration, Tulsa 
Oregon 
Hewlett Packard, Conmllis 
Pennsylvania 
Hewlett Packard, Avondale 
Pittsburgh Energy Tech. Center, ' 

Pittsburgh 
south Carolina 
Milliken & Company, Spartanburg 
National Cash Register, West Columbia 
Savannah River Laboratory, Aiken 
University of South Carolina, Columbia 
WestinghouseSavannah River, Aiken 

South Dakota 
Ellsworth Air Force Base 
Tennessee 
Tennessee Eastman Company, hgsport  
U.S. DOE Field Office, Oakridge 

TeXaS 
Advanced Micro Devices, I, Austin 
ALCOA-Pt. Comfort Operation, Pt. 

Carswell Air Force Base 
Corpus Christi Army Depot, Corpus Christi 
D y e s  Air Force Base 
El Paso Natural Gas Company, El Paso 
IBM Village Center, Roenoke 
Kelly Air Force Base 
Miller Brewing Company, Ft. Worth 
Pantex Plant, Amarillo 
Procter & Gamble Manufacturing Co., 

Southern Methodist University, Dallas 
Texas Instruments, Dallas 

comfort 

Dallas 

Utah 
National Semiconductor, West Jordan 
Thiokol Corporation, Brigham City 
Western Area Power Administration, 

Vermont 
IBM Corporation, Essex Junction 

Army Communications Electronic Activity, 

Newport News Shipbuilding, 

Bonneville Salt Flats 

viiginia 

Warrenton 

Newport News 

Columbia Basin College, Pasco 
Columbia Basin College-Hanford, 

Fairchild Air Force Base 
Hewlett Packard, Camas 
U.S. DOE Field Office, Richland 

Washington D.C. 
Naval Research Laboratory 
U.S. DOE Headquarters, Washmgton D.C. 

Wisconsin 
University of Wisconsin, Kenosha 

Richland 

AV Services, La Crosse 
Continuing Education, Baraboo 
Continuing Education, Janesville 
Continuing Education, Menasha 
Continuing Education, Menomonie 
Continuing Education, Oshkosh 
Continuing Education, Richland 
Continuing Education, River Falls 
Continuing Education, Superior 
Continuing Education & Outreach, 

Whitewater 
Extended Education, La Crosse 
Instructional Technology Services, 

Menomonie 
Media Development Center, Eau Claire 
Media Services, Superior 
Outreach and Extension, Pla.tteville 
Office of Outreach Development, 

University Telecommunication, 

UW-Eau Claire, Eau Claire 
W-Green Bay, Green Bay 

Amax Coal Company, Gillette 
F E Warren Air Force Base 
North Wyoming Community College, 

Gillette 
Outside the U.S. 
GE Canada 
Netherlands Energy Research Foundation 
Ngee AM Polytechnic Singapore 

Madison 

Stevens Point 

wYQmh2 

We would like to add your nam 
to our list. 
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Information Request Form 

Q AcademidFull-credit courses 
0 Videotaped training series 

Topics of interest: 

~~ ~~~ 

0 Videoconference training series 
Please list titles: 

D Workshops and short courses 
Please list: 

D On-site training 
'Qpe of training your organization requires: 

Return this page to: 
WERC Teleconference Series 
The University of New Mexico, College of Engineering 
FarrisE$neenng Center, Room151 -- 
Albuquerque, New Mexico 87131-1387 

Telephone No. (505) 277-7750 or 1-800-292-7051 

-~ ~- - -  __ - - ___ - - 

FAX NO. (505) 277-7833 
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Technology Transfer Questionnaire 

Please take a moment to evaluate the technology presented on this program. Your comments and 
perceptions enable us to improve the quality and content of these series. 

Was the technology presented applicable in your work? 

If yes, please explain. If no, why not? 

Did we omit any data? Yes? No? If yes, what? 

Do you know of other appropriate technologies? 

Would the program help your contractodsubcontracton? Yes? No? Why or why not? 

After you complete this form, please hand it to your facilitator or FAX it to: 
The University of New Mexico, College of Engineering 
Farris Engineering Center, Room 151 
Albuquerque, New Mexico 87131-1387 
FAX No. (505) 277-7833 
Telephone No. (505) 277-7750 or 1-800-292-7051 
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Participant Evaluation Form 

Program__N_umher_3:_4Priil4,1993-- ___ _ _  - 

Identifying the Gap: 
Divergent Technical & Social Models for Risk Characterization 

- - - 

Ifcompleted,rnaywequoteyou? Yes 0 No 

Name 

Organization 

Mailing Address 

CltV State ZIP Phone 

Please answer the following questions about the program 
1. How knowledgeable were the presenters about the subject? 

4 very 3 Moderately 

4 very 3 Moderately 

4 Suffident 3 Moderately Suffiaent 

4 Very 3 Moderately 

4 Very 3 Moderately 

2. How dear were the visual materials (illustrations and graphics)? 

3. Was there suffiaent time to mver the topc? 

4. Was the program well organized? 

5. How useful will the content of this presentation be to you in your job? 

2 slightly 1 NotVery 

2 slightly 1 NotVery 

2 Slightly Suffiaent 1 NotSuffident 

2 slishffy 1 NotVery 

2 Slightly 1 NotVery 

6. Please take a few minutes to share your thoughts about this program. Your wmments help us provide excellence in training. 

7. How many people are pamapating in our program at your site? 

8. Please check items that apply to you: 
Optional 

0 Upper-Management 0 Training 0 Female 0 Afro-American 

0 Engineer 0 Student 0 Hispanic 
0 Scientist 0 Faylty 0 Indian 
0 TechnicalStaff 0 Other 0 White 

0 Other 

0 Mid-Management 0 Fadlitator 0 Male 0 Asian . 

. _ .  . 

-~ ~ 
~ ~ ~.~~ - . ~~-~~ ~- .~ - ~ ~ 

Please rate the presenters 
Bruce Kelrnan 
Robert Cranwell 
Paul Solvic 
John Bell-. - 

Bruce Ames 
Robert Locke 
John C6rdova 
Louise Maffii 

:- 

poor fav aood excellent 

0 0 0 
a a a 0 

a 0 a 0 
a a a 0 
a a 0 0 

a a a a 
0 a a a 

a 

0 0 a a 
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