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S u m m a r y  

This paper is the introduct ion to a special issue that  focuses on analyzing risks. It 
presents general background information on epidemiology and animal research fo~ 
helping us learn more about the causes of  cancer. It describes the positions of  different 
groups on the question of  a link between increased synthetic chemical production and an 
increased incidence of  cancer. Finally, it heralds the new analytic approach and puts each 
paper of  the series in perspective in terms of determining the current and future impacts 
of  hazardous substances. 

I.  I n t r o d u c t i o n  

Al l  o f  t h e  p a p e r s  in  th is  s p e c i a l  i s sue  f o c u s  on  v a r i o u s  a s p e c t s  o f  haz -  
a r d o u s  s u b s t a n c e s .  I n d e e d ,  as t h e  e v i d e n c e  i n c r e a s i n g l y  u n d e r s c o r e s ,  s u c h  
s u b s t a n c e s  are  a c c u m u l a t i n g  in  o u r  h o m e s ,  w o r k p l a c e s ,  a ir ,  w a t e r ,  a n d  l a n d  
a t  an  a l a r m i n g  r a t e .  T h e  a c u t e  o r  i m m e d i a t e  i m p l i c a t i o n s  o n  t h e  e n v i r o n -  
m e n t ,  t h e  a f f e c t e d  spec ie s ,  a n d  h u m a n  h e a l t h  a r e  m o r e  ea s i l y  r e c o g n i z e d  a n d  
a re  b e g i n n i n g  t o  be  we l l  u n d e r s t o o d .  T h e  c h r o n i c  o r  l o n g - t e r m  i m p l i c a t i o n s  
o f  e x p o s u r e  a re  s t i l l  l a rge ly  u n k n o w n ,  a n d  m a y  r e m a i n  so f o r  m a n y  y e a r s  t o  
c o m e .  

T h e  c h r o n i c  h e a l t h  e f f e c t  t h a t  r e c e i v e s  t h e  m o s t  a t t e n t i o n  is c a n c e r ,  o n e  o f  
t h e  l e a d i n g  c a u s e s  o f  d e a t h  in al l  age g r o u p s .  O n e  in f o u r  o f  us  wi l l  u l t i m a t e l y  
g e t  c a n c e r ,  a n d  a b o u t  o n e  in f ive  o f  us  wi l l  d i e  f r o m  i t .  T h e r e  a re  m a n y  
d i f f e r e n t  t y p e s  o f  c a n c e r .  S o m e  a re  r e a d i l y  c u r e d ,  w h e r e a s  o t h e r s  a re  n e a r l y  
a l w a y s  f a t a l .  T h e  v a r i o u s  c a n c e r  t y p e s  c a r r y  d i f f e r e n t  s y m p t o m s ,  a n d  w i d e l y  
d i f f e r e n t  c o u r s e s  o f  t r e a t m e n t  m u s t  be  e m p l o y e d  t o  d e a l  w i t h  t h e m .  I n  p r a c -  
t i c e ,  c a n c e r s  o f  d i f f e r e n t  o r g a n s  are  d i f f e r e n t  d i s e a s e s  a n d  i t  is u n l i k e l y  t h a t  a 
s ingle  c u r e  wi l l  p r o v e  e f f e c t i v e  a g a i n s t  al l  c a n c e r  t y p e s .  

In  t h e  l a s t  f e w  d e c a d e s ,  we  h a v e  m a d e  n o t a b l e  p r o g r e s s  in  t r e a t i n g  c e r t a i n  
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cancer  types .  These  e f fo r t s  can p ro l ong  the  lives o f  cance r  pa t i en t s  and lead 
to  a decrease  in dea ths  f r o m  cer ta in  cancers .  On the  o t h e r  hand ,  a l t hough  we 
have  focused  m u c h  on  reduc ing  the  cancer  dea th  ra te ,  we have been  less 
successful  in reduc ing  the  inc idence  rate ,  or  p reven t ing  cancer .  Basic cancer  
research  m a y  eventua l ly  help  us to  be t t e r  u n d e r s t a n d  the  na tu re  o f  cancer ,  
b u t  in the  m e a n t i m e ,  since it is unl ike ly  t h a t  cancer  will ever  be  cured,  we 
m u s t  do  m o r e  to  address  cance r  p reven t ion .  

Wha t  fo l lows is a discuss ion o f  wha t  is cu r r en t ly  k n o w n  o f  the  causes o f  
cancer .  In  Sec t ion  II, I s u m m a r i z e  some  o f  the  d i f f icul t ies  in es tabl ishing 
the  causes of  cancer .  In Sec t ion  III ,  I review the  pos i t ions  o f  those  involved 
in the  c o n t e n t i o u s  deba t e  on  w h e t h e r  or  no t  the  cance r  incidence ra te  is in- 
creasing. This  d e b a t e  is u l t i m a t e l y  t ied to  the  ques t ion  o f  wha t  causes  cancer .  
In Sec t ion  IV, I descr ibe  the  diff icul t ies  in de t e rmin ing  the  risks f r o m  
haza rdous  subs tances  spread t h r o u g h o u t  our  e n v i r o n m e n t  given the  uncer-  
ta int ies  in the  causes  o f  cancer .  I t h e n  l ink the  papers  o f  this special  issue 
to this research.  

II.  H u m a n  cance r  links 

In the  decades  since World War II ,  ou r  use o f  haza rdous  chemica l s  has in- 
creased signif icant ly.  The  ques t ion  o f  w h e t h e r  or  no t  this has resul ted  in a 
co r r e spond ing  increase in cance r  inc idence  is i nex t r i cab ly  t ied to  our  abi l i ty  
to  l ink exposu re  to  disease. E p i d e m i o l o g y ,  the  e x a m i n a t i o n  o f  c o m m o n  char- 
acter is t ics  o f  p e o p l e  deve lop ing  a disease,  is used  to  shed  l ight  on the  causes  
o f  cancers  t ha t  have a l ready occur red .  Animal  s tudies are also s o m e w h a t  use- 
ful fo r  es tabl ishing causa t ion ,  and for  examin ing  the  m e c h a n i s m s  o f  cancer .  
The  m o s t  i m p o r t a n t  f unc t i on  o f  such studies,  however ,  is the i r  use as predic-  
tors  fo r  h u m a n  carcinogenesis  and  t h e r e f o r e  as a too l  for  p reven t ion .  Short -  
t e r m  tes ts  fo r  mu tagens  are bes t  used  as a screen for  p o t e n t i a l  carcinogens.  
Be low we discuss each o f  these  s t u d y  t y p e s  in tu rn  and  es tabl ish  the i r  u t i l i ty  
in de t e rmin ing  cancer  causa t ion .  

Epidemiological studies 
The  e p i d e m i o l o g y  o f  cance r  is f r augh t  wi th  unce r t a in ty .  In  p rospec t ive  

c o h o r t  s tudies,  for  example ,  which  fo l low a huge n u m b e r  o f  hea l t hy  indi- 
viduals for  years ,  the  s tudy  m u s t  begin wi th  an a s s u m p t i o n  o f  cause and 
e f f ec t  so t ha t  the  p r o p e r  da t a  are ob ta ined .  His tor ica l  c o h o r t  s tudies and 
re t rospec t ive  case-cont ro l  s tudies  are des igned to  s t udy  peop l e  w h o  have  al- 
r e ady  deve loped  cance r  and,  in m a n y  cases,  have  a l ready died f r o m  it. 

Even  in wel l -designed ep idemio log ica l  s tudies ,  it is d i f f icul t  to  include 
enough  cancers  o f  one  t y p e  to  d e t e r m i n e  its po t en t i a l  cause.  A l though  
cance r  registries can help  in the  s tat is t ical  respec t ,  t h e y  c a n n o t  shed light on  
causa t ion .  O t h e r  p r o b l e m s  wi th  such s tudies  are t h a t  cancer  la tencies  m a y  
resul t  in disease ten to  f i f ty  yea rs  a f t e r  exposu re ;  cases o f  cance r  caused by  a 
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particular carcinogen may not  be significant in the background of  cancers 
contracted for other  reasons; it may not  be easy to draw conclusions from 
unknown conditions, specifically dose related, that  existed decades earlier; 
and it may be difficult  to identify a unique cause for an effect,  given the 
possibility of  o ther  confounding factors that may be contr ibuting [ 1 ]. 

Apart  f rom these difficulties inherent in epidemiological studies, there are 
o ther  errors in methodology  that  can arise. The first is the " too  few" prob- 
lem where even a much increased cancer risk can be masked by the small 
sample size. The second is the "shor t  follow-up" problem where including 
people with very short exposure times will significantly lower the cancer risk 
[2] .  

The limitations of epidemiology for cancer prevention are obvious. The 
results of  such studies can indeed help to establish a substance as a car- 
cinogen; they cannot,  on the other  hand, prevent those who have already 
been exposed to a carcinogen from developing cancer. 

Animal  studies 
Animal studies are obviously more easily conducted  than epidemiological 

studies. Their  primary advantage is that  o ther  so-called lifestyle factors can 
be control led,  and the results are perhaps slightly more definitive than those 
of  epidemiological studies. Another  advantage is that  animals have shorter  
lifespans, and the data can be obtained more quickly and more cheaply. 

In spite of  these advantages, animal tests have severe drawbacks. First, 
two-year  tests on two animal species are expensive, ranging in cost from 
$500,000 to $1,000,000.  Second, because of  wide differences in species sen- 
sitivity, animal data cannot  be directly translated to humans. Third, and per- 
haps most  important ,  a substance that  is carcinogenic in animals may not  be 
carcinogenic in humans; conversely, a substance that  is not  carcinogenic in 
animals may be carcinogenic in humans. This shortcoming can have serious 
consequences. 

How good are animal tests in predicting what will be carcinogenic in 
humans? There are some 39 established human carcinogenic agents and 
circumstances [3] .  In addition to circumstances like reproductive history, 
this includes 26 agents or  industrial processes that  are known to induce 
cancer in humans [2] .  These identified human carcinogens include aflatoxin, 
a natural carcinogen; asbestos, a fibrous industrial material; diethylsti lbestrol 
(DES), a drug; and soot, tars, and oils tha t  are present during various manu- 
facturing processes. For  all of  the human carcinogens, there is good evidence 
that  the substances induce cancer in animals as well [3] .  

The sample of  substances for which there is general agreement on human 
carcinogenicity is very small. We can therefore  say very little about  the corre- 
lation between animal and human carcinogens. Because of the small sample 
size, there is no assurance that  animal testing will identify all human car- 
cinogens. Such substances, if they are marketed,  could ult imately cause 
many deaths. Fur thermore ,  there may be substances that  do cause cancer 
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in laboratory animals and do no t  induce the disease in humans. If we 
prevent such substances f rom being marketed,  we will forego their potential  
benefits. Nevertheless, animals studies may be the best predictive tool  we 
have. 

Shor t - t e rm  tests  
In the last few decades, several short-term testing procedures have been 

developed. Perhaps the most  notable,  the Ames assay, was developed in 1975 
[4] .  Original results indicated that  ninety percent  of  a set of  carcinogens 
showed positive in the Ames test (ten percent  were false negatives) ; thir teen 
percent  o f  a set of  non-carcinogens gave a positive Ames test result (false 
positives) [2] .  

Although short-term assays are useful for screening chemicals for fur ther  
testing, they  are not  especially reliable for  predictive purposes. For  instance, 
the Ames assay can have much less than ninety percent  success in identifying 
carcinogens in certain chemical classes. DDT is an example of  a carcinogen 
not  identified in the Ames assay. Fur thermore ,  it can miss whole classes of  
chemicals altogether.  For  instance, the test misses most heavy metals, some 
of  which are carcinogens. 

Cancer causation 
Of the three types of  studies described above, only epidemiological studies 

can definitely establish a substance or process as a human carcinogen. It is 
ironic and tragic that  such " p r o o f "  requires the illness or death of  human 
beings. As a result, epidemiology has its main use in verifying that  substances 
are carcinogens; its utility does not  lie in prevention. On the other  hand, 
animal tests cannot  unequivocally identify human carcinogens. Nevertheless, 
they are the only studies that  can be employed as predictors. Short- term as- 
says can provide supporting data for the animal tests. In the final analysis, 
we face a d ichotomy:  to obtain certain proof,  we must have deaths; to act 
on uncertain predictions, we must forego proof.  

III. Cancer  in an industrial  s o c i e t y  

The theory of  cancer development  that  is most widely accepted intro- 
duces the concepts of  the initiator and p romote r  [5] .  Initiators begin the 
process by transforming a normal cell into a neoplasm; promoters  exacerbate 
the process by causing proliferation of  the t ransformed cell into a tumor,  
bringing it to the disease stage [6] .  The process of  developing overt clinical 
disease is potent ia ted  by the immune system. We know little about  initiators 
and promoters  but  are beginning to recognize that  cancer development  is 
probably a multistage event, and that  interaction of  several different  expo- 
sures to different  agents may lead to an increase in cancer risk. Indeed, 
synergistic interactions among multiple agents may be necessary before the 
disease manifests itself. In spite of  these theories, we still tend to think of  
cancer as a series of  diseases, each of  which has a single cause. 
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In the last few years, the question of  what causes cancer has become ex- 
tremely controversial. The controversy surrounds the use of the term "en- 
vironmental" carcinogens, which is taken to mean synthetic chemicals by 
some, and all non-genetic factors by others [7]. The focus of  the debate is 
the fraction of  cancer that  is caused by environmental agents. 

It is indeed important  to establish how much of  cancer has a non-genetic 
origin because such cancers are preventable. Some, like cancers induced 
through smoking or other lifestyle habits, can be prevented by an indivi- 
dual's decision; others, like asbestos-induced cancers, can only be prevented 
through changes in governmental policies. The higher the fraction of  cancers 
caused by agents in the workplace and general environment,  the more re- 
sponsibility we, as an industrial society, have to prevent it. The argument 
over the causes of  cancer is therefore highly political. 

In what follows, I first present time series data on synthetic chemical 
production. I .then discuss the information and disagreements on the 
causes of cancer, and try to sort out  the relationship between synthetic sub- 
stances and cancer. 

Synthetic chemicals 
There is no question that  synthetic chemical manufacture has burgeoned 

since World War II, particularly in the last few decades. Many of  these chem- 
icals and chemical products are hazardous in one way or another. There are 
some 60,000 chemicals of industrial importance in commerce today,  and 
about 1,000 new substances are introduced into the market each year [8]. 
Workers are exposed to them during the production stage; users are exposed 
to them while they are used; the public at large is exposed to them in the air, 
water and at disposal sites. 

In 1960, total  production of  synthetic organic chemicals amounted to 
53,925 million pounds*; in 1970, the total was 138,322 million pounds; in 
1980, it reached 215,125 million pounds. According to these data, between 
1960 and 1970, synthetic organic chemical production grew by an astound- 
ing two and one-half times. For the entire period 1960 to 1980, the increase 
was slightly less than four-fold [9, 10]. Certain families of  chemicals grew 
somewhat faster; the persistent halogenated hydrocarbons, for example, in- 
creased more than four times [9,10]. Members of  this class include the es- 
tablished human carcinogen vinyl chloride, and the animal carcinogens tri- 
chloroethylene and perchloroethylene. 

Since some synthetic organic chemicals are animal carcinogens, their rapid 
growth would be expected to ultimately lead to a corresponding increase in 
cancer rates. Such an increase would tell us something about the fraction of  
cancers caused by exposure to toxic chemicals. 

*Totals exclude tar, tar cruds, and primary products from petroleum and natural gas. 
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T h e  causes  o f  cancer  
The landmark a t tempt  to assign the causes of  fatal cancers was made by 

Doll and Peto in 1981 [3] .  As part  of  the research the two epidemiologists 
also examined whether  or no t  total  cancers or cancers of  specific types had 
increased over time. Non-melanoma skin cancers were excluded from the 
analysis because they are easily curable and rarely fatal. Doll and Peto found 
that  cancers in three organs, the lung, the breast, and the large intestine, ac- 
counted  for nearly half of  all cancer deaths in 1978. Deaths f rom breast and 
colon cancer have largely remained constant,  with a few fluctuations, since 
1930. There has been a decrease in cancers of  the stomach and uterine 
cervix. There has been a large increase in cancer of  the lung, which Doll and 
Peto at tr ibute to tobacco use. They  conclude that  there have been no large 
changes in the incidence o f  non-respiratory cancers. 

In assigning the causes of  cancer, Doll and Peto at t r ibuted around 30 per- 
cent of  all cancer deaths to smoking; approximately three percent  to alcohol; 
about  35 percent  to dietary factors, like excess fats, lack of  fiber, and 
naturally occurring carcinogens in food;  approximately ten percent  to infec- 
t ion; about  seven percent  to reproductive and sexual behavior; and four  per- 
cent to o ther  factors. They fur ther  estimated that  exposure to carcinogens in 
the workplace, from pollution, food additives, and industrial products  to- 
gether caused less than eight percent  o f  all cancer deaths [3] .  

The Doll /Peto assertion that there has been no increase in cancer in the 
United States apart from that  caused by smoking is notable because it sug- 
gests that  there has not  been an increase in cancer f rom the strong indus- 
trialization that  occurred in the last few decades. They do reach the conclu- 
sion, however,  that  most  cancer is avoidable. Indeed, if some 65 percent  of 
cancer deaths are attributable to the combined effects of  tobacco and diet as 
estimated, then,  in principle, 65 percent  of  cancers are avoidable through 
abstention from tobacco and eating the proper  foods. These cancers can be 
avoided as a mat ter  o f  personal choice, since the same person who takes the 
risk (contracting lung cancer) derives the benefit  (pleasure from smoking). 
In contrast to the large fraction of  cancers avoidable through personal 
choice, Doll and Peto conclude that  only a small fraction of  cancers could be 
prevented by regulating workplace and general environmental  exposure. 

A team composed of  members from the National Cancer Institute, the 
National Institute of  Environmental  Health Sciences, and the National Insti- 
tute for  Occupational  Safety and Health had earlier reached a very different  
conclusion from the Doll/Peto analysis. Their results, called the Bridbord et 
al. Study,  suggested that  occupat ional ly related cancer should be responsible 
for twenty  percent  or more of  all cancer deaths [11] .  The work focused on 
cancer deaths from asbestos, nickel ores, arsenic, chromium, benzene, and 
petroleum fractions. It concluded that  asbestos alone could contr ibute  as 
much as thir teen to eighteen percent  to the cancer death rate, and that  the 
other  five carcinogens could account  for ten to twenty  percent more. 

Another  group, the Toxic Substances Strategy Commit tee  (TSSC) in a 
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1980 report  to  the President, also disagreed with the Doll /Peto conclusions. 
The Commit tee  found  that  real cancer rates are increasing significantly, at a 
rate of  two percent  per year  for females and 1.3 percent  annually for  males 
[12] .  The report  states that  with adjustments for age, both the incidence 
and mortal i ty  o f  cancer are increasing, even after taking account  of  cigarette 
smoking. 

Epstein and Swartz support  the conclusions of  Bridbord et al. and disagree 
with those o f  Doll and Peto [13] .  They  argue that  the Bridbord et al. report  
probably underestimates the fraction of  cancer deaths caused by occupa- 
t ional and environmental  carcinogens. They  contend,  fur thermore,  that  
cancer deaths have increased and that  the increases cannot  be explained by 
smoking alone. They  suggest that  relying on overall age-adjusted incidence or 
mortal i ty  rates (as did Doll and Peto) will mask large increases in various 
kinds o f  cancer that  are occupationally related. 

Davis et al. agree with Doll and Peto that  there has been no generalized in- 
crease in cancer mortal i ty,  apart f rom that  caused by smoking [ 14].  This re- 
search does show, however, that  mortal i ty  rates for some cancers that  are 
strongly associated with occupational  exposure have increased in males be- 
tween the ages of  45 and 84. Specifically, it notes significant increases in 
cancers of  the brain and lung, and in multiple myeloma in men aged 55 to 
84. These cancers are strongly correlated with workplace carcinogens, and 
men in older age groups would be expected to have longer sustained expo- 
sure to some chemicals. 

The Davis et al. group has also focused on past and current  chemical pro- 
duct ion trends. Product ion of synthetic chemicals that  are recently docu- 
mented carcinogens, including benzene, chloroform,  vinyl chloride, and 
ethylene oxide,  approximately doubled during the 1970s in comparison with 
the 1960s. Workers in vinyl chloride plants in the 1930s and 1940s did not  
develop angiosarcoma, a rare liver cancer, and brain cancer until decades 
later, in the 1960s and 1970s. If these latencies or time periods between ex- 
posure and onset of  cancer hold for the more recently marketed chemicals, 
then we would not  expect  the cancer rate increases reflecting the growth in 
the 1970s to appear until the end of  the century.  Fur thermore,  any changes 
that  did occur would probably be small because they would affect limited 
subgroups of  the population.  This group emphasized that  past cancer rates 
may not  primarily reflect occupational  and general environmental  chemical 
exposure,  but  that  future rates unequivocally will [4].  

Davis et al. criticize the Doll/Peto work for excluding those over 65. They  
emphasize the importance of  including males older than 45 because they 
would be more likely to have developed cancers after 20 year or more 
latency periods. In addition, people under 45 have shown a significant de- 
crease in incidence and mortal i ty  for  many forms of  cancer, and combining 
the younger and older age groups obscures any ~ncrease the older group 
alone might show. Indeed, approximately half of  all cancers develop in 
people 65 or over. The research also stresses that  we simply do no t  know to 
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what  ex ten t  the large lung cancer increase reflects tobacco use alone. It may, 
in fact, be a result o f  synergies or enhancing interactions between cigarette 
smoking and exposure to environmental  carcinogens, rather than to  tobacco 
alone [14] .  

What can we say about  cancer and the increase in product ion  of  synthetic 
chemicals and their in t roduct ion into the general environment  from this dis- 
cussion? Although the data are inadequate for  analysis and very little agree- 
ment  exists among the experts, it is probably safe to conclude that  there has 
been no obvious generalized increase in cancer deaths e x c e p t t h o s e  related to 
smoking in the last f if ty years. Deaths from certain types of  cancer that  are 
linked to chemical exposure have probably increased, and total  cancer deaths 
over the period may have increased for certain segments of  the population.  

It is uncertain how much of  the current  cancer death rate is related to ex- 
posure to toxic chemicals. Some of  the deaths f rom tobacco may actually 
have been caused by interactions between smoking and chemicals. Estimates 
of  current  cancer deaths attributable to toxic chemicals range from eight to 
about  th i r ty  percent.  This implies that  of  about 450,000 cancer deaths that  
are expected to occur  in 1984, between 36,000 and 135,000 will be caused 
by synthetic chemicals. Even if the lower number  is accurate, it still repre- 
sents a huge number  of  deaths that  could have been prevented by controlling 
exposure to hazardous chemicals. 

There is little doub t  that  the increased product ion of  synthetic organic 
chemicals and their widespread incorporat ion into our  food, water, air, and 
land will eventually have consequences. No one really knows yet  how serious 
these consequences will be. In the next  section, I discuss the methods that  
are now being used to learn more about  toxic substances in the environment  
and what  the future may hold. 

IV. H a z a r d o u s  materia ls  a s ses sment  

The method by which we seek to examine if there have been increases in 
cancer is epidemiology. Most of  the evidence linking the disease to toxic 
chemicals has been determined from the workplace where a small group has 
been heavily exposed. A new and different  approach is necessary for two rea- 
sons. First, we need to determine what the future cancer incidence might be 
as a result of  the more generalized environmental  exposures that  began oc- 
curring in the last decade. Second, we need a method for predicting the 
health consequences o f  chemicals and chemical products  that  firms propose 
to market  in the future.  

In response to these needs, methods for estimating the impacts of  hazard- 
ous substances on our society and identifying techniques for reducing or 
preventing deleterious outcomes are emerging. Other efforts  in the last 
decade have focused on modeling t ransport  of  toxic substances as they move 
through the environment,  exposure of  various populat ion groups, and the 



175 

response of a population. There is much uncertainty in the results of environ- 
mental transport models because of the chemical and physical transforma- 
tions that  a substance can undergo as it passes through the air, water, or soil. 
Because epidemiological data are available for only a few substances, we 
must commonly use the results of animal tests and dose--response models to 
estimate the human health risks. There is uncertainty in the dose--response 
models, which are designed to extrapolate the high doses used in animals for 
statistical reasons, to the low doses likely to be encountered in the general 
environment.  

Davis and Gusman defined the term "exposure assessment," which encom- 
passes the assessment, mitigation, transport, exposure, and health effects stu- 
dies. They maintain that  such assessments belong to an orphaned professional 
field which relies on input from a host of disciplines including toxicology, 
epidemiology, pharmacology, pharmacokinetics, medicine, biochemistry, 
chemistry, environmental engineering, and science [15]. A more common 
term for the emerging field may be "risk analysis." It is composed of both 
risk assessment, which is equivalent to exposure assessment defined above, 
and risk management or the implementation of policies to reduce the risk. 
The papers in this issue are at the forefront of  this emerging field. Below I 
discuss each in turn. 

Technical assessment 
The first set of three papers is concerned with assessing certain practices 

and evaluating the methods for reducing a particular threat posed by specific 
hazardous substances. The first paper, entitled The Interaction of Flamma- 
bility and Toxicity in an Aerosol Product, explores and compares the char- 
acteristics of  liquid hydrocarbon and carbon dioxide propellants used in 
aerosol cans by manufacturers of a nondestructive test material. When 
chlorofluorocarbon (CFC) propellants were banned, some manufacturers 
chose hydrocarbon propellants, which offer a superior performance and the 
disadvantage of flammability; others chose CO2 propellant, which is cheaper 
but offers an inferior performance. 

The second paper in this set is called Substitution Analysis: A Case Study 
of  Solvents. This work seeks to identify alternatives to CFC solvents, which 
are suspected of  depleting the ozone layer. The research concludes that  few 
alternatives are as good technically as CFC-based solvents given current 
equipment and procedures. 

The third paper in this set is A Survey of  Monitoring Technologies for 
Subseabed Disposal of  Radioactive Waste. It assesses the advances in moni- 
toring that  would be required in the event that  the subseabed is considered 
for disposal of radioactive waste. It includes a summary of  physical, chem- 
ical, biological, and ecological monitoring techniques that  might be ap- 
propriate. 
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General risk analysis 
The second set of  four  papers in this issue deals generally with risk anal- 

ysis. The first paper, Quantitative Risk Analysis for Toxic Chemicals in the 
Environment, is an int roduct ion to risk analysis for managers. It summarizes 
the steps in determining the human health risks f rom toxic chemicals in the 
environment  that  can cause chronic effects. 

The second paper in this set, called The Management and Assessment of  
Risks from Recombinant Organisms, focuses on the nontradi t ional  path used 
to develop policies for recombinant  DNA. Instead of  the more common 
stages of  research, risk assessment, and risk management through which most 
hazardous materials questions evolve, recombinant  DNA deviated significant- 
ly. Almost directly after the laboratory technique was developed, restrictions 
were instituted. This step preceded the research and risk assessment phases. 

The third and fourth papers in this set deal with risk management,  or 
questions about  implementing policies for reducing risks. One, entit led On 
the Use of  Confidence Levels in Risk Management, describes a method  for 
using uncertainty as a componen t  of  management  decisions. It illustrates the 
utility of  such a method by applying it to situations where safety goals must 
be met and where cost--benefi t  criteria are evaluated. The other,  called On 
the Usefulness of  Quantitative Safety Goals for State Regulation o f  Energy 
Systems, assesses the importance of  quantitat ive risk assessment to manage- 
ment. Five case studies are analyzed and compared in terms of  the risk they 
pose, and the decisions to mitigate them. The research draws some general 
conclusions on the utility of  quantifying risk. 

Applied risk assessment 
Each of  the three papers in the third set illustrates the application of  risk 

assessment. From them, we get a flavor of  the complexi ty  of  such assess- 
ments. The first, Risk Analysis of  Hazardous Materials in Oil Shale, deter- 
mines the occupational,  public, and ecosystem risks for a one million barrel 
per day shale complex. Lung disease for miners was found to be a significant 
problem -- public health risks were less serious; the most  important  effect on 
the ecosystem was the risk to aquatic organisms. 

The second, entit led Estimating the Chronic Health Risk From Coal-Fired 
Power Plant Toxic Emissions, presents a risk assessment of  two case studies, 
arsenic and selenium. A series of  models is used to describe the environ- 
mental  transport ,  exposure, and the chronic human health effects of  each 
pollutant.  The research also presents an analysis which illustrates that  dose-- 
response models are the source of  greatest uncertainty.  

The third paper, Computer-Based Environmental Exposure and Risk 
Assessment Methodology for Hazardous Materials, presents a method for 
modeling overland and surface water t ransport  of  toxic substances. The re- 
search describes two case studies where the pesticides Alachlor and toxa- 
phene were applied to farmland, one in Iowa and the other  in Mississippi. 
The results showed that four species of  fish were damaged by toxaphene,  but  
that  Alachlor had no discernible impact. 
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Human health implications 
The fourth and final set of  three papers focuses on the human response. 

The first two address dose--response models, the models that  are used to 
extrapolate the results of  high doses of  toxic substances used in animal expe- 
riments to low doses more likely to be encountered by humans. The third re- 
views theories of biological interaction.  The first paper is entit led Improved 
Confidence Limits for Low-Dose Carcinogenic Risk Assessment From 
Animal Data. It  presents a generalized extrapolat ion method  that  is based on 
the multistage cancer model.  The procedure is linear and utilizes all of the 
available data. Its utility is illustrated by application to two hazardous 
substances, e thylene thiourea (ETU) and hexachlorobenzene (HCB). 

The second paper in this set, Uncertainty in Health Risk Analysis, ad- 
dresses the quantitative nature of the analysis of health risks. Its main focus 
is on the probabilistic nature of  risks, and it emphasizes that  analyses of  
carcinogenic risks differentiate between uncertainty and inability to know. A 
case study on arsenic illustrates that  uncertainty in dose--response models is 
high. 

The third paper of  the group, Elementary Models For Biological Inter- 
action, is a discussion of the Hewlett--Plackett  theory  with a basis in bio- 
assay, and the suff ic ient-component  cause theory  with a basis in epidem- 
ilogy. Both are theories that  describe biological response to hazardous ex- 
posure. The results show that  the theories correspond in their description of  
disease rates and biological interaction. 

V. Conclusions 

In the last few decades, we have become increasingly reliant on chemical 
and industrial processes and products.  Prior to 1970, there was little control  
on releases of  hazardous materials into the workplace, air, water, and land. 
Today,  although we have government  agencies to moni tor  and check danger- 
ous exposure,  the task they  face is formidable. Indeed, we are only now 
finding that  many of  the hazardous substances in place in society can cause 
severe health problems, including birth defects and, most notably,  cancer. 

Some researchers have found increases in the incidences and deaths of 
workers f rom various types of  cancers associated with workplace exposure. 
It is not  ye t  clear whether  the widespread use of toxic materials has led to a 
generalized increase in the cancer incidence. Because the product ion of  such 
substances increased markedly only in the last decade, we may not  know the 
full influence of  their  ubiqui ty  until the turn of  the century.  

Epidemiological studies will play the major role in ult imately linking the 
substances to the disease. Although it is unequivocally useful for such retro- 
spective conclusions, epidemiology must not  be used for prospective policy- 
making. Animal studies, on the o ther  hand, are useful for deciding which 
chemicals pose a potential  threat  to humans. Decisions on whether  to intro- 
duce substances into commerce  must  be based on the results of such labora- 
tory  studies and on research efforts  like those described here. 
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We can  l e a rn  m o r e  a b o u t  t h e  p rocesses  o f  t o x i c  species  in  t h e  air ,  l a nd ,  
a n d  w a t e r  t h r o u g h  a s s e s s m e n t  s tud i e s  a n d  e n v i r o n m e n t a l  m o d e l i n g .  We c a n  
ge t  m o r e  i n f o r m a t i o n  o n  t he  p r o b l e m s  we face  in  us ing  h a z a r d o u s  s u b s t a n c e s  
b y  p e r f o r m i n g  r isk ana lyses .  We c a n  e x p l o r e  t h e  i m p a c t s  o f  such  s u b s t a n c e s  
o n  h u m a n  h e a l t h  b y  u s ing  a n i m a l  d a t a  a n d  d o s e - - r e s p o n s e  m o d e l i n g  tech-  
n i q u e s .  H o w  to  bes t  p e r f o r m  these  s tud ies ,  i n c l u d i n g  t hose  o f  th i s  issue,  is 
st i l l  evo lv ing ;  h o w  to  wise ly  i n t e r p r e t  t he i r  r e su l t s  to  save lives is t h e  chal-  
l enge  o f  o u r  decade .  
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