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FOREWORD 
The ACS SYMPOSIUM SERIES was founded in 1974 to provide 
a medium for publishing symposia quickly in book form. The 
format of the Series parallels that of the continuing ADVANCES 
IN CHEMISTRY SERIES except that in order to save time the 
papers are not typeset but are reproduced as they are sub
mitted by the authors in camera-ready form. Papers are re
viewed under the supervision of the Editors with the assistance 
of the Series Advisory Board and are selected to maintain the 
integrity of the symposia; however, verbatim reproductions of 
previously published papers are not accepted. Both reviews 
and reports of research are acceptable since symposia may 
embrace both types of presentation. 
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PREFACE 
(CHEMICAL W A S T E S resulting from the activities of U.S. industry and 
other groups have been dumped into waste sites around the country for 
many years. Typically the wastes are put into steel drums, not labeled, 
carried to an authorized dump site, and placed into a pit, which when filled 
is usually covered with earth. In some waste sites the filled containers are 
deposited on the surface. Bulk chemicals have been dumped in a few. 
Wastes other than chemicals are often deposited at the same sites, and 
illegal dumping has occasionall  occurred  ther  undoubtedl
identified sites. 

Public concern over possible health and environmental impacts of 
chemical waste sites rose dramatically during the Love Canal episode and 
has continued to rise. Part of the reason for this concern is the growing 
awareness of the size and ubiquity of the problem of potentially hazardous 
waste sites. Another reason is increasing knowledge about the hazards that 
can arise from waste materials that once were viewed as virtually inert; a 
good example is PCBs (polychlorinated biphenyls). The extent of danger 
from older waste sites is particularly uncertain, partly because of the 
broadening list of potential hazards, and partly because of ignorance about 
the materials in most of the older sites. The current situation in the United 
States is that there appear to be many thousands of older dump sites that 
contain chemical wastes. Probably many, perhaps most, of these sites 
contain worrisome amounts of hazardous materials. 

From the start, the Environmental Protection Agency (EPA) has been 
inescapably involved in this problem through the Resource Conservation 
and Recovery Act and earlier legislation, but since 1979 it became evident 
that EPA's normal resources were quite inadequate to deal with the overall 
problem in a timely way. Therefore in late 1980 the Comprehensive 
Environmental Compensation and Liability Act of 1980 (the Superfund 
Act) was passed. The Act revises a more limited National Contingency 
Plan to permit response to hazardous substances and to provide extra funds 
for EPA to tackle the problem. 

A key difficulty in arriving at a rational approach to this many-faceted 
problem is establishing priorities, i.e., ranking waste sites in terms of 
potential hazards. This ranking presupposes a reasonably objective set of 
procedures to assess the risk offered by the sites, presuming that the most 
risky sites will be the first to be cleaned up (or rendered harmless). The 
question of risk is obviously a complex one, involving both health and 
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environmental aspects, with the potential hazard depending on both the 
chemicals present and the ways hazardous chemicals might escape and 
impinge on people and the environment. 

In March 1982 the American Chemical Society sponsored a sympo
sium on risk assessments of hazardous chemical waste sites, and the 
chapters of this volume are the final versions of the papers that were 
presented and discussed at this symposium. The first chapters present the 
problem: the history of the development of Superfund legislation and the 
arguments about the most appropriate approaches to risk assessments, 
specific cases of hazardous waste problems in Louisiana, the problems of 
Love Canal and their bearing on risk assessment, and the impacts on human 
health that can result from hazardous waste sites. The next broad topic 
of the symposium was the central problem of methodology of risk assess
ment. The practical problems that confront the field teams who examine 
specific chemical waste site
how to have reasonable assurance of the reliability of the results of moni
toring. A final chapter considers a problem of central importance to the 
Superfund effort: how to incorporate risk assessment into the regulatory 
process. 

The process of risk assessment for hazardous waste sites is still under 
development, and so necessarily is the development of regulations that build 
on risk assessment, but the commitment to utilize risk assessment appears 
firm. 

The overall conclusion from the chapters of this book is heartening. 
The seriousness of the problem is clearly recognized, as is the need for 
risk assessment. Techniques and methodologies for assessment are fairly 
well in hand, although improvements in their application will surely occur. 
The social and political need for risk assessment is clearly recognized, 
and the incorporation of risk assessment into the regulatory process is well 
under way. The problems from hazardous chemical wastes are far from 
solved, but on the evidence of the contributions of this book, they are 
being attacked with intelligence and vigor. 

FRANKLIN A. LONG 

Cornell University 
Ithaca, New York 

August 3, 1982 
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1 
Risk Assessment Under the Revised National 
Contingency Plan of Superfund 

EDMUND B. FROST 

Kirkland & Ellis, Washington, DC 20006 

The 1980 Congressional revision f th  Nat iona l 
Contingency P l a n
is effectively a compromise between sharply differing 
positions. I t calls for priority s e t t i ng to i d e n t i f y 
the most hazardous sites, and this in turn requires 
explicit assessment of the risks from the sites. 
Hence risk assessment criteria must be es tab l i shed 
so that there can be developed a na t iona l priority 
list of the hazardous sites that require remedial 
a c t i o n . EPA has adopted the Mi t re Model for asses
s ing the risks and ranking waste sites. There i s 
some criticism of this model, and there are a num
ber of as yet unanswered questions about its appli
cation. Formal cos t /benef i t ana lys i s will not be 
used, and risk assessment will be on a case-by-case 
ba s i s . EPA will thus be developing its knowledge 
base and procedures as it c a r r i e s out the program. 

L e g i s l a t i v e Background o f R i s k Assessment Under Superfund 

The p u b l i c and l e g i s l a t i v e debate which l e d up t o the E n a c t 
ment o f the Comprehensive E n v i r o n m e n t a l Response, Compensation, 
and L i a b i l i t y A c t o f 1980 ("Superfund") focused e x t e n s i v e l y on 
a s s e s s i n g the r i s k s from o l d hazardous waste dump s i t e s . Indeed, 
much o f the c o n t r o v e r s y and d i f f i c u l t y i n e n a c t i n g the b i l l was a 
r e s u l t o f g r e a t l y d i f f e r i n g p e r c e p t i o n s about the r i s k s posed by 
o l d dump s i t e s and exposure t o minimal l e v e l s o f hazardous waste. 

Those who took a f e a r f u l view o f the r i s k s thought t h a t the 
cleanup program s h o u l d e l i m i n a t e a l l r i s k . On t h i s premise they 
e s t i m a t e d 30,000 t o 50,000 o l d s i t e s r e q u i r i n g a c t i o n and c a l l e d 
f o r a massive cleanup program. Those who took a calmer view o f 
the r i s k s saw a s e r i o u s but manageable problem and wanted a r e a l 
i s t i c assessment o f the r i s k s i n o r d e r t o determine the r e q u i r e d 
e x t e n t o f cleanup (_1) . 

0097-615 6/82/0204-0001 $06.00/0 
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2 RISK ASSESSMENT AT HAZARDOUS WASTE SITES 

S. 1480, the o r i g i n a l B i l l r e p o r t e d by the Senate E n v i r o n 
ment and P u b l i c Works Committee (_2) was a z e r o - r e l e a s e , z e r o - r i s k 
b i l l . I t contemplated clean-up o f s p i l l s and o l d dump s i t e s down 
t o a n o - d e t e c t a b l e - p r e s e n c e , z e r o - r i s k , l e v e l . No a l l o w a n c e was 
made f o r r i s k a n a l y s i s , comparative r i s k a n a l y s i s , o r b a l a n c e d 
d e c i s i o n - m a k i n g where response a c t i o n and i t s c o s t would bear a 
r e a s o n a b l e r e l a t i o n s h i p t o the r i s k . I n s t e a d , c o s t f a c t o r s were 
put a s i d e i n f a v o r o f a l i a b i l i t y scheme t o t a p deep c o r p o r a t e 
p o c k e t s f o r whatever expense would a r i s e . 

H. R. 7020, (3) the House b i l l , was d i f f e r e n t from S. 1480. 
I t p r o v i d e d f o r p r i o r i t i z a t i o n o f clean-up a c t i v i t i e s , and i t p r o 
v i d e d f o r r i s k a n a l y s i s and c o s t - e f f e c t i v e c l e a n - u p . 

By October, 1980, Superfund had bogged down i n the Senate 
over the e x t e n t o f clean-up i s s u e s and l i a b i l i t y i s s u e s . The 
White House attempted t o get the l e g i s l a t i o n moving a g a i n by 
h o l d i n g a s e r i e s o f meeting
the J u s t i c e Department
Senate S t a f f . E x t e n t o f clean-up was a major s u b j e c t o f these 
d i s c u s s i o n s . 

I t emerged i n the White House d i s c u s s i o n s t h a t EPA was not 
r e a l l y i n t e r e s t e d i n z e r o - r i s k c l e a n - u p . EPA j u s t wanted t o p r e 
serve i t s d i s c r e t i o n r e g a r d i n g l e v e l o f clean-up and i t s l e v e r a g e 
over o t h e r r e s p o n s i b l e companies. I n d u s t r y , on the o t h e r hand, 
wanted t o get on w i t h r e a s o n a b l e c l e a n - u p , but d i d not want t o 
l e a v e EPA and J u s t i c e w i t h the d i s c r e t i o n and l e v e r a g e o f S. 1480. 
The f e a r was t h a t they would i n s i s t on m a s s i v e l y expensive and 
unnecessary clea n - u p . 

As the White House d i s c u s s i o n wore on, an i d e a developed t o 
b r i d g e between the p o l a r i z e d p o s i t i o n s . The i d e a was t h a t the 
N a t i o n a l Contingency P l a n (NCP) f o r h a n d l i n g s p i l l s under S e c t i o n 
311 o f the C l e a n Water A c t c o u l d be expanded and t a i l o r e d t o p r o 
v i d e a v e h i c l e f o r making r e a s o n a b l e and p r i o r i t i z e d d e c i s i o n s 
about response a c t i o n s and the l e v e l o f c l e a n - u p . The r e v i s e d NCP 
i d e a was w r i t t e n up i n s e v e r a l t e n t a t i v e d r a f t s , but the White 
House meetings and the White House e f f o r t broke up a f t e r Jimmy 
C a r t e r l o s t the 1980 e l e c t i o n . 

When the Lame Duck s e s s i o n o f the 96th Congress opened i n 
l a t e November, 1980, the Senate s t a f f t r i e d once more t o move a 
Superfund b i l l . T h i s time they o f f e r e d a compromise s u b s t i t u t e 
which used a r e v i s e d N a t i o n a l Contingency P l a n as the c e n t e r o f an 
i n t e g r a t e d scheme t o d e f i n e a r e a s o n a b l e l e v e l o f c l e a n - u p . T h i s 
s u b s t i t u t e was u l t i m a t e l y enacted w i t h few amendments. 

D e s c r i p t i o n o f Key Superfund P r o v i s i o n s 

S i n c e i t was h a s t i l y p u t t o g e t h e r and r e c e i v e d l i t t l e a n a l y t 
i c a l c o n s i d e r a t i o n , t h e r e a r e many t e c h n i c a l f l a w s and t h e r e w i l l 
be much room f o r i n t e r p r e t a t i o n . N e v e r t h e l e s s , the b i l l as p assed 
c o n t a i n s an i n t e g r a t e d s e t o f response p r o v i s i o n s c e n t e r e d on a 
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1. FROST Revised National Contingency Plan 3 

r e v i s e d N a t i o n a l Contingency P l a n which c a l l s f o r r i s k assessment 
and c o s t e f f e c t i v e n e s s . 

S e c t i o n 105 d i r e c t s the P r e s i d e n t t o r e v i s e the N a t i o n a l Con
t i n g e n c y P l a n (NCP) ( f o r m e r l y l i m i t e d t o emergency response under 
S e c t i o n 311 o f the C l e a n Water Act) t o i n c l u d e a new "hazardous 
substance response p l a n " s e t t i n g out procedures and stan d a r d s f o r 
response a c t i o n s . T h i s r e v i s i o n may be adopted o n l y a f t e r n o t i c e 
and o p p o r t u n i t y f o r p u b l i c comment. 

Among the elements which must be i n c l u d e d i n the r e v i s e d NCP 
under t h i s s e c t i o n a r e methods and c r i t e r i a f o r d e t e r m i n i n g the 
a p p r o p r i a t e e x t e n t o f e i t h e r removal o r r e m e d i a l measures ( S e c t i o n 
1 0 5 ( 3 ) ) . The NCP must a l s o c o n t a i n means f o r a s s u r i n g t h a t "reme
d i a l " a c t i o n measures, as d i s t i n c t from the s h o r t - t e r m "removal" 
measures, a re " c o s t - e f f e c t i v e " ( S e c t i o n 1 0 5 ( 7 ) ) . F i n a l l y , Sec
t i o n 105(8)(A) r e q u i r e  c r i t e r i  f o  d e t e r m i n i n  p r i o r i t i e  which 
are "based upon r e l a t i v
f a r e o r the environment,
c r i t e r i a be used t o develop a n a t i o n a l p r i o r i t y l i s t o f 400 s i t e s . 

I m p o r t a n t l y , the p e n u l t i m a t e sentence o f S e c t i o n 105 r e q u i r e s 
t h a t , f o l l o w i n g p u b l i c a t i o n o f the r e v i s e d NCP, "the response t o 
... hazardous substances r e l e a s e s s h a l l , t o the g r e a t e s t e x t e n t 
p o s s i b l e , be i n accordance w i t h the p r o v i s i o n s o f the p l a n . " 

S e c t i o n 104 o f Superfund a u t h o r i z e s the P r e s i d e n t t o remove 
o r remedy any r e l e a s e o r t h r e a t e n e d r e l e a s e t o the environment o f 
any hazardous s u b s t a n c e , as d e f i n e d i n S e c t i o n 101(14) o f the A c t , 
o r any o t h e r containment which may p r e s e n t an "imminent and sub
s t a n t i a l danger" t o the p u b l i c h e a l t h o r the environment. He may 
ac c o m p l i s h t h i s by removing the hazardous s u b s t a n c e , o r by t a k i n g 
"any o t h e r response measure," u n l e s s he determined t h a t such r e 
moval o r remedy w i l l be done by some r e s p o n s i b l e p e r s o n . Regard
l e s s o f which course the P r e s i d e n t chooses, S e c t i o n 104(a)(1) 
s t a t e s t h a t i t must be " c o n s i s t e n t w i t h the n a t i o n a l c o n t i n g e n c y 
p l a n . " S e c t i o n 111(a) d i r e c t s t h a t the c o s t s o f such f e d e r a l 
response be borne by the response fund c r e a t e d by the A c t . 

S e c t i o n 106, e n t i t l e d "Abatement A c t i o n , " i s the enforcement 
s e c t i o n . U n d e r s u b s e c t i o n ( a ) , when the P r e s i d e n t determines t h a t 
an a c t u a l o r t h r e a t e n e d r e l e a s e o f a hazardous substance p r e s e n t s 
"an imminent and s u b s t a n t i a l endangerment t o the p u b l i c h e a l t h o r 
environment," he may d i r e c t the A t t o r n e y G e n e r a l t o b r i n g an a c 
t i o n i n a f e d e r a l d i s t r i c t c o u r t ( a g a i n s t u n s p e c i f i e d persons) t o 
o b t a i n "such r e l i e f as the p u b l i c i n t e r e s t and e q u i t i e s o f the 
case may r e q u i r e . " The P r e s i d e n t a l s o may take o t h e r u n s p e c i f i e d 
a c t i o n , i n c l u d i n g i s s u i n g such o r d e r s (to u n s p e c i f i e d persons) as 
may be "necessary t o p r o t e c t p u b l i c h e a l t h and w e l f a r e and the 
environment." 

S e c t i o n 106(c) r e q u i r e s EPA, i n c o n s u l t a t i o n w i t h the A t t o r 
ney G e n e r a l , t o e s t a b l i s h and p u b l i s h g u i d e l i n e s f o r u s i n g the 
response a u t h o r i t i e s under s u b s e c t i o n ( a ) . U n l i k e the r e v i s i o n o f 
the NCP d i r e c t e d under S e c t i o n 105, t h e r e i s no expre s s s t a t u t o r y 
requirement f o r p u b l i c n o t i c e and comment p r i o r t o a d o p t i o n o f the 

In Risk Assessment at Hazardous Waste Sites; Long, F., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1982. 



4 RISK ASSESSMENT AT HAZARDOUS WASTE SITES 

g u i d e l i n e s . These g u i d e l i n e s are l i n k e d t o the NCP by the d i r e c 
t i o n i n S e c t i o n 106(c) t h a t the g u i d e l i n e s " t o the e x t e n t p r a c t i 
c a b l e be c o n s i s t e n t w i t h the n a t u r a l hazardous substance response 
p l a n . " 

A p p l i c a t i o n o f t h e NCP t o P r i v a t e Clean-Up 

The s t a t u t o r y p r o v i s i o n s have f a i l e d t o end the c o n t r o v e r s y 
o v e r r i s k assessment. From the o u t s e t some e n v i r o n m e n t a l groups 
have argued t h a t the r i s k assessment, c o s t - e f f e c t i v e n e s s p r o v i 
s i o n s o f the NCP are meant t o a p p l y o n l y t o government-financed 
clean-up under S e c t i o n 104 and do not a p p l y t o p r i v a t e c lean-up 
under S e c t i o n 106 o r t o v o l u n t a r y p r i v a t e c lean-up ( 4 ) . I n s t e a d , 
they advocated t h a t p r i v a t e clean-up be handled on a s e p a r a t e 
t r a c k o r i e n t e d towards
p l a i n t s which would be

T h i s i n t e r p r e t a t i o n o f the NCP as b e i n g l i m i t e d t o government
f i n a n c e d clean-up i s c o m p l e t e l y a t odds w i t h the s t a t u t o r y frame
work. S e c t i o n 5 i t s e l f s t a t e s i t s u n q u a l i f i e d a p p l i c a b i l i t y t o 
"the response t o ... hazardous substance r e l e a s e s . " Both S e c t i o n s 
104 and 106 i n v o l v e the NCP as the r e f e r e n c e p o i n t f o r response o r 
c l e a n - u p . S e c t i o n s 104, 105 and 106 a l l work t o g e t h e r , w i t h Sec
t i o n 105 g i v i n g the framework f o r d e t e r m i n i n g p r i o r i t i e s and 
e x t e n t o f c l e a n - u p . 

F u r t h e r i n d i c a t i o n o f the c e n t r a l i t y o f S e c t i o n 105 o f the 
NCP i s found i n S e c t i o n 107. S e c t i o n 107 o u t l i n e s the o n l y p r i n 
c i p l e s o f l i a b i l i t y i n c l u d e d i n Superfund. I t s t a t e s , w i t h o u t 
d i s t i n g u i s h i n g between f u n d - and p r i v a t e l y - f i n a n c e d c l e a n - u p s , 
t h a t p a r t i e s w i l l be l i a b l e o n l y f o r c o s t s which a r e " c o n s i s t e n t 
w i t h " o r i n some cases "not i n c o n s i s t e n t w i t h " the NCP ( S e c t i o n 
1 0 7 ( a ) ( 4 ) ( A ) - ( B ) ) . 

A l t h o u g h the l e g i s l a t i v e h i s t o r y i s s k e t c h y , Senator S t a f f o r d , 
one o f the p r i n c i p a l sponsors o f the f i n a l s u b s t i t u t e , r e c o g n i z e d 
t h a t p r i v a t e clean-up and o r d e r s f o r p r i v a t e l y - f i n a n c e d clean-up 
under S e c t i o n 106 would be governed by the NCP. I n f l o o r debate 
s h o r t l y b e f o r e CERCLA's enactment, he d e s c r i b e d c i r c u m s t a n c e s 
under which c o u r t s might r e v i e w such o r d e r s . He s t a t e d t h a t "we 
would expect the c o u r t s t o examine the p a r t i c u l a r o r d e r s ... t o 
determine whether they were p r o p e r , g i v e n the s t a n d a r d s o f the a c t 
and o f the N a t i o n a l Contingency P l a n " (126 Cong. Rec. S. 15008 
( d a i l y ed. November 24, 1980), emphasis added). 

As i t stands now the EPA has made the NCP a p p l i c a b l e t o p r i 
v a t e clean-up as w e l l as governmental clean-up i n i t s Proposed 
R e v i s i o n s t o the N a t i o n a l Contingency P l a n (_5) . I f the NCP i s 
u l t i m a t e l y promulgated s u b s t a n t i a l l y as proposed, i t i s l i k e l y 
t h a t the U n i t e d S t a t e s C o u r t o f Appeals f o r the D i s t r i c t o f Colum
b i a w i l l u phold i t as w i t h i n EPA 1s d i s c r e t i o n . I n the meantime 
a t t e n t i o n o f b o t h i n d u s t r y and e n v i r o n m e n t a l groups has f o c u s e d on 
the d e t a i l s o f the Proposed R e v i s i o n s . 
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The proposed NCP r e c o g n i z e s the s t a t u t o r y mandate i n S e c t i o n 
105(8) t o develop r i s k assessment c r i t e r i a and a N a t i o n a l P r i o r i t y 
L i s t by l i m i t i n g " r e m e d i a l " a c t i o n s t o r e l e a s e s on the N a t i o n a l 
P r i o r i t y L i s t ( §300.67 ( a ) ) . T h i s w i l l p u t t e e t h i n the mandate o f 
S e c t i o n 105(8) and w i l l assure the importance o f the r i s k a n a l y 
s i s / p r i o r i t i z a t i o n p r o c e s s . 

EPA has not s p e c i f i e d , however, t h a t the N a t i o n a l P r i o r i t y 
L i s t w i l l be p a r t o f the N a t i o n a l Contingency P l a n , and t h e r e i s 
s t i l l c o n t r o v e r s y over the procedure f o r making up the l i s t and 
the f u n c t i o n o f the l i s t . 

The M i t r e Model. With the a s s i s t a n c e o f the M i t r e C o r p o r a 
t i o n , EPA has develope
superfund s i t e s by S e c t i o
s t r a i g h t f o r w a r d model which w i l l rank s i t e s l a r g e l y on the b a s i s 
o f e a s i l y o b t a i n a b l e i n f o r m a t i o n . F i v e pathways o f exposure 
(ground water, s u r f a c e water, a i r , d i r e c t c o n t a c t , and e x p l o s i o n ) 
w i l l be c o n s i d e r e d . The p r o b a b i l i t y and magnitude o f an adverse 
event w i l l be e s t i m a t e d f o r each pathway t o a r r i v e a t an o v e r a l l 
r i s k e s t i m a t e . 

C r i t i c i s m s o f the M i t r e Model run from the f e a r t h a t i t w i l l 
not be s u f f i c i e n t l y p r e c i s e o r a n a l y t i c a l t o the concern t h a t i t 
makes no p r o v i s i o n f o r u t i l i z i n g e x t r a i n f o r m a t i o n when i t i s 
r e a d i l y a v a i l a b l e and i s h i g h l y r e l e v a n t . 

I t i s beyond the scope o f t h i s paper t o examine the M i t r e 
Model i n d e t a i l . R a ther, i t i s s u f f i c i e n t t o note t h a t t h e r e i s 
m e r i t t o EPA 1s d e c i s i o n t o adopt a p r a c t i c a l r i s k a s s e s s m e n t / p r i 
o r i t i z a t i o n approach. I f a f u l l r i s k a n a l y s i s had t o be conducted 
a t every s i t e , EPA would spend a l l i t s r e s o u r c e s on assessment and 
would have d i f f i c u l t y knowing where t o s t a r t the cl e a n - u p . On the 
o t h e r hand, the model must be f l e x i b l e enough t o take i n t o account 
the i n f o r m a t i o n which does e x i s t r e g a r d i n g a p a r t i c u l a r s i t e so 
t h a t the r i s k assessment can be as a c c u r a t e as p r a c t i c a l l y pos
s i b l e . 

A d d i t i o n a l r e f i n e m e n t o f the M i t r e Model i s expected when the 
f i n a l NCP i s p u b l i s h e d . I n a d d i t i o n , EPA i s expected t o g i v e some 
guidance i n the f i n a l NCP as t o how the r a n k i n g w i l l work. W i l l 
EPA go s t r i c t l y a c c o r d i n g t o n u m e r i c a l p r i o r i t i e s o r work by 
groups o r c l u s t e r s o f p r i o r i t y as suggested i n the NCP? W i l l t he 
s t a t e s have a s i g n i f i c a n t r o l e i n d e v e l o p i n g the p r i o r i t i e s ? What 
r i g h t s w i l l p r i v a t e p a r t i e s have t o c h a l l e n g e the placement o f 
t h e i r s i t e on the p r i o r i t y l i s t ? A l l o f these q u e s t i o n s w i l l have 
t o be answered a t some p o i n t . 

S e l e c t i o n o f Remedy. R i s k assessment under the S e c t i o n 105 
scheme f o r the NCP i s e x p l i c i t l y r e q u i r e d o n l y i n c o n n e c t i o n w i t h 
the p r i o r i t i z a t i o n p r o c e s s under S e c t i o n 105(8). A f t e r p r i o r i t i 
z a t i o n on the b a s i s o f r i s k , the key i s s u e i s s e l e c t i o n o f remedy. 
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S e c t i o n 105(3) r e q u i r e s "methods and c r i t e r i a " f o r s e l e c t i o n o f 
remedy, and S e c t i o n 105(7) r e q u i r e s t h a t the NCP c o n t a i n means f o r 
a s s e s s i n g t h a t r e m e d i a l measures are " c o s t e f f e c t i v e . " 

There i s an a d d i t i o n a l requirement when the P r e s i d e n t uses 
Superfund money f o r a r e m e d i a l response. S e c t i o n 104(c)(4) r e 
q u i r e s t h a t the P r e s i d e n t "balance between the need f o r p r o t e c 
t i o n o f p u b l i c h e a l t h and w e l f a r e and the environment a t the 
f a c i l i t y under c o n s i d e r a t i o n and the a v a i l a b i l i t y o f amounts from 
the fund." 

The e x p l i c i t c o s t / b e n e f i t b a l a n c i n g requirement o f S e c t i o n 
104(c) (4) i s not a p p l i c a b l e t o p r i v a t e response under the NCP. 
Thus, once r i s k i s t a k e n i n t o account i n the p r i o r i t i z a t i o n p r o c 
e s s , the EPA has c o n s i d e r a b l e l a t i t u d e i n d e v i s i n g methods and 
c r i t e r i a f o r remedy s e l e c t i o n , w i t h the major s u b s t a n t i v e r e q u i r e 
ment b e i n g c o s t e f f e c t i v e n e s
i n many cases the M i t r
adequate f o r remedy s e l e c t i o n , and a more d e t a i l e d assessment w i l l 
be n e c e s s a r y . 

There has been much d i f f e r e n c e o f o p i n i o n r e g a r d i n g appro
p r i a t e methods and c r i t e r i a f o r remedy s e l e c t i o n . Annex X I I I o f 
the May 8, 1981 s t a f f d r a f t o f the NCP c a l l e d f o r clean-up t o t h e 
l e v e l o f F e d e r a l and S t a t e water q u a l i t y s t a n d a r d s , F e d e r a l water 
q u a l i t y c r i t e r i a , F e d e r a l d r i n k i n g water s t a n d a r d s , and n a t i o n a l 
ambient a i r q u a l i t y s t a n d a r d s r e g a r d l e s s o f whether t h e r e was any 
s u b s t a n t i a l exposure o r r i s k from the r e l e a s e t o be remedied. The 
c o s t e f f e c t i v e n e s s requirement was a p p l i e d o n l y by c a l l i n g f o r 
c o s t e f f e c t i v e methods o f r e a c h i n g the s t a n d a r d s imposed. 

I n d u s t r y c r i t i c i z e d t h i s approach on a number o f grounds (6). 
Water q u a l i t y c r i t e r i a and n a t i o n a l ambient a i r q u a l i t y s t a n d a r d s 
were never designed nor can they be s e n s i b l y used t o s e t s t a n d a r d s 
f o r i n d i v i d u a l r e l e a s e s . Water q u a l i t y s t a n d a r d s and F e d e r a l 
d r i n k i n g water s t a n d a r d s , a l t h o u g h more a p p r o p r i a t e f o r s u r f a c e 
water o r a t - t h e - t a p c o n s i d e r a t i o n , have been s e t f o r v e r y few o f 
the hazardous compounds which may be encountered a t an o l d dump-
s i t e . 

Use o f p r e - e x i s t i n g s t a n d a r d s and c r i t e r i a t o s e t mandatory 
l e v e l s o f clean-up would p r e c l u d e any s i t e - b y - s i t e c o n s i d e r a t i o n 
o f exposure and r i s k , and c o u l d r e s u l t i n huge clean-up c o s t s 
where the r i s k s were i n c o n s e q u e n t i a l . I n a d d i t i o n , as a f o r m a l 
m a t t e r , the F e d e r a l water q u a l i t y c r i t e r i a f o r many substances 
have been l e f t a t z e r o pending f u l l s c i e n t i f i c and r i s k assessment, 
and use o f these c r i t e r i a would r e q u i r e a z e r o - r e l e a s e clean-up i n 
a s i t u a t i o n which imposed no s i g n i f i c a n t r i s k i n the f i r s t p l a c e 
( 7 ) . 

The A d m i n i s t r a t o r o f EPA has t a k e n the p o s i t i o n t h a t "each 
r e l e a s e p r e s e n t s a unique s i t u a t i o n because o f i t s d i v e r s e c h a r 
a c t e r i s t i c s ." {8) Based on t h i s the o p t i o n o f r e q u i r i n g clean-up 
t o f e d e r a l and s t a t e s t a n d a r d s and c r i t e r i a was r e j e c t e d : 
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"One o p t i o n was t o r e q u i r e cleanup t o l e v e l s t h a t 
met F e d e r a l and S t a t e s t a n d a r d s o r water q u a l i t y c r i 
t e r i a . The Agency has d e c i d e d t h a t such a r i g i d r e q u i r e 
ment would impose the use o f p o t e n t i a l l y i n a p p r o p r i a t e 
l e v e l s o f cleanup t h a t would not a l l o w c o n s i d e r a t i o n 
o f i n d i v i d u a l c i r c u m s t a n c e s a t each r e l e a s e . Any appro
p r i a t e s t a n d a r d o r c r i t e r i a w i l l be c o n s i d e r e d i n d e t e r 
m i n i n g the cleanup l e v e l o f a p a r t i c u l a r r e l e a s e , a l o n g 
w i t h o t h e r t e c h n o l o g i c a l and e n v i r o n m e n t a l f a c t o r s . " (9) 

EPA a l s o c o n s i d e r e d f o r m a l c o s t - b e n e f i t a n a l y s i s as a d e c i 
sionmaking t o o l and r e j e c t e d i t because i t would "merely r e s u l t 
i n r i g i d c a l c u l a t i o n s t h a t would f o r e c l o s e any f l e x i b i l i t y i n the 
u l t i m a t e d e c i s i o n m a k i n g . " (10) 

The d e c i s i o n m a k i n
t o the NCP i s a case-by-cas
t i o n must be g i v e n t o a range o f a l t e r n a t i v e s which have been 
s e l e c t e d and a n a l y z e d . C o s t , f e a s i b i l i t y , adequacy, r e l i a b i l i t y , 
and p o t e n t i a l adverse impacts on h e a l t h o r the environment must 
be a n a l y z e d . Any a p p r o p r i a t e F e d e r a l and S t a t e s t a n d a r d s and 
c r i t e r i a are t o be c o n s i d e r e d . F i n a l l y , under proposed S e c t i o n 
300.67 ( j ) the l e a d agency i s " t o choose the most c o s t e f f e c t i v e 
r e m e d i a l a l t e r n a t i v e which e f f e c t i v e l y m i n i m i z e s and m i t i g a t e s the 
danger and p r o v i d e s adequate p r o t e c t i o n o f p u b l i c h e a l t h , w e l f a r e , 
and the environment." (11) 

The E n v i r o n m e n t a l Defense Fund has o b j e c t e d t o the l a c k o f 
stan d a r d s c r i t e r i a o r g o a l s i n the Proposed NCP and c o n s i d e r s the 
proposed case-by-case approach too c o s t o r i e n t e d . (12) Nonethe
l e s s , the proposed approach p r o v i d e s f o r assessment o f the r i s k s 
t o the p u b l i c h e a l t h and the environment, and c o n s i d e r a t i o n o f 
the impact o f such r i s k i s r e q u i r e d i n s e l e c t i n g the f i n a l a l t e r 
n a t i v e . A c c o r d i n g l y , r i s k assessment s h o u l d be most i m p o r t a n t i n 
d e c i s i o n m a k i n g on the major Superfund s i t e s . P r o f e s s i o n a l e x p e r t s 
i n t h i s a r e a w i l l have a g r e a t c h a l l e n g e t o d e v e l o p t h e i r r i s k 
assessment c a p a c i t y and methodology on a case-by-case b a s i s so 
t h a t i t can i n d e e d prove u s e f u l i n s e l e c t i n g r e m e d i a l a l t e r n a t i v e s 
under the NCP. 

C o n c l u s i o n 

I n S u p e r f u n d 1 s S e c t i o n 105 requirement f o r a R e v i s e d NCP, 
Congress mandated a scheme f o r r e s p o n d i n g t o r e l e a s e s o f hazardous 
m a t e r i a l s . F o r o l d dump s i t e s response s t a r t s w i t h a survey and 
p r i o r i t i z a t i o n o f s i t e s based on r i s k assessment. A f t e r p r i o r i t i 
z a t i o n the f o c u s t u r n s t o s e l e c t i o n o f c o s t - e f f e c t i v e remedies 
which w i l l a d e q u a t e l y p r o t e c t the p u b l i c h e a l t h and w e l f a r e and 
the environment. I n r e v i s i n g the NCP, EPA i s engaged i n a p i o 
n e e r i n g e f f o r t t o develop a p r a c t i c a l and e f f e c t i v e s i t e a s s e s s 
ment model. A f t e r p r i o r i t i z a t i o n a d d i t i o n a l assessment w i l l o f t e n 
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be r e q u i r e d t o s e l e c t a remedy. Formal c o s t - b e n e f i t a n a l y s i s w i l l 
not be used, and the remedy s e l e c t i o n r i s k assessment w i l l be done 
on a case-by-case b a s i s . I n can be expected t h a t EPA 1s e x p e r i e n c e 
i n t h i s case-by-case approach w i l l be i n v a l u a b l e i n d e v e l o p i n g 
f u t u r e r i s k assessment methodology. 
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Case Studies of Hazardous Waste Problems 
in Louisiana 

WILLIAM B. DE VILLE 

Louisiana Department of Natural Resources, Baton Rouge, L A 70804 

The S ta te ' s experience i n dealing with hazardous 
was t e managemen
complexity of in te rac t ion
economic and political e l e m e n t s of problems and 
actions. C u r r e n t federal t echnica l foundations for 
regulatory or " S u p e r f u n d " decisions and actions 
provide only a rudimentary basis for program functions 
at the State level; t h i s resu l t s i n a tendency e i ther 
to e x a g g e r a t e o r m i n i m i z e the l e v e l of ac tual 
problems, and requires additional technical 
information to i m p r o v e a n a l y s i s of s p e c i f i c cases 
before a c t i o n . This paper provides an analys is of the 
State's a p p r o a c h e s to filling i n gaps i n the 
scientific and technical foundations for hazardous 
waste decis ions by means of selected case histories. 
These case histories include (1) the approach to 
regulatory definitions of hazardous wastes, with 
emphas i s on toxic properties; (2) the regulatory 
a p p r o a c h to s t a n d a r d s and criteria for facilities 
managing h a z a r d o u s w a s t e s ; and (3) development of 
cleanup r e s p o n s e s to "abandoned" waste s i t e s (with 
comments on the use of the ' M i t r e Model ' for ranking 
such sites). The paper supports the conclusions that 
(a) r a t i o n a l decis ions can be made (though with some 
difficulty) in public p o l i c i e s re la ted to the case 
histories, and (b) an agenda f o r i m p r o v i n g the 
scientific and t echnica l components of hazardous waste 
and "Superfund" decis ions i s now apparent and can be 
suggested i n broad o u t l i n e . 

T h i s paper p r e s e n t s the author's p e r s o n a l o b s e r v a t i o n s and 
c o n c l u s i o n s d e r i v e d f r o m e x p e r i e n c e i n h a z a r d o u s waste 
r e g u l a t o r y p r o g r a m development at the s t a t e government l e v e l . 
Over the course of the past s e v e r a l years the S t a t e of L o u i s i a n a 
has been d e v e l o p i n g a v e r y complex and comprehensive hazardous 
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waste r e g u l a t o r y program f o r p r o t e c t i o n of p u b l i c h e a l t h and the 
e n v i r o n m e n t . T h e s e r e g u l a t o r y e f f o r t s were a l s o designed to 
meet the go a l s of the F e d e r a l Resource C o n s e r v a t i o n and Recovery 
A c t f o r c o n t r o l of hazardous wastes; i n d e e d , L o u i s i a n a was one 
of the f i r s t s t a t e s to r e c e i v e i n t e r i m a u t h o r i z a t i o n under the 
F e d e r a l A c t . 

A m a j o r i m p e t u s t o t h e p a s s a g e i n 1978 o f the s t a t e 
l e g i s l a t i o n a u t h o r i z i n g the new hazardous waste program was the 
r e c o g n i t i o n t h a t L o u i s i a n a , a s one o f the c e n t e r s of 
p e t r o c h e m i c a l p r o d u c t i o n i n the n a t i o n , needed s t r i c t c o n t r o l s 
o v e r management o f t h e i n e v i t a b l e wastes produced by such 
i n d u s t r y . There were a l s o past problems to be cleaned up. So a 
t w o - f o l d e f f o r t was needed: (1) development of a new r e g u l a t o r y 
p r o g r a m f o r p r o s p e c t i v e c o n t r o l s over f u t u r e management of 
hazardous wastes i n the s t a t e ; and (2) development of s t r a t e g i e s 
a n d p r o g r a m s t o i d e n t i f
management p r a c t i c e s i

T h e s e e f f o r t s h a v e b e e n c o m p l i c a t e d , to a s i g n i f i c a n t 
d e g r e e , by t h e f a c t t h a t t h e y h a v e b e e n m o v i n g f o r w a r d 
c o n c u r r e n t l y w i t h — and o f t e n i n advance of — s i m i l a r e f f o r t s 
a t the F e d e r a l l e v e l . 

The i n h e r e n t c o m p l e x i t y of such a r e g u l a t o r y program 

P a r t i c u l a r l y a t a m e e t i n g s u c h as t h i s , which focuses 
p r i n c i p a l l y on s c i e n t i f i c and t e c h n i c a l m a t t e r s , i t must be 
remembered t h a t a r e g u l a t o r y program i s a legal device to impose 
c e r t a i n c o n s t r a i n t s on a c t i v i t i e s i n a s p e c i f i e d segment of 
s o c i e t y . The r e g u l a t o r y p r o g r a m i s p e r m i s s i v e as regards 
c e r t a i n a c t i v i t i e s w h i c h may be c o n d u c t e d w i t h i n approved 
b o u n d a r i e s , e.g., d i s p o s a l of a waste i n a f a c i l i t y t h a t has 
b e e n p e r m i t t e d i n a c c o r d a n c e w i t h t h e r e q u i r e m e n t s and 
procedures of the program. The r e g u l a t o r y program a l s o f o r b i d s 
o t h e r a c t i o n s , e.g., "midnight dumping" of hazardous wastes, and 
p r o v i d e s l e g a l mechanisms and p e n a l t i e s f o r e n f o r c i n g a g a i n s t 
those a c t i o n s t h a t are p r o h i b i t e d . 

The ' f i t ' o f s c i e n c e a n d t e c h n o l o g y i n t h e program. 
S c i e n c e and t e c h n o l o g y p l a y important b u t , i n f a c t , somewhat 
secondary r o l e s i n the development of a r e g u l a t o r y program such 
as t h a t d e a l i n g w i t h hazardous wastes. The f i r s t such r o l e i s 
i n problem d e f i n i t i o n : what are the c h a r a c t e r i s t i c s t h a t may be 
used to i d e n t i f y those wastes f o r which r e g u l a t o r y c o n t r o l s are 
m a n d a t e d ? The s e c o n d g e n e r a l r o l e c a l l i n g f o r s c i e n t i f i c 
i n f o r m a t i o n and d e c i s i o n s i s , what are the l e v e l s of r i s k s below 
w h i c h t h e r e g u l a t o r y s y s t e m i s p e r m i s s i v e , i . e . , 
s t a n d a r d - s e t t i n g f o r a l l o w e d p r a c t i c e s such as i n c i n e r a t i o n or 
l a n d - f i l l i n g of hazardous wastes. The t h i r d g e n e r a l r o l e i s i n 
m e a s u r e m e n t o f p a r a m e t e r s as s t i p u l a t e d by the r e g u l a t o r y 
program to a l l o w d e c i s i o n s to be made as to whether or not any 
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g i v e n hazardous waste management a c t i v i t y i s a l l o w e d . F i n a l l y , 
t h e r e must be a c h a i n of t e c h n i c a l e v a l u a t i o n s and d e c i s i o n s as 
to s u i t a b l e technology and o p e r a t i n g c o n d i t i o n s f o r management 
o f w a s t e s i n any g i v e n c a s e , t h a t w i l l meet the c o n s t r a i n t s 
imposed by the standards and c r i t e r i a of the r e g u l a t o r y program. 
Each of these r o l e s p l a c e s s t r i n g e n t demands on the a b i l i t y of 
s c i e n c e and technology to supply i n f o r m a t i o n and answers. 

I h a v e c h a r a c t e r i z e d t h e s c i e n t i f i c and t e c h n i c a l 
components of the r e g u l a t o r y system as p l a y i n g a secondary r o l e 
i n the r e g u l a t o r y development, because i n f a c t they are not the 
d r i v i n g f o r c e i n development. Thus, i t i s e n t i r e l y p o s s i b l e f o r 
the system to move forward i n the face of p a r t i a l s c i e n t i f i c and 
t e c h n i c a l i n p u t , o r e v e n , i n the worst case, inadequate and 
u n s a t i s f a c t o r y s c i e n t i f i c and t e c h n i c a l i n p u t and d e c i s i o n s . 

I n p r a c t i c e , th  development f th  r e g u l a t o r  syste  w i l l 
tend to move forward r e g a r d l e s
t e c h n o l o g y to supply th
D e c i s i o n s must be made as to what waste m a t e r i a l s are i d e n t i f i e d 
f o r r e g u l a t o r y c o n t r o l , what p r a c t i c e s are a c c e p t a b l e , and what 
measurements are to be used f o r purposes of enforcement of the 
r e g u l a t i o n s . Perhaps the c h i e f d r i v i n g f o r c e r e s u l t i n g from the 
n a t u r e of the r e g u l a t o r y program as a l e g a l 'machine' i s toward 
l e g a l c l a r i t y and s i m p l i c i t y of enforcement; t h i s d r i v i n g f o r c e 
can s e v e r e l y t e s t the a b i l i t y of the s c i e n t i f i c and t e c h n i c a l 
c o m m u n i t y t o s u p p l y t h e i n f o r m a t i o n and answers needed to 
p r o v i d e sound support to the r e g u l a t o r y program. 

What i s a hazardous waste — and how do we t e s t f o r i t ? 

L o u i s i a n a ' s h a z a r d o u s waste r e g u l a t i o n s were adopted and 
became e f f e c t i v e i n 1979, w e l l i n advance of promu l g a t i o n of the 
F e d e r a l r e g u l a t i o n s . One of the c r i t i c a l problems we faced was 
d e f i n i n g j u s t what i t was t h a t the r e g u l a t i o n s were supposed to 
c o n t r o l , w i t h t h e a d d i t i o n a l c o n c e r n t h a t t h e r e must be 
sta n d a r d s of measurement or proof t h a t c o u l d support enforcement 
a c t i o n s a g a i n s t any v i o l a t o r s of the r e g u l a t i o n s . S e v e r a l 
p o s s i b l e courses of a c t i o n were a v a i l a b l e . 

A l t h o u g h the analogous F e d e r a l r e g u l a t i o n s f o r l i s t i n g and 
i d e n t i f y i n g hazardous wastes were not yet i n p l a c e , a set of 
F e d e r a l r e g u l a t i o n s had been proposed by EPA i n December, 1978. 
I n a d d i t i o n , s e v e r a l s t a t e hazardous waste programs then i n 
e x i s t e n c e had l i s t s of 'hazardous wastes' i n p l a c e ( e i t h e r by 
r e g u l a t i o n o r i n p r a c t i c a l u s e ) as w e l l as other means f o r 
c h a r a c t e r i z i n g or i d e n t i f y i n g wastes f o r c o n t r o l . We adopted as 
S t a t e r e g u l a t i o n s the wastes l i s t e d s p e c i f i c a l l y or by source i n 
the proposed EPA r e g u l a t i o n s . I t was c l e a r , however, t h a t these 
l i s t e d w a s t e s c o n s t i t u t e d o n l y a subset of the wastes t h a t 
s h o u l d be put under r e g u l a t o r y c o n t r o l . 

EPA h a d a l s o p r o p o s e d i n December, 1978 a set of 
c h a r a c t e r i s t i c s , t o g e t h e r w i t h c r i t e r i a and t e s t procedures, f o r 
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i d e n t i f y i n g wastes as hazardous. These were the c h a r a c t e r i s t i c s 
o f i g n i t a b i l i t y , c o r r o s i v i t y , r e a c t i v i t y , and t o x i c i t y . T h i s 
scheme of i d e n t i f y i n g hazardous wastes based on c h a r a c t e r i s t i c s 
was adopted i n the S t a t e r e g u l a t i o n s . We had l i t t l e d i f f i c u l t y 
i n s p e c i f y i n g parameters of these c h a r a c t e r i s t i c s , e.g., f l a s h 
p o i n t or pH, t o g e t h e r w i t h t e s t p r o c e d u r e s , f o r the f i r s t t h r e e 
c h a r a c t e r i s t i c s . But the f o u r t h , t o x i c i t y , was t i e d i n the EPA 
proposed r e g u l a t i o n s to an e x t r a c t i o n procedure which was, we 
c o n c l u d e d , not s a t i s f a c t o r y f o r g e n e r a l i d e n t i f i c a t i o n of t o x i c 
hazardous wastes. 

A c o n s e r v a t i v e approach t o t o x i c i t y . We d i d not f i n d a 
s i m p l e t e c h n i c a l a p p r o a c h t o d e f i n e the c h a r a c t e r i s t i c of 
t o x i c i t y . Indeed, t o x i c i t y i s not a simple p r o p e r t y of m a t t e r , 
but i s a v e r y comple  r e l a t i o n a l p r o p e r t  t h a t i  r e l a t i v  t
t h e l i v i n g o r g a n i s
c o m b i n a t i o n of substance  exposur
an organism, and the c o n c e n t r a t i o n of the substance. Adverse 
impacts of a t o x i c substance on an organism may be manifested i n 
a s h o r t p e r i o d of time (acute t o x i c i t y ) , or over a l o n g e r p e r i o d 
( c h r o n i c t o x i c i t y ) t h a t may i n v o l v e many d i f f e r i n g forms of 
a d v e r s e i m p a c t , r a n g i n g f r o m m o d i f i c a t i o n of b e h a v i o r to 
mutagenic or c a r c i n o g e n i c e f f e c t s i n a f f e c t e d organisms. 

Because of the d i f f i c u l t y we e x p e r i e n c e d i n f i n d i n g s imple 
p r o c e d u r e s t o t e s t f o r mutagenic or c a r c i n o g e n i c e f f e c t s of 
t o x i c s u b s t a n c e s i n w a s t e s , t h e a p p r o a c h i n the L o u i s i a n a 
r e g u l a t i o n s h a s b e e n t o a f i r s t - l i n e c r i t e r i o n of acute 
t o x i c i t y , b a s e d e i t h e r on the presence of c e r t a i n d e s i g n a t e d 
m a t e r i a l s i n a waste stream, e.g., mercury, or on the l i s t i n g of 
c o m p o n e n t s o f t h e w a s t e s t r e a m i n standard and w i d e l y used 
t o x i c s r e g i s t r i e s or r e f e r e n c e works. Thus, the d e f i n i t i o n of 
the t o x i c c h a r a c t e r i s t i c was expanded f a r beyond the number of 
substances s p e c i f i e d by the EPA e x t r a c t i o n procedure, and became 
l a r g e l y based on a comparison to l i t e r a t u r e r e f e r e n c e s of the 
c o n s t i t u e n t s l i s t e d by an a n a l y s i s o f a waste stream (or 
o t h e r w i s e known to be p r e s e n t ) . Because the r e f e r e n c e sources 
t o be used (e.g., Sax, NI0SH) tend to be q u i t e c o n s e r v a t i v e i n 
r a n k i n g r e l a t i v e t o x i c i t i e s , the d i s t i n c t i o n s between ' a c u t e ' 
and ' c h r o n i c ' t o x i c i t y tend to be b l u r r e d somewhat, so t h a t a 
g r e a t many substances w i t h low acute t o x i c i t y but s i g n i f i c a n t 
c h r o n i c t o x i c i t y are i n c l u d e d f o r r e g u l a t o r y c o n t r o l . 

The n e x t s t e p was a r e g u l a t o r y requirement on those who 
g e n e r a t e d , t r e a t e d , s t o r e d , or d i s p o s e d of wastes to send i n to 
t h e S t a t e n o t i f i c a t i o n s i d e n t i f y i n g the wastes covered as 
hazardous wastes by the S t a t e r e g u l a t i o n s . T h i s n o t i f i c a t i o n 
p r o c e s s tended to produce r a t h e r c o n s e r v a t i v e i d e n t i f i c a t i o n s of 
w a s t e s ; t h a t i s , n o t i f i e r s t e n d e d to i d e n t i f y as hazardous 
w a s t e s a b r o a d e r s p e c t r u m o f w a s t e s than have so f a r been 
i d e n t i f i e d as h a z a r d o u s by EPA. The ' u n i v e r s e ' of hazardous 
wastes r e g u l a t e d i n L o u i s i a n a has been l a r g e r than t h a t under 

In Risk Assessment at Hazardous Waste Sites; Long, F., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1982. 



2. DE V I L L E Case Studies in Louisiana 13 

t h e F e d e r a l s y s t e m f r o m t h e b e g i n n i n g . However, a set of 
p r o c e d u r e s i s a v a i l a b l e f o r d e l i s t i n g at the S t a t e l e v e l any 
waste not i d e n t i f i e d as hazardous under the F e d e r a l system, by 
demon s t r a t i o n th a t the waste (a) i s n o t , on the b a s i s of f u r t h e r 
t e c h n i c a l c o n s i d e r a t i o n s , a hazardous waste under the S t a t e 
approach, and (b) can be p r o p e r l y managed o u t s i d e the hazardous 
waste c o n t r o l system. 

As a c o n d i t i o n of i n t e r i m a u t h o r i z a t i o n under the F e d e r a l 
h a z a r d o u s w a s t e r e g u l a t i o n s , L o u i s i a n a has from time to time 
f o r m a l l y a d o p t e d subsequent EPA l i s t i n g s of hazardous wastes. 
I t has been our expe r i e n c e tha t these waste streams have a l r e a d y 
been covered and were a l r e a d y being r e g u l a t e d under the S t a t e 
s y s t e m . I n t u i t i v e l y , t h e St a t e approach seems a l s o to have 
drawn upon the common sense of the r e g u l a t e d i n d u s t r i e s . Many 
n o t i f i c a t i o n s o f w a s t
m e e t i n g t h e t o x i c c h a r a c t e r i s t i
judgments as to the k i n d s of problems those wastes might cause 
i f not p r o p e r l y managed. 

How b i g sh o u l d the ' u n i v e r s e ' of hazardous wastes be? 

I must confess t h a t , at a ve r y e a r l y stage of r e g u l a t i o n 
d r a f t i n g , we s e r i o u s l y c o n s i d e r e d the a l t e r n a t i v e of sim p l y 
c a l l i n g a l l i n d u s t r i a l wastes 'hazardous wastes,' because of the 
d i f f i c u l t i e s of p r o v i d i n g t e c h n i c a l d e f i n i t i o n s of the term, and 
s p e c i f y i n g a n a l y t i c a l p r o c e d u r e s . We d i d n o t take t h a t 
approach, f o l l o w i n g f u r t h e r c o n s i d e r a t i o n of the i n t e n t of the 
a u t h o r i z i n g l e g i s l a t i o n : the approach to s e t t i n g standards f o r 
management of hazardous wastes c a l l e d f o r more s t r i n g e n t , hence, 
g e n e r a l l y more expensive p r a c t i c e s than would be r e q u i r e d f o r 
n o n - h a z a r d o u s w a s t e s . To r e g u l a t e e x c e s s i v e l y wastes t h a t 
p r e s e n t l i t t l e hazard would tend toward r e g u l a t o r y ' o v e r k i l l ; ' 
a t the same time, f a i l u r e to i d e n t i f y wastes r e q u i r i n g s t r i n g e n t 
management would be r e g u l a t o r y ' u n d e r k i l l . ' 

O ur e x p e r i e n c e i n L o u i s i a n a i s th a t the ' u n i v e r s e ' of 
hazardous wastes should be somewhat l a r g e r than t h a t p r e s e n t l y 
d e f i n e d by EPA, so as t o accommodate c e r t a i n waste streams 
covered i n the S t a t e program t h a t , we b e l i e v e , do need s t r i n g e n t 
m a n a g e m e n t , b u t a r e n o t c u r r e n t l y addressed at the F e d e r a l 
l e v e l . 

The w a s t e s t h e m s e l v e s do n o t h o l d the answer. A 
fundamental p o i n t i s t h a t a hazardous waste should be regarded 
as o n l y a potential hazard; i f p r o p e r l y managed, i t should not 
cause any a c t u a l , s i g n i f i c a n t adverse impact to p u b l i c h e a l t h or 
t h e e n v i r o n m e n t . The a c t u a l r i s k s presented by a hazardous 
waste are best d e f i n e d i n the con t e x t of how i t i s handled and 
m a n a g e d . T h e r e f o r e , t h e k e y t o t h e d e v e l o p m e n t o f the 
r e g u l a t o r y s y s t e m became the s e l e c t i o n of standards f o r the 
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management o f h a z a r d o u s w a s t e s , d e s i g n e d to m i t i g a t e the 
hazardous nature of the waste. 

T h i s p e r s p e c t i v e i s employed i n a l l case-by-case d e c i s i o n s 
on p e t i t i o n s f o r e x e m p t i o n from the r e g u l a t o r y r e q u i r e m e n t s , 
i n c l u d i n g p e t i t i o n s f o r d e l i s t i n g . The r e q u i r e d t e c h n i c a l 
i n f o r m a t i o n f o r e v a l u a t i o n of such p e t i t i o n s i n c l u d e s not o n l y 
p h y s i c a l and c h e m i c a l data on the waste m a t e r i a l i t s e l f , but 
a l s o i n f o r m a t i o n on how t h e w a s t e w o u l d be managed i f a 
f a v o r a b l e d e c i s i o n were made on the p e t i t i o n . 

S e t t i n g r e g u l a t o r y s tandards and c r i t e r i a 

S t i l l more d i f f i c u l t p r o b l e m s emerge at the l e v e l of 
e s t a b l i s h i n g the boundaries of a c c e p t a b l e p r a c t i c e s f o r managing 
hazardous wastes. Thes  problem  i t t e c h n i c a l  l e g a l
and p o l i t i c a l . 

Some t e c h n i c a l p r o b l e m s . I m p l i c i t i n t h e i d e a of a 
r e g u l a t o r y s t a n d a r d o r c r i t e r i o n i s some l e v e l o f r i s k 
assessment and r i s k evaluation, more or l e s s f o r m a l l y , and w i t h 
more or l e s s s o p h i s t i c a t i o n . By ' r i s k assessment' I mean t h a t 
some s o r t of c a l c u l a t i o n or e s t i m a t e i s made, however r o u g h l y , 
as to the l i k e l i h o o d of an adverse impact of a hazardous waste 
on human h e a l t h or the environment. Then ' r i s k e v a l u a t i o n ' i s 
some s o r t o f c a l c u l a t i o n or e s t i m a t e , however r o u g h l y , as to 
whether t h a t l i k e l i h o o d o r r i s k of adverse impact i s a c c e p t a b l e , 
o r n o t . 

The C o n g r e s s d i r e c t e d EPA (as the L o u i s i a n a L e g i s l a t u r e 
d i r e c t e d t h e D e p a r t m e n t o f N a t u r a l Resources) to promulgate 
r e g u l a t i o n s t h a t e s t a b l i s h minimum standards and c r i t e r i a f o r 
a c c e p t a b l e management o f h a z a r d o u s waste. The r e g u l a t i o n 
d r a f t e r s must t h e n seek s c i e n t i f i c and t e c h n i c a l i n f o r m a t i o n 
t h a t enables r i s k assessments f o r v a r i o u s a l t e r n a t i v e p r a c t i c e s 
i n h a z a r d o u s w a s t e h a n d l i n g and management, p a r t i c u l a r l y f o r 
development of any d e s i g n or o p e r a t i o n s standards or c r i t e r i a 
f o r hazardous waste f a c i l i t i e s . 

But at the same time the r e g u l a t i o n d r a f t e r s are faced w i t h 
the s t i l l more d i f f i c u l t job of doing a r i s k e v a l u a t i o n . That 
i s , t h e y must recommend p u b l i c p o l i c y d e c i s i o n s as to the 
a c c e p t a b l e l e v e l s o f r i s k s f o r a v a r i e t y of hazardous waste 
a c t i v i t i e s , e . g . , a c c e p t a b l e minimums f o r the e f f i c i e n c y of 
d e s t r u c t i o n of hazardous wastes by i n c i n e r a t i o n . In p r i n c i p l e , 
t h i s process may be not u n l i k e the d e c i s i o n s made by a banker 
about a p o t e n t i a l l o a n , or an i n s u r a n c e u n d e r w r i t e r i n s e t t i n g 
the r a t e f o r an i n s u r a n c e p o l i c y : a r i s k assessment i s made, 
and an a p p r o p r i a t e ' s a f e t y margin' i s f a c t o r e d i n t o the i n t e r e s t 
r a t e or the p o l i c y premium to a r r i v e at an a c c e p t a b l e l e v e l of 
r i s k f o r t h e i n d i v i d u a l c a s e ( b u t based on e xperience and 
p r o j e c t i o n s f o r a l a r g e number of c a s e s ) . 
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But the r e g u l a t i o n d r a f t e r has much l e s s 'hard' i n f o r m a t i o n 
a n d e x p e r i e n c e a v a i l a b l e on which to base a r i s k e v a l u a t i o n , 
e . g . , o f a c c e p t a b l e l e v e l s o f e m i s s i o n s or r e l e a s e s of a 
ca r c i n o g e n i n t o the environment. For reasons t h a t w i l l become 
a p p a r e n t , t h e r e f o r e , t h e r e i s a tendency to f a c t o r i n l a r g e r 
s a f e t y margins i n t o environmental r e g u l a t i o n s than most bankers 
would r e q u i r e on l o a n s . There i s a r e l a t i v e l y s h o r t h i s t o r y of 
e n g i n e e r i n g d a t a g a t h e r i n g and a n a l y s i s f o r many waste 
management p r a c t i c e s . But the r e a l l i m i t i n g problem i s t h a t of 
making e v a l u a t i o n s based on p o t e n t i a l h e a l t h impacts of t o x i c s 
a t low l e v e l s . I n the end, t h e r e f o r e , r i s k e v a l u a t i o n s — t h a t 
i s , s tandards and c r i t e r i a — tend to be l a r g e l y based on p o l i c y 
c o n s i d e r a t i o n s r a t h e r t h a n on s c i e n t i f i c and t e c h n i c a l 
i n f o r m a t i o n per se. T h i s s i t u a t i o n w i l l , one hopes, ev o l v e to a 
g r e a t e r r o l e f o r s c i e n t i f i
a c c u m u l a t i o n of exp e r i e n c
A reasonable g o a l f o r e v o l u t i o n of the r e g u l a t o r y program over 
t i m e , t h e r e f o r e , should be improved e f f i c i e n c y of the program, 
i . e . , a l l o w a n c e o f l e a s t - c o s t p r a c t i c e s t h a t a c h i e v e the 
requirements of p r o t e c t i o n of p u b l i c h e a l t h and the environment. 

I t i s apparent t h a t s c i e n c e and technology should p l a y a 
l e a d r o l e f o r improving the e f f i c i e n c y of the r e g u l a t o r y program 
over time. There should be c o n t i n u i n g e v a l u a t i o n of exper i e n c e 
g a t h e r e d i n t h e o p e r a t i o n of the r e g u l a t o r y system, t o g e t h e r 
w i t h p r o v i s i o n s f o r i n c o r p o r a t i n g new i n f o r m a t i o n from r e s e a r c h 
and development e f f o r t s . 

Some l e g a l problems. The p r i n c i p l e of enforceability p l a y s 
a l a r g e r o l e i n the hazardous waste r e g u l a t o r y program. The 
r e g u l a t i o n d r a f t e r , t h e r e f o r e , must p a y a g r e a t d e a l of 
a t t e n t i o n t o m e a s u r e m e n t a t t h e t h r e s h o l d o f 
c o m p l i a n c e / n o n - c o m p l i a n c e w i t h t h e r e g u l a t i o n s , and to 
mechanisms t h a t w i l l h e l p b u i l d c h a i n s of evidence i n cases of 
v i o l a t i o n . As m i g h t be ex p e c t e d , a great d e a l of paperwork 
i n e v i t a b l y e n t e r s the r e g u l a t o r y requirements f o r these reasons. 
B u t t h e r e a r e a l s o t e c h n i c a l r a m i f i c a t i o n s . The concept of 
e n f o r c e a b i l i t y t e n d s t o r e q u i r e t h e s e t t i n g o f s p e c i f i c 
q u a n t i t a t i v e m e a s u r e s f o r d e t e r m i n a t i o n of compliance, as i n 
e v a l u a t i n g g r o u n d w a t e r m o n i t o r i n g w e l l d a t a . Among the 
t e c h n i c a l c o m p l i c a t i o n s i n r e g u l a t o r y development i s the need to 
s e t l e v e l s of q u a n t i t a t i v e measurements f o r enforcement purposes 
t h a t r e f l e c t a s w e l l as p o s s i b l e the needs of program 
enforcement, and are a l s o r e a s o n a b l y a c c u r a t e and r e p r o d u c i b l e . 
As the need to monitor f o r l o w - l e v e l t o x i c s i s v e r y g r e a t f o r a 
hazardous waste program, t h i s has become a major t e c h n i c a l area 
of d i f f i c u l t y . 

The p o l i t i c a l problem. P a r a d o x i c a l l y , the focus of p u b l i c 
a t t e n t i o n on t h e n e e d to c o n t r o l and improve hazardous waste 
management d e c i s i o n s o f t e n makes those d e c i s i o n s s t i l l more 
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d i f f i c u l t t h a n t e c h n i c a l c o n s i d e r a t i o n s alone might i n d i c a t e . 
W h i l e i n many c a s e s i t might be argued from a s c i e n t i f i c or 
e n g i n e e r i n g p e r s p e c t i v e t h a t a h a z a r d o u s waste management 
a c t i v i t y has met the requirements of the d e f i n e d standards or 
c r i t e r i a , l a r g e s e c t o r s of the p u b l i c may d i s a g r e e . T h i s may 
w e l l be t r u e even i n cases where a l l p a r t i e s agree as to the 
r i s k a s s e s s m e n t , i . e . , the l i k e l i h o o d of an adverse event or 
impact. In the end, a r i s k e v a l u a t i o n i s to a g r e a t e r or l e s s e r 
degree a s u b j e c t i v e d e c i s i o n . Perhaps the s i n g l e g r e a t e s t task 
f a c i n g government i n the implementation of the hazardous waste 
program i s the r e d u c t i o n of u n c e r t a i n t y and s u b j e c t i v i t y at the 
l e v e l of r i s k e v a l u a t i o n f o r hazardous waste management. 

The L o u i s i a n a e x p e r i e n c e on standards and c r i t e r i a 

A heavy emphasis
i n the L o u i s i a n a hazardou  r e g u l a t i o n s
these performance standards are a number of d e s i g n standards and 
o p e r a t i n g r e q u i r e m e n t s d e s i g n e d t o m i n i m i z e r e l e a s e s or 
em i s s i o n s of hazardous wastes. 

To a c o n s i d e r a b l e degree, these r e g u l a t i o n s have s a t i s f i e d 
the t e c h n i c a l and l e g a l requirements and go a l s of the program. 
Demonstrably, the program has r e s u l t e d i n great improvements of 
waste management p r a c t i c e s i n the s t a t e . C e r t a i n l y , no examples 
of gross mismanagement of wastes, such as those which r e s u l t e d 
i n some of the abandoned s i t e s i n the s t a t e , are now o p e r a t i n g . 
Whether the L o u i s i a n a program has yet s a t i s f i e d the p o l i t i c a l 
r e q u i r e m e n t , t h a t i s , s a t i s f a c t i o n of the p u b l i c ' s e x p e c t a t i o n s , 
remains i n doubt — as i t does at the F e d e r a l l e v e l and i n the 
o t h e r s t a t e s , as w e l l . 

Some mistakes of the p a s t : "abandoned" s i t e s 

I n e a r l y 1979, we had i d e n t i f i e d some 14 problem s i t e s i n 
L o u i s i a n a t h a t w e r e t h e r e s u l t o f p o o r p a s t management 
p r a c t i c e s . T y p i c a l l y , t h e s e s i t e s r e p r e s e n t e d g r o s s l y 
u n a c c e p t a b l e p a s t p r a c t i c e s , and not merely minor depar t u r e s 
f r o m g o o d e n g i n e e r i n g and o p e r a t i n g c o n d i t i o n s . S u b s t a n t i a l 
p r o g r e s s was made i n g e t t i n g s e v e r a l of these s i t e s cleaned up 
by r e s p o n s i b l e p a r t i e s . 

However, the e f f e c t i v e n e s s of s t a t e government to compel or 
encourage p r i v a t e p a r t y cleanup of o l d problem s i t e s appears to 
have d i m i n i s h e d at the same time p u b l i c a t t e n t i o n has been drawn 
t o t h e s e p r o b l e m s i t e s — p e r h a p s e v e n b e c a u s e o f t h a t 
a t t e n t i o n . An a d d i t i o n a l f a c t o r which may be r e s p o n s i b l e f o r 
slowdown i n the r a t e of s i t e cleanups seems to be the passage 
and subsequent slow r a t e of implementation of Superfund. 

L a s t y e a r , the S t a t e proposed cleanup of an abandoned s i t e , 
f o l l o w i n g a f e a s i b i l i t y i n v e s t i g a t i o n of the s i t e t h a t i n d i c a t e d 
t h a t o n - s i t e d i s p o s a l of the wastes would be e n v i r o n m e n t a l l y 
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a c c e p t a b l e , as w e l l as the most c o s t - e f f e c t i v e approach. Strong 
p u b l i c r e a c t i o n to the cleanup p l a n emerged, and no a c t i o n has 
ye t been taken. A s i d e from other t e c h n i c a l problems and h i g h e r 
c o s t s t h a t w o u l d be a s s o c i a t e d w i t h o f f - s i t e d i s p o s a l of the 
w a s t e s f r o m t h i s s i t e , a n o t h e r p a t t e r n i s now v i s i b l e and 
p r e d i c t a b l e ; i f d i s p o s a l of these m a t e r i a l s i s proposed at any 
s u i t a b l e commercial f a c i l i t y , t h i s w i l l arouse o p p o s i t i o n i n the 
l o c a l area of the r e c i p i e n t f a c i l i t y . 

I t seems u n l i k e l y t h a t t h e p u b l i c w i l l not demand and 
e n c o u r a g e p o s i t i v e a p p r o a c h e s t o c l e a n u p . R a t h e r , the 
d i f f i c u l t y o f b u i l d i n g a c o n s e n s u s f o r p r o p o s e d a c t i o n s 
i l l u s t r a t e s the c o m p l e x i t y of the s o c i a l and p o l i t i c a l i s s u e s 
t h a t a l s o p l a y a p a r t i n governmental a c t i o n s . 

I s u s p e c t — a n d hope — t h a t t h e s l o w d o w n i s o n l y 
temporary. I t appear
t h o s e a l r e a d y d i s c u s s e d
p r i v a t e p a r t i e s a b o u t p o t e n t i a l l i a b i l i t y f o l l o w i n g c leanup, 
r a i s e d by the passage of the Comprehensive Emergency Response, 
C o m p e n s a t i o n a n d L i a b i l i t y A c t (CERCLA, a l s o known as 
Superfund). The q u e s t i o n as to "how c l e a n i s c l e a n " has become 
a q u e s t i o n w i t h not o n l y t e c h n i c a l but l e g a l r a m i f i c a t i o n s s i n c e 
the passage of CERCLA. As w i t h the hazardous waste r e g u l a t o r y 
program, a combination of t e c h n i c a l , l e g a l and p o l i c y answers 
may be r e q u i r e d t o e x p e d i t e r e s o l u t i o n of e x i s t i n g o l d s i t e 
problems. 

The S t a t e has l i s t e d seven s i t e s i n the s t a t e f o r p o s s i b l e 
Superfund a c t i o n . At one, s e v e r a l thousand drums of waste were 
s t a c k e d above ground, and then abandoned. Another r e p r e s e n t s a 
case of good i n t e n t i o n s gone bad; a commercial waste s i t e t h a t 
l a c k e d t i g h t r e g u l a t o r y c o n t r o l s t o set i t s o p e r a t i n g 
c o n d i t i o n s , and consequently got i n t o t r o u b l e . Another s t a r t e d 
out as a m u n i c i p a l s o l i d waste s i t e , and somehow ended up as an 
u n c o n t r o l l e d dump f o r hazardous wastes. S t i l l another was an 
o l d waste o i l r e c o v e r y p l a n t t h a t was operated v e r y p o o r l y , i n a 
poor s i t e a r e a . 

The ' M i t r e Model' and s i t e r a n k i n g . EPA has developed a 
h a z a r d a s s e s s m e n t model (commonly c a l l e d the M i t r e Model) to 
h e l p rank problem hazardous waste s i t e s f o r p o t e n t i a l Superfund 
response. The model i s a r e l a t i v e l y s imple one, w i t h minimal 
d a t a r e q u i r e m e n t s . The model i s designed to pr o v i d e scores f o r 
a c t u a l o r p o t e n t i a l i m p a c t s on h e a l t h or the environment by 
th r e e r o u t e s of exposure — groundwater, s u r f a c e water, or a i r 
e m i s s i o n s — as w e l l as by d i r e c t c o n t a c t or f i r e and e x p l o s i o n . 
P a r a m e t e r s i n c l u d e t o x i c i t y , q u a n t i t y , p h y s i c a l s t a t e and 
p e r s i s t e n c e o f t h e w a s t e a t a s i t e ; c h a r a c t e r i s t i c s of a 
p o t e n t i a l r o u t e ( t o g r o u n d w a t e r , s u r f a c e water, or a i r ) of 
r e l e a s e o f t h e w a s t e s , e.g., s o i l p e r m e a b i l i t y ; the mode of 
exposure or use of the n a t u r a l r e s o u r c e , e.g., an a q u i f e r or 
s u r f a c e w a t e r s u s e d f o r d r i n k i n g w a t e r ; and the t a r g e t of 
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exposure, e.g., p o p u l a t i o n u s i n g the a q u i f e r w i t h i n a s p e c i f i e d 
r a d i u s of the s i t e . 

The L o u i s i a n a s i t e s so f a r ranked u s i n g d r a f t guidance f o r 
da t a i n p u t to the model have not scored h i g h , compared to many 
o t h e r s i t e s i n the n a t i o n . In g e n e r a l , two f a c t o r s account f o r 
the r e l a t i v e l y low s c o r e s : (1) low p o p u l a t i o n d e n s i t y (except 
i n one c a s e ) ; a n d (2) s u b s u r f a c e geology and hydrology t h a t 
tends to minimize p o t e n t i a l f o r groundwater c o n t a m i n a t i o n . 

Our e x p e r i e n c e has l e d us to doubt the u t i l i t y of the M i t r e 
M o d e l f o r s i t e r a n k i n g , b e y o n d i t s u s e as a ' f i r s t c u t ' 
s c r e e n i n g d e v i c e . The model scores f o r the L o u i s i a n a s i t e s do 
not appear to c o r r e l a t e p a r t i c u l a r l y w e l l w i t h o t h e r means of 
e v a l u a t i n g the r e l a t i v e r a n k i n g of problem s e r i o u s n e s s , nor do 
t h e y g i v e any u s e f u l i n s i g h t as t o t h e type or extent of 
response t h a t may be r e q u i r e d . 

I n d i s c u s s i o n s w i t
does not appear to p r o v i d
the r e l a t i v e l e v e l s of r i s k s posed by d i f f e r e n t s i t e s , nor does 
i t p r o v i d e a b a s i s f o r management d e c i s i o n s once a ranked l i s t 
h a s b e e n g a t h e r e d . On t h e othe r hand, i t i s c l e a r — a g a i n 
based on our exp e r i e n c e — t h a t the model would be too expensive 
to use as a s c r e e n i n g d e v i c e at any l e v e l , i f i t were made much 
more s o p h i s t i c a t e d than i t i s now. For example, the c o l l e c t i o n 
and a n a l y s i s of data on the 'groundwater r o u t e ' can c o s t more 
t h a n $ 1 0 0 , 0 0 0 . L o u i s i a n a h a s done r a t h e r e x t e n s i v e s i t e 
i n v e s t i g a t i o n s f o r most of the s i t e s l i s t e d w i t h EPA, and the 
i n v e s t m e n t s o f r e s o u r c e s have been s u b s t a n t i a l . We b e l i e v e 
t h a t , because of the s i m p l i c i t y of the M i t r e Model, t h i s poses 
problems of c o m p a r a b i l i t y w i t h o t h e r ranked s i t e s , where much 
l e s s i n f o r m a t i o n may have been a v a i l a b l e . 

Among the more s e r i o u s problems i n a s s e s s i n g an o l d s i t e i s 
the d i f f i c u l t y and expense of c h a r a c t e r i z i n g the wastes. From a 
t e c h n i c a l p o i n t of view, i t r a r e l y makes sense to t a l k about a 
' r e p r e s e n t a t i v e ' sample, p a r t i c u l a r l y i f thousands of drums of 
wastes from mixed sources are p r e s e n t . 

RCRA and CERCLA p r e s e n t d i f f e r e n t t e c h n i c a l problems. At 
f i r s t g l a n c e , t h e t e c h n i c a l n e e d s f o r a h a z a r d o u s waste 
r e g u l a t o r y program, and f o r response to o l d problem s i t e s might 
seem n e a r l y i d e n t i c a l . Our exp e r i e n c e i n d i c a t e s t h a t t h i s i s 
not so. The p r o t o c o l s f o r sampling and a n a l y s i s a t an o p e r a t i n g 
s i t e c a n be w e l l s p e c i f i e d because the types and sources of 
wastes are known, the management techniques and o p e r a t i o n s are 
s p e c i f i e d , and t h e r e g u l a t e d f a c i l i t y i s r e q u i r e d to develop 
e x t e n s i v e r e c o r d s a n d an o p e r a t i n g l o g . The o b j e c t i v e of 
s a m p l i n g and w a s t e a n a l y s i s p l a n s at an o p e r a t i n g s i t e i s , 
s i m p l y , q u a l i t y c o n t r o l on r i g i d l y s p e c i f i e d and w e l l documented 
o p e r a t i o n s . 

Q u i t e d i f f e r e n t s t r a t e g i e s f o r sampling and a n a l y s i s are 
r e q u i r e d a t an o l d p r o b l e m s i t e . In t h i s case, l i t t l e or no 
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d o c u m e n t a t i o n o f t h e o p e r a t i o n s a t t h e s i t e — i n c l u d i n g 
c h e m i c a l a n a l y s e s of the wastes, management of the wastes, and 
d e t a i l s and l o c a t i o n of d i s p o s a l areas — i s a v a i l a b l e . With 
r e l a t i v e l y l i m i t e d r e s o u r c e s , the responding governmental agency 
m u s t t a r g e t i t s s a m p l i n g and a n a l y s i s e f f o r t s to meet the 
o b j e c t i v e s o f p r o b l e m d e f i n i t i o n ( t h e hazardous m a t e r i a l s 
p r e s e n t , the e x t e n t and natu r e of co n t a m i n a t i o n of the s i t e , and 
t h e s u r f a c e a nd s u b s u r f a c e c h a r a c t e r i s t i c s of the s i t e ) ; and 
d e v e l o p m e n t o f a f e a s i b l e s t r a t e g y to address the problems 
( i n c l u d i n g , f o r example, an assessment of the s u i t a b l i l t y of the 
s i t e f o r o n - s i t e b u r i a l of p a r t or a l l of the waste m a t e r i a l s ) . 
I n e v i t a b l y , the a v a i l a b l e data w i l l be l i m i t e d by c o n t r a s t to 
the data t h a t should now be a v a i l a b l e from a p r o p e r l y operated 
h a z a r d o u s w a s t e management f a c i l i t y t h a t i s s u b j e c t to the 
c u r r e n t L o u i s i a n a or
the abandoned s i t e i s
t h e c o s t o f r e c o n t a i n e r i z a t i o n or immediate d i s p o s a l of the 
w a s t e s , a n d an a v e r a g e a n a l y t i c a l c o s t t h a t may range w e l l 
upwards of $500 per drum sampled. Given a s i t e , f o r example, 
w h e r e c o n t a i n e r s h a v e a l r e a d y d e t e r i o r a t e d , the concerns f o r 
a n a l y s i s w i l l p r o b a b l y n o t c e n t e r on whether the wastes are 
i n c o m p a t i b l e ( t h e y h a v e a l r e a d y r e a c t e d , i f s o ) , but on the 
t e c h n i c a l f e a s i b i l i t y o f o n - s i t e v e r s u s o f f - s i t e (or some 
combination) d i s p o s a l of the wastes p r e s e n t . 

Degree of hazard and l e v e l of c o n t r o l 

One o f t h e most p r o m i s i n g t e c h n i c a l approaches to 
r e g u l a t i o n of hazardous wastes (and one t h a t a l r e a d y seems i n 
pr o g r e s s f o r e v a l u a t i o n and response to o l d problem s i t e s ) i s 
t h e d e v e l o p m e n t o f a ' d e g r e e o f h a z a r d ' s y s t e m of waste 
c l a s s i f i c a t i o n . The c u r r e n t RCRA approach and, to a s l i g h t l y 
l e s s e r d e g r e e , t h e L o u i s i a n a a p p r o a c h t e n d t o t r e a t a l l 
h a z a r d o u s w a s t e s as a b o u t e q u a l . I n f a c t , however, i t i s 
a p p a r e n t t h a t w a s t e m a t e r i a l s d i f f e r v e r y g r e a t l y over a 
s p e c t r u m o f i n t e n s i t y o f the c h a r a c t e r i s t i c s t h a t make them 
hazardous. T h i s i s p a r t i c u l a r l y so f o r the c h a r a c t e r i s t i c of 
t o x i c i t y . 

The degree of hazard approach, on the face of i t , may o f f e r 
a s i m i l a r b a s i s f o r p r e s c r i b i n g a s o r t of i n t e n s i t y of need f o r 
management. Beyond t h i s , i t i s a l s o apparent t h a t , g i v e n the 
c h o i c e of a v a i l a b l e management o p t i o n s f o r a g i v e n waste stream 
( s u c h as l a n d t r e a t m e n t , l a n d b u r i a l , i n c i n e r a t i o n , c h e m i c a l 
f i x a t i o n , e t c . ) t h e r e can be t e c h n i c a l d e c i s i o n s rendered as to 
w h i c h o f t h e s e o p t i o n s a r e s u i t a b l e f o r the waste m a t e r i a l 
( e . g., a c h l o r i n a t e d hydrocarbon s o l v e n t w a s t e ) , and which are 
l e s s s u i t a b l e , or even u n a c c e p t a b l e . 

The t e c h n i c a l c h a l l e n g e s to the development of a hazardous 
waste management scheme based on such premises are g r e a t . For 
e x a m p l e , s t a n d a r d m e t h o d o l o g i e s f o r e v a l u a t i n g the probable 
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performance of t e c h n i c a l o p t i o n s f o r treatment or d i s p o s a l of a 
w a s t e m a t e r i a l , and improved and s i m p l i f i e d methodologies f o r 
r i s k assessment, need to be developed. 

But the p o t e n t i a l u s e f u l n e s s of s i m p l i f i e d management t o o l s 
t o c h o o s e t h e o p t i m a l l e v e l o f c o n t r o l and technology f o r 
h a n d l i n g hazardous wastes may w e l l be a d r i v i n g f o r c e to f u t u r e 
d e s i g n s , not o n l y of hazardous waste treatment f a c i l i t i e s , but 
a l s o of the r e g u l a t o r y system i t s e l f . 

R E C E I V E D July 7, 1982. 
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3 
Determining the Impacts on Human Health 
Attributable to Hazardous Waste Sites 

VERNON N. HOUK 

Center for Environmental Health, Centers for Disease Control, Atlanta, GA 30333 

The Superfund Act and implementing Executive Order 
assign to the Departmen
the responsibility
waste s i t e s pose to the heal th of workers and the 
general p u b l i c . Our working definition for such a 
heal th risk assessment i s the determination of proba
bilities of various adverse heal th outcomes that 
resu l t or would r e su l t from exposure to spec i f i ed 
hazards. To fulfill our l ega l mandate, we intend 
first to determine the nature and quanti ty of tox ic 
mater ia ls present at Superfund sites, the s ize and 
proximity of potentially exposed human populat ions, 
and the existence of likely pathways for s i g n i f i c a n t 
human exposure. I f all three factors are present, 
add i t iona l study through various approaches, such as 
exposure documentation s tudies , d isease-re la ted 
epidemiologic s tudies , or disease registries, will be 
considered. 

I n December 1980, P r e s i d e n t C a r t e r s i g n e d i n t o law a b i l l 
known as the Comprehensive E n v i r o n m e n t a l Response, Compensation 
and L i a b i l i t y A c t — m o r e commonly known as the Superfund A c t . I t 
i s designed to d e a l w i t h the burgeoning problem o f c l e a n i n g up 
o l d and abandoned hazardous waste s i t e s . The A c t imposes a t a x 
on the chemical i n d u s t r y and then a l l o c a t e s t h a t money, alo n g 
w i t h a F e d e r a l and S t a t e c o n t r i b u t i o n , to s i t e s needing 
emergency response or long-term cleanup; assessment of h e a l t h 
e f f e c t s which may r e s u l t from exposure; and enforcement a c t i o n 
a g a i n s t p a r t i e s r e s p o n s i b l e f o r these s i t e s , i n c l u d i n g genera
t o r s , t r a n s p o r t e r s , and s i t e owners. 

O f f i c i a l s o f the E n v i r o n m e n t a l P r o t e c t i o n Agency (EPA) 
t e s t i f i e d b e f o r e Congress t h a t EPA had i d e n t i f i e d over 9,600 
u n c o n t r o l l e d hazardous waste s i t e s , had made p r e l i m i n a r y 
assessments of 6,100 of these , and, by J u l y 1981, had completed 
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almost 2,800 o n - s i t e i n s p e c t i o n s , i n c l u d i n g some sampling o f 
s i t e c o n t e n t s and ground and s u r f a c e water. 

The C enters f o r D i s e a s e C o n t r o l (CDC), an agency o f the 
P u b l i c H e a l t h S e r v i c e , has been a s s i g n e d the r e s p o n s i b i l i t y f o r 
implementing the h e a l t h - r e l a t e d p o r t i o n s of Superfund f o r the 
Department of H e a l t h and Human S e r v i c e s . Although CDC has the 
p r i n c i p a l r o l e i n measuring the impact or p o t e n t i a l impact on 
human h e a l t h which may be r e l a t e d to exposure, the N a t i o n a l 
T o x i c o l o g y Program and the N a t i o n a l L i b r a r y o f M e d i c i n e have 
a c t i v e r o l e s i n p r o v i d i n g up-to-the-minute i n f o r m a t i o n about the 
known h e a l t h e f f e c t s of chem i c a l s or che m i c a l combinations found 
i n Superfund s i t e s . S i m i l a r l y , CDC 1s N a t i o n a l I n s t i t u t e f o r 
O c c u p a t i o n a l S a f e t y and H e a l t h w i l l h e l p ensure t h a t the h e a l t h 
o f emergency pe r s o n n e l and cleanup workers i s p r o t e c t e d when 
they respond i n Superfund a c t i o n s

The tremendous numbe
co u n t r y r e f l e c t s the growt  s y n t h e t i  o r g a n i
i n d u s t r y ( F i g u r e 1 ) . I n 1940, a p p r o x i m a t e l y one b i l l i o n pounds 
of s y n t h e t i c o r g a n i c c hemicals were produced i n the U n i t e d 
S t a t e s . By 1965, t h i s q u a n t i t y had i n c r e a s e d n e a r l y a hundred
f o l d and i t now exceeds 300 b i l l i o n pounds a year. 

T h i s e x p o n e n t i a l growth o f the i n d u s t r y has a worrisome by
product i n the massive problem of t o x i c waste d i s p o s a l . To 
determine i f such wastes cause h e a l t h damage i n exposed human 
p o p u l a t i o n s , we must conduct e p i d e m i o l o g i c i n v e s t i g a t i o n s o f 
r e l a t i o n s h i p s between t o x i c exposure and p o s s i b l e adverse 
h e a l t h outcome, c l i n i c a l or s u b c l i n i c a l . I n c o n d u c t i n g human 
h e a l t h s t u d i e s b e f o r e Superfund was enacted, we found t h a t such 
i n v e s t i g a t i o n s are c o n c e p t u a l l y simple and i n v o l v e s t r a i g h t f o r w a r d 
concepts of cause and e f f e c t . Implementing these s t u d i e s , 
however, i s " e a s i e r s a i d than done." 

Because of the extremely d i v e r s e s i t u a t i o n s i n which 
hazardous m a t e r i a l s are i n v o l v e d , each study p r e s e n t s unique 
problems. Table I i l l u s t r a t e s the d i v e r s i t y , b oth i n waste 
m a t e r i a l s and exposure s e t t i n g s , o f e i g h t r e c e n t t o x i c waste 
s i t u a t i o n s . D i f f e r e n c e s , i n f a c t , can be q u i t e l a r g e , r a n g i n g 
from the common d r u m - f i l l e d dump s i t e t o the widespread 
d i s p e r s a l of waste m a t e r i a l . Some g e n e r a l i z a t i o n s , however, can 
be made about these k i n d s o f s t u d i e s . 

E p i d e m i o l o g i c s t u d i e s u s u a l l y c o n s i s t of t h r e e fundamental 
phases: (1) D e t e r m i n i n g what t o x i c m a t e r i a l s are p r e s e n t , 
(2) e s t a b l i s h i n g how human exposure to these t o x i c m a t e r i a l s 
might oc c u r , and (3) measuring a c t u a l or p o t e n t i a l b i o l o g i c 
e f f e c t s . S u b s t a n t i v e i n f o r m a t i o n i n each of these phases i s 
e s s e n t i a l f o r s u c c e s s f u l l y c o m p l e t i n g any e p i d e m i o l o g i c s t udy. 

The f i r s t s t e p i n any t o x i c waste study i s t o determine 
what t o x i c m a t e r i a l s are present and i n what amounts. S i n c e 
most t o x i c waste s i t u a t i o n s i n v o l v e the dumping o f d i v e r s e 
m a t e r i a l s , problems of expensive t e c h n i c a l methodology can be 
f o r m i d a b l e . However, w i t h o u t an adequate i n v e n t o r y o f the 
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Figure 1. Historical growth of the synthetic organic chemical industry. (Repro
duced from Ref. 15.) 
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TABLE I 

L o c a t i o n 
of S i t e 
Love Canal dump 
N i a g a r a F a l l s , 
New York 

M e l v i n Wade 
dump, C h e s t e r , 
P e n n s y l v a n i a 

Woburn, 
Massachusetts 

T r i a n a , 
Alabama 

Βloomington, 
In d i a n a 

T r i s t a t e M i n i n g 
D i s t r i c t , 
Oklahoma, 
Kansas, and 
M i s s o u r i 
Montgomery 
County, 
P e n n s y l v a n i a 

P i t t s t o n , 
P e n n s y l v a n i a 

Recent S i t u a t i o n s I n v o l v i n g P o t e n t i a l Human 
Exposure to P o t e n t i a l l y T o x i c Waste M a t e r i a l s 

P r i n c i p a l 
Routes of 

T o x i c P h y s i c a l P o t e n t i a l 
M a t e r i a l s C o n d i t i o n Human Exposure 

land-L a r g e l y hydro
carbon r e s i d u e s 
from p e s t i c i d e 
p r o d u c t i o n 
D i v e r s e o r g a n i c 
c h e m i c a l

A r s e n i c com
pounds , heavy 
m e t a l s , o r g a n i c 
c h e m i c a l s 
DDT and r e l a t e d 
compounds 

I n a c t i v e 
f i l l i n r e s i 
d e n t i a l a rea 

S u r f a c e c o l 
l e c t i o  wast

g 
Abandoned 
waste lagoon 
w i t h m u l t i p l e 
s u r f a c e dumps 
I n d u s t r i a l 
waste dumped 
i n a r u r a l 
stream 

P o l y c h l o r i n a t e d I n d u s t r i a l 

D i r e c t , a i r 
b orne, and 
waterborne 
c o n t a c t s 
D i r e c t c o n t a c t , 
e x p l o s i o n d 

D i r e c t and 
waterborne 
c o n t a c t s 

Food c h a i n 
( f i s h ) 

D i r e c t c o n t a c t 
b i p h e n y l s 
(PCB fs) 

Heavy m e t a l s , 
a c i d i c a q u i f e r 

T r i c h l o r -
e t h y l e n e 

C h l o r i n a t e d 
s o l v e n t s , HCN, 
and heavy 
met a l s 

waste contami- and p o s s i b l y 
n a t i n g m u n i c i - food c h a i n 
p a l sewage used 
f o r garden 
manure 
Mine t a i l i n g s 
and a c i d i c 
a q u i f e r 
r e c h a r g e 

A i r b o r n e and 
i r r e p a r a b l y 
contaminated 
a q u i f e r 

I n d u s t r i a l D i r e c t and 
waste contami- waterborne 
n a t i n g a q u i f e r ; c o n t a c t s 
underground 
s t o r a g e tank 
r u p t u r e 
M i l l i o n s of 
g a l l o n s of 
waste dumped 
i n t o abandoned 
mine s h a f t s 

Food c h a i n and 
waterborne 
exposure 
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c h e m i c a l s — t h e i r q u a l i t y and q u a n t i t y and the p h y s i c a l c o n d i t i o n s 
under which they are p r e s e n t — i t i s premature, i f not i m p o s s i b l e , 
t o d e s i g n adequate e p i d e m i o l o g i c s t u d i e s . I f o n l y low concen
t r a t i o n s or s m a l l amounts of t o x i n s are p r e s e n t , t h e r e may not 
be s u f f i c i e n t reason to proceed w i t h i n v e s t i g a t i o n s . The 
d e c i s i o n of whether to proceed i s not always s i m p l e , s i n c e 
p u b l i c concern and p o l i t i c a l p r e s s u r e can be c o m p e l l i n g even i n 
the absence o f a confirmed t o x i c exposure. 

D e s p i t e such p r e s s u r e s , i t i s important to r e a l i z e t h a t 
c o n d u c t i n g even a simple survey o f h e a l t h e f f e c t s i s p e r i l o u s 
i f one l a c k s i n f o r m a t i o n about t o x i n s and exposure, s i n c e few, 
i f any, measurable h e a l t h e f f e c t s are s u f f i c i e n t l y s p e c i f i c f o r 
exposure t o p a r t i c u l a r t o x i n s or groups of t o x i n s t o be s u r r o 
gates f o r d i r e c t l y measuring t o x i c exposure. 

A f t e r a s s e s s i n g th  n a t u r d q u a n t i t i e f t o x i n  p r e s e n t
one must e v a l u a t e t h e i
m a t e r i a l s known to be t o x i  p r e s e n t  exposur y
have o c c u r r e d or may be o n l y remotely p o s s i b l e . Before exposure 
can be e v a l u a t e d , the means of exposure ( f o r example, d i r e c t 
c o n t a c t , contaminated water, o r contaminated a i r ) must be 
determined, and the s i z e of human p o p u l a t i o n s p o t e n t i a l l y exposed 
and t h e i r degree of p r o x i m i t y to the t o x i c m a t e r i a l s must be 
d e f i n e d . 

Another reason one must c o n s i d e r the n a t u r e of the c h e m i c a l s 
i n v o l v e d i s t h a t some chem i c a l s pass through the body q u i c k l y , 
whereas o t h e r s are s t o r e d i n t i s s u e . Exposure t o c hemicals 
which p e r s i s t i n t i s s u e , such as P o l y c h l o r i n a t e d B i p h e n y l s 
(PCB's) or DDT, o f course, p r o v i d e s much g r e a t e r o p p o r t u n i t y 
f o r p r o d u c t i v e e p i d e m i o l o g i c study than exposure to t r a n s i e n t 
agents (such as t r i c h l o r o e t h y l e n e i n Montgomery County). Many 
s t u d i e s are undertaken long a f t e r a c t i v e exposure has o c c u r r e d . 
I n such s t u d i e s , exposure can be judged o b j e c t i v e l y by measuring 
l e v e l s of p e r s i s t e n t t o x i n s i n t i s s u e . 

The prime o b j e c t i v e i n e p i d e m i o l o g i c s t u d i e s i s t o a s s o c i a t e 
p a r t i c u l a r exposures w i t h p o t e n t i a l h e a l t h e f f e c t s and thus to 
d e f i n e c a u s e - e f f e c t r e l a t i o n s h i p s . S i n c e t h i s process i s an 
i n d i r e c t assessment, i t i s h i g h l y dependent on the accuracy and 
s p e c i f i c i t y of o b s e r v a t i o n s recorded both f o r exposure and 
outcome. I t i s a more powerful study i f dose-response r e l a t i o n 
s h i p s can be shown, t h a t i s , i f i n c r e a s i n g l e v e l s of exposure 
are a s s o c i a t e d w i t h i n c r e a s i n g frequency of the h e a l t h e f f e c t s 
i n i n d i v i d u a l s . 

To determine t h i s c a u s e - e f f e c t r e l a t i o n s h i p , the epidemio
l o g i s t must be aware of f o u r d i f f i c u l t i e s which can l i m i t the 
power o f an e p i d e m i o l o g i c i n v e s t i g a t i o n ( T a b l e I I ) . The f i r s t 
i n v o l v e s the s i z e o f the p o p u l a t i o n needed f o r a study to demon
s t r a t e a g i v e n h e a l t h e f f e c t w i t h a g i v e n degree o f power. T h i s 
depends both on the degree o f exposure and on the expected 
b a s e l i n e frequency o f the p a r t i c u l a r h e a l t h e f f e c t . I f the 
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TABLE I I 

E p i d e m i o l o g i c I s s u e s Fundamental t o 
E v a l u a t i n g P o t e n t i a

E p i d e m i o l o g i c I s s u e s 

Expected b a s e l i n e frequency 
of s p e c i f i c h e a l t h e f f e c t s 

Impact on E p i d e m i o l o g i c Study 

R e l a t i v e l y low expected f r e 
quency r e q u i r e s l a r g e p o p u l a 
t i o n f o r s t u d y , e s p e c i a l l y to 
d e t e c t s m a l l i n c r e a s e s i n 
r i s k . 

L atency p e r i o d Long l a t e n c y may r e q u i r e p e r i 
o d i c or continuous long-term 
p o p u l a t i o n f o l l o w u p . 

M u l t i p l e c a u s a t i v e f a c t o r s 
( c l i n i c a l n o n s p e c i f i c i t y ) 

S i n c e p a r t i c u l a r h e a l t h e f f e c t s 
a r e not o f t e n s p e c i f i c f o r 
p a r t i c u l a r t o x i c exposures, 
data must be c o l l e c t e d and 
e v a l u a t e d . 

A l t e r a t i o n of r o u t i n e l y 
c o l l e c t e d exposure and/or 
outcome i n f o r m a t i o n to 
c o i n c i d e 

D i m i n i s h e s p r e c i s i o n of expo
sure/outcome r e l a t i o n s h i p . 
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h e a l t h outcome to be measured i s r a r e , the p o p u l a t i o n t o be 
s t u d i e d needs to be l a r g e . 

The second d i f f i c u l t y i s t h a t of l o n g o r v a r i a b l e l a t e n c y , 
the p e r i o d between exposure and measurable e f f e c t . At lower 
l e v e l s of t o x i c exposure, outcomes such as cancer may not occur 
u n t i l y ears l a t e r . T h i s means th a t the study d e s i g n must 
i n c l u d e long-term h e a l t h f o l l o w u p . The u s u a l recommendation i s 
t o e s t a b l i s h an exposure r e g i s t r y , w i t h a 20- t o 25-year study. 
The a l t e r n a t i v e i s to study c u r r e n t cancer i n a p o p u l a t i o n known 
to have been exposed over a span of y e a r s . N e i t h e r a l t e r n a t i v e 
i s easy s i n c e r e g i s t r i e s are expensive and c o m p l i c a t e d 
l o g i s t i c a l l y by the m o b i l i t y o f the U.S. p o p u l a t i o n . 

The t h i r d d i f f i c u l t y i s t h a t of competing causes o r , 
expressed d i f f e r e n t l y , the c l i n i c a l n o n s p e c i f i c i t y o f the h e a l t h 
e f f e c t s under study. T
f o r many p o t e n t i a l confoundin
d e s i g n must i n c l u d e c o l l e c t i n g  exposure
might a l s o cause the h e a l t h e f f e c t . I n p r a c t i c a l terms, t h i s 
means c o l l e c t i n g d a t a on past o c c u p a t i o n a l exposures, p e r s o n a l 
exposures, such as c i g a r e t t e smoking or the use o f a l c o h o l or 
drugs, and p e r s o n a l c h a r a c t e r i s t i c s , such as sex, r a c e , age, 
and socioeconomic s t a t u s , which may p r e d i c t l e v e l s o f r i s k f o r 
s p e c i f i c d i s e a s e s t a t e s . The more v a r i a b l e s a study addresses, 
o f c o u r s e , the more complex i t s e v e n t u a l a n a l y s i s and the 
g r e a t e r the s i z e of the p o p u l a t i o n needed f o r adequately 
a s s e s s i n g h e a l t h e f f e c t s . 

The f o u r t h d i f f i c u l t y — o n e o f t e n e n c o u n t e r e d — i s t h a t a 
h e a l t h outcome r o u t i n e l y measured by p o l i t i c a l boundaries ( c a n c e r 
m o r t a l i t y , f o r i n s t a n c e ) has t o be reshaped to e n v i r o n m e n t a l 
b o u n d a r i e s , such as those imposed by an a q u i f e r or wind p a t t e r n , 
t o i n c l u d e the p o p u l a t i o n under study. U n l e s s the exposure or 
outcome borders are d e f i n e d by p r o p e r l y e x t r a p o l a t i n g or i n t e r 
p o l a t i n g them to c o i n c i d e g e o g r a p h i c a l l y , any c a u s e - a n d - e f f e e t 
r e l a t i o n s h i p i s u s e l e s s . 

S e v e r a l methods the e p i d e m i o l o g i s t has f o r i n v e s t i g a t i n g 
r e l a t i o n s h i p s v a r y g r e a t l y i n c o s t , time and energy expended, 
and a n a l y t i c and i n t e r p r e t i v e v a l u e . The d e s c r i p t i v e study i s 
s i m p l y , as the name i m p l i e s , a s e r i e s of r a t e s , r a t i o s , and 
p r o p o r t i o n s which h e l p d e s c r i b e e i t h e r the exposure or the 
outcome i n d e t a i l . The c a s e - c o n t r o l study i s r e l a t i v e l y easy to 
c a r r y out, and new a n a l y t i c t e c h n i q u e s have a l r e a d y i n c r e a s e d 
i t s i n t e r p r e t i v e v a l u e . An exposure study, although not s t r i c t l y 
i n the realm of e p i d e m i o l o g y , documents exposure i n v a r i o u s 
s u b s t r a t a o f a p o p u l a t i o n . 

The f o l l o w i n g t h r e e accounts of w a s t e - s i t e i n v e s t i g a t i o n s 
demonstrate f o u r major approaches to a s s e s s i n g h e a l t h e f f e c t s at 
hazardous waste s i t e s : (1) D e s c r i p t i v e s t u d i e s , (2) c a s e - c o n t r o l 
s t u d i e s , (3) s t u d i e s , and (4) cohort s t u d i e s . 
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Woburn, Massachusetts - An Example of D e s c r i p t i v e and Case-
C o n t r o l S t u d i e s 

D u r i n g the summer o f 1979, r e s i d e n t s i n t h i s e a s t e r n 
Massachusetts town became concerned an apparent c l u s t e r o f s i x 
leukemia c a s e s , diagnosed s i n c e 1969 i n c h i l d r e n o f f a m i l i e s 
l i v i n g i n a 6-block area i n the s o u t h e a s t e r n p o r t i o n o f the 
town (1970 t o t a l p o p u l a t i o n : 37,067). The c l u s t e r was r e p o r t e d 
t o the Massachusetts Department of P u b l i c H e a l t h (MDPH) and t o 
the C e n t e r s f o r D i s e a s e C o n t r o l (CDC) both by l o c a l c i t i z e n s and 
a Boston p h y s i c i a n . Concern was a l s o expressed r e g a r d i n g o t h e r 
c a n c e r s , e s p e c i a l l y k i d n e y c a n c e r . An assessment o f t o w n - s p e c i f i c 
cancer m o r t a l i t y r a t e s made in d e p e n d e n t l y by MDPH at about the 
same time f o r the 1969-1978 decade i n Massachusetts showed 
s t a t i s t i c a l l y s i g n i f i c a n  e l e v a t i o n  i  Wobur  f o  a l l
as w e l l as f o r s e v e r a

The concern about excess cancers focused on p o s s i b l e 
causes r e l a t e d t o t o x i c waste d i s p o s a l s i t e s i n the town. From 
the mid-19th c e n t u r y u n t i l the 1920 fs, Woburn had been a major 
c e n t e r f i r s t f o r commercial t a n n i n g o f h i d e s and l a t e r f o r 
c h e m i c a l p r o d u c t i o n o f l e a d a r s e n i c a l p e s t i c i d e s . E f f o r t s i n 
the 1970 1 s to develop an i n d u s t r i a l park i n the n o r t h e a s t e r n 
p a r t o f the town uncovered s e v e r a l o l d abandoned waste d i s p o s a l 
s i t e s c o n t a i n i n g h i d e s or che m i c a l s r e l a t e d to p r i o r i n d u s t r i a l 
a c t i v i t i e s . Among the t o x i c c h e m i c a l s found i n e x c e s s i v e amounts 
were a r s e n i c , l e a d , chromium, and cadmium. Concern about l e a c h i n g 
o f waste c h e m i c a l s i n t o d r i n k i n g water l e d to e x t e n s i v e t e s t i n g 
of w e l l s which supply the town's water. Two o f 11 such w e l l s 
showed e x c e s s i v e l e v e l s o f v a r i o u s o r g a n i c chemicals ( t r i c h l o r o -
e t h y l e n e , f o r example). These two w e l l s had s u p p l i e d water, 
p r i n c i p a l l y t o the e a s t e r n h a l f o f the town, s i n c e the mid-
1960 1 s and were l o c a t e d a s h o r t d i s t a n c e to the n o r t h o f the 
leukemia c l u s t e r neighborhood. Because o f the demonstrated 
c h e m i c a l l e v e l s , the w e l l s were c l o s e d i n 1979. 

To e x p l o r e the p o s s i b l e cause of r e p o r t e d cancer e x c e s s e s , 
and p a r t i c u l a r l y t o examine the p o s s i b l e r e l a t i o n s h i p between 
the town's t o x i c waste s i t u a t i o n and the c h i l d h o o d leukemia case 
c o n c e n t r a t i o n , MDPH and CDC, i n 1980, conducted a j o i n t s t u dy. 
I n c i d e n c e p a t t e r n s f o r s e l e c t e d types o f cancer were s t u d i e d by 
u s i n g d a t a c o l l e c t e d from l o c a l and r e g i o n a l h o s p i t a l s o u r c es. 
I n c r e a s e d f r e q u e n c i e s f o r c h i l d h o o d leukemia and f o r k i d n e y 
cancer were c o n f i r m e d , w i t h the c h i l d h o o d leukemia excess b e i n g 
l o c a t e d i n one p a r t i c u l a r census t r a c t . 

S h i f t i n g e p i d e m i o l o g i c gears to c a s e - c o n t r o l methods, 
i n v e s t i g a t o r s then o b t a i n e d a d d i t i o n a l d a t a r e g a r d i n g a wide 
range o f p o s s i b l e e n v i r o n m e n t a l causes through d e t a i l e d i n t e r 
views w i t h p a t i e n t s or r e l a t i v e s o f p a t i e n t s . For a l l 12 c h i l d 
hood leukemia cases i n the town, t h i s process i n c l u d e d i n t e r v i e w s 
w i t h two age- and sex-matched c o n t r o l s drawn from s c h o o l e n r o l l 
ment l i s t s — o n e from the matched case neighborhood, the o t h e r 
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from another p a r t of the town. No c a u s a l f a c t o r s were found 
from these i n t e r v i e w d a t a f o r e i t h e r k i d n e y cancer or leukemia. 
Fo r leukemia i n p a r t i c u l a r , no c l e a r - c u t d i f f e r e n c e s were seen 
i n responses p r o v i d e d by case and c o n t r o l f a m i l i e s . 

The l i m i t a t i o n s o f these o b s e r v a t i o n s can be d e s c r i b e d i n 
terms of the g e n e r a l problems a s s o c i a t e d w i t h such t o x i c waste 
s t u d i e s . The h e a l t h outcome o f concern ( c a n c e r , s p e c i f i c a l l y 
c h i l d h o o d leukemia) i s a r e l a t i v e l y r a r e d i s e a s e . The t o x i c 
c h e m i c a l exposure of p a r t i c u l a r persons h a v i n g these d i s e a s e s 
c o u l d not be d i r e c t l y documented, s i n c e the o r g a n i c c h e m i c a l s 
found i n w e l l water were t r a n s i e n t . T h e r e f o r e , no means were 
a v a i l a b l e f o r l i n k i n g p a r t i c u l a r leukemia cases to p a r t i c u l a r 
t o x i c s u bstances. For the p r e s e n t , then, we are l e f t w i t h an 
apparent leukemia cas
a s s o c i a t i n g cases w i t
problems c l e a r l y present i n the town. 

T r i a n a , Alabama - An Example o f a C r o s s - s e c t i o n a l Study 

T r i a n a , w i t h a p o p u l a t i o n o f 600, i s l o c a t e d at the 
c o n f l u e n c e o f I n d i a n Creek and the Tennessee R i v e r . From 1947 
u n t i l 1971 DDT was manufactured i n a p l a n t 10 k i l o m e t e r s from 
T r i a n a . S e v e r a l thousand tons of DDT i n d u s t r i a l waste accumu
l a t e d i n the sediments of a t r i b u t a r y o f I n d i a n Creek. L o c a l l y 
caught f i s h have had t o t a l DDT r e s i d u a l l e v e l s up t o 100 times 
the t o l e r a n c e of 5 p a r t s per m i l l i o n (ppm) set by the Food and 
Drug A d m i n i s t r a t i o n . The h i g h l e v e l s of DDT r e s i d u e s i n the 
12 persons surveyed were suspected o f r e s u l t i n g from t h e i r 
consuming f i s h which had accumulated DDT from sediments. The 
t a s k at hand was to measure r e s i d e n t s ' exposure t o DDT and 
r e l a t e i t , i f p o s s i b l e , t o h e a l t h e f f e c t s i n the p o p u l a t i o n — a n 
example o f a c r o s s - s e c t i o n a l study. 

Of the 518 persons p a r t i c i p a t i n g i n the s t u d y , i n c l u d i n g 
44 commercial fishermen and t h e i r f a m i l i e s , 96.3 percent gave 
b l o o d specimens. The mean serum DDT l e v e l (76.2 p a r t s per 
b i l l i o n (ppb)) o f 499 persons l i v i n g downstream from the DDT 
m a n u f a c t u r i n g p l a n t was about f o u r times the n a t i o n a l mean 
(16.7 ppb). 

The number o f p a r t i c i p a n t s w i t h h i g h serum l e v e l s of DDT 
was s m a l l , and t h e r e f o r e no sound c o n c l u s i o n s c o u l d be drawn 
from the study, r e g a r d l e s s of the time i n v o l v e d . On the 
o t h e r hand, the p o p u l a t i o n was l a r g e enough f o r the study to 
i n c r e a s e u n d e r s t a n d i n g on s e v e r a l p o i n t s — n a m e l y , t h a t DDT 
appears to accumulate w i t h age, t h a t the l i v e r i s a f f e c t e d , and 
t h a t serum t r i g l y c e r i d e s and c h o l e s t e r o l l e v e l s are r e l a t e d to 
DDT l e v e l . F u r t h e r , i n the c i t i z e n s o f T r i a n a , l e v e l s of PCB's 
i n serum were found to c o r r e l a t e p o s i t i v e l y w i t h b l o o d p r e s s u r e 
c e r t a i n l i v e r f u n c t i o n t e s t s , and c h o l e s t e r o l , i n d e p e n d e n t l y of 
age and sex. 
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Bucks and Montgomery County, P e n n s y l v a n i a - An Example of a 
P o t e n t i a l Cohort Study 

I n May 1979, the P e n n s y l v a n i a Department o f H e a l t h r e p o r t e d 
t h a t s e v e r a l p u b l i c and p r i v a t e water s u p p l i e s i n Montgomery 
County, P e n n s y l v a n i a ( p o p u l a t i o n 627,600) were contaminated w i t h 
t r i c h l o r o e t h y l e n e (TCE). TCE was found i n 70 o f 100 w e l l - w a t e r 
s u p p l i e s i n Rahns, P e n n s y l v a n i a . Ten of these p o s i t i v e samples 
showed l e v e l s of TCE i n excess of 500 ppb, and 5 samples showed 
TCE i n excess of 1,000 ppb. The suspected source o f c o n t a m i n a t i o n 
was a s t e e l w i r e and rod m i l l t h a t used t h i s compound as a 
d e g r e a s i n g agent. Improper d i s p o s a l r e s u l t e d i n s p i l l s on p l a n t 
p r o p e r t y , which leached i n t o nearby lagoons and w e l l water 
s u p p l i e s . At another tube company, a pipe f e e d i n g a l a r g e 
s t o r a g e tank o f TCE r u p t u r e d and s p i l l e d over 2,000 g a l l o n s of 
TCE i n t o a storm sewer
s u r f a c e and ground water

A p p a r e n t l y , hundreds o f people were b e i n g exposed to TCE 
through t h e i r d r i n k i n g water. No acute i l l n e s s had been r e p o r t e d 
t o be r e l a t e d to the contaminated w e l l water, but C o n g r e s s i o n a l 
r e q u e s t s and a h i g h degree of concern from c i t i z e n s and l o c a l 
o f f i c i a l s l e d to f u r t h e r study. 

Seven (6%) o f 117 r e s i d e n t s screened f o r t r i c h l o r o metabo
l i t e s had d e t e c t a b l e l e v e l s of t r i c h l o r o e t h a n o l and t r i c h l o r o 
a c e t i c a c i d i n t h e i r u r i n e . The approach used i n t h i s i n v e s t i g a t i o n 
was to s p e c i f i c a l l y compare deaths from l i v e r cancer i n 
Montgomery County w i t h such deaths i n unexposed p o p u l a t i o n s 
w i t h i n the same county as the primary comparison group and w i t h 
p o p u l a t i o n s r e p r e s e n t e d by S t a t e and n a t i o n a l d a t a as a l t e r n a t e 
comparison groups. To a c e r t a i n degree, t h i s s i t u a t i o n lends 
i t s e l f t o a p r o s p e c t i v e cohort study. Had t h i s e p i d e m i o l o g i c 
t o o l been employed, a d i s c r e t e p o p u l a t i o n o f exposed, and 
perhaps unexposed, i n d i v i d u a l s would have been r e g i s t e r e d , w i t h 
a p p r o p r i a t e i d e n t i f i e r s , and a s s i g n e d a p a r t i c u l a r exposure 
l e v e l . T h i s p o p u l a t i o n would then be a c t i v e l y f o l l o w e d f o r a 
minimum of 15 t o 20 y e a r s , and v i t a l s t a t u s and any d e s i g n a t e d 
adverse h e a l t h outcomes would be recorded and compared w i t h the 
S t a t e or n a t i o n a l r a t e s f o r the same event. O b v i o u s l y , a v e r y 
l o n g time i s r e q u i r e d and f o l l o w u p i s v e r y expensive . 

However, i n f o r m a t i o n o b t a i n e d from a p r o s p e c t i v e cohort 
study which i s w e l l designed and m e t i c u l o u s l y conducted c a r r i e s 
tremendous weight when one i s b a l a n c i n g i n f o r m a t i o n from l e s s 
p owerful i n v e s t i g a t i v e t o o l s . These p r o s p e c t i v e cohort s t u d i e s 
must be w e l l thought out, and t h e r e should be a reasonable 
p o s s i b i l i t y f o r f u n d i n g through the l i f e o f the study. 

An a l t e r n a t i v e to the p r o s p e c t i v e cohort study i s the 
r e t r o s p e c t i v e cohort study, i n which a d e f i n e d p o p u l a t i o n w i t h a 
past exposure has an e x i s t i n g measurable h e a l t h outcome. The 
past exposure needs to be w e l l documented so t h a t a g i v e n l e v e l 
of exposure can be a s s i g n e d t o each i n d i v i d u a l i n the p o p u l a t i o n . 
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T h i s , o f course, r e q u i r e s a c c u r a t e and a c c e s s i b l e exposure 
r e c o r d s which can be r e a d i l y coupled t o the p o p u l a t i o n b e i n g 
viewed r e t r o s p e c t i v e l y . 

Thus, we have th r e e s i t u a t i o n s i n which f o u r d i f f e r e n t 
e p i d e m i o l o g i c approaches c o u l d be used to i n v e s t i g a t e h e a l t h 
e f f e c t s a s s o c i a t e d w i t h hazardous waste s i t e s or any e n v i r o n 
mental c o n t a m i n a t i o n . 

I n summary, w i t h the i n c r e a s i n g p u b l i c concern about t o x i c 
wastes growing out of such i n c i d e n t s as Love C a n a l , i t i s 
incumbent upon the F e d e r a l Government to t r y t o answer the 
p u b l i c ' s q u e s t i o n : "How i s my h e a l t h , and t h a t o f my f a m i l y , 
a f f e c t e d by exposure to t o x i c w a s t e s ? " 

I f I can leav e you w i t h o n l y one message, i t i s t h a t t h i s 
q u e s t i o n i s extremely d i f f i c u l t to answer. 

As I have shown th  e p i d e m i o l o g i s t  th  i n v e s t i g a t o
take any one or s e v e r a
p o s s i b l e h e a l t h e f f e c t  exposur
g i v e n dump s i t e or che m i c a l s p i l l . Each approach has i t s 
s t r e n g t h s and weaknesses. S i m i l a r l y , each dump s i t e or s p i l l 
has i t s p e c u l a r i t i e s . We are i n the process o f matching what i s 
known about the p r i o r i t y s i t e s t o be c l e a n e d up under the 
Superfund law w i t h the best approach t o l e a r n i n g about the 
p o s s i b l e h e a l t h e f f e c t s on exposed people l i v i n g around those 
s i t e s . Once we have s o r t e d out the s i t e s most l i k e l y t o g i v e us 
answers about h e a l t h e f f e c t s and have designed the best r e s e a r c h 
s t r a t e g y f o r s t u d y i n g each s i t e , we can b e g i n our work i n the 
f i e l d . T h i s work promises t o be d i f f i c u l t and complex, but we 
hope i t w i l l r e s o l v e these p u b l i c h e a l t h concerns. 
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4 
Analysis and Risk Assessment: 
Key to Effective Handling 
of Hazardous Waste Sites 

DONALD L. BAEDER 

Occidental Petroleum Corporation, Los Angeles, CA 90024 

The real key to effective management of hazardous 
waste disposal site

- a responsibl
measure levels of potential or actual human 
exposure, which includes comparison with other 
relevant areas 

- a comparative base of toxicological and epi
demiological information 

- an assessment of r isk based on these two fact 
bases 

- an independent check by qualified experts 
separated from political and emotional factors 

Omitting one or more of these actions before releas
ing information direct ly to the public is an unconscion
able r isk that should never be taken. In fact, it could 
well introduce an even greater r isk of irreparable 
psychological harm. Love Canal, which i s discussed in 
de ta i l , is the primary example where these actions were 
not taken by governmental agencies. 

The real key to effective management of hazardous waste 
disposal sites i s : 

- a responsible analytical base to accurately measure 
levels of potential or actual human exposure, which 
includes comparison with other relevant areas 

- a comparative base of toxicological and epidemio
logical information 

- an assessment of r isk based on these two fact bases 
- an independent check by qualified experts separated 

from political and emotional factors 
Omitting one or more of these actions before releasing 

information to the public regardless of what may be required to 
be reported to an agency, such as under Section 8(e) of the 
Toxic Substances Control Act, is an unconscionable r isk that 
should never be taken. In fact, i t could well introduce an 
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even g r e a t e r r i s k of i r r e p a r a b l e p s y c h o l o g i c a l harm. For the 
past two y e a r s , the need f o r an independent peer review as an 
i n t e g r a l p a r t of Superfund has been foremost i n my p r i o r i t y of 
t h i n g s to a c c o m p l i s h . The e v i d e n t i a r y need f o r such a r e v i e w 
i s c o m p e l l i n g . Unless i t i s done we cannot expect ever to 
e f f e c t i v e l y manage hazardous waste i n c i d e n t s . U n f o r t u n a t e l y , 
my e f f o r t s to convince the committees w r i t i n g Superfund f a i l e d . 

Today I have the o p p o r t u n i t y to l a y b e f o r e you the e v i 
dence t h a t I f e e l i s c o m p e l l i n g to f o r c e t h i s f o u r - p a r t 
approach to d e f i n e human and en v i r o n m e n t a l r i s k a s s o c i a t e d w i t h 
hazardous waste s i t e s — and t h a t i s what I i n t e n d to do. 

I know some of you w i l l say " A l l w e l l and good. When you 
have p l e n t y of time. But what about the s i t u a t i o n s t h a t 
r e q u i r e immediate a c t i o n ? " I f y o u ' l l s t a y w i t h me, I ' l l 
address t h i s i s s u e l a t e r , but I w i l l say now t h a t the ne c e s s a r y 
r e v i e w can be done w i t h i
to make a d e c i s i o n . 

I would l i k e to f l o o d you w i t h examples of where proper 
a c t i o n s were taken. U n f o r t u n a t e l y , the r e c o r d i s d i s m a l and so 
we w i l l have to p r o f i t from our m i s t a k e s . I w i l l use Love 
Canal as the primary example, not o n l y because I am most 
f a m i l i a r w i t h i t , but because i t i s c l e a r l y the be s t example. 
I f n o t h i n g e l s e , Love Canal has become almost a g e n e r i c term. 

L e t ' s s t a r t w i t h the events t h a t l e d the S t a t e Commis
s i o n e r of H e a l t h to c a l l f o r a l i m i t e d e v a c u a t i o n of pregnant 
women and c h i l d r e n under two, which caused such an uproar among 
the r e s i d e n t s t h a t w i t h i n a few days Governor Carey was f o r c e d 
to evacuate a l l the people i n the f i r s t two r i n g s of homes. 

On October 3, 1976, the f i r s t c onfirmed r e p o r t s i s s u e d 
t h a t c h e m i c a l s had seeped i n t o the basements of some homes on 
the p e r i p h e r y of the Love Canal p r o p e r t y . A government t a s k 
f o r c e comprised of the C i t y of N i a g a r a F a l l s , the N i a g a r a 
County H e a l t h Department and Hooker Chemical began to study the 
s i t u a t i o n . The C i t y a c t i n g as the l e a d commissioned a con
t r a c t o r to prepare a r e p o r t which was r e c e i v e d by the C i t y i n 
August, 1977. 

In March 1978 the C i t y commissioned an o u t s i d e c o n t r a c t o r 
to d e s i g n a r e m e d i a l program. Hooker p a r t i c i p a t e d i n the study 
and o f f e r e d to pay one t h i r d of the then-expected c o s t of 
r e m e d i a l work which was e s t i m a t e d a t $840,000. 

On August 2, 1978, the New York S t a t e H e a l t h Department 
ordered the temporary c l o s i n g of the 99th S t r e e t School and 
recommended the temporary e v a c u a t i o n of pregnant women and 
c h i l d r e n under two l i v i n g i n the f i r s t two r i n g s of homes 
around the Canal p r o p e r t y d u r i n g the c o m p l e t i o n of the r e m e d i a l 
program. A p p r o x i m a t e l y 20 f a m i l i e s c o u l d have been a f f e c t e d . 

On August 9, 1978, Governor Carey of New York v i s i t e d the 
area and announced t h a t a l l 236 f a m i l i e s l i v i n g on both s i d e s 
of 97th and 99th S t r e e t ( the s t r e e t s b o r d e r i n g the Canal 
p r o p e r t y ) would be evacuated and t h e i r homes purchased. 
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The data base f o r t h i s d e c i s i o n was two s t u d i e s . One 
covered a i r sampling i n the basements of s e v e r a l hundred houses 
by the s t a t e and e l e v e n by EPA, the o t h e r a l i m i t e d epidemio
l o g i c a l study of adverse pregnancy outcomes i n r e s i d e n t s of the 
houses c l o s e s t to the c a n a l . These data can be used to support 
the need f o r the f i r s t two p o i n t s mentioned above. That i s : 

- a r e s p o n s i b l e a n a l y t i c a l base to a c c u r a t e l y measure 
l e v e l s of p o t e n t i a l or a c t u a l human exposure, which 
i n c l u d e s comparison w i t h o t h e r r e l e v a n t areas 

- a comparative base of t o x i c o l o g i c a l and epidemio
l o g i c a l i n f o r m a t i o n 

W h i l e an a n a l y t i c a l d ata base was developed, the data was 
not e v a l u a t e d i n comparison w i t h o t h e r t y p i c a l l o c a t i o n s . I n 
a d d i t i o n , the epidemiology d i d not use an a p p r o p r i a t e c o n t r o l 
group. Rather than use an e q u i v a l e n t l o c a l p o p u l a t i o n not 
s u b j e c t to the same exposure
n a t i o n a l averages. I
v a r i a t i o n s i n r a t e s i n s m a l l groups w i t h i n a l a r g e p o p u l a t i o n . 
For t h i s r e a s o n , the c o n t r o l and t e s t p o p u l a t i o n s h o u l d have 
s i m i l a r s i z e as w e l l as background except f o r the t h e s i s b e i n g 
t e s t e d . 

Comparison of the h i g h e s t v a l u e a i r samples from basements 
as t e s t e d by New York S t a t e and EPA and comparing the r e s u l t s 
w i t h U.S. workplace s t a n d a r d s (which are based on 8 hour 
exposure, not l i v i n g a t home) shows t h a t the l e v e l s measured 
were o r d e r s of magnitude lower than the p u b l i s h e d workplace 
standards f o r the s e v e r a l common s o l v e n t s d e t e c t e d . 

COMPARISON OF HIGHEST VALUE AIR SAMPLE 

CONCENTRATIONS INSIDE BASEMENTS WITH WORKPLACE STANDARDS 
( p a r t s per b i l l i o n ) 

P e r m i s s i b l e 
N.Y. S t a t e EPA U.S. 
Hig h e s t H i g h e s t Workplace 

Compound Value Value Standards 

C h l o r o f o r m 5 3.0 10,000 

T r i c h l o r o e t h y l e n e 13 2.7 100,000 

T e t r a c h l o r o e t h y l e n e 170 7.0 100,000 

Chlorobenzene 52 0.8 75,000 

C h l o r o t o l u e n e 1,300 40.0 50,000 

These standards are s e t by an exp e r t committee of the 
American Conference of Governmental I n d u s t r i a l H y g i e n i s t s who 
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e s t a b l i s h these v a l u e s based on the a v a i l a b l e m e d i c a l / t e c h n i c a l 
l i t e r a t u r e and t h e i r p r o f e s s i o n a l judgment. 

P l e a s e note t h a t these a r e h i g h e s t v a l u e s . The mean 
l e v e l s a r e t y p i c a l l y 1/10 t o 1/1,000 of the h i g h e s t v a l u e s . 
A l l samples shown were f o r basement a i r . S e v e r a l r i n g 1 homes 
were a n a l y z e d f o r ch e m i c a l s on the f i r s t f l o o r . Only i n the 
case of one home were measurable l e v e l s found on the f i r s t 
f l o o r . Chemical l e v e l s d e t e c t e d i n basements of homes beyond 
the f i r s t r i n g were s h a r p l y lower than f o r homes i n r i n g 1. 
The mean l e v e l s f o r r i n g 2 were 5 pe r c e n t of the mean f o r r i n g 
1. 

I n a d d i t i o n , d a t a shows t h a t outdoor a i r i n the Love Canal 
Area was comparable or b e t t e r than i n o t h e r major c i t i e s . 

EPA CONTRACTOR DATA 

COMPARISO
AT LOV

( p a r t s per b i l l i o n ) 

Compound Love C a n a l Rahway Phoenix 

C h l o r o f o r m 7.3 5.2 0.1 

T r i c h l o r o e t h y l e n e 0.02 9.9 0.5 

T e t r a c h l o r o e t h y l e n e 0.3 3.5 1.0 

Chlorobenzene 0.003 0.1 0.2 

C h l o r o t o l u e n e 0.09 * * 

* Not a n a l y z e d f o r 

I t i s i n t e r e s t i n g to note t h a t an a r t i c l e i n the B u f f a l o 
C o u r i e r Express dated September 23, 1978 h e a d l i n e d "Study Shows 
'C a n a l 1 A i r Beats L.A." t r i e d t o put exposure l e v e l s i n p e r 
s p e c t i v e by comparing d a t a f o r basement benzene and t o l u e n e 
l e v e l s w i t h atmospheric c o n c e n t r a t i o n s i n Los An g e l e s , as 
posted i n the o f f i c e of a Dr. P h i l i p T a y l o r , then o n - s i t e 
d i r e c t o r f o r the s t a t e H e a l t h Department. 

The benzene l e v e l s measured i n basements of the f i r s t r i n g 
of houses averaged o n l y one f i f t h the o u t s i d e atmosphere i n Los 
Angeles. Toluene l e v e l s i n the f i r s t r i n g basements were 50% 
h i g h e r . In the second r i n g , benzene was one t e n t h the Los 
Angeles average and t o l u e n e one q u a r t e r . 

As f a r as we know, t h i s approach was not used a g a i n . 
When one l o o k s a t the l i m i t e d e p i d e m i o l o g i c a l study o f 

adverse pregnancy outcomes i n r e s i d e n t s of the houses c l o s e s t 
to the c a n a l one f i n d s the p o p u l a t i o n c o n s i d e r e d was ver y s m a l l 
s i n c e a t o t a l of o n l y 236 f a m i l i e s were i n v o l v e d . One segment 
of the p o p u l a t i o n showed a h i g h e r than average r a t e w h i l e the 
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o t h e r showed a lower than average r a t e , n e i t h e r v e r y s i g n i f i 
c a n t l y d i f f e r e n t . I f combined, the r a t e was lower than the 
n a t i o n a l average. P a n i c r a t h e r than reason p r e v a i l e d . The New 
York H e a l t h Department j u s t i f i e d i t s p o s i t i o n by i s s u i n g a 
bo o k l e t i n September 1978 e n t i t l e d , "Love Canal — P u b l i c 
H e a l t h Time Bomb," which d e s c r i b e d the Love Canal s i t u a t i o n as 
an " e n v i r o n m e n t a l nightmare" capable of c a u s i n g "profound and 
d e v a s t a t i n g e f f e c t s " c o n s t i t u t i n g a c o n d i t i o n o f "great and 
imminent p e r i l . " 

The inflammatory n a t u r e of t h i s pamphlet and the concern 
of the l o c a l r e s i d e n t s was f u r t h e r exacerbated by a "s t u d y " by 
Dr. B e v e r l y P a i g e n , of R o s w e l l Park Memorial I n s t i t u t e (RPMI) 
i n February 1979, u r g i n g the e v a c u a t i o n of f a m i l i e s i n l i g h t o f 
her study s u g g e s t i n g a h i g h r a t e of b i r t h d e f e c t s . 

The Paigen study was completed a f t e r the e v a c u a t i o n of the 
f i r s t and second r i n g
not concur w i t h her f i n d i n g
w i t h c e r t a i n t y t h a t the h i g h e r r a t e s found i n each of the 
c a t e g o r i e s are d i r e c t l y r e l a t e d to ch e m i c a l exposure but the 
data do suggest a s m a l l but s i g n i f i c a n t i n c r e a s e i n the r i s k s 
of m i s c a r r i a g e s and b i r t h d e f e c t s . Although the magnitude o f 
the a d d i t i o n a l r i s k i s indeed s m a l l , prudence d i c t a t e s t h a t we 
take a more c o n s e r v a t i v e p o s t u r e to minimize even t h a t s m a l l 
a d d i t i o n a l r i s k . " Based on t h i s , he recommended temporary 
r e l o c a t i o n of c h i l d r e n under the age of two and pregnant women 
from the area beyond the second r i n g of homes — another 700 
f a m i l i e s . 

Note t h a t Dr. Paigen d i d not do t h i s " s t u d y " a t R o s w e l l 
Park and i t was o u t s i d e her area of e x p e r t i s e . She i s a 
b i o l o g i s t and not a t o x i c o l o g i s t . There was no peer r e v i e w and 
the " s t u d y " was taken a t face v a l u e , f u r t h e r adding t o the 
p a n i c . 

I t i s c l e a r t h a t the key p o i n t s mentioned a t the o u t s e t 
were not f o l l o w e d here s i n c e a comparative base of exposure 
l e v e l s and e p i d e m i o l o g i c a l i n f o r m a t i o n was not used, nor was 
ther e an independent check by e x p e r t s s e p a r a t e d from p o l i t i c a l 
and e m o t i o n a l f a c t o r s . 

I t was not u n t i l n i n e months l a t e r t h a t the s t a t e made a 
st r o n g e f f o r t to develop a peer review. On June 4, 1980, New 
York Governor Hugh L. Carey a p p o i n t e d a s p e c i a l b l u e r i b b o n 
p a n e l of d i s t i n g u i s h e d p h y s i c i a n s , c h a i r e d by Lewis Thomas, 
M.D., C h a n c e l l o r of Memorial S l o a n - K e t t e r i n g Cancer C e n t e r , t o 
"determine whether p r e v i o u s s t u d i e s v a l i d l y demonstrated a c u t e , 
c h r o n i c o r l o n g term h e a l t h e f f e c t s from exposure t o c h e m i c a l 
wastes b u r i e d a t Love C a n a l . " On October 10, 1980 the Pa n e l 
i s s u e d i t s r e p o r t c o n c l u d i n g t h a t i t " . . . r e c o g n i z e s t h a t t h e r e 
was a reason f o r the S t a t e H e a l t h Department's i n i t i a l 
announcement of ' P u b l i c H e a l t h Time Bomb,1 but not a good 
enough reason. There ought to be a b e t t e r mechanism f o r 
c o n v i n c i n g the F e d e r a l government t h a t a c e r t i f i a b l e d i s a s t e r 
area e x i s t s , i n ord e r t o o b t a i n F e d e r a l funds, than to arouse 
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such f e a r s of imminent p e r i l as swept through the Love Canal 
area i n t h i s c ase." 

The Governor's b l u e r i b b o n p a n e l , a year and a h a l f l a t e r , 
l o n g a f t e r the p s y c h o l o g i c a l damage had been done by the 
r e p o r t , concluded t h a t the Paigen r e p o r t " . . . f a l l s f a r s h o r t of 
the mark as an e x e r c i s e i n epi d e m i o l o g y . She [Dr. Paigen] 
b e l i e v e s f e r v e n t l y t h a t her o b s e r v a t i o n s prove the e x i s t e n c e of 
m u l t i p l e , d i s e a s e s t a t e s d i r e c t l y a t t r i b u t a b l e to ch e m i c a l 
p o l l u t i o n , but her data cannot be taken as s c i e n t i f i c evidence 
f o r her c o n c l u s i o n s . The study i s based l a r g e l y on a n e c d o t a l 
i n f o r m a t i o n p r o v i d e d by q u e s t i o n n a i r e s submitted to a n a r r o w l y 
s e l e c t e d group of r e s i d e n t s . There are no adequate c o n t r o l 
groups, the i l l n e s s e s c i t e d as caused by ch e m i c a l p o l l u t i o n 
were not m e d i c a l l y v a l i d a t e d . . . The Panel f i n d s the Paigen 
r e p o r t l i t e r a l l y i m p o s s i b l e to i n t e r p r e t . I t cannot be taken 
s e r i o u s l y as a p i e c e o
does have the impact o

A study w i t h t h i s many d e f e c t s c o u l d e a s i l y have been 
i n i t i a l l y reviewed and shortcomings noted i n a few days. 

The f a i l u r e of the s t a t e to adequately r e v i e w s o - c a l l e d 
s t u d i e s was a l s o shared by the f e d e r a l government which added 
to the c o n f u s i o n when on May 17, 1980, the EPA h e l d a p r e s s 
c o n f erence to r e l e a s e the r e s u l t s of a p r e l i m i n a r y g e n e t i c 
study showing chromosome damage of 11 of the 36 Love Canal 
r e s i d e n t s t e s t e d . The EPA r e c o g n i z e d t h a t t h e r e was no c o n t r o l 
group and t h a t "prudence must be e x e r t e d i n the i n t e r p r e t a t i o n 
of such r e s u l t s . " The r e p o r t a l s o s t a t e d "we s t r o n g l y recom
mend the c y t o g e n e t i c a n a l y s i s of a l a r g e r p o p u l a t i o n of Love 
Canal r e s i d e n t s a l o n g w i t h a number of unexposed i n d i v i d u a l s 
( c o n t r o l s ) b e f o r e s i g n i f i c a n c e can be p l a c e d upon the r e s u l t s . " 
Hooker i t s e l f c a l l e d f o r an immediate f o l l o w u p on the EPA 
study. 

The f e d e r a l government was a b l e to o b t a i n immediate peer 
r e v i e w and on May 21, 1980 a s p e c i a l p a n e l convened by the U.S. 
Department of H e a l t h and Human S e r v i c e s i n essence b l a s t e d the 
EPA g e n e t i c r e p o r t . The p a n e l s t a t e d t h a t " I t p r o v i d e s 
inadequate b a s i s f o r any s c i e n t i f i c o r m e d i c a l i n f e r e n c e s 
from the data (even of a t e n t a t i v e o r p r e l i m i n a r y n a t u r e ) 
c o n c e r n i n g exposure to mutagenic substances because of r e s i 
dence i n the Love Canal a r e a . " The p a n e l a l s o i n d i c a t e d t h a t 
"we do not b e l i e v e t h a t on the b a s i s of t h i s r e p o r t i t sh o u l d 
be concluded t h a t the c h e m i c a l exposure of Love Canal may be 
r e s p o n s i b l e f o r much of the apparent i n c r e a s e nor can we concur 
w i t h the r e p o r t ' s i m p l i c a t i o n t h a t a c y t o g e n i c o b s e r v a t i o n 
suggests t h a t the r e s i d e n t s are an i n c r e a s e d r i s k of n e o p l a s t i c 
d i s e a s e , of h a v i n g spontaneous a b o r t i o n s and of ha v i n g c h i l d r e n 
w i t h b i r t h d e f e c t s based on the evidence p r e s e n t e d . " 

The EPA study was inadequate, but a g a i n the r e l e a s e t h r e e 
days e a r l i e r of an inadequate r e p o r t had c r e a t e d o t h e r major 
problems. 
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Note t h a t the EPA study was commissioned by government 
a t t o r n e y s b u i l d i n g a l e g a l a c t i o n , and s e l e c t e d s u b j e c t s f o r 
the study not from a normal c r o s s - s e c t i o n of the p u b l i c a t 
r i s k . "The EPA stu d y , however, was not w e l l designed. I t was 
not even meant to be s c i e n t i f i c , a c c o r d i n g to Stephen Gage, 
a s s i s t a n t a d m i n i s t r a t o r f o r r e s e a r c h and development a t EPA. 
f T h i s [the study] was a s m a l l f i s h i n g e x p e d i t i o n . The J u s t i c e 
Department asked us to undertake i t i n c o n n e c t i o n w i t h our s u i t 
a g a i n s t Hooker, 1 he s a y s . " 208 S c i e n c e , June 13, 1980, p. 
1239. The EPA "chromosome" debacle so i n f l a m e d the l o c a l 
r e s i d e n t s t h a t they kept two EPA o f f i c i a l s hostage f o r s e v e r a l 
hours. L o i s G i b b s , the p r e s i d e n t of the Homeowner's A s s o c i a 
t i o n , i n d i c a t e d t h a t " t h i s a c t i o n was a ' d i r e c t r e s u l t ' o f the 
study b e i n g r e l e a s e d w i t h nobody to t e l l us what i t meant or 
what they were going to do about i t ! I f the EPA o f f i c i a l s had 
been l e t out the f r o n
a p a r t . 1 " Love C a n a l R e s i d e n t
June 13, 1980, a t p. 1242. 

A " p o l i t i c a l " d e c i s i o n i s s u e d on the same day as the peer 
r e v i e w b l a s t e d the EPA study. A f t e r the EPA o f f i c i a l s had been 
h e l d hostage, P r e s i d e n t C a r t e r d e c l a r e d a s t a t e of emergency i n 
the Love Canal a r e a , p a v i n g the way f o r e v a c u a t i o n of up t o 710 
f a m i l i e s . 

Governor Carey concluded i n a newspaper i n t e r v i e w on May 
31, 1980 t h a t "a c o s t l y r e l o c a t i o n of more than 700 Love Cana l 
homeowners i s m e d i c a l l y unnecessary but had t o be c a r r i e d out 
to assuage the p a n i c caused by the EPA r e p o r t . " The D i r e c t o r 
of the S t a t e ' s O f f i c e of P u b l i c H e a l t h s a i d t h a t based on 
s t u d i e s going on s i n c e 1978 the frequency of b i r t h problems o f 
the r e s t of the Love Cana l ( o t h e r than the f i r s t 230 r e l o c a t e d 
f a m i l i e s ) was comparable to t h a t of Ni a g a r a County." 

A g a i n we see a s i g n i f i c a n t community e f f e c t r e s u l t i n g from 
a f a i l u r e to p r o p e r l y manage the assessment of r i s k . Informa
t i o n was r e l e a s e d based on an i n a p p r o p r i a t e a n a l y t i c a l base 
w i t h o u t adequate e p i d e m i o l o g i c a l i n f o r m a t i o n o r independent 
r e v i e w . 

On June 24, 1980, the New York Department of H e a l t h 
Commissioner f i n a l l y i s s u e d the Department's e p i d e m i o l o g i c a l 
s t u d i e s on Adverse Pregnancy Outcomes i n the Love C a n a l A r e a , 
c o n c l u d i n g t h a t "we have not y e t been a b l e to c o r r e l a t e the 
geographic d i s t r i b u t i o n of adverse pregnancy outcomes w i t h 
c h e m i c a l evidence of exposure. At p r e s e n t , t h e r e was no d i r e c t 
evidence of c a u s e - e f f e c t r e l a t i o n s h i p s w i t h c h e m i c a l s from the 
C a n a l . " The Commission a l s o concluded t h a t "comprehensive 
s t u d i e s of t h r e e households w i t h u n u s u a l l y adverse r e p r o d u c t i v e 
h i s t o r i e s d i d not produce evidence of unusual r i s k of c h e m i c a l 
exposure." 

The s t u d i e s a l s o concluded t h a t : 
"Blood t e s t i n g , which was designed to sc r e e n f o r l i v e r and 

ki d n e y a b n o r m a l i t i e s , leukemia and b l o o d d i s e a s e s , showed no 
p a t t e r n s of excess a b n o r m a l i t y . " 
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"None had c l i n i c a l evidence of l i v e r d i s e a s e . " 
"Computer a n a l y s e s of the 22-page h e a l t h q u e s t i o n n a i r e , 

which e l i c i t e d i n f o r m a t i o n on some 150 d i f f e r e n t d i s e a s e s or 
symptoms, produced no evidence of unusual p a t t e r n s of i l l n e s s 
o r o t h e r d i s o r d e r s . Cancer i n c i d e n c e was w i t h i n normal l i m i t s 
f o r t h i s p o p u l a t i o n . " 

Attempts to determine the b a s i s f o r EPA d e c i s i o n s to 
r e l o c a t e t h i s massive group was u n a v a i l i n g . Congressman John 
J . L a F a l c e (Democrat, 36th D i s t r i c t , New York) r e p r e s e n t i n g the 
Love Canal a r e a , asked f o r the data base j u s t i f y i n g the d e c i 
s i o n and was t o l d i t was p a r t of m a t e r i a l b e i n g used i n pending 
l i t i g a t i o n . I n a l e t t e r t o P r e s i d e n t C a r t e r d ated June 20, 
1980, Congressman L a F a l c e s t a t e d " I f i n d no j u s t i f i c a t i o n 
whatsoever f o r making broad p o l i c y judgments — such as the one 
here to recommend temporary r e l o c a t i o n of 2,000 people — based 
on i n f o r m a t i o n develope
then r e f u s i n g to make
whose l i v e s are d e v a s t a t e d by i t , and t o p u b l i c o f f i c i a l s who 
must make p u b l i c p o l i c y judgments h o p e f u l l y based on f a c t 
r a t h e r than s u r m i s e . " 

Congressman L a F a l c e a l s o summarized c l e a r l y the p o l i c y 
i s s u e s i n v o l v e d w i t h Love Canal i n h i s l e t t e r t o P r e s i d e n t 
C a r t e r of June 20, 1980: 

The Love Canal i s a unique s i t u a t i o n . 
No h e a l t h a u t h o r i t i e s a t any l e v e l of 
government have ever conducted 
comprehensive h e a l t h t e s t s i n a c c e p t 
a b l e s c i e n t i f i c manner, d e s p i t e my 
r epeated c a l l f o r them. Some r e s i 
dents of the neighborhood b e l i e v e 
t h a t they s u f f e r from v e r y s e r i o u s 
h e a l t h problems and t h a t the cause i s 
t h e i r exposure to t o x i c c h e m i c a l s . 
Others b e l i e v e t h a t t h e r e i s no more 
r i s k i n the a r e a than i n many o t h e r 
urban environments. S t i l l o t h e r s who 
do not know what to t h i n k and have 
been s u f f e r i n g t e r r i b l e mental 
a n g u i s h f o r the p a s t t h r e e y e a r s . 
The one t h i n g these t h r e e groups do 
have i n common, however, i s a l a c k of 
i n f o r m a t i o n thanks i n p a r t to the 
a t t i t u d e of the U n i t e d S t a t e s D epart
ment of J u s t i c e . A whole n e i g h b o r 
hood i s s t i g m a t i z e d to the p o i n t t h a t 
the p r o p e r t y t h e r e i s l i t e r a l l y 
v a l u e l e s s . The people who l i v e t h e r e 
are f r i g h t e n e d beyond b e l i e f and an 
a r r o g a n t o f f i c i a l i n the J u s t i c e 
Department says they cannot even be 
t o l d why t h i s has been done. 
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The data base was not f o r t h c o m i n g to Congressman L a F a l c e 
or to anyone e l s e . Some c y n i c s might argue t h a t perhaps t h i s 
campaign was l i n k e d t o then pending A d m i n i s t r a t i o n e f f o r t s to 
pass Superfund. Whatever the b a s i s , as the New York b l u e 
r i b b o n p a n e l concluded i n October, 1980, "much of the a n x i e t y 
caused f o r the Love Canal r e s i d e n t s might w e l l have been 
a v e r t e d i f a s i n g l e F e d e r a l - S t a t e group had e v o l v e d e a r l y i n 
the h i s t o r y of the s i t u a t i o n and t h a t p u b l i c pronouncements 
were made o n l y by t h i s group and l i m i t e d to the e x a c t i t u d e s 
p e r m i t t e d by the c u r r e n t s t a t e of s c i e n t i f i c knowledge. The 
s c i e n t i f i c e v i d e n c e , i n c o m p l e t e though i t i s , r e v e a l s no s t a t e 
of p o p u l a t i o n damage j u s t i f y i n g the term 'imminent p e r i l 1 and 
f p r o f o u n d and d e v a s t a t i n g e f f e c t s . 1 " 

A f t e r a l e n g t h y r e v i e w of how the Love Canal s i t u a t i o n was 
handled by the v a r i o u s governmental a g e n c i e s , the P a n e l members 
concluded t h a t : 

"...The r e c o r
c l e a r l y t h a t an a r t i c u l a t e d and 
co o r d i n a t e d F e d e r a l and S t a t e 
approach was not a c h i e v e d and has not 
been a c h i e v e d t o dat e . . . . There d i d 
not emerge a t any p o i n t i n the p a s t 
two y e a rs a n y t h i n g l i k e a master p l a n 
f o r a ssembling the k i n d s of i n f o r m a 
t i o n r e q u i r e d f o r a n a l y s i n g and 
comprehending the problem...because 
of t h i s a m b i g u i t y , the people most 
d i r e c t l y a f f e c t e d by the c o n d i t i o n s 
a t Love Canal have been s u b j e c t e d to 
more than two yea r s of the most 
i n t e n s e a n x i e t y and f e a r . In the 
absence of c l e a n - c u t , a u t h o r i t a t i v e 
answers, many of the r e s i d e n t s have 
come to b e l i e v e t h a t t h e i r h e a l t h i s 
i n f a c t i r r e v e r s i b l y damaged, t h a t 
they are a t f u t u r e r i s k of cance r , 
c o n g e n i t a l m a l f o r m a t i o n s i n t h e i r 
o f f s p r i n g , and an i n c r e a s e d i n c i d e n c e 
of m i s c a r r i a g e s and a b o r t i o n s . " 

As f o r the s t u d i e s the Panel r e p o r t i n d i c a t e d "...the 
p u b l i c a t i o n of s t u d i e s on h e a l t h e f f e c t s and subsequent c r i t i 
cisms of these s t u d i e s i n the media have c r e a t e d more uncer
t a i n t y than u n d e r s t a n d i n g on p o t e n t i a l h e a l t h problems f o r both 
the p u b l i c and government o f f i c i a l s . . . T h e inadequate c o o r d i n a 
t i o n of study d e s i g n s and procedures to i n s u r e m e a n i n g f u l 
f i n d i n g s c o n c e r n i n g h e a l t h e f f e c t s has exacerbated the problems 
f a c e d by d e c i s i o n makers i n responding to t h i s s i t u a t i o n . " 

F i n a l l y , as to whether t h e r e were any acute o r c h r o n i c 
h e a l t h problems from exposure to the c h e m i c a l s i n the Love 
C a n a l , the Report concluded: 
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I t i s c l e a r enough from the 
a v a i l a b l e d ata t h a t no acute cases o f 
i n t o x i c a t i o n by c h e m i c a l p o l l u t a n t s 
have been observed w i t h i n any p a r t o f 
the Love Canal community, Twet f o r 
' d r y . 1 That i s , no c l u s t e r s of cases 
of acute l i v e r d i s e a s e , o r kidney 
d i s e a s e , or pulmonary m a n i f e s t a t i o n s , 
o r h e m o l y t i c anemia or a g r a n u l o 
c y t o s i s , and c e r t a i n l y no p e r i p h e r a l 
o r c e n t r a l nervous system syndromes. 
Whatever e l s e may be going on, t h e r e 
has not been a s u f f i c i e n t concen
t r a t i o n of t o x i c m a t e r i a l to produce 
o v e r t i l l n e s s a t t r i b u t a b l e to p o i s o n 
i n g . 

T h i
o u t s e t . 

As a r e s u l t of t h i s r e v i e w , the 
Panel has concluded t h a t t h e r e has 
been no de m o n s t r a t i o n of acute h e a l t h 
e f f e c t s l i n k e d to exposure to h a z a r d 
ous wastes a t the Love Canal s i t e . 
The Panel has a l s o concluded t h a t 
c h r o n i c e f f e c t s of hazardous waste 
exposure a t Love Canal have n e i t h e r 
been e s t a b l i s h e d or r u l e d out y e t , i n 
a s c i e n t i f i c a l l y r i g o r o u s manner. 
The s t u d i e s conducted i n the past two 
ye a r s have been i n c o n c l u s i v e i n 
de m o n s t r a t i n g l o n g term h e a l t h 
e f f e c t s due to hazardous waste 
exposure. 

As t h i s t a l k i s w r i t t e n , we are s t i l l w a i t i n g f o r a f i n a l 
EPA r e p o r t on the h e a l t h impacts of Love C a n a l . 

A f t e r r e v i e w of the f a c t chronology i n Love Canal i t i s 
easy to see t h a t the f a c t o r s f o r e f f e c t i v e management of 
hazardous waste d i s p o s a l s i t e s were s i m p l y not u t i l i z e d o r 
a v a i l a b l e i n Love C a n a l . These f a c t o r s a g a i n a r e : 

- a r e s p o n s i b l e a n a l y t i c a l base to a c c u r a t e l y measure 
l e v e l s of p o t e n t i a l or a c t u a l human exposure which 
i n c l u d e s comparison w i t h o t h e r r e l e v a n t areas 

- a comparative base of t o x i c o l o g i c a l and epidemio
l o g i c a l i n f o r m a t i o n 

- an assessment of r i s k based on these two f a c t bases 
an independent check by q u a l i f i e d e x p e r t s s e p a r a t e d 
from p o l i t i c a l and e m o t i o n a l f a c t o r s 

Love Canal i s the best or worst example of the f a i l u r e t o 
use common sense i n d e a l i n g w i t h a p o t e n t i a l a l l e g e d r i s k to 
human h e a l t h . But another example, p a r t i c u l a r l y of psycho-
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l o g i c a l impact, i s d e t a i l e d i n an a r t i c l e e n t i t l e d The Dump 
That Wasn't There," 215 S c i e n c e , February 5, 1982, a t p. 645, 
c i t e d as an example of the p e r i l s of r e l y i n g on r e s i d e n t s 
r e p o r t i n g an i n c r e a s e d i n c i d e n c e of h e a l t h e f f e c t s . The f a c t s 
as r e p o r t e d i n S c i e n c e a r e as f o l l o w s : A r e s i d e n t i n a b l u e 
c o l l a r r e s i d e n t i a l neighborhood i n Memphis c a l l e d the l o c a l 
h e a l t h department i n 1976 t o complain of rashes and o t h e r minor 
i l l n e s s e s , a l l e g i n g t h a t she and her f a m i l y were b e i n g p o i s o n e d 
by t o x i c c h e m i c a l s i n the environment. I n v e s t i g a t i o n of her 
home and y a r d d i s c l o s e d o n l y t r a c e c o n c e n t r a t i o n s of ch l o r d a n e 
and o t h e r p e s t i c i d e s t h a t are used i n Memphis to c o n t r o l 
t e r m i t e s and mosquitos. The same woman c a l l e d a g a i n i n 1977 
and 1978 w i t h the same c o m p l a i n t s and same r e s u l t s . 

By the summer of 1979, o t h e r r e s i d e n t s i n the neighborhood 
had begun to complain of i n c r e a s e d i n c i d e n c e of r a s h e s , head
aches, u r i n a r y problems
by the a l l e g a t i o n s o
th a t he "knew" the l o c a t i o n of a ch e m i c a l waste dump i n the 
a r e a . By the f o l l o w i n g A p r i l , the D i r e c t o r of the h e a l t h 
department i n d i c a t e d t h a t t h e r e was a " h i g h l y charged atmos
phere, v i r t u a l l y i d e n t i c a l to t h a t a t Love C a n a l . " 

The c i t i z e n s " p a n i c k e d " and t h e r e were p i c k e t i n g and 
e m o t i o n a l meetings. There was t a l k of e v a c u a t i n g the area and 
l o c a l p o l i t i c a l a c t i v i s t s p r e s s ed f o r immediate a c t i o n i n the 
a r e a . There were even C o n g r e s s i o n a l h e a r i n g s . E x t e n s i v e 
i n v e s t i g a t i o n by EPA found " a b s o l u t e l y n o t h i n g h i g h e r than the 
background l e v e l s of p e s t i c i d e s . " A r e s p e c t e d p r o f e s s o r a t 
Johns Hopkins U n i v e r s i t y went through o l d r e c o r d s and conducted 
o t h e r s t u d i e s w i t h no i n d i c a t i o n of the source. 

The U.S. Center f o r Disease C o n t r o l conducted a d o o r - t o -
door survey of some 300 homes a s k i n g about e f f e c t s and examined 
p h y s i c i a n s ' r e c o r d s . The survey " d i d not produce any evidence 
of t o x i c i l l n e s s or severe h e a l t h e f f e c t s . " However, the 
survey d i d show a s l i g h t i n c r e a s e d i n c i d e n c e of headaches and 
s k i n r a s h e s , but the c o n c l u s i o n was t h a t i t was " u n l i k e l y they 
were c h e m i c a l l y caused." One man found to have heavy m e t a l 
p o i s o n i n g worked i n a foundry and one of the c h i l d r e n of the 
woman making the o r i g i n a l c o m p l a i n t was found to have h i v e s . 
I t took 14 months f o r the Center f o r D i s e a s e C o n t r o l to p u b l i s h 
a study and by t h a t t i m e , a c c o r d i n g to the head of the l o c a l 
h e a l t h department, "nobody b e l i e v e d any agency." About the 
same time the l o c a l a u t h o r i t i e s d i d become aware of a l o c a l 
dump s i t e , but i t was some 3 t o 4 m i l e s away from the n e i g h b o r 
hood and s e p a r a t e d by s e v e r a l p h y s i c a l b a r r i e r s so " t h a t t h e r e 
i s no chance of any ch e m i c a l s from i t h a v i n g reached F r a y z e r 
[the l o c a l n e i g h b o r h o o d ] . " 

There are s t i l l a s m a l l number of people i n the n e i g h b o r 
hood who b e l i e v e they have unusual h e a l t h problems, but by now 
the uproar has d i e d down. The a r t i c l e concludes w i t h the 
comment t h a t "the s p e c t e r of t h i s ghost dump w i l l c o n t i n u e t o 
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haunt e p i d e m i o l o g i s t s c o n f r o n t e d w i t h o t h e r s e l f - r e p o r t e d 
i n c r e a s e s i n i l l n e s s . " 

How can we prevent the c r y i n g of " w o l f " and the unneces
s a r y p s y c h o l o g i c a l d i s t r e s s caused by government a c t i o n s a t 
Love Canal and the "phantom dump?" These problems are r e a l and 
are d e s c r i b e d i n d e t a i l i n Love Canal R e s i d e n t s Under S t r e s s , 
208 S c i e n c e , June 13, 1980 a t p. 1242, which g r a p h i c a l l y 
d i s c u s s e s the p s y c h o l o g i c a l impacts of the u n c e r t a i n t y c r e a t e d 
by the muddled governmental response. 

Perhaps the best way i s f o r f e d e r a l and s t a t e governmental 
a g e n c i e s to have a peer p a n e l a v a i l a b l e on c a l l when t h e r e i s 
an i n c i d e n t , to r e v i e w data b e f o r e i t i s r e l e a s e d . Having the 
p a n e l a v a i l a b l e w i l l save v a l u a b l e time i n the event t h a t t h e r e 
i s an imminent danger. Such p a n e l s can a c t q u i c k l y , a s , f o r 
example, i n the r e v i e w of the EPA chromosome study i n a t h r e e -
day p e r i o d . U n l e s s th
mandate i n r e g u l a t i o n
a v a i l a b l e , we cannot ever expect to e f f e c t i v e l y manage h a z a r d 
ous waste i n c i d e n t s . The d e c i s i o n s i n t h i s a r ea are too 
impor t a n t to a l l o w an agency under p o l i t i c a l and e m o t i o n a l 
s t r e s s to make t h i s d e c i s i o n a l o n e . Confidence i n government 
i s s i g n i f i c a n t l y eroded when the data are not a v a i l a b l e or l a c k 
a s c i e n t i f i c b a s i s . Confidence i n i n d u s t r y becomes non
e x i s t e n t when such a c t i o n i s taken. Love Canal has become a 
g e n e r i c term f o r h e a l t h e f f e c t s on i n d i v i d u a l s and i r r e s p o n s i 
b i l i t y of c o r p o r a t i o n s , a l t h o u g h i r o n i c a l l y the Task Force on 
RCRA of the American I n s t i t u t e of Chemical E n g i n e e r s concluded 
t h a t "the d e s i g n of the Love Canal s i t e was w e l l w i t h i n the 
sta n d a r d s of RCRA," l o n g b e f o r e t h a t s t a t u t e was promulgated. 

The f a c t s i n d i c a t e t h a t the c h a r a c t e r i z a t i o n s are u n f a i r , 
but the p u b l i c remembers the concerns r a i s e d by the agencies 
and the pr e s s and not the s c i e n t i f i c base. U n f a i r s t i g m a t i z a -
t i o n of companies i s wrong, but t r a u m a t i z a t i o n s of whole l o c a l 
p o p u l a t i o n s w i t h o u t a proper b a s i s i s r e p r e h e n s i b l e . 

R E C E I V E D June 16, 1982. 
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An Industry's Guidelines for Risk Assessment 

RICHARD H. DREITH 

Shell Oil Company, Houston, TX 77210 

In the absence of a consensus on absolute limits 
of risk, it i s usefu
assessment framewor
response resource allocation. A four-step process 
is i n use at S h e l l to evaluate risks and define 
appropriate responses. The steps are: (1) Hazard 
Identification, (2) Hazard Eva lua t ion , (3) R isk 
Evalua t ion , and (4) R isk Response. The first three 
steps amount to making a "risk assessment," and the 
fourth step adds a response definition. A risk 
classification system se t t i ng h igh , low and insig
nificant categories for risk reflecting unacceptable, 
v a r i o u s l y acceptable and acceptable regions respec
tively are defined, and companion l eve l s of response 
ac t ion are presented. An overview of a site evalua
tion experience in California i s o u t l i n e d . 

R i s k assessment i s a d i f f i c u l t problem area b e i n g addressed 
by i n d u s t r y and r e g u l a t o r y agencies today. I have found i n my 
p r o f e s s i o n a l e x p e r i e n c e i n the o i l and c h e m i c a l i n d u s t r y , t h a t 
when fa c e d w i t h s o l v i n g d i f f i c u l t problems, s o l u t i o n s g e n e r a l l y 
r e s u l t e d by t a k i n g l o g i c a l and d i s c i p l i n e d approaches to r e s o l v e 
u n c e r t a i n t i e s . We at S h e l l have developed and a r e u s i n g g u i d e 
l i n e s f o r r i s k assessment which a re a l l o w i n g us to a n a l y z e r i s k s 
and i d e n t i f y r e a s o n a b l e responses. The use of these s y s t e m a t i c 
procedures have improved our c o n f i d e n c e i n the d e c i s i o n s we must 
make. In responding to r i s k s i t u a t i o n s , our c o n f i d e n c e i s b u i l t 
on knowing t h a t the responses a r e d i r e c t i o n a l l y c o r r e c t and a r e 
a c h i e v i n g our o v e r a l l g o a l t o reduce r i s k . 

Of l a t e , I have been d i s a p p o i n t e d by the consensus o p i n i o n 
which appears t o be growing r e g a r d i n g d e a l i n g w i t h r i s k a s s e s s 
ments. From i n f o r m a t i o n i n the media and d i s c u s s i o n s w i t h con
temporaries and agency r e p r e s e n t a t i v e s , I d e t e c t an o p i n i o n t h a t 
suggests s o c i e t y i s not ready to d e a l s y s t e m a t i c a l l y w i t h 
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a s s e s s i n g r i s k . I n my view, those who support t h i s c l a i m a r e as 
remis s a t t h a t extreme as those who would now p l a c e t o t a l f a i t h i n 
seemingly h i g h l y p r e c i s e methodologies f o r e x t r a p o l a t i o n s and r i s k 
assessments. A d d i t i o n a l l y , t he o p i n i o n f o l l o w s t h a t we are not 
ready t o t r a n s l a t e c u r r e n t r i s k assessment u n d e r s t a n d i n g i n t o 
r e g u l a t o r y programs b e i n g implemented. 

I don't t h i n k we a t S h e l l agree w i t h e i t h e r o p i n i o n , o r a r e a 
p a r t of any consensus embracing these o p i n i o n s . We w i l l be d i s a p 
p o i n t e d , I'm s u r e , i f the impleme n t a t i o n of e i t h e r the Resource 
C o n s e r v a t i o n and Recovery Act (RCRA) or the Comprehensive E n v i r o n 
mental Response Compensation and L i a b i l i t y A c t (CERCLA) programs 
proceed w i t h o u t t h e r e b e i n g i n c o r p o r a t e d a t l e a s t some r e g u l a t o r y 
a l l o w a n c e s f o r a s s e s s i n g a c t u a l r i s k s . The r i s k s posed by v a r i o u s 
hazardous waste h a n d l i n g a c t i v i t i e s must be asses s e d when j u d g 
ments on t h e i r a c c e p t a b i l i t  made h  d u r i n  th  p e r m i t
t i n g p r o c e s s . I am s u g g e s t i n
r i s k s e x i s t s , and i t shoul
t o r y r e q u i r e m e n t s , (2) when e s t a b l i s h i n g f a c i l i t y performance 
s t a n d a r d s , or (3) when d e f i n i n g r e m e d i a l a c t i v i t i e s . 

We f u l l y r e c o g n i z e t h a t many areas of u n c e r t a i n t y a r e con
f r o n t e d when c o n d u c t i n g r i s k assessments. These i n c l u d e t he l a c k 
of g e n e r a l l y accepted s p e c i f i c assessment t e c h n i q u e s . F u r t h e r 
more, even when r i s k i s asse s s e d t h e r e i s a l a c k of a consensus on 
the a b s o l u t e l i m i t s of a c c e p t a b l e r i s k s . We do f e e l , however, 
t h a t t h e r e a r e s y s t e m a t i c approaches t h a t can and are be i n g used 
and, a t the minimum, they a r e d i r e c t i o n a l l y c o r r e c t and can s e r v e 
as a c o n c e p t u a l framework f o r r e g u l a t o r y program development. 

S h e l l R i s k Assessment Procedure 

I w i l l o u t l i n e v e r y b r i e f l y f o r you the g u i d e l i n e s , p r o c e s s 
and procedures used a t S h e l l f o r r i s k assessment and r i s k r e s 
ponse ( 1 ) , ( 2 ) . I w i l l focus my comments on how we a r e b e g i n n i n g 
t o d e a l , f o r example, w i t h d e c i s i o n s c o n c e r n i n g the a c c e p t a b i l i t y 
of o p e r a t i n g e x i s t i n g hazardous waste d i s p o s a l f a c i l i t i e s or when 
c o n s i d e r i n g new waste h a n d l i n g f a c i l i t i e s . 

The s t e p - w i s e e v a l u a t i o n and d e c i s i o n process can a l s o be 
used i n a s s e s s i n g the e n v i r o n m e n t a l r i s k s posed by abandoned 
hazardous waste d i s p o s a l s i t e s . I w i l l a l s o b r i e f l y d e s c r i b e our 
e x p e r i e n c e w i t h a s i t e i n a southern C a l i f o r n i a community. 

Our R i s k Assessment Procedure has grown out of a c o n t i n u i n g 
need to d e a l w i t h b a l a n c i n g a l l the a s p e c t s o f h e a l t h and 
en v i r o n m e n t a l r i s k s w i t h a l l o t h e r p e r t i n e n t elements i n our 
o i l and c h e m i c a l b u s i n e s s a c t i v i t i e s . The d e c i s i o n s we must make 
to d e a l a p p r o p r i a t e l y w i t h r i s k are n e c e s s a r i l y an important 
c o n s i d e r a t i o n i n p u r s u i n g our o v e r a l l b u s i n e s s p l a n . 

In many c a s e s , we must take a c t i o n and make d e c i s i o n s p r i o r 
t o r e g u l a t i o n s b e i n g i s s u e d which d e a l w i t h r i s k i n s p e c i f i c 
a r e a s . By n e c e s s i t y then, we need and use a system t h a t r e f l e c t s 
our c o r p o r a t e e n v i r o n m e n t a l g o a l s and a l s o a l l o w s g u i d i n g the 
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a l l o c a t i o n of the l i m i t e d r e s o u r c e s a v a i l a b l e t o reach those 
g o a l s . 

In a sense, we can say we have developed a system t o assess 
e n v i r o n m e n t a l r i s k s i t u a t i o n s and a r e res p o n d i n g to those a s s e s s 
ments w i t h d e c i s i o n s reached i n a d e l i b e r a t e and d i s c i p l i n e d 
manner. The c o n f i d e n c e we have i n the system i s b u i l t on the 
premise t h a t we know i t i s d i r e c t i o n a l l y c o r r e c t w i t h i t s o v e r a l l 
o b j e c t i v e b e i n g to reduce r i s k s . Moreover, the response d e c i 
s i o n s c a l l e d f o r i n the process r e s u l t from e v a l u a t i n g a l l the 
a v a i l a b l e s c i e n t i f i c i n f o r m a t i o n a l o n g w i t h a l l the p e r t i n e n t 
v a l u e s and judgments t h a t can be brought to bear. 

O v e r a l l , the major premise f o r our approach i s a 
d i r e c t i o n a l o r i e n t a t i o n toward r i s k r e d u c t i o n . The e v a l u a t i o n 
procedure used f o l l o w s a f o u r - s t e p p r o c e s s which c o n s i d e r s f i r s t 
Hazard I d e n t i f i c a t i o n ; second  Hazard E v a l u a t i o n ; t h i r d  R i s k 
E v a l u a t i o n ; and f o u r t h
s t a n d i n g of terms, t h e
st e p s can be c o n s i d e r e d as what i s commonly r e f e r r e d t o as making 
a " R i s k Assessment." The f o u r t h s t e p , R i s k Response, n e c e s s a r i l y 
must f o l l o w when the pr o c e s s i s used t o make p r a c t i c a l d e c i s i o n s . 

I w i l l now g i v e an overview d i s c u s s i o n i d e n t i f y i n g the 
g e n e r a l i n f o r m a t i o n needs and the s p e c i f i c d e c i s i o n s c a l l e d f o r a t 
each s t e p . I w i l l use as the example case, e v a l u a t i n g a hazardous 
waste d i s p o s a l s i t e . A l s o , I w i l l d i s c u s s the a p p l i c a t i o n of the 
pro c e s s t o an a c t u a l s i t e b e i n g e v a l u a t e d i n C a l i f o r n i a . 

Hazard I d e n t i f i c a t i o n 

As i s t y p i c a l i n r e g u l a t o r y m a t t e r s , u n d e r s t a n d i n g the 
d e f i n i t i o n s o f the terms used i s v e r y i m p o r t a n t . F i r s t , i n 
the broadest sense, hazard means the p o t e n t i a l t o do harm, or i n 
o t h e r words, the p o t e n t i a l t o cause an adverse e f f e c t . 

I n a waste d i s p o s a l s i t e e v a l u a t i o n , the hazard i d e n t i f i c a 
t i o n s t e p w i l l i n v o l v e c o l l e c t i n g and v a l i d a t i n g a l l r e c o r d ed and 
o t h e r i n f o r m a t i o n on the n a t u r e and p r o p e r t i e s of the wastes 
a c t u a l l y i n a s i t e . The purpose i s t o determine whether a h a z a r d 
ous s i t u a t i o n a c t u a l l y e x i s t s . S t a t e d s i m p l y , jLs t h e r e a. poten
t i a l f o r harm t o h e a l t h and the environment when c o n s i d e r i n g the 
m a t e r i a l s p r e s e n t ? 

The type of data gathered w i l l i n c l u d e a l l p e r t i n e n t i n f o r m a 
t i o n on (1) t h e i n v e n t o r y of the wastes d i s p o s e d of a t the s i t e , 
(2) the c o m p o s i t i o n of those wastes, (3) the p h y s i c a l and ch e m i c a l 
p r o p e r t i e s such as p e r s i s t e n c e of compounds and t h e i r s o l u b i l i t i e s , 
(4) the b i o l o g i c a l p r o p e r t i e s such as t o x i c i t y , and (5) the poten
t i a l i n t e r a c t i o n o f wastes and d e g r a d a t i o n p r o d u c t s . 

The d e c i s i o n c a l l e d f o r at t h i s p o i n t i n the process c e n t e r s 
on c o n f i r m i n g t h a t , from the q u a l i t a t i v e data g a t h e r e d , a poten
t i a l f o r an adverse e f f e c t has or has not been i d e n t i f i e d . I f no 
haza r d e x i s t s , f u r t h e r a c t i o n i s not warranted. I f the p o t e n t i a l 
f o r an adverse e f f e c t i s e v i d e n t , t h e process r e q u i r e s p r o c e e d i n g 
t o t he next s t e p - Hazard Evaluât i c r d Evaluât i o n . . -
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Hazard E v a l u a t i o n 

The h a z a r d e v a l u a t i o n s t e p i n v o l v e s d e t e r m i n i n g the e x t e n t 
o r scope of the p o t e n t i a l adverse e f f e c t s from the hazards 
i d e n t i f i e d i n s t e p one. The e v a l u a t i o n e f f o r t now p r o g r e s s e s to 
i n c l u d e a n a l y z i n g and d e s c r i b i n g both q u a l i t a t i v e l y and q u a n t i t a 
t i v e l y the c h a r a c t e r i s t i c s which might cause the wastes t o be 
hazardous and to p r o v i d i n g the means f o r d e t e r m i n i n g i n ste p 
t h r e e , the r i s k s i n v o l v e d under the d i s p o s a l c i r c u m s t a n c e s s p e c i 
f i c t o the s i t e b e i n g s t u d i e d . These means may i n c l u d e g a t h e r i n g 
p e r t i n e n t i n f o r m a t i o n from l a b o r a t o r y and o t h e r s t u d i e s on the 
t o x i c o l o g i c a l p r o p e r t i e s of the a r r a y of c o n s t i t u e n t s i n the s i t e . 
A l s o p e r t i n e n t would be the range of responses t o those c o n s t i 
t u e n t s under the v a r i o u s s t a t e d , not a c t u a l , l e v e l s and types of 
exposures a l o n g w i t h r e v i e w i n g i n t e r - s p e c i e s t r a n s l a t i o n r e l a t i o n 
s h i p s and the means t o

With the f o c u s on
i n the s i t e i n v e n t o r y , a p p r o p r i a t e f i e l d sampling and a n a l y s i s 
must be undertaken t o v e r i f y t h a t the i d e n t i f i e d hazards a c t u a l l y 
e x i s t . I f a hazard has been i d e n t i f i e d and the p o t e n t i a l f o r 
c a u s i n g adverse e f f e c t s c o n f i r m e d , a f t e r c o n s i d e r i n g b o t h the 
q u a l i t a t i v e and q u a n t i t a t i v e dimensions of the s i t u a t i o n , t h e 
pr o c e s s r e q u i r e s p r o c e e d i n g to the next step - R i s k E v a l u a t i o n . 

R i s k E v a l u a t i o n 

R i s k e v a l u a t i o n i n the assessment process f o c u s e s on w e i g h i n g 
the h e a l t h and e n v i r o n m e n t a l t h r e a t s posed by an i d e n t i f i e d haz
a r d . F i r s t , the p o s s i b i l i t y and p r o b a b i l i t y t h a t a person w i l l 
a c t u a l l y e x p e r i e n c e an adverse e f f e c t as a r e s u l t of the e x i s t e n c e 
of t he e n v i r o n m e n t a l hazard and exposure to i t must be weighed; 
and, s e c o n d l y , t he number of persons who might be exposed must be 
c o n s i d e r e d . 

In the s t e p w i s e p r o c e s s , the r i s k e v a l u a t i o n combines the 
r e s u l t s o f t h e second s t e p , hazard e v a l u a t i o n , w i t h any i n f o r m a 
t i o n on a c t u a l exposure p o s s i b i l i t i e s , i n c l u d i n g e v a l u a t i n g expo
s u r e s o u r c e s , l e v e l s , f r e q u e n c i e s , types and r o u t e s . The a s s e s s 
ment e f f o r t i n v o l v e s i n t e r p r e t i n g the f i e l d v e r i f i e d d a ta from the 
p e r s p e c t i v e of d e t e r m i n i n g what the a c t u a l r i s k l e v e l t o humans 
and the environment i s i n the r e a l w o r l d c i r c u m s t a n c e s posed by 
the a c t i v i t y b e i n g e v a l u a t e d . 

I n the case o f a hazardous waste d i s p o s a l s i t e , the geo-
h y d r o l o g i c s e t t i n g c h a r a c t e r i s t i c s must now be c a r e f u l l y con
s i d e r e d t o a s s e s s the e x i s t e n c e of s u b s u r f a c e exposure r o u t e s . 
A l s o , t h e p o t e n t i a l f o r exposure from a i r e m i s s i o n s and s u r f a c e 
r u n o f f must be q u a n t i f i e d where p o s s i b l e . O v e r a l l , the s i g n i f i 
cant f a c t o r s would i n c l u d e : (1) e v a l u a t i n g the v o l a t i l i t y of the 
wastes which c o u l d l e a d t o s h o r t - and long-term exposure to a i r 
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e m i s s i o n s , (2) c o n s i d e r i n g the long-term s o l u b i l i t y of the wastes 
i n waters from e i t h e r r a i n f a l l o r s u r f a c e r u n o f f , (3) c o n s i d e r i n g 
the c o n t i n u i n g p o t e n t i a l f o r s u r f a c e water c o n t a c t , (4) r e v i e w i n g 
the r a i n f a l l r a t e s and r a i n f a l l f l o w paths as t o N t h e i r a b i l i t y to 
support t h e i r c o n t r i b u t i o n t o c o n t i n u e d exposure, (5) i d e n t i f y i n g 
the groundwater c o n t a m i n a t i o n p o t e n t i a l and m i g r a t i o n p a t h s , (6) 
i d e n t i f y i n g groundwater uses, and (7) a p p r a i s i n g p o p u l a t i o n expo
sure by c o n s i d e r i n g p r o x i m i t y and number. 

I f the r i s k e v a l u a t i o n s t e p shows t h a t a s i g n i f i c a n t poten
t i a l f o r adverse e f f e c t s e x i s t s , the s t e p w i s e process c a l l s f o r 
d e v e l o p i n g an a p p r o p r i a t e response. Determining the a p p r o p r i a t e 
ness of a response i m p l i e s h a v i n g a b a s i s t o v a r y the response. 
P r o v i d i n g t h a t b a s i s i s the end product of the r i s k e v a l u a t i o n 
s t e p . I t i n v o l v e s c l a s s i f y i n g the r i s k as b e i n g h i g h , low or 
i n s i g n i f i c a n t so t h a t the a p p r o p r i a t e response can be developed

B e f o r e d i s c u s s i n g
emphasize t h a t the hazar
r i s k e v a l u a t i o n s t e p s are p u r p o s e l y kept f r e e , as much as p o s s i b l e , 
of v a l u e judgments. C r e d i b l e r i s k e v a l u a t i o n s n e c e s s a r i l y r e q u i r e 
u s i n g the best s c i e n t i f i c i n p u t , t h e o r y , acumen and judgments. In 
the f o u r t h s t e p , v a l u e judgments come i n t o p l a y to a s s i s t i n 
d e v e l o p i n g r i s k responses r e f l e c t i n g those s o c i e t a l judgments t h a t 
bear on the s i t u a t i o n b e i n g e v a l u a t e d . 

To c l a s s i f y r i s k s , a system or framework f o r c l a s s i f i c a t i o n 
must be agreed upon. In a p e r f e c t w o r l d , a s o c i e t a l consensus on 
l e v e l s of " r i s k a c c e p t a b i l i t y " would be at hand and be s t r a i g h t 
forward i n how i t would be a p p l i e d i n each s i t u a t i o n b e i n g 
e v a l u a t e d . However, i n the r e a l w o r l d t h e r e i s no consensus, and 
we can o n l y e v a l u a t e and then d e f i n e the ranges of r i s k s posed i n 
a c t u a l s i t u a t i o n s and then judge them f o r t h e i r a c c e p t a b i l i t y to 
s o c i e t y . 

W i t h i n S h e l l , when t a k i n g a c t i o n s beyond those r e q u i r e d by 
law, we use the concept of r i s k r e g i o n s or r i s k c l a s s i f i c a t i o n s . 
The o b j e c t i v e of our c l a s s i f i c a t i o n scheme i s t w o f o l d ; f i r s t , t o 
p r o v i d e guidance f o r the a l l o c a t i o n of r e s o u r c e s such t h a t the 
most s e r i o u s r i s k s a r e handled f i r s t ; and second, t o i d e n t i f y 
those s i t u a t i o n s where a l l o c a t i n g r e s o u r c e s i s not warranted s i n c e 
the r i s k i s judged to be i n s i g n i f i c a n t . 

Our system, t h e r e f o r e , d i s t i n g u i s h e s t h r e e c l a s s i f i c a t i o n s of 
r i s k : h i g h , low, and i n s i g n i f i c a n t . One might argue t h a t a 
medium r i s k r e g i o n e x i s t s . At t h i s t i m e , c o n s i d e r i n g a medium 
r i s k r e g i o n would o n l y add an u n r e a l i s t i c aura of p r e c i s i o n to the 
system. We r e c o g n i z e d a t the o u t s e t t h a t the t o o l s a v a i l a b l e to 
us i n our c l a s s i f i c a t i o n scheme are b l u n t . 

D e f i n i t i o n of the boundaries between the r i s k r e g i o n s can be 
p r e c i s e by c h o i c e ; however, t h e r e a r e no e s t a b l i s h e d c r i t e r i a f o r 
boundary s e t t i n g and, at t h i s time, o n l y g u i d e l i n e s f o r boundary 
s e l e c t i o n can be o f f e r e d (1). The range of c h o i c e s might i n c l u d e 
(1) r e a s o n a b l e performance g o a l s f o r b e s t t e c h n o l o g y c o n t r o l 
equipment when a c t u a l exposure l e v e l s from e x i s t i n g f a c i l i t i e s i s 

In Risk Assessment at Hazardous Waste Sites; Long, F., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1982. 



50 RISK ASSESSMENT AT HAZARDOUS WASTE SITES 

a s s e s s e d , (2) the f e a s i b i l i t y of c o n t r o l l i n g exposures, and (3) a 
d e s i r a b l e i n d u s t r y or a c t i v i t y performance g o a l . 

W hile the framework f o r r i s k r e g i o n s i s p r e c i s e , the uncer
t a i n t i e s emerge when r e a l w o r l d i m p r e c i s e e v a l u a t i o n s of r i s k -
r e c o g n i z i n g the b l u n t n e s s of our t o o l s - a r e measured by the 
p r e c i s e y a r d s t i c k s . N e v e r t h e l e s s , when c o n s i d e r i n g r i s k c l a s s i f i 
c a t i o n s from a s o c i e t a l v i e w p o i n t , one can have c o n f i d e n c e and 
l o g i c a l l y c l a s s i f y h i g h r i s k r e g i o n s as b e i n g r e g i o n s of "unaccep
t a b l e r i s k . " The low r i s k r e g i o n might s i m i l a r l y be l a b e l e d as 
" v a r i o u s l y a c c e p t a b l e " w i t h t h e t h i r d r e g i o n r e f e r r e d t o as 
" i n s i g n i f i c a n t r i s k . " C o n s i s t e n t w i t h t h a t c l a s s i f i c a t i o n scheme, 
one c o u l d d e f i n e a p a r a l l e l s e r i e s of a p p r o p r i a t e responses. 

R i s k Response 

R i s k response i n v o l v e
responses i n c l u d e s makin
r i s k s s o c i e t y t a k e s , i n c l u d i n g t h e i r view on the s e r i o u s n e s s 
of the r i s k and the p e r c e i v e d b e n e f i t s from t a k i n g t h a t r i s k . 
From the process of combining the s c i e n t i f i c i n f o r m a t i o n a v a i l a b l e 
w i t h the p e r t i n e n t v a l u e judgments, d e c i s i o n s can be made as t o 
what a c t i o n s a r e r e q u i r e d and j u s t i f i e d as a p p r o p r i a t e response to 
the r i s k posed. 

When a r i s k assessment shows a " h i g h r i s k " s i t u a t i o n , t h i s 
would be judged u n a c c e p t a b l e and r e q u i r e a response to abate the 
r i s k and move i t downward toward the "low r i s k " or " v a r i o u s l y 
a c c e p t a b l e " r e g i o n . 

S i m i l a r l y , an " i n s i g n i f i c a n t r i s k " c l a s s i f i c a t i o n i s judged 
as d e f i n i n g those s i t u a t i o n s which do not j u s t i f y or warrant the 
a l l o c a t i o n of r e s o u r c e s f o r f u r t h e r r i s k r e d u c t i o n . I must empha
s i z e at t h i s p o i n t t h a t the " i n s i g n i f i c a n t " c l a s s i f i c a t i o n i s not 
e q u i v a l e n t t o an a b s o l u t e "zero r i s k . " 

The "low r i s k " or " v a r i o u s l y a c c e p t a b l e " r e g i o n under t h i s 
l a b e l i n g scheme would then, by d i f f e r e n c e between h i g h and i n s i g 
n i f i c a n t , i d e n t i f y those s i t u a t i o n s where b a l a n c i n g d e c i s i o n s 
which c o n s i d e r r i s k s , b e n e f i t s and j u s t i f i c a t i o n must be made f o r 
p r i o r i t i z i n g the a p p l i c a t i o n of c r i t i c a l r e s o u r c e s . 

The e x e r c i s e of b a l a n c i n g r i s k s and b e n e f i t s i n the "low r i s k " 
r e g i o n i s c l e a r l y an a r e a where r e g u l a t o r y guidance s h o u l d empha
s i z e the importance of r e l a t i n g r i s k r e d u c t i o n t o c o s t s , b e n e f i t s 
and a l t e r n a t i v e r i s k s . T h i s "low r i s k " or " v a r i o u s l y a c c e p t a b l e " 
r e g i o n i s the a r e a where c o s t s t o reduce r i s k s h o u l d be j u s t i f i e d 
and a l t e r n a t i v e s c o n s i d e r e d . For j u s t as zero r i s k i s not 
g e n e r a l l y a t t a i n a b l e , v e r y l i t t l e r e a l p r o g r e s s toward our g o a l 
would be reached i f we attempted t o s h i f t a l l " v a r i o u s l y a c c e p t a 
b l e " r i s k s downward. 

Regar d l e s s of the absence of a governmental p o l i c y e s t a b l i s h 
i n g a b s o l u t e r i s k l i m i t s or boundaries of a c c e p t a b i l i t y , r i s k 
response d e c i s i o n s must be made i n many i n d u s t r i a l s i t u a t i o n s . We 
have found t h a t c o u p l i n g d i s c i p l i n e d r i s k assessment procedures 

In Risk Assessment at Hazardous Waste Sites; Long, F., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1982. 



5. D R E I T H An Industry's Guidelines 51 

w i t h the r i s k r e g i o n c l a s s i f i c a t i o n t e c h n i q u e s y i e l d s a p p r o p r i a t e 
response a c t i o n s , and the pr o c e s s has proven to be a p r a c t i c a l 
t o o l t o d e a l w i t h these i n h e r e n t l y i m p r e c i s e s i t u a t i o n s . 

U s i n g the r i s k assessment and c l a s s i f i c a t i o n approach i n 
e v a l u a t i n g waste d i s p o s a l s i t e s i t u a t i o n s s h o u l d l i k e w i s e a l l o w 
making p r a c t i c a l d e c i s i o n s by c o u p l i n g r i s k l e v e l s w i t h a p p r o p r i 
a t e r e m e d i a l responses. The s t e p w i s e d e c i s i o n p r o c e s s sho u l d 
a l s o be u s e f u l i n e v a l u a t i n g the scope of r i s k s posed by abandoned 
d i s p o s a l s i t e s . I f the r i s k assessment p r o c e s s l e a d s to the con
c l u s i o n t h a t a d i s p o s a l s i t e i s , indeed, p o s i n g a s i g n i f i c a n t 
t h r e a t t o h e a l t h or the environment, a p p r o p r i a t e l e v e l s and types 
of responses can be d e f i n e d . By c o n s i d e r i n g a l l the q u a n t i f i a b l e 
f a c t o r s , t he i d e n t i f i e d u n c e r t a i n t i e s , and the g e o h y d r o l o g i c p r e 
d i c t i o n s and p r o j e c t i o n s s p e c i f i c t o each s i t e , s u p p o r t a b l e 
p r a c t i c a l response d e c i s i o n  b  made  I f  " h i g h r i s k " c l a s
s i f i c a t i o n i s s u p p o r t a b l e
p a r t i c u l a r r i s k i s prog r e s s e
I f an " i n s i g n i f i c a n t r i s k " c l a s s i f i c a t i o n i s g i v e n , no a c t i o n i s 
r e q u i r e d s o l e l y t o reduce r i s k t o h e a l t h o r the environment. 

A c i r c u m s t a n c e worth m e n t i o n i n g a t t h i s p o i n t i s the response 
a p p r o p r i a t e to d e a l w i t h n u i s a n c e and e s t h e t i c i s s u e s such as odor 
or n o i s e when no hazard can be i d e n t i f i e d . A r i s k c l a s s i f i c a t i o n 
of " i n s i g n i f i c a n t , " w i t h r e s p e c t to h e a l t h o r the environment, 
would l i k e l y be s e l e c t e d and no response j u s t i f i e d i n the case of 
a d i s p o s a l s i t e e v a l u a t i o n where o n l y odor i s the problem. I n 
these i n s t a n c e s , a p p r o p r i a t e responses s h o u l d be developed u s i n g 
a p r o c e s s which r e f l e c t s the economic, s o c i a l and p o l i t i c a l 
impacts of the problem r a t h e r than the assessment process b e i n g 
d e s c r i b e d which has been developed t o d e a l w i t h hazards to h e a l t h . 

I n d i s p o s a l s i t e s w i t h i d e n t i f i e d h a z a r d s , the more d i f f i c u l t 
and i n v o l v e d d e c i s i o n s w i l l have to be f a c e d when the c i r c u m 
s t a n c e s r e s u l t i n s e l e c t i n g the "low r i s k " c l a s s i f i c a t i o n . S i n c e 
t o t a l c o s t / b e n e f i t c o n s i d e r a t i o n s a p p r o p r i a t e l y come i n t o p l a y — 
f o r h ere we hope t o a c h i e v e the g r e a t e s t r e d u c t i o n i n r i s k s f o r 
each d o l l a r spent — the response a c t i o n s can v a r y a c c o r d i n g l y . 
W h i l e r i s k r e d u c t i o n i s the o v e r a l l o b j e c t i v e , r e d u c i n g the s e l e c 
t e d r i s k l e v e l i n t o the " i n s i g n i f i c a n t " c l a s s i f i c a t i o n i s not 
a u t o m a t i c a l l y the optimum s o l u t i o n s i n c e i t may r e q u i r e i n o r d i n a t e 
and e x c e s s i v e r e s o u r c e u t i l i z a t i o n . 

C a l i f o r n i a S i t e Study 

The e v a l u a t i o n of an a c t u a l d i s p o s a l s i t e i n s o u t h e r n C a l i 
f o r n i a has been f o l l o w i n g a p a t t e r n of events t h a t , i n ways, f i t s 
t he p r o c e s s I have been d i s c u s s i n g . I would l i k e t o share w i t h 
you the h i g h l i g h t s of t h i s e v a l u a t i o n . 

S h e l l i s one o f a number of p a r t i c i p a n t s i n an e f f o r t t o 
d e f i n e and r e s o l v e the problems posed by a d i s p o s a l s i t e i n an 
e s t a b l i s h e d community. The s i t e was p e r m i t t e d d u r i n g the 1940's, 
and used f o r d i s p o s a l of a c i d i c m a t e r i a l s from petroleum r e f i n 
e r i e s i n the a r e a . I t i s i n a developed r e s i d e n t i a l a r e a . 
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As might be expected, when the s i t e was i d e n t i f i e d and some 
of the c i r c u m s t a n c e s s u r r o u n d i n g i t s past use were exposed i n the 
media, the r e a c t i o n o f many was t o expect an immediate clea n - u p . 
R e l a t i n g t h i s r e a c t i o n t o the s t e p - w i s e procedure I have been 
d i s c u s s i n g , some jumped ahead to s t e p f o u r - R i s k Response - and 
c a l l e d f o r an immediate e x c a v a t i o n w i t h o u t h a v i n g c o n s i d e r e d 
s t e p s one, two or t h r e e . C a l l i n g f o r immediate clean-up i s e q u i 
v a l e n t t o c l a s s i f y i n g t he s i t u a t i o n as one p o s i n g a h i g h r i s k . 
Doing so can o n l y be c o n j e c t u r e when o n l y l i m i t e d and q u a l i t a t i v e 
d a t a i s a t hand. Th i s r e a c t i o n was, of c o u r s e , premature and 
d i s r e g a r d e d c o m p l e t e l y such f u n c t i o n s as i d e n t i f y i n g and e v a l u a t 
i n g the r i s k a s s o c i a t e d w i t h e x c a v a t i o n . 

A b e t t e r approach t o r e s o l v e community concern i s t o move 
for w a r d and f o l l o w t h e s y s t e m a t i c procedure to f i r s t i d e n t i f y the 
ha z a r d , e v a l u a t e i t s scope, a s s e s s the r i s k s posed, and then 
develop an a p p r o p r i a t e

At the C a l i f o r n i a
f e d e r a l , s t a t e , and l o c a l a g e n c i e s was made to i d e n t i f y t he n a t u r e 
of the m a t e r i a l s i n the s i t e and the p o t e n t i a l f o r an adverse 
e f f e c t . Then, w i t h i n d u s t r y p a r t i c i p a t i o n , a p l a n was f o l l o w e d to 
develop and then implement a d e t a i l e d and comprehensive s i t e 
e v a l u a t i o n . 

The data from the e v a l u a t i o n e f f o r t w i l l a l l o w making a sup
p o r t a b l e d e c i s i o n on the hazards posed by the s i t e . A l s o from the 
data gathered d u r i n g the s t u d y , p r e d i c t i o n s and p r o j e c t i o n s can be 
made as t o the scope of b o t h the c u r r e n t and f u t u r e r i s k s posed by 
the s i t e . I n a d d i t i o n , t h i s process w i l l p r o v i d e i n f o r m a t i o n 
n e c e s s a r y to understand the r i s k s a s s o c i a t e d w i t h the s p e c i f i c 
r e m e d i a l measures a v a i l a b l e and under c o n s i d e r a t i o n . 

From c o n s u l t a t i o n s w i t h the agencies i n v o l v e d , the community, 
and w i t h the i n d u s t r i a l p a r t i c i p a n t s , the r i s k s posed by the s i t e 
s h o u l d be c l a s s i f i a b l e and a p p r o p r i a t e response and r e m e d i a l mea
sures agreed upon. We have c o n f i d e n c e t h a t t h i s s c e n a r i o w i l l be 
f o l l o w e d t o re a c h a s a t i s f a c t o r y r e s o l u t i o n of the problems a s s o 
c i a t e d w i t h t h i s s i t e . 

Summary 

I t r u s t t h a t you w i l l agree t h a t t h e use of a s t e p - w i s e p r o 
cess f o r r i s k assessment and response development and the compa
n i o n concept of u s i n g r i s k r e g i o n s o r r i s k c l a s s i f i c a t i o n , o f f e r s 
a framework f o r p r a c t i c a l d e c i s i o n making. 

Making the e f f o r t a t t h i s time to d e f i n e boundaries between 
h i g h , low and i n s i g n i f i c a n t r i s k s i n r i s k assessment s i t u a t i o n s , 
i s not preempting any u l t i m a t e s o c i e t a l judgement. E v e n t u a l l y 
governmental p o l i c y w i l l l i k e l y d e f i n e the r i s k boundary l i m i t s . 
I n the i n t e r i m , u s i n g systems and approaches t h a t a r e d i r e c t i o n -
a l l y o r i e n t e d to reduce r i s k can s e r v e as a base f o r e s t a b l i s h i n g 
the l o g i c a l framework t h a t f a c i l i t a t e s p r a c t i c a l d e c i s i o n making. 
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I t would appear t o be w o r t h w h i l e t o support e f f o r t s t o 
develop r i s k assessment approaches a l o n g the l i n e s I have d i s 
cussed r a t h e r than j o i n a consensus s a y i n g t h a t i t cannot be done, 
or i n s u p p o r t i n g s e l e c t i n g mathematical models which a r b i t r a r i l y 
d e f i n e hazards and r i s k s . 

We s o l i c i t your c o n s i d e r a t i o n i n d e v e l o p i n g a broader con
sensus which supports the premise t h a t a d e l i b e r a t e , d i s c i p l i n e d , 
s t e p w i s e approach t o making r i s k assessments i s a v a i l a b l e f o r 
p r a c t i c a l a p p l i c a t i o n i n d i s p o s a l s i t e e v a l u a t i o n s . 
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A comprehensive method to inventory inactive 
waste disposal sites should integrate all avail
able historic, engineering, geologic,
water supply,  public agency  private
pany records in order to develop a complete and 
accurate site profile. Detailed information on 
site contents may not be available but areas of 
potential impact can be evaluated. Where people 
or drinking water supplies are affected, further 
investigation is indicated. 

Historic aerial photographs provide the accu
racy and documentation required to compile a 
prec ise record of site boundaries, points of 
access, and adjacent land use. Engineering bor
ings for cons t ruc t ion projects in the vicinity of 
suspected s i t e s are integrated wi th geologic 
information to construct reasonable hydrogeologic 
models to evaluate p o t e n t i a l leachate impact on 
water w e l l s or nearby inhab i tan t s . 

S i t es are sys temat ica l ly ranked using 
matrices wi th appropriate v a r i a b l e s , such as 
geology, land use, or distance to water w e l l s . 
This k ind of an evaluat ion is a necessary step i n 
the prioritization of sites where little is known 
about contents and where numbers of sites preclude 
a comprehensive drilling and testing program. 

The Monroe County experience ind ica tes that a 
wel l-designed study provides a conservative esti
mate of the number of large dump sites that 
require further cons idera t ion . This study pro
vided a comprehensive, fifty-year inventory of all 
potentially significant sites in a large urban 
area (Rochester, New York ) . 

1 Current address: 65 Broad Street, Room 203, Rochester, NY 14614 
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The methodology d e s c r i b e d i n t h i s paper t o l o c a t e and 
c l a s s i f y abandoned dump s i t e s was developed i n Monroe County, 
New York i n response t o a 1978 county l e g i s l a t u r e r e q u e s t t o 
l o c a t e p o t e n t i a l "Love C a n a l " type problems and a 1979 New York 
S t a t e law r e q u i r i n g c o u n t i e s to i d e n t i f y abandoned s i t e s . The 
system i s designed to e v a l u a t e and p r i o r i t i z e a l a r g e number of 
s i t e s f o r more d e t a i l e d i n v e s t i g a t i o n . W h i l e not a l l p o i n t s 
w i l l be a p p l i c a b l e i n every p a r t of the c o u n t r y , the g e n e r a l 
approach w i l l a l l o w government agencies to f o c u s l i m i t e d 
r e s o u r c e s on those s i t e s t h a t pose the g r e a t e s t p o t e n t i a l 
impact on human h e a l t h . 

T h i s paper i s a b r i e f d e s c r i p t i o n of a methodology t h a t 
w i l l be f u l l y d e s c r i b e d i n a f i n a l r e p o r t to EPA t o be completed 
i n 1982. 

R a t i o n a l e And Approac

The h i g h e s t p r i o r i t y f o r the Monroe County study was t o 
l o c a t e s i t e s where p o t e n t i a l l y hazardous substances i n h i g h 
c o n c e n t r a t i o n s might be p r e s e n t i n areas o c c u p i e d by l a r g e num
bers of p e o p l e . There are many o t h e r s i t u a t i o n s where hazardous 
m a t e r i a l s might have a p o t e n t i a l long-term e f f e c t on humans or 
the environment t h a t were excluded from the h i g h e s t p r i o r i t y 
c a t e g o r y i n the d e s i g n of the s t u d y , i . e . , the slow, long-term 
r e l e a s e of t o x i c substances i n t o streams and l a k e s through 
groundwater might be of g r e a t concern i n o t h e r c i r c u m s t a n c e s . 
However, the immediate e f f e c t of these low c o n c e n t r a t i o n s on 
areas where l a r g e numbers of people l i v e or work might be 
n e g l i g i b l e . Furthermore, d e t e c t i o n of low c o n c e n t r a t i o n s of 
hazardous substances i n water b o d i e s used f o r d r i n k i n g water or 
r e c r e a t i o n i s an a r e a of c u r r e n t concern 4 f o r h e a l t h or water 
q u a l i t y a g e n c i e s and s h o u l d be handled under e x i s t i n g programs. 
I n f o r m a t i o n b e a r i n g on such long-term problems i s not i g n o r e d 
i n the p r e s e n t study but would be r e f e r r e d to the a p p r o p r i a t e 
agency when encountered. 

On the o t h e r hand, p u b l i c or p r i v a t e w e l l water s u p p l i e s 
i n c l o s e p r o x i m i t y t o e x i s t i n g or abandoned l a n d f i l l s a r e 
p l a c e d i n the h i g h e s t p r i o r i t y c a t e g o r y because the p o t e n t i a l 
f o r a more d i r e c t c o n t a m i n a t i o n pathway i s o b v i o u s . 

An i n t e g r a t e d study such as the one undertaken i n Monroe 
County documents a g r e a t d e a l of h i s t o r i c i n f o r m a t i o n t h a t 
c o u l d e v e n t u a l l y be used f o r many purposes. I t p r o v i d e s com
p r e h e n s i v e b a s e l i n e d a t a t h a t might be u n r e c o v e r a b l e i n f u t u r e 
y e a r s . P l a n n i n g a c t i v i t i e s and z o n i n g requirements are obvious 
areas of impact. The i n f o r m a t i o n , once c o l l e c t e d , c o u l d be used 
by any agency whose e f f o r t s o r p r i o r i t i e s might o v e r l a p but 
d i f f e r from the s p e c i f i c g o a l s of the p r e s e n t s t u d y . 

The key t o the s u c c e s s f u l i m p l e m e n t a t i o n of t h i s type of 
program i s the c a r e f u l o r g a n i z a t i o n and i n t e g r a t i o n by q u a l i f i e d 
i n d i v i d u a l s of a l l the c r i t i c a l r e s o u r c e s t h a t might be 
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o v e r l o o k e d o r i n e f f e c t i v e l y u t i l i z e d i n a l e s s comprehensive 
e f f o r t w i t h more l i m i t e d time c o n s t r a i n t s . Involvement of 
pe r s o n n e l from a l l a f f e c t e d o r p e r i p h e r a l agencies i s s t r o n g l y 
recommended. 

H i s t o r i c a e r i a l p h o t o g r a p h i c a n a l y s i s i s the b e s t way t o 
c o n f i r m a c t u a l o r p o t e n t i a l s i t e b o u n d a r i e s . T h i s , i n t u r n , 
a l l o w s p e r s o n n e l and r e s o u r c e s t o be focus e d on those areas 
where p h y s i c a l documentation of s i t e s i s r e a s o n a b l y a c c u r a t e . 

The g e o l o g i c a n a l y s i s a i d s i n both the s e a r c h f o r and 
p r i o r i t i z a t i o n of p o t e n t i a l s i t e s , but the d a t a must be i n t e 
g r a t e d w i t h the i n f o r m a t i o n developed by r e c o r d s e a r c h e s , 
i n t e r v i e w s and the c a r e f u l development of a comprehensive s i t e 
a c t i v i t y p r o f i l e . 

F i n a l l y , t h i s e f f o r t i s not meant t o r e p l a c e those t e c h n i c a l 
s t u d i e s which have d e a l
known hazardous waste s i t e
m ation i s a v a i l a b l e on s i t e h i s t o r y , c o n t e n t s , and hydrogeology. 
The p r e s e n t study s h o u l d reduce the need f o r e x p e n s i v e d r i l l i n g 
and t e s t i n g programs and p r o v i d e a means f o r t h e i r r a t i o n a l , 
impl e m e n t a t i o n . 

S i t e I d e n t i f i c a t i o n 

I n c o n d u c t i n g a g e n e r a l survey of abandoned dump s i t e s , 
t h e r e are many sources of i n f o r m a t i o n which must be used i n 
c o m b i n a t i o n t o i d e n t i f y and/or v e r i f y s i t e l o c a t i o n s and to 
c h a r a c t e r i z e s i t e a c t i v i t y . The Monroe County methodology uses 
h i s t o r i c a e r i a l photographs i n s t e r e o s c o p i c p a i r s as the p r i m a r y 
r e s o u r c e t o develop an i n f o r m a t i o n base, but no s i n g l e source 
s h o u l d be depended upon e n t i r e l y . A e r i a l photographs a r e the 
most r e l i a b l e r e s o u r c e f o r i d e n t i f y i n g s i t e b o u n d a r i e s , p e r i o d s 
of o p e r a t i o n , s i t e d r a i n a g e , and p r e - e x i s t i n g uses or f e a t u r e s 
such as sand and g r a v e l o p e r a t i o n s , borrow p i t s , s u r f a c e ponding, 
and access r o u t e s . However, i t i s not always p o s s i b l e t o d i s -
t i n q u i s h dumping from " c l e a n " f i l l o r c o n s t r u c t i o n a c t i v i t y on 
photographs. The i n f o r m a t i o n must be supplemented by o t h e r 
s o u r c e s . R e p o r t s , maps, r e c o r d s , i n t e r v i e w s and i n f o r m a t i o n 
from the g e n e r a l p u b l i c a l l p r o v i d e i n f o r m a t i o n t h a t i s u s e f u l 
i n c o n s t r u c t i n g a s i t e a c t i v i t y p r o f i l e . These s o u r c e s , used 
w i t h o u t a i r photo i n f o r m a t i o n , may be i n s u f f i c i e n t t o l o c a t e 
s i t e s a d e q u a t e l y and g e n e r a l l y do not p r o v i d e a c c u r a t e i n f o r m a 
t i o n on s i t e b o u n d a r i e s . I t i s the c o m b i n a t i o n of a l l a v a i l a b l e 
r e s o u r c e s t h a t i s the key t o a c c u r a t e s i t e c h a r a c t e r i z a t i o n . 

Data Sources. The u s e f u l sources of da t a i n c l u d e : 
. A e r i a l photographs i n s t e r e o s c o p i c p a i r s f o r s e l e c t e d y e a r s 
. Records from l o c a l and s t a t e h e a l t h department and c o n s e r v a t i o n 

a g e n c i e s 
. E n v i r o n m e n t a l a t l a s e s 
. Government p u b l i c a t i o n s on hazardous waste s i t e s 
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. County s o i l s maps 

. H i s t o r i c r e s o u r c e s (newspaper c l i p p i n g s , a r t i c l e s , c i t y 
d i r e c t o r i e s , f i r e i n s u r a n c e maps, p l a t books, i n d u s t r i a l 
s u r v e y s ) 

. I n t e r v i e w s w i t h p u b l i c o f f i c i a l s , agency employees 

. P u b l i c c a l l - i n campaign. 

G e n e r a l Survey. The g e n e r a l survey i s conducted f o r one 
USGS quadrangle sheet a t a t i m e . H i s t o r i c a e r i a l photographs 
are i n t e r p r e t e d f o r s e l e c t e d y e a r s ( g e n e r a l l y t e n y e a r i n t e r v a l s ) 
t o i d e n t i f y abandoned dumps. A r e c o r d of i n t e r p r e t a t i o n s i s made 
on m y l a r s h e e t s a t t a c h e d t o one photo i n each s t e r e o p a i r . These 
o v e r l a y s h e e t s a r e r e t a i n e d as i m p o r t a n t permanent documentation 
f o r the s t u d y . 

S i n c e i t i s not always p o s s i b l e t o d i s t i n g u i s h between con
s t r u c t i o n , f i l l i n g , an
i n i t i a l l y g i v e n one of
S i t e s i n the " P o s s i b l e Dump" and " U n s p e c i f i e d F i l l " c a t e g o r i e s 
w i l l need supplemental i n f o r m a t i o n t o determine whether dumping 
a c t u a l l y o c c u r r e d . The m i x t u r e of types t h a t o c c u r r e d f o r one 
quadrangle i n Monroe County i s shown i n F i g u r e 1. 

A f t e r the photos a r e i n t e r p r e t e d f o r each s e l e c t e d y e a r , 
the i n f o r m a t i o n from a l l y e a r s must be combined f o r each s i t e . 
A w r i t t e n r e c o r d of s i t e a c t i v i t y i s compiled and r e c o r d e d . A 
maximum s i t e boundary map i s prepared u s i n g l a r g e s c a l e ( l "=200 f) 
maps. Orthophoto maps ar e b e s t f o r t h i s purpose i f a v a i l a b l e . 
L a s t l y , a g e n e r a l survey map a t the s c a l e of 1:24000 i s completed 
f o r each quadrangle by t r a n s f e r r i n g b o u n d a r i e s from the l a r g e r 
s c a l e maps ( F i g u r e 1 ) . 

S i t e s are c l a s s i f i e d f o r c u r r e n t l a n d use from the most 
r e c e n t s e t of a e r i a l photography. One of s i x l a n d use c a t e g o r i e s 
i s a p p l i e d . These w i l l e v e n t u a l l y need t o be v e r i f i e d by f i e l d 
i n s p e c t i o n . 
. 24-hour occupancy on or w i t h i n 100 f e e t of the s i t e ( r e s i d e n 

t i a l use, h o s p i t a l s , n u r s i n g homes) 
. P a r t - t i m e occupancy on o r w i t h i n 100 f e e t of the s i t e (commer

c i a l e s t a b l i s h m e n t s , i n d u s t r y ) 
. 24-hour occupancy w i t h i n 1,000 f e e t of s i t e 
. P a r t - t i m e occupancy w i t h i n 1,000 f e e t of s i t e 
. 24-hour occupancy w i t h i n 1,000-2,500 f e e t of s i t e 
. P a r t - t i m e occupancy w i t h i n 1,000-2,500 f e e t of s i t e 

G e o l o g i c A n a l y s i s 

A g e n e r a l g e o l o g i c a n a l y s i s of the e n t i r e r e g i o n under study 
i s e s s e n t i a l to the development of a r a t i o n a l approach to s i t e 
p r i o r i t i z a t i o n . Such a broad-based a n a l y s i s a l s o s e r v e s as the 
frame of r e f e r e n c e f o r s i t e s p e c i f i c s t u d i e s d u r i n g the l a t e r 
phases of the p r o j e c t . 

The i m p o r t a n t components of a g e n e r a l g e o l o g i c a n a l y s i s a r e 
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TABLE I . S i t e A c t i v i t y C a t e g o r i e s 

D - I d e n t i f i a b l e : 
S i t e s where i n f o r m a t i o n on dumping a c t i v i t y i s known from 

p u b l i c r e c o r d s , i n t e r v i e w s w i t h government or i n d u s t r y o f f i c i a l s , 
the p u b l i c c a l l - i n campaign, i n d u s t r i a l s u r v e y s , o r where dumping 
a c t i v i t y i s c l e a r l y e v i d e n t on a e r i a l photographs. 

P - P o s s i b l e : 
S i t e s where f i l l i n g a c t i v i t y i s e v i d e n t but t h e r e has been 

no c o n f i r m a t i o n as to whether or not dumping has o c c u r r e d . How
ever , based on the l o c a t i o
i t would appear t h a t dumpin
a d j a c e n t t o i n d u s t r i a l o  commercia  a c t i v i t i e s , maintenance 
a r e a s , l a r g e c o n s t r u c t i o n s i t e s and p u b l i c f a c i l i t i e s such as 
sewage treatment p l a n t s and i n c i n e r a t o r s s h o u l d be e v a l u a t e d as 
p o s s i b l e dumps. 

U - U n s p e c i f i e d : 
S i t e s t h a t a r e apparent e i t h e r as r e c e n t s u r f a c e d i s t u r 

bances or to p o g r a p h i c changes t h a t were not p r e s e n t on e a r l i e r 
photographs. S i t e s t h a t a r e o b v i o u s l y c l e a n f i l l f o r c o n s t r u c 
t i o n purposes a r e not i n c l u d e d i n t h i s c a t e g o r y nor a r e they 
annotated. (Such s i t e s may be i d e n t i f i e d by the r e l a t i v e l y 
r a p i d c o m p l e t i o n of a c t i v i t y f o l l o w e d by the appearance of a 
highway, new b u i l d i n g o r s t r u c t u r e on more r e c e n t photographs.) 

L-Lagoons: 
P o t e n t i a l l i q u i d waste d i s p o s a l areas t h a t are e i t h e r 

suggested by a s s o c i a t e d a c t i v i t y on the photographs o r are known 
to have e x i s t e d . S t a n d i n g water i n borrow p i t s o r q u a r r i e s i s 
not g e n e r a l l y p l a c e d i n t h i s c a t e g o r y u n l e s s a s s o c i a t e d w i t h 
dumping. 

J-Auto Junkyards and Salvage A r e a s : 
Such s i t e s may c o n t a i n s i g n i f i c a n t s u r f a c e d i s p o s a l o r 

s p i l l s o r o i l , t r a n s m i s s i o n and h y d r a u l i c f l u i d s , o r s o l v e n t s . 

S - S u s p i c i o u s : 
Areas where unusual o r u n i d e n t i f i a b l e a c t i v i t y has o c c u r r e d 

t h a t i s not r e a d i l y r e c o g n i z a b l e . S i t e s are p l a c e d i n t h i s 
c a t e g o r y pending more complete a n a l y s i s t h a t w i l l r e s u l t i n one 
of the above d e s i g n a t i o n s o r e l i m i n a t i o n . 
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Figure 1. General survey map of sites in the Rochester West quadrangle. Key: 
dump; H> possible dump; • , unspecified fill. (Reproduced, with permission, 

from Ref.l.) 
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those f a c t o r s which d i r e c t l y i n f l u e n c e the p r o d u c t i o n , c o n t a i n 
ment, a t t e n u a t i o n o r m i g r a t i o n of l e a c h a t e . These g e n e r a l l y 
i n v o l v e the groundwater system, the s o i l o r r o c k p e r m e a b i l i t y , 
and the s t r u c t u r e s w i t h i n the overburden o r r o c k t h a t c o n t r o l 
e i t h e r the d i r e c t i o n of movement, r a t e of movement, o r l o c a l 
c o n c e n t r a t i o n of f l u i d s . I n most c a s e s , l a n d f i l l s o r o l d dumps 
are l o c a t e d i n u n c o n s o l i d a t e d s o i l s o r overburden but o c c a s i o n 
a l l y the c h a r a c t e r of the l o c a l bedrock i s a l s o s i g n i f i c a n t . 
Any g e o l o g i s t w o r k i n g on a p r o j e c t such as t h i s needs to e v a l u a t e 
the c r i t i c a l f a c t o r s w i t h i n the p a r t i c u l a r r e g i o n under st u d y . 

When d e a l i n g w i t h abandoned l a n d f i l l s t h a t were s t a r t e d o r 
completed p r i o r t o the l a t e 1970 Ts, i t s h o u l d be assumed t h a t 
wastes were g e n e r a l l y p l a c e d i n n a t u r a l o r man-made d e p r e s s i o n s 
w i t h o u t u t i l i z a t i o n of s o p h i s t i c a t e d p r e p a r a t i o n o r containment 
t e c h n i q u e s . Thus, the p r o p e r t i e s and s t r u c t u r e s of the n a t u r a l 
overburden and r o c k f o r m a t i o n
n a t u r a l m i g r a t i o n of l e a c h a t
s i t e . W h i l e the Monroe County study emphasizes the problems 
encountered i n the g l a c i a l overburden d e p o s i t s b o r d e r i n g Lake 
O n t a r i o , the b a s i c approach s h o u l d be a p p l i c a b l e , w i t h minor 
m o d i f i c a t i o n s , t o any r e g i o n a l a n a l y s i s of h y d r o g e o l o g i c c o n d i 
t i o n s . 

The f i r s t phase of the g e n e r a l g e o l o g i c a n a l y s i s c o n s i s t s 
of the c o l l e c t i o n of a l l r e a d i l y a v a i l a b l e p u b l i s h e d o r unpub
l i s h e d d a t a f o r the c o n s t r u c t i o n of r e g i o n a l g e o l o g i c maps such 
as those shown i n F i g u r e s 2, 3, and 4. The c o l l e c t i o n of a d d i 
t i o n a l u n p u b l i s h e d d a t a s h o u l d c o n t i n u e throughout the p e r i o d of 
study because u s e f u l o r unique i n f o r m a t i o n can c o n t i n u e t o be 
l o c a t e d . The types of sources commonly used i n the development 
of a g e o l o g i c d a t a base f o r b o t h g e n e r a l o r s i t e - s p e c i f i c g e o l o 
g i c models a r e : 
. G e o l o g i c maps and r e p o r t s : p u b l i s h e d l i t e r a t u r e and s t u d e n t 

t h e s e s / d i s s e r t a t i o n s ; o p e n - f i l e r e p o r t s of age n c i e s such as 
U n i t e d S t a t e s G e o l o g i c a l Survey; government documents. 

. County s o i l s maps: o l d and new v e r s i o n s o f U n i t e d S t a t e s 
Department of A g r i c u l t u r e maps d e s c r i b i n g s o i l types and l o c a 
t i o n s of dumps or "made l a n d " (good f o r s h a l l o w depth of 
overburden o n l y ) . 

. A e r i a l photographs and to p o g r a p h i c maps: used f o r geomorpho-
l o g i c a l a n a l y s i s of landforms i f need to supplement o r c o n f i r m 
p u b l i s h e d d a t a . Compare o l d and r e c e n t p r i n t s o r maps, i f 
a v a i l a b l e . 

. E n g i n e e r i n g d a t a from p u b l i c o r p r i v a t e a g e n c i e s o r f i r m s 
( e s p e c i a l l y e x p l o r a t o r y b o r i n g l o g s ) -
Highway/bridge p l a n s o r s u r v e y s . 
Town, v i l l a g e o r county c o n s t r u c t i o n / m a i n t e n a n c e p r o j e c t s . 
U t i l i t i e s , r a i l r o a d s , p i p e l i n e companies, c a n a l s . 
D r i l l i n g and s o i l t e s t i n g from e n g i n e e r i n g f i r m s . 
A r c h i t e c t u r a l f i r m s . 
O i l , gas and water w e l l d r i l l e r s . 

In Risk Assessment at Hazardous Waste Sites; Long, F., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1982. 
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Sewer and water d i s t r i c t a g e n c i e s . 
M i n i n g , q u a r r y i n g and t u n n e l i n g v e n t u r e s . 
P u b l i c b u i l d i n g s , a i r f i e l d s and l a r g e i n d u s t r i a l f i r m s . 

G e o l o g i c O v e r l a y Maps. U s i n g a l l a v a i l a b l e s o u r c e s , maps 
such as those i n F i g u r e s 2, 3, and 4 are c o n s t r u c t e d . I t i s 
recommended t h a t a common s c a l e be adopted f o r a l l such g e n e r a l 
survey map pr o d u c t s and t h a t they be compiled on t r a n s p a r e n t 
o v e r l a y s so t h a t a l l types of i n f o r m a t i o n can be e a s i l y t r a n s 
posed onto o r compared w i t h the g e n e r a l survey s i t e maps. 
Topographic maps w i t h a s c a l e of 1:24,000 are v e r y c o n v e n i e n t 
f o r t h i s purpose as much g e o l o g i c d a t a a r e r o u t i n e l y p u b l i s h e d 
on t h i s s c a l e by s t a t e and f e d e r a l a g e n c i e s . 

These maps and the d a t a from which they a r e generated have 
the f o l l o w i n g uses: 
. Development and improve

water model t h a t i n c l u d e  depth
d i r e c t i o n s . 

. Development of a r e g i o n a l p e r s p e c t i v e c o n c e r n i n g areas where 
l a n d f i l l o r l e a c h a t e problems would e i t h e r be reduced o r aggra
v a t e d by l o c a l g e o l o g i c c o n d i t i o n s . 

. Development of a b a s i s upon which t o p r i o r i t i z e o r o r g a n i z e the 
s e a r c h f o r s i t e s w i t h p o t e n t i a l f o r s i g n i f i c a n t impact. 

. A l l o w an agency to foc u s i t s l i m i t e d r e s o u r c e s i n the most 
c r i t i c a l a r e a s . 

. E x t r a p o l a t i o n of s u b s u r f a c e c o n d i t i o n s t o s i t e s where no d a t a 
can be l o c a t e d from s i m i l a r ones where d e t a i l e d i n f o r m a t i o n 
e x i s t s . 

G e o l o g i c Ranking P r o c e s s . Once a l l the g e n e r a l maps have 
been prepared and s u b s u r f a c e e n g i n e e r i n g i n f o r m a t i o n c o m p i l e d , 
the g e o l o g i c r a n k i n g p r o c e s s can be a p p l i e d u s i n g the G e o l o g i c 
Ranking Sheet ( F i g u r e 5 ) . T a b l e I I e x p l a i n s the c a t e g o r i e s on 
the G e o l o g i c Ranking Sheet. 

T h i s r a n k i n g sheet has been d e v i s e d f o r the f o l l o w i n g 
reasons : 
. To p r o v i d e a means of o r g a n i z i n g the p r o c e s s of s i t e comparison. 
. To mi n i m i z e i n c o n s i s t e n c i e s and o v e r s i g h t s t h a t c o u l d occu r 
when d e a l i n g w i t h l a r g e amounts of d a t a . 

. To p r o v i d e a r e c o r d f o r o t h e r p r o j e c t p e r s o n n e l t h a t can be 
updated and w i l l a l l o w d i s c u s s i o n or re v i e w of s i t e c h a r a c 
t e r i s t i c s . 

A r a n k i n g scheme such as t h i s i s b a s i c a l l y an i n f o r m a t i o n 
g a t h e r i n g and documentation d e v i c e t h a t would be e s p e c i a l l y 
u s e f u l , i f p r o j e c t p e r s o n n e l changed. 

S t r i c t n u m e r i c a l s i t e r a n k i n g s s h o u l d be c o n s i d e r e d o n l y as 
app r o x i m a t i o n s of s i t e c h a r a c t e r i s t i c s and g e o l o g i c e x p e r t i s e 
s h o u l d be s u b s t i t u t e d where a p p r o p r i a t e . The system d e s c r i b e d 
here r e q u i r e s knowledgeable d e c i s i o n s t o be made f o r each of the 
"presumed e f f e c t s " and the r a n k i n g p r o c e s s s h o u l d be done by an 
i n d i v i d u a l w i t h h y d r o g e o l o g i c background. 

In Risk Assessment at Hazardous Waste Sites; Long, F., et al.; 
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G E O L O G I C RANKING SHEET 
FOR G E N E R A L COMPARISON OF A B A N D O N E D LANDFILL/DUMP SITES 

SYMBOLS USED IN C O L U M N S 

X PROBABLE EFFECT 
U UNCERTAIN: LIKELY EFFECT 
® EFFECT OF OVERRIDING SIGNIFICANCE 

Superscripts refer to footnotes. 

FACTORS 
T O BE 

E V A L U A T E D 

PRESUMED EFFECT 

FACTORS 
T O BE 

E V A L U A T E D 

H
IG

H
E

R
 

> 

H
A

Z
A

R
D

 

IN
T

E
R

M
E

D
IA

T
E

 
(U

N
C

E
R

T
A

IN
) 

w
 

L
O

W
E

R
 

H
A

Z
A

R
D

 
n 

OVERBURDEN 
G E O L O G Y 2 

ESTIMATED 
PERMEABILITY 

RELIEF, 4 
G E O M O R P H O L O G Y 

SEPARATION OF 
WASTE FROM s 

G R O U N D W A T E R ' 

G R O U N D W A T E R 
GRADIENT 6 

BEDROCK 
C H A R A C T E R 7 

SOIL MINERALOGY; 
TEXTURES 8 

NUMBER OF 
ENTRIES 

MULTIPLIER 3 2 1 

ENTRIES X 
MULITPLIER 

S U B T O T A L . 
ADDITIONAL FACTORS . 

T O T A L POINTS: SITE RANK . 

SITE NAME/NO._ 

SITE RANK 
(CHECK ONE) 

.01 HIGHEST PRIORITY (17-21 PTS) 

.02 INTERMEDIATE PRIORITY 
(12-16 PTS) 

.03 LOWEST PRIORITY (7-11 PTS) 

THE CRITICAL FACTORS MUST BE RATED AS 
UNCERTAIN (U), THE RANK SHOULD BE 
TENTATIVE. 

ADDITIONAL FACTORS 
(CIRCLE A N D ADD TO CHART) 

THESE POINTS M A Y INCREASE ( + 1), 
DECREASE (-1), 
OR NOT AFFECT (0) SCORE 

VERY LARGE SITES (20+ ACRES) + 1 
ENGINEERING/GEOLOGIC D A T A O N 

OR NEAR SITE α -ι, + 1 
G E O L O G Y EXTRAPOLATED 

CONFIDENTLY FROM NEARBY ο, -ι, +1 

DESCRIBE IMPORTANT OR OVERRIDING 
FACTORS BELOW IF APPROPRIATE 
(DESCRIBE SPECIAL CONDITIONS): 

Figure 5. Geologic ranking sheet. This form serves as a general guide for 
evaluating and recording geologic information on specific sites. See Table II 

for explanation. 
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T a b l e I I . 

D e s c r i p t i o n of F a c t o r s on G e o l o g i c Ranking Sheet 

1. PRESUMED EFFECT: A d e c i s i o n i s r e q u i r e d as to whether each 
i n f e r r e d or documented FACTOR would i n c r e a s e o r decrease the 
hazard r e l a t i v e t o l e a c h a t e p r o d u c t i o n , m i g r a t i o n , or a t t e n 
u a t i o n . No s i m p l e , u n i f o r m g u i d e l i n e s can be s e t f o r t h t h a t 
cover a l l s i t u a t i o n s o r g e o h y d r o l o g i c c o m p l e x i t i e s . 

2. OVERBURDEN GEOLOGY: From i n f e r r e d n a t u r e of u n c o n s o l i d a t e d 
sediments would l e a c h a t e o c c u r r e n c e be l i k e l y t o i n c r e a s e o r 
decrease human exposur

3. ESTIMATED PERMEABILITY: I s es t i m a t e d p e r m e a b i l i t y o f uncon
s o l i d a t e d m a t e r i a l s l i k e l y t o i n c r e a s e o r decrease exposure 
r i s k s ? I n c l u d e e s t i m a t e d e f f e c t of e i t h e r a q u i f e r s o r a q u i -
c l u d e s or i n f e r r e d c o m b i n a t i o n s . 

4. RELIEF, GEOMORPHOLOGY: Does r e l i e f on or a d j a c e n t t o the 
s i t e i n f l u e n c e the o c c u r r e n c e o r m i g r a t i o n o f l e a c h a t e so as 
to i n c r e a s e o r decrease the exposure hazard? 

5. SEPARATION OF WASTE FROM GROUNDWATER: Does the e s t i m a t e d 
depth to the water t a b l e i m p l y a h i g h o r low r i s k f o r con
t a m i n a t i o n o r l e a c h a t e p r o d u c t i o n . R e l a t e t o p e r m e a b i l i t y 
and g r a d i e n t f a c t o r s . 

6. GROUNDWATER GRADIENT: G r a d i e n t i s dependent on l o c a l r e l i e f , 
e s t i m a t e d p e r m e a b i l i t y , a q u i f e r c h a r a c t e r i s t i c s and r a i n f a l l 
p a t t e r n s . Steep o r f l a t g r a d i e n t s by themselves cannot be 
presumed to have s i m i l a r e f f e c t s i n each case. Judgment i s 
r e q u i r e d on l o c a l c o n d i t i o n s . 

7. BEDROCK CHARACTER: I s l o c a l bedrock an imp o r t a n t f a c t o r i n 
l o c a l h y d r o l o g i e system? I f so, do t e x t u r e s o r s t r u c t u r e s 
i n bedrock produce asymmetry or enhanced f l o w of p o t e n t i a l 
l e a c h a t e plume ( f l o w a l o n g bedding, j o i n t s , f a u l t s , or 
s o l u t i o n c h a n n e l s ) . 

8. SOIL PROPERTIES, TEXTURE AND BEHAVIOR: Are t h e r e known t e x -
t u r a l or m i n e r a l o g i c a l f a c t o r s t h a t c o u l d enhance or d i m i n i s h 
l e a c h a t e m i g r a t i o n , such as s t r o n g c a t i o n exchange or s w e l l 
i n g / s h r i n k i n g c l a y s ( c r a c k i n g ) ? Are s e a s o n a l e f f e c t s such as 
r a i n f a l l d u r a t i o n , i n f i l t r a t i o n c a p a c i t y , f r e e z e - t h a w c o n d i 
t i o n s , v e g e t a t i o n c o v e r , e t c . of s i g n i f i c a n c e ? 
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The r a n k i n g sheet was designed t o d i v i d e p o t e n t i a l s i t e s 
i n t o h i g h , i n t e r m e d i a t e or low p r i o r i t i e s based on a n t i c i p a t e d 
g e o l o g i c c o n d i t i o n s g o v e r n i n g l e a c h a t e (groundwater) o c c u r r e n c e , 
p r o d u c t i o n , m i g r a t i o n or a c c u m u l a t i o n , but i t i s o n l y one com
ponent of an i n t e g r a t e d assessment system. I t s prime c o n s i d e r a 
t i o n i s the p o t e n t i a l or i n f e r r e d e f f e c t s t h a t l e a c h a t e contami
n a t i o n would have on people near the s i t e s . 

H igh p r i o r i t y s i t e s a r e those where hazardous m a t e r i a l s 
might accumulate, move r e a d i l y a t s h a l l o w depths, o r reappear 
a t the s u r f a c e i n c o n c e n t r a t e d amounts. Low p r i o r i t y s i t e s 
a r e those a d j a c e n t to l a k e s , r a v i n e s , or on steep s l o p e s and 
presumed to have been w e l l d r a i n e d f o r an extended p e r i o d . Any 
l a r g e s i t e w i t h known hazardous c o n t e n t s s h o u l d be e v a l u a t e d 
i n d i v i d u a l l y and r e f e r r e d to the a p p r o p r i a t e agency r e g a r d l e s s 
of i t s p o s i t i o n i n the g e o l o g i c r a n k i n g system. 

I n t e r m e d i a t e s i t e
d e s c r i b e d above. They
c o n d i t i o n s c o n t a i n and i s o l a t e any l e a c h a t e or p a r t i a l l y 
a t t e n u a t e i t s e f f e c t s . 

P o t e n t i a l water w e l l c o n t a m i n a t i o n i n v o l v e s g e o l o g i c con
s i d e r a t i o n s but s i t e s near p u b l i c o r p r i v a t e d r i n k i n g water 
s u p p l i e s a r e t r e a t e d s e p a r a t e l y due t o the p o t e n t i a l d i r e c t 
r i s k s i n v o l v e d . 

Use of the Ranking Sheet. Each f a c t o r on the r a n k i n g sheet 
i s a n a l y z e d as to whether i t i n c r e a s e s or decreases the p o t e n t i a l 
r i s k f o r a s i t e . A v a i l a b l e e n g i n e e r i n g i n f o r m a t i o n and p o t e n t i a l 
i n t e r r e l a t i o n s among f a c t o r s need to be c o n s i d e r e d . When the 
sheet s u b t o t a l i s computed, the " a d d i t i o n a l f a c t o r s " a r e e v a l u 
a t e d and a t o t a l s c o r e computed. I t i s i m p o r t a n t t h a t b o r d e r l i n e 
cases be c a r e f u l l y e v a l u a t e d and a t e n t a t i v e rank a s s i g n e d i f 
n e c e s s a r y , pending f u r t h e r d a t a c o l l e c t i o n . S p e c i a l problems 
sh o u l d be noted i n the space p r o v i d e d a t the bottom of the s h e e t . 

T h i s system i s designed t o d e a l w i t h a l a r g e number of 
abandoned s i t e s where i n f o r m a t i o n i s s c a r c e or d i f f i c u l t t o 
l o c a t e . I t i s not meant to r e p l a c e the e l a b o r a t e systems f°?2) 
r a n k i n g known hazardous waste s i t e s such as those by LeGrand 
and Kufs e t a l . The Monroe County study i s i n t e n d e d t o 
b r o a d l y p r i o r i t i z e s i t e s , r a p i d l y i d e n t i f y p o t e n t i a l l y h i g h r i s k 
s i t e s and a l l o w the most e f f i c i e n t use of funds a v a i l a b l e f o r 
l a t e r t e s t i n g o r s u b s u r f a c e i n v e s t i g a t i o n s . 

Refinement of S i t e I n f o r m a t i o n 

Upon c o m p l e t i o n of the s i t e i d e n t i f i c a t i o n phase, t h e r e w i l l 
be s i t e s c a t e g o r i z e d as " P o s s i b l e Dumps" or " U n s p e c i f i e d F i l l s . " 
A d d i t i o n a l i n f o r m a t i o n must be o b t a i n e d i n o r d e r to c l a r i f y 
w hich of these s i t e s were a c t u a l l y used as dumps. I n f o r m a t i o n 
can be o b t a i n e d from e x i s t i n g agency r e c o r d s , i n t e r v i e w s w i t h 
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l o c a l o f f i c i a l s , waste h a u l e r s , i n d u s t r i a l employees, h i s t o r i c 
documents and s t r e e t and b u s i n e s s d i r e c t o r i e s . 

T a ble I I I i n d i c a t e s the number of dumps i d e n t i f i e d f o r one 
town i n Monroe County b e f o r e and a f t e r c o n t a c t w i t h l o c a l o f f i 
c i a l s and f i e l d i n s p e c t i o n s . The f i n d i n g s i l l u s t r a t e t h a t the 
methodology does not o v e r e s t i m a t e the number of dumps and p o s s i 
b l e dumps i d e n t i f i e d through photo i n t e r p r e t a t i o n . However, 
the p r o c e s s was a b l e to i d e n t i f y a p p r o x i m a t e l y t w i c e the number 
of dumps i n i t i a l l y i d e n t i f i e d through a c a l l - i n campaign and 
p r e l i m i n a r y i n t e r v i e w s w i t h the same l o c a l o f f i c i a l s ( 1 0 ) . 

T a b l e I I I . C a t e g o r i z a t i o n of S i t e s , Greece, New York 

A f t e r Photo I n t e r p r e t a t i o n 11 19 11 41 

A f t e r F i n a l I n t e r v i e w s 

w i t h L o c a l O f f i c i a l s 19 13 6 38* 

A f t e r F i e l d I n s p e c t i o n 21 11 6 38* 

*Three s i t e s were e l i m i n a t e d because they were found to be c l e a n 
f i l l f o r c o n s t r u c t i o n o r l a n d s c a p i n g . 

Once the s i t e c a t e g o r i e s are r e f i n e d , r e s e a r c h i s conducted 
to determine the l o c a t i o n of p u b l i c and p r i v a t e d r i n k i n g water 
s u p p l i e s i n p r o x i m i t y t o known dump s i t e s . Where p r i v a t e w e l l s 
a r e found w i t h i n 1,000 f e e t o f a known dump, o r p u b l i c water 
w e l l s w i t h i n o n e - h a l f m i l e , g e o l o g i c c o n d i t i o n s are c a r e f u l l y 
e v a l u a t e d t o determine i f c o n t a m i n a t i o n c o u l d o c c u r . When t h i s 
d e t e r m i n a t i o n i s p o s i t i v e , the s i t e s are r e f e r r e d t o the appro
p r i a t e l o c a l o r s t a t e agency f o r water w e l l t e s t i n g . 

S i t e P r i o r i t i z a t i o n 

A l l dump s i t e s a r e now p r i o r i t i z e d i n a m a t r i x u s i n g 
geology and l a n d use on the two axes. T a b l e IV shows the f i n a l 
r a n k i n g of dump s i t e s f o r the town of Greece. 

In Risk Assessment at Hazardous Waste Sites; Long, F., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1982. 



70 RISK A S S E S S M E N T A T H A Z A R D O U S W A S T E SITES 

T a b l e IV. P r i o r i t i z a t i o n M a t r i x f o r Waste 
D i s p o s a l S i t e s , Town of Greece, New York 

Land Use C a t e g o r i e s 

.01 .02 .03 

.01 4 0 0 
G e o l o g i c 
C a t e g o i e s .02 3 5 0 

.03 3 5 1 

Note: The s i t e s c l a s s i f i e
p r i o r i t y i n terms of p o t e n t i a

Summary and C o n c l u s i o n s 

I n the f i n a l a n a l y s i s , no g e n e r a l program f o r i d e n t i f y i n g 
abandoned dump s i t e s can ever c o m p l e t e l y determine the l o c a t i o n 
and c o n t e n t s of a l l hazardous waste d i s p o s a l a r e a s . The Monroe 
County approach i s designed t o p r o v i d e g e n e r a l i n f o r m a t i o n on a 
l a r g e number of p r e v i o u s l y undocumented s i t e s , as w e l l as a 
method f o r l o c a l , s t a t e and f e d e r a l a g e n c i e s t o p r i o r i t i z e s i t e s 
f o r more d e t a i l e d s i t e i n v e s t i g a t i o n and t e s t i n g . A p p l i c a t i o n 
of the procedures w i l l reduce the expense of c o s t l y d r i l l i n g and 
t e s t i n g programs by f o c u s i n g r e s o u r c e s on the most c r i t i c a l 
s i t e s . 
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7 
Monitoring to Support Risk Assessments at 
Hazardous Waste Sites 

GLENN E. SCHWEITZER 

U.S. Environmental Protection Agency, Environmental Monitoring 
Systems Laboratory, Las Vegas, NV 89114 

The classical approaches to m u l t i m e d i a monitor
ing a t hazardou
with examples fro
types of monitoring d a t a t h a t a r e most useful i n 
risk assessments a r e d i s c u s s e d in terms of feasi
bility, costs, and t ime for acquisition. R e q u i r e d 
emphases f o r assessing e n v i r o n m e n t a l hot s p o t s and 
for d e t e r m i n i n g long-term habitability of a larger 
a r e a a r e described. S p e c i a l attention is directed 
to g e o p h y s i c a l t e c h n i q u e s , biological monitoring, 
and the triple s t age quadrupo le mass s p e c t r o m e t e r . 

I n r e c e n t years e n v i r o n m e n t a l m o n i t o r i n g a c t i v i t i e s have 
been undertaken a t hundreds of hazardous waste s i t e s throughout 
the c o u n t r y . While some of these e f f o r t s date back a decade or 
more, most of the m o n i t o r i n g has been i n i t i a t e d d u r i n g the past 
s e v e r a l y e a rs i n a n t i c i p a t i o n of or i n response to Governmental 
r e g u l a t o r y a c t i o n s at the n a t i o n a l , s t a t e , and l o c a l l e v e l s . 

O f t e n the m o n i t o r i n g has been t a r g e t e d on one, two, or a 
s m a l l number of c h e m i c a l s . I n o t h e r cases the 129 p r i o r i t y 
p o l l u t a n t s have been the s u b j e c t of i n v e s t i g a t i o n s . I n a few 
cases a v a r i e t y of a n a l y t i c a l methods have been used i n e f f o r t s 
t o i d e n t i f y and measure s t i l l l a r g e r numbers of p o s s i b l e e n v i r o n 
mental containments. 

As i n d i c a t e d i n F i g u r e 1, a l l e n v i r o n m e n t a l media where 
p o l l u t a n t s c o u l d lodge have been of i n t e r e s t , i n c l u d i n g a i r , 
s u r f a c e water and sediment, s o i l , and groundwater. The e n v i r o n 
mental pathways of g r e a t e s t concern o b v i o u s l y vary from s i t e t o 
s i t e . F i g u r e 2 summarizes the media of p r i n c i p a l i n t e r e s t a t 
n i n e " t y p i c a l " s i t e s s e l e c t e d from an EPA survey of 160 s i t e s . 
I n a d d i t i o n , man-made pathways f o r p o l l u t a n t s have taken on new 
s i g n i f i c a n c e — sewage and d r i n k i n g water systems, i r r i g a t i o n and 
drai n a g e systems, and cut and f i l l a c t i v i t i e s . Even measurements 

0097-6156/82/0204-0073$06.00/0 
© 1982 American Chemical Society 
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of i n d o o r a i r q u a l i t y and basement sump c o n t a m i n a t i o n have been 
l i n k e d t o waste s i t e problems. 

Remote m o n i t o r i n g t e c h n i q u e s have been used to complement 
c o n v e n t i o n a l e n v i r o n m e n t a l m o n i t o r i n g a c t i v i t i e s . The use of 
c u r r e n t and a r c h i v a l a e r i a l photography and m u l t i s p e c t r a l o v e r 
head imagery t o uncover and d e l i n e a t e waste s i t e problems has 
expanded c o n s i d e r a b l y . A l s o , ground p e n e t r a t i n g remote s e n s i n g 
t e c h n o l o g i e s a r e bei n g used t o d e l i n e a t e the s u b s u r f a c e d i s t r i 
b u t i o n of waste m a t e r i a l s and t o h e l p t a r g e t m o n i t o r i n g a c t i v i 
t i e s . In a d d i t i o n , these g e o p h y s i c a l t e c h n o l o g i e s have been 
shown to o f f e r promise f o r d e t e c t i n g underground movement of 
p o l l u t i o n plumes. 

B i o l o g i c a l m o n i t o r i n g has o c c a s i o n a l l y been conducted a t 
hazardous waste s i t e s t o c l a r i f y p o s s i b l e food c h a i n problems. 
Food c r o p s , l i v e s t o c k ,
concern. I n a d d i t i o n ,
have been sampled t o f i n d i n d i c a t i o n s of l o c a l c o n t a m i n a t i o n 
problems. 

In s h o r t , the l a r g e number of m u l t i - c h e m i c a l , m u l t i - m e d i a 
e n v i r o n m e n t a l measurements a s s o c i a t e d w i t h hazardous waste 
i n v e s t i g a t i o n s d u r i n g the past few years are unprecedented i n 
scope and c o m p l e x i t y . The s m a l l community of s p e c i a l i s t s i n the 
measurements f i e l d i s being pushed t o the l i m i t t o reduce the 
time and c o s t i n v o l v e d i n such measurements and t o improve the 
r e p r e s e n t a t i v e n e s s of the data t h a t are c o l l e c t e d and the 
ac c u r a c y of the data t h a t are r e p o r t e d . 

R e l a t i n g M o n i t o r i n g Data t o R i s k s 

M o n i t o r i n g a c t i v i t i e s have u s u a l l y been c a r r i e d out t o h e l p 
c l a r i f y the r i s k s , i f any, a s s o c i a t e d w i t h s p e c i f i c s i t e s . While 
every data p o i n t t h a t c o u l d be o b t a i n e d may be of some i n t e r e s t , 
the c h a l l e n g e i s to maximize the u s e f u l n e s s f o r r i s k assessment 
of m o n i t o r i n g data t h a t a r e c o l l e c t e d and a n a l y z e d w i t h i n c o s t 
and time c o n s t r a i n t s . U n f o r t u n a t e l y , h e a l t h assessment s p e c i a l 
i s t s have p r o v i d e d l i t t l e guidance t o date as to the type of 
m o n i t o r i n g i n f o r m a t i o n t h a t would be most u s e f u l to them i n 
d e t e r m i n i n g r i s k s t o i n d i v i d u a l s or to l a r g e r p o p u l a t i o n s . 

One approach to r e l a t i n g m o n i t o r i n g a t a hazardous waste 
s i t e t o r i s k assessment i s s i m p l y t o determine whether e x i s t i n g 
a i r or water q u a l i t y standards are bei n g exceeded i n the v i c i n i t y 
of the s i t e and whether such excesses are due to the presence of 
the s i t e . With r e g a r d t o groundwater, Maximum Contaminant L e v e l s 
(MCLs) e s t a b l i s h e d f o r d r i n k i n g water have been suggested as 
s u r r o g a t e s t a n d a r d s . A p r i n c i p a l drawback i n t h i s approach i s 
t h a t standards and MCLs e x i s t f o r o n l y a few c h e m i c a l s . Another 
obvious d e f i c i e n c y i s t h a t when a st a n d a r d has been exceeded, i t 
may be too l a t e f o r e f f e c t i v e r e m e d i a l a c t i o n . 

A second type of approach i s to compare c o n t a m i n a t i o n l e v e l s 
i n the media of i n t e r e s t near the s i t e w i t h p o l l u t i o n l e v e l s i n 
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the same media i n c o n t r o l a r e a s . Of s p e c i a l i n t e r e s t would be a 
c o n t r o l area near the waste s i t e — b u t i n s u l a t e d by geo g r a p h i c 
f e a t u r e s from the d i r e c t i n f l u e n c e of the s i t e . T h i s area would 
be impacted by a l l of the i n d u s t r i a l e m i s s i o n s and e f f l u e n t s t h a t 
permeate the r e g i o n as w e l l as oth e r common sources of contamina
t i o n such as a g r i c u l t u r a l c h e m i c a l s . Thus, i n comparing the 
c o n t a m i n a t i o n near the s i t e w i t h the c o n t a m i n a t i o n i n the c o n t r o l 
a r e a , i t s h o u l d be p o s s i b l e t o a t t r i b u t e any h i g h e r l e v e l s of 
contaminants found near the s i t e to the i n f l u e n c e of the s i t e 
i t s e l f and not t o the background c h a r a c t e r i s t i c s of the r e g i o n . 
A second type of c o n t r o l c o u l d be p r o v i d e d by n a t i o n a l b a s e l i n e 
d a t a . Such data i n d i c a t i n g the l e v e l s of ambient or background 
c o n t a m i n a t i o n u s u a l l y encountered i n d i f f e r e n t types of demo
g r a p h i c s e t t i n g s c o u l d h e l p c l a r i f y the s i g n i f i c a n c e of e n v i r o n 
mental measurements nea

The c l a s s i c a l approac
i n d i v i d u a l c h e m i c a l s and then e s t i m a t i n g the r e l a t e d r i s k s t o 
s e n s i t i v e p o p u l a t i o n s through a combination of mod e l i n g , m o n i t o r 
i n g , and t o x i c o l o g i c a l e v a l u a t i o n does not appear v e r y p r o m i s i n g . 
U s u a l l y t h e r e a r e too many chemicals and ch e m i c a l m i x t u r e s 
i n v o l v e d , too many u n c e r t a i n t i e s i n e s t i m a t i n g c h e m i c a l f a t e and 
t r a n s p o r t and hence the r i s k s t o f u t u r e g e n e r a t i o n s , and too many 
unknown c o n c e r n i n g f u t u r e s i t e contaminant f a i l u r e s t o g i v e much 
credence t o such approaches. S t i l l , i n cases i n v o l v i n g h i g h l y 
t o x i c c h emicals such as d i o x i n c o n t a m i n a t i o n , d e t a i l e d a n a l y s i s 
of the presence and l i k e l y e n v i r o n m e n t a l b e h a v i o r of such i n d i 
v i d u a l c hemicals may be i m p o r t a n t , and m o n i t o r i n g c a p a b i l i t i e s to 
d e t e c t and measure the presence of such chemicals a t low concen
t r a t i o n s w i l l be c r i t i c a l . 

F i n a l l y , s e v e r a l r a n k i n g systems have been developed f o r 
p r i o r i t i z i n g the r e l a t i v e hazards a t a l a r g e number of s i t e s . 
T h i s approach u s u a l l y i n v o l v e s a w e i g h t i n g of the amount and 
c o m p o s i t i o n of hazardous m a t e r i a l a t each s i t e , the contaminant 
c h a r a c t e r i s t i c s of the s i t e , the p o t e n t i a l m i g r a t i o n pathways, 
and the p r o x i m i t y of e n v i r o n m e n t a l or human p o p u l a t i o n s . V a r i a 
t i o n s of t h i s approach have a l r e a d y been a p p l i e d many t i m e s , 
e i t h e r i n a q u a s i - r i g o r o u s f a s h i o n or i n a more g e n e r a l manner, 
as s t a t e and l o c a l a u t h o r i t i e s are f a c e d w i t h d e c i d i n g where t o 
c o n c e n t r a t e l i m i t e d r e s o u r c e s . 

The G e n e r a l Approach t o Sampling and A n a l y s i s 

M o n i t o r i n g a c t i v i t i e s i n v o l v e s e v e r a l i n t e r r e l a t e d s t e p s : 
— D e c i d i n g where and how to take r e p r e s e n t a t i v e samples of 

the media of i n t e r e s t and how to handle the samples en r o u t e to 
the a n a l y t i c a l l a b o r a t o r i e s . 

— S e l e c t i n g a n a l y t i c a l methods t o i n v e s t i g a t e the presence 
o r absence of e i t h e r a f i n i t e o r open ended l i s t of c h e m i c a l s . 

In Risk Assessment at Hazardous Waste Sites; Long, F., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1982. 



78 RISK A S S E S S M E N T A T H A Z A R D O U S W A S T E SITES 

— Choosing a procedure and format f o r a g g r e g a t i n g and 
p r e s e n t i n g the r e s u l t s of the a n a l y s i s and f o r s e t t i n g f o r t h the 
degree of c o n f i d e n c e i n the d a t a . 

— Determining how t o i n t e r p r e t the m o n i t o r i n g data as t o 
presence, q u a n t i t y , t r a n s f o r m a t i o n , and m i g r a t i o n of the 
chemicals of i n t e r e s t . 

We are r a p i d l y a c q u i r i n g e x p e r i e n c e i n a l l of these a r e a s . 
Over the years many manuals have been prepared by a number of 
groups on sampling and a n a l y t i c a l methods. Sampling d e s i g n i s 
u s u a l l y s i t e - s p e c i f i c , and sometimes c h e m i c a l - s p e c i f i c , and case 
s t u d i e s of d i f f e r e n t approaches t h a t have been used i n the past 
are p a r t i c u l a r l y i n s t r u c t i v e i n p r o v i d i n g f u t u r e guidance i n t h i s 
a r e a . However, w i t h r e g a r d t o the p r e s e n t a t i o n and i n t e r p r e t a 
t i o n of d a t a , we have o n l y begun t o develop u s e f u l approaches f o r 
r e l a t i n g m o n i t o r i n g dat  t  r i s k s — t h  t h r u s t f t h i  symposium

A few of the l e s s o n
m o n i t o r i n g programs ar

1. At the o u t s e t the o b j e c t i v e s of the m o n i t o r i n g program 
s h o u l d be c l e a r l y d e f i n e d . M o n i t o r i n g programs can be h e l p f u l 
both i n i d e n t i f y i n g hot spots of near term concern and i n a s s e s s 
i n g the l o n g e r term h a b i t a b i l i t y of the a r e a . Each of these 
o b j e c t i v e s may r e q u i r e a d i f f e r e n t program o r i e n t a t i o n , however, 
as shown i n F i g u r e 3. U s u a l l y both o b j e c t i v e s w i l l be i m p o r t a n t 
i n v a r y i n g degrees, and the program emphasis sho u l d be a d j u s t e d 
a c c o r d i n g l y . P r i o r to i n i t i a t i n g the m o n i t o r i n g program, the 
u s e r s of the m o n i t o r i n g data s h o u l d be s a t i s f i e d t h a t the d a t a 
w i l l be c o l l e c t e d , a n a l y z e d , and p r e s e n t e d i n a manner which i s 
r e s p o n s i v e t o t h e i r needs. 

2. S e v e r a l f a c t o r s are important i n s e l e c t i n g the 
i n d i v i d u a l c h e m i c a l s of s p e c i a l i n t e r e s t . For example, c e r t a i n 
c h e micals may have been d e p o s i t e d a t the s i t e i n v e r y l a r g e 
q u a n t i t i e s , and t h e r e f o r e they are of p r i n c i p a l concern s i m p l y 
because of t h e i r volume. Secondly, one or more of the c h e m i c a l s 
known t o be p r e s e n t a t the s i t e may be so t o x i c t h a t the p o t e n 
t i a l t h r e a t even a t low volumes i s o b v i o u s l y a major concern 
( e . g . , d i o x i n ) . C e r t a i n " i n d i c a t o r " c h emicals commonly found a t 
waste s i t e s may behave i n the environment i n a manner c h a r a c t e r 
i s t i c of many o t h e r chemicals as w e l l ( e . g . groups of p e s t i 
c i d e s ) , and d e t e r m i n i n g the e n v i r o n m e n t a l d i s t r i b u t i o n of such 
" i n d i c a t o r " c h emicals c o u l d be i n d i c a t i v e of broader contamina
t i o n problems. A n a l y s i s of l e a c h a t e from the edge of the s i t e or 
p r e l i m i n a r y m o n i t o r i n g c l o s e t o the s i t e might i d e n t i f y c h e m i c a l s 
t h a t are e s c a p i n g from the s i t e . F i n a l l y , sampling f o r a group 
of c h e m i c a l s which are u s u a l l y a n a l y z e d as a package such as the 
129 p r i o r i t y p o l l u t a n t s might r e s u l t i n c o n s i d e r a b l e savings per 
c h e m i c a l i n a n a l y t i c a l c o s t s . A l l of these f a c t o r s should have 
a b e a r i n g on the s e l e c t i o n of the chemicals f o r i n t e n s i v e i n v e s 
t i g a t i o n . 

3. S t a t i s t i c a l a s p e c t s are an important f a c t o r i n the 
d e s i g n of a m o n i t o r i n g program t h a t i s t o p r o v i d e r e p r e s e n t a t i v e 

In Risk Assessment at Hazardous Waste Sites; Long, F., et al.; 
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d a t a . A s t a t i s t i c i a n on the p l a n n i n g team can h e l p i n s u r e t h a t 
adequate c o n s i d e r a t i o n i s g i v e n to these a s p e c t s both i n d e s i g n 
i n g the program and i n f o r m a t t i n g and i n t e r p r e t i n g d a t a . A photo 
i n t e r p r e t e r can a l s o be an important member of the p l a n n i n g team, 
both i n s e l e c t i n g m o n i t o r i n g s i t e s and i n d e s i g n i n g the approach 
f o r r e l a t i n g c o n c e n t r a t i o n l e v e l s t o p o p u l a t i o n a c t i v i t i e s . 

4. Before any samples a re tak e n , a complete sampling p l a n 
s h o u l d be developed w i t h b u i l t - i n check p o i n t s f o r a d j u s t i n g the 
p l a n as sampling r e s u l t s are o b t a i n e d . D e v i a t i o n s from the p l a n 
s h o u l d be r e s i s t e d o t h e r than t o a d j u s t the p l a n i n response t o 
unexpected data r e s u l t s . As a r u l e of thumb, on the ord e r of 
f i f t e e n percent of the sampling might be f o r s c r e e n i n g to h e l p 
c l a r i f y hypotheses as to p o s s i b l e g r a d i e n t s and hot spots around 
the s i t e s , s e v e n t y p e r c e n t d i r e c t e d t o i n v e s t i g a t i n g the 
hypotheses, and f i f t e e t d f o  supplementar
sampling of n e g l e c t e d area
program. The sampling schem  p r o v i s i o n
c o n f i r m or r e j e c t p r e v i o u s l y r e p o r t e d f i n d i n g s of a c o n t r o v e r 
s i a l n a t u r e . Access to p r e f e r r e d sampling s i t e s i s not always 
p o s s i b l e . The sampling p l a n should be s u f f i c i e n t l y f l e x i b l e t o 
compensate f o r such problems. 

5. A q u a l i t y assurance program i n v o l v i n g s u r r o g a t e r e c o v 
e r i e s , i n t e r and i n t r a l a b o r a t o r y d u p l i c a t e s , and f i e l d and 
l a b o r a t o r y b l a n k s i s e s s e n t i a l . Each data p o i n t s h o u l d be 
i n d i v i d u a l l y v a l i d a t e d as a c c e p t a b l e d a t a , and p r e c i s i o n and 
ac c u r a c y data s h o u l d be developed f o r each data s e t . The q u a l i t y 
assurance program may account f o r 10 t o 20 percent of the moni
t o r i n g c o s t s . S p e c i a l e f f o r t s are needed t o minimize h o l d i n g 
times between sampling and a n a l y s i s . However, extended h o l d i n g 
times beyond the u s u a l t a r g e t of two weeks may be u n a v o i d a b l e . 
I n t h a t event a p p r o p r i a t e s t o r a g e procedures are p a r t i c u l a r l y 
important t o prevent e x c e s s i v e decay of the samples. A l s o , 
contaminants a s s o c i a t e d w i t h the sampling and a n a l y t i c a l 
t echniques are o f t e n d i f f i c u l t t o a v o i d , and data suspected 
of such c o n t a m i n a t i o n s h o u l d be c o n s i d e r d f o r d i s c a r d i n g . Of 
p a r t i c u l a r c oncern, f o r example, are benzene and t o l u e n e 
c o n t a m i n a t i o n when u s i n g Tenax t r a p s , methylene c h l o r i d e and 
p h t h a l a t e s t h a t a r e pr e s e n t i n l a b o r a t o r i e s , isophorone which can 
be a d e r i v a t i v e of the l a b o r a t o r y s o l v e n t acetone, and the h i g h 
pH i n groundwater a s s o c i a t e d w i t h g r o u t i n g of sampl i n g w e l l s 
which may r e s u l t i n a r t i f a c t s being observed. 

6. Data f o r m a t t i n g and p r e s e n t a t i o n can have a s i g n i f i c a n t 
impact on the i n t e r p r e t a t i o n of the d a t a . P l o t t i n g each data 
p o i n t on a map i s p r o b a b l y the s a f e s t way t o i n s u r e a t o t a l l y 
o b j e c t i v e p r e s e n t a t i o n of f i n d i n g s . M o n i t o r i n g data may not 
p r o v i d e a d e f i n i t e p o r t r a y a l of p o l l u t a n t g r a d i e n t s or p o l l u t i o n 
p a t t e r n s but may o n l y be s u g g e s t i v e of g e n e r a l p o l l u t a n t 
d i s t r i b u t i o n . I n t e r p r e t a t i o n s of the data may be c o n t r o v e r s i a l , 
and e f f o r t s s h o u l d be made to i s o l a t e c r i t i c i s m s of the i n t e r p r e 
t a t i o n s . 
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These and o t h e r l e s s o n s l e a r n e d s e t an important framework 
f o r our r e s e a r c h e f f o r t s t o improve m o n i t o r i n g c a p a b i l i t i e s . 
D i s c u s s e d below are t h r e e areas of c u r r e n t r e s e a r c h i n t e r e s t . 

G e o p h y s i c a l Techniques 

The i n c r e a s i n g importance of g e o p h y s i c a l i n v e s t i g a t i o n s has 
been r e p e a t e d l y documented i n r e c e n t months. The most commonly 
used t e c h n i q u e s have been s e i s m i c r e f r a c t i o n , ground p e n e t r a t i n g 
r a d a r , e l e c t r i c a l c o n d u c t i v i t y , and magnetometer s u r v e y s . F i g u r e 
4 p r e s e n t s a comparison of an a n a l y s i s of data from 16 ground
water s a m p l i n g w e l l s w i t h an a n a l y s i s of e l e c t r o m a g n e t i c data i n 
d e t e r m i n i n g plume f l o w . F i g u r e 5 underscores how c o n d u c t i v i t y 
data might have been used t o improve the l o c a t i o n of s a m p l i n g 
w e l l s . F i n a l l y , F i g u r
g e o p h y s i c a l i n v e s t i g a t i o n

E f f o r t s have a l s o been i n i t i a t e d t o i nstrument new s i t e s 
w i t h e l e c t r o d e systems f o r d e t e c t i n g l e a c h a t e leakage through the 
l i n e r s of the s i t e s . One approach i s to surround the s i t e w i t h 
r e s i s t i v i t y sounding s t a t i o n s u s i n g the e a r t h as the c o n d u c t i n g 
medium. Another approach has been to embed a w i r e g r i d j u s t 
below the s i t e . I n e i t h e r case, changes i n r e s i s t i v i t y measure
ments would s i g n a l a p o s s i b l e l e a c h a t e plume m i g r a t i n g downward 
from the s i t e . W hile t h i s t e c h n i q u e seems v e r y a p p e a l i n g , con
s i d e r a b l e p r o o f t e s t i n g i s i n o r d e r g i v e n the n e c e s s i t y f o r s y s 
tems t h a t w i l l m i n i m i z e f a l s e alarms and w i l l o p e r a t e r e l i a b l y 
f o r many decades. 

Another p r o m i s i n g approach c a l l s f o r combining l a s e r - i n d u c e d 
f l u o r e s c e n c e t o i n d i c a t e p o l l u t a n t c o n t a m i n a t i o n of an aqueous 
body, and i n t h i s case groundwater, w i t h f i b e r o p t i c t e c h n i q u e s 
f o r e n t e r i n g the e a r t h through v e r y s m a l l diameter w e l l s ( l e s s 
than one i n c h ) . T h i s approach i s p a r t i c u l a r l y a t t r a c t i v e i n 
a t t e m p t i n g t o measure T o t a l Organic Carbon (TOC) as a s u r r o g a t e 
f o r the p o l l u t i o n plume. Indeed, a p r i n c i p a l r e s e a r c h d i r e c t i o n 
i s d e m o n s t r a t i ng the f e a s i b i l i t y of TOC measurements w h i l e 
s e a r c h i n g f o r a d d i t i o n a l p o l l u t i o n s i g n a t u r e s t h a t c o u l d be 
d e t e c t e d by l a s e r f l u o r e s c e n c e . I f the method proves opera
t i o n a l l y f e a s i b l e , r e d u c t i o n s i n w e l l diameters s h o u l d r e s u l t i n 
c o n s i d e r a b l e c o s t s a v i n g s . 

Improved A n a l y t i c a l Methods 

As more p o t e n t i a l l y h a r m f u l chemicals are d i s c o v e r e d , 
concern f o r the long-term impact of low c o n c e n t r a t i o n s of l a r g e 
numbers of hazardous elements and compounds i n c r e a s e s . The need 
f o r improved methods f o r a n a l y z i n g e n v i r o n m e n t a l samples t o 
i d e n t i f y and measure v e r y s m a l l amounts of a wide v a r i e t y of 
chemicals becomes c r i t i c a l . 

A number of advanced methods f o r a n a l y z i n g environmen
t a l samples a r e under i n v e s t i g a t i o n by r e s e a r c h e r s i n many 
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Values in Millimhos/Meter 

Figure 4. Monitor well measurements and electromagnetic measurements at 
same site. Top: potentiometric contours showing plume flow. Bottom: conductivity 

contours showing plume flow. (Reproduced from Ref. 2.) 
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S C H W E I T Z E R Monitoring to Support Assessments 

Figure 5. Conductivity data showing buried hazardous materials. Key: · , wells 
drilled before conductivity data were available. (Reproduced from Ref. 2.) 

Alternative Informational Needs 
Removal of Buried 

Drums and Chemicals 

Encapsulation of Source 

Collection and Treatment 
of Leachate 

No Action 

Drum Condition, Number, and Contents 
Trench Location and Geometry 

Drum Contents 
Imperviousness of Underlying Strata 
Level of Subsurface Contamination 
Trench Location and Geometry 

Areal Extent of Contamination 
Type of Contamination 
Concentration of Contaminants 
Imperviousness of Underlying Strata 
Aquifier Characteristics 

Drum Contents and Condition 
Level of Subsurface Contamination 
Type of Contamination 

Figure 6. Informational needs for implementation of abatement activities. (Re
produced from Réf. 1.) 
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l a b o r a t o r i e s . Of p a r t i c u l a r r e l e v a n c e to the problems of 
hazardous wastes are the a p p l i c a t i o n of fused s i l i c a c a p i l l a r y 
columns i n GC/MS systems, F o u r i e r t r a n s f o r m i n f r a r e d s p e c t r o s 
copy, and n o n - e x t r a c t i v e m u l t i - e l e m e n t a l a n a l y s i s . 

P r e s e n t MS t e c h n i q u e s f o r a n a l y s i s of o r g a n i c compounds 
i n complex samples r e q u i r e s e p a r a t i o n of the sample components 
p r i o r to MS a n a l y s i s . The s e p a r a t i o n i s u s u a l l y accomplished by 
e x t r a c t i n g the samples, s e p a r a t i n g the e x t r a c t s i n t o s e v e r a l 
f r a c t i o n s ( c l e a n u p ) , and a n a l y z i n g the f r a c t i o n s by GC/MS. These 
s t e p s , e s p e c i a l l y the sample p r e p a r a t i o n and c l e a n u p , are t i m e -
consuming and e x p e n s i v e . 

The use of tandem mass spectrometers can e l i m i n a t e the 
sample p r e p a r a t i o n s t e p s and p r o v i d e improved c a p a b i l i t i e s f o r MS 
a n a l y s i s . One system, the t r i p l e quadrupole mass s p e c t r o m e t e r , 
uses a c o m b i n a t i o n of t h r e
i o n i z e , s e p a r a t e , and a n a l y z
sample p r e p a r a t i o n as shown i n F i g u r e s 7 and 8. The sample 
components are i o n i z e d and s e p a r a t e d a c c o r d i n g to t h e i r mass-
to-charge r a t i o i n the f i r s t quadrupole. T h i s s t e p corresponds 
to the GC step i n GC/MS. In the second quadrupole these i o n s 
c o l l i d e w i t h an i n e r t gas and fragment ( c h e m i c a l i o n i z a t i o n ) . 
In the t h i r d quadrupole the fragments are i d e n t i f i e d (mass 
a n a l y z e r ) . 

T r i p l e quadrupole mass spec t r o m e t r y can p r o v i d e r a p i d 
s c r e e n i n g of complex m i x t u r e s f o r s p e c i f i c compounds and can be 
used t o a n a l y z e f o r compounds t h a t cannot r o u t i n e l y be a n a l y z e d 
by GC/MS. In a d d i t i o n , s t r u c t u r a l i n f o r m a t i o n can be o b t a i n e d 
f o r c e r t a i n types of compounds s i n c e i n c o l l i s i o n - i n d u c e d 
d i s s o c i a t i o n s the fragments are l i k e l y to show the s t r u c t u a l 
d i f f e r e n c e s of the parent compounds. Complex m i x t u r e s have 
been a n a l y z e d by t h i s t e c h n i q u e by i n t r o d u c i n g the sample 
d i r e c t l y i n t o the heated sample p o r t of the i n s t r u m e n t w i t h 
l i t t l e o r no sample p r e t r e a t m e n t . T r i p l e quadrupole mass 
spe c t r o m e t r y promises to be a u s e f u l , c o s t - e f f e c t i v e , and 
p r a c t i c a l advanced technique f o r e n v i r o n m e n t a l a n a l y s i s , 
p a r t i c u l a r l y when a p p l i e d t o hazardous waste problems. 

M o n i t o r i n g i n Animals and P l a n t s 

As i n d i c a t e d i n F i g u r e 9, many approaches to m o n i t o r i n g 
animal s p e c i e s at hazardous waste s i t e s have been suggested. 
A l s o , v e g e t a t i o n m o n i t o r i n g i s commonly proposed. Very few of 
the suggested approaches, however, are beyond the e a r l y r e s e a r c h 
stage to the p o i n t where they c o u l d be deployed t o p r o v i d e 
r e l i a b l e data c o n c e r n i n g f i e l d c o n t a m i n a t i o n . 

The types of b i o l o g i c a l methods t h a t need t o be c a r e f u l l y 
e v a l u a t e d and, i f a p p r o p r i a t e , s t a n d a r d i z e d f o r f i e l d use i n c l u d e 
(1) l a b o r a t o r y s c r e e n i n g t e s t s to assess the r e l a t i v e h azard of 
c h e m i c a l m i x t u r e s , (2) f i e l d survey methods to d e t e c t changes i n 
b i o l o g i c a l p o p u l a t i o n s , and (3) m o n i t o r i n g techniques t o d e t e c t 
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the presence of s p e c i f i c compounds i n b i o l o g i c a l m a t e r i a l s . The 
t h r e e approaches have s e v e r a l f e a t u r e s i n common. These methods, 
when a p p l i e d w i t h i n a p p r o p r i a t e e x p e r i m e n t a l d e s i g n s , may i n d i 
c a t e -the source of p o l l u t a n t s and p o t e n t i a l l y can i n d i c a t e 
p o l l u t a n t d i s t r i b u t i o n i n the a i r , water, s o i l , or sediment a t 
study l o c a t i o n s . E q u a l l y i m p o r t a n t , they can i d e n t i f y the 
e x t e n t of problems, they can p r o v i d e i n f o r m a t i o n u s e f u l f o r 
hazard e v a l u a t i o n s , and they can f r e q u e n t l y h e l p i d e n t i f y 
s p e c i f i c p o l l u t a n t s , or combinations of p o l l u t a n t s , t h a t are 
c a u s i n g problems. 

S c r e e n i n g T e s t s . S c r e e n i n g t e s t s can be used d u r i n g i n i t i a l 
i n v e s t i g a t i o n s a t waste s i t e s to p r o v i d e a r a p i d assessment of 
p o t e n t i a l hazards t o (1) f i e l d and l a b o r a t o r y p e r s o n n e l i n v e s t i 
g a t i n g the s i t e , (2) person
s i t e , and (3) the nearb
systems are conducted under c o n t r o l l e d c o n d i t i o n s , u s u a l l y by 
b r i n g i n g samples i n t o the l a b o r a t o r y or by p l a c i n g t e s t organisms 
a t the s i t e . Examples of s c r e e n i n g t e s t s to c l a r i f y r e l a t i v e 
p e r s o n n e l hazards might i n c l u d e the d e t e c t i o n of mutagens i n body 
f l u i d s of l a b o r a t o r y animals exposed t o waste s i t e m a t e r i a l and 
v a r i o u s i m m u n o t o x i c i t y responses i n l a b o r a t o r y a n i m a l s . The 
development of b i o l o g i c a l s c r e e n i n g t e s t s has r e c e i v e d much 
a t t e n t i o n over the past few y e a r s , and s e v e r a l t e s t s ( e . g . , the 
Ames t e s t ) have become w i d e l y used by many l a b o r a t o r i e s . 

Surveys of E n v i r o n m e n t a l Impacts. F i e l d survey methods 
focus on a s s e s s i n g changes i n the c o n d i t i o n of e n t i r e p o p u l a t i o n s 
and e c o l o g i c a l community f u n c t i o n s ( e . g . , pest s p e c i e s p r o l i f 
e r a t i o n , s p e c i e s d i v e r s i t y , l i t t e r d e c o mposition r a t e , changes i n 
the r a t e of p r i m a r y p r o d u c t i o n ) . These methods under c e r t a i n 
c i r c u m s t a n c e s may r e l a t e e f f e c t s t o s p e c i f i c p o l l u t a n t s o u r c e s , 
but most f r e q u e n t l y they are used to i n d i c a t e t h a t a problem does 
e x i s t . A c u r r e n t a p p l i c a t i o n of survey methods being developed 
emphasizes i d e n t i f i c a t i o n of i n d i g e n o u s s p e c i e s to serve as 
s u r r o g a t e s f o r a p o r t i o n of the ecosystem. 

M o n i t o r i n g f o r B i o a c c u m u l a t i o n or B i o e f f e c t s . B i o l o g i c a l 
methods can be used s i m p l y to i n d i c a t e the presence of a 
p o l l u t a n t a t a study l o c a t i o n . Chemical a n a l y s i s can i d e n t i f y 
the type of p o l l u t a n t p r e s e n t i n b i o l o g i c a l s p e c i e s as shown i n 
F i g u r e 10. However, u n l e s s t h e r e i s an e x t e n s i v e d a t a base 
c o n c e r n i n g uptake r a t e s , such an approach w i l l not r e v e a l 
p o l l u t a n t c o n c e n t r a t i o n s i n the a r e a . B i o l o g i c a l e f f e c t s such 
as enzyme i n h i b i t i o n can a l s o be used i n some cases to i n d i c a t e 
the types of chemicals i n the area ( e . g . , i n h i b i t i o n of red b l o o d 
c e l l a c e t y l c h o l i n e s t e r a s e f o l l o w i n g an animal's c o n t a c t w i t h 
organophosphorus c h e m i c a l s ) . The d e t e c t i o n of m e t a b o l i c products 
i n body f l u i d s might a l s o be used t o i n v e s t i g a t e the b i o l o g i c a l 
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uptake of some compounds ( e . g . , the presence of c h l o r i n a t e d 
phenols i n u r i n e f o l l o w i n g uptake of c h l o r i n a t e d h y d r o c a r b o n s ) . 

P r o v i d i n g More M e a n i n g f u l M o n i t o r i n g Data f o r H e a l t h Assessments 

Even w i t h r a p i d advances i n the s t a t e - o f - t h e - a r t of m o n i t o r 
i n g t e c h n o l o g i e s many of the problems of e f f e c t i v e l y meshing 
m o n i t o r i n g data w i t h data on h e a l t h e f f e c t s w i l l c o n t i n u e t o 
p e r s i s t . Undoubtedly, the past approaches of c o l o c a t i n g 
m o n i t o r i n g and h e a l t h s t u d i e s w i l l c o n t i n u e . These approaches 
r e l y on m o n i t o r i n g a c t i v i t i e s t o c l a r i f y exposures to s p e c i f i c 
c hemicals and on h e a l t h s t u d i e s e i t h e r t o assess the a c c u m u l a t i o n 
of these chemicals i n human p o p u l a t i o n s or to c l a r i f y the h e a l t h 
e f f e c t s which c o u l d be r e a s o n a b l y a t t r i b u t e d t o c h e m i c a l expo
s u r e s . Good examples o
i n the U n i t e d S t a t e s an
cadmium and l e a d both t  exposure  (b)
c e r t a i n types of exposures t o o r g a n i c chemicals t o i n c r e a s e d 
i n c i d e n c e of cancer. O b v i o u s l y , u n c e r t a i n t i e s abound i n such 
e f f o r t s p a r t i c u l a r l y w i t h r e g a r d t o c h a r a c t e r i z i n g p o p u l a t i o n 
a c t i v i t y p a t t e r n s over an extended p e r i o d of time as the b a s i s 
f o r exposure e s t i m a t e s . 

T u r n i n g more d i r e c t l y t o the i s s u e s s u r r o u n d i n g hazardous 
waste s i t e s , the s c i e n t i f i c community has an unusual o p p o r t u n i t y 
to develop and a p p l y improved approaches f o r c o u p l i n g e n v i r o n 
mental c h e m i s t r y and the h e a l t h s c i e n c e s . While answers may be 
needed today, the same types of answers w i l l be needed f o r many 
decades. Thus, we s h o u l d t h i n k i n terms of long-range r e s e a r c h 
programs t h a t w i l l p r o v i d e a v a r i e t y of i n t e r i m answers—programs 
t h a t can r e l a t e measurements i n s o i l , w a t er, a i r , and the f o o d 
c h a i n i n m e a n i n g f u l ways to near-term and long-term e f f e c t s i n 
p e o p l e . For example, how can m o n i t o r i n g h e l p us p r e d i c t w i t h 
some c o n f i d e n c e the r a t e s a t which chemicals under a v a r i e t y of 
c o n d i t i o n s w i l l m igrate toward people? Can a g g r e g a t i o n s of 
data on c l a s s e s of chemicals d e t e c t e d a t t r a c e l e v e l s p r o v i d e a 
m e a n i n g f u l b a s i s f o r i n v e s t i g a t i n g p o s s i b l e e f f e c t s ? Can 
p r a c t i c a l m o n i t o r i n g systems be developed which p r o v i d e exposure 
data on i n d i v i d u a l s as i s o f t e n done u s i n g f i l m badges and 
thermoluminescent dosimeters i n the r a d i a t i o n f i e l d ? F i n a l l y , 
can measurements of v e r y low l e v e l s of chemicals or of the e a r l y 
s t a ges of b i o c h e m i c a l r e a c t i o n s i n people or animals serve as 
e a r l y warning i n d i c a t o r s of adverse h e a l t h e f f e c t s t h a t c o u l d 
r e s u l t from f u r t h e r exposures? 
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8 
Currently Available Geophysical Methods for 
Use in Hazardous Waste Site Investigations 

ROY B. EVANS 

U.S. Environmental Protection Agency, Environmental Monitoring 
Systems Laboratory, Las Vegas, NV 89114 

Monitoring to estimate exposure is e s s e n t i a l to 
risk assessmen
-ef fec t ive hazardou
three phases: (1) pre l iminary site assessment, 
utilizing aerial photography and site inspec t ions ; 
(2) geophysical surveys to pinpoint buried wastes 
and to help define plumes of conductive contami
nants in groundwater; and (3) confirmation of 
groundwater contamination through monitoring w e l l 
networks designed on the basis of the geo phys ica l 
survey. Current ly ava i l ab le geophysical methods 
most appl icable in hazardous waste site investi
gations include metal detectors and magnetometers 
(useful in loca t ing buried wastes); ground-
penetrating radar (useful in def in ing trench 
boundaries); electromagnetic induc t ion or EM 
(useful in surveys of shallow plumes of conductive 
groundwater contaminants); resistivity (useful i n 
surveys of site s t ra t igraphy and deep groundwater 
contaminant plumes); and seismic methods (most 
useful in surveying geologic s t r a t i g r aphy ) . 

M o n i t o r i n g i s u s u a l l y an e s s e n t i a l p a r t of r i s k assessment; 
e n v i r o n m e n t a l samples are c o l l e c t e d i n v a r i o u s media near 
sources of p o t e n t i a l exposure, and these samples are a n a l y z e d 
f o r t o x i c substances suspected of being p r e s e n t . In the p a s t , 
i n v e s t i g a t i o n of hazardous waste s i t e s has commonly depended 
upon d r i l l i n g to o b t a i n i n f o r m a t i o n on the g e o l o g i c s e t t i n g , 
upon m o n i t o r i n g w e l l s f o r samples of groundwater, and upon 
l a b o r a t o r y a n a l y s i s of s o i l and waste samples. During the past 
decade, e x t e n s i v e development i n remote s e n s i n g g e o p h y s i c a l 
equipment, f i e l d methods, a n a l y t i c a l t e c h n i q u e s , and a s s o c i a t e d 
computer p r o c e s s i n g has g r e a t l y improved our a b i l i t y to 
c h a r a c t e r i z e hazardous waste s i t e s . Some g e o p h y s i c a l methods 
o f f e r a d i r e c t means of d e t e c t i n g contaminant plumes, f l o w 
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d i r e c t i o n , and b u r i e d drums. Some are a p p l i c a b l e to 
measurements of contaminants and d i r e c t i o n of f l o w w i t h i n the 
vadose zone; o t h e r s o f f e r a way to o b t a i n d e t a i l e d i n f o r m a t i o n 
about s u b s u r f a c e geology. The c a p a b i l i t y to c h a r a c t e r i z e the 
s u b s u r f a c e r a p i d l y w i t h o u t d i s t u r b i n g the s i t e o f f e r s b e n e f i t s 
i n terms of l e s s c o s t , l e s s r i s k , and b e t t e r u n d e r s t a n d i n g of 
s i t e c o n d i t i o n s . 

C o s t - e f f e c t i v e d e s i g n of hazardous waste s i t e groundwater 
i n v e s t i g a t i o n s i n v o l v e s an i n t e g r a t e d , three-phased approach: 
(1) p r e l i m i n a r y s i t e assessment, i n v o l v i n g the use of a e r i a l 
photography, o n - s i t e i n s p e c t i o n s , and r e a d i l y a v a i l a b l e 
i n f o r m a t i o n to approximate s i t e boundaries and l o c a t i o n s o f 
waste c o n c e n t r a t i o n s , as w e l l as p r o b a b l e s i t e geology; (2) 
g e o p h y s i c a l surveys t o p i n p o i n t b u r i e d wastes and e s t i m a t e 
q u a n t i t i e s , and to d e l i n e a t e plumes of c o n d u c t i v e contaminants 
i n groundwater; and (3
c o n t a m i n a t i o n through m o n i t o r i n
b a s i s of plumes and s u b s u r f a c e s t r a t i g r a p h y d e f i n e d by the 
g e o p h y s i c a l s u r v e y s . The s p a t i a l c h a r a c t e r i z a t i o n of the s i t e 
by g e o p h y s i c a l means can make p o s s i b l e the e f f i c i e n t l o c a t i o n o f 
m o n i t o r i n g w e l l s and the r e d u c t i o n of r i s k s i n v o l v e d i n 
e x p l o r a t o r y d r i l l i n g . 
F i e l d Problems 

The t h r e e g e n e r a l o b j e c t i v e s u s u a l l y i n v o l v e d i n s u b s u r f a c e 
i n v e s t i g a t i o n s a r e : 

• L o c a t i o n of b u r i e d m a t e r i a l s , 
• D e t e r m i n a t i o n of the presence of plumes and the 

d i r e c t i o n , r a t e of movement, and d i s t r i b u t i o n o f 
contaminants; 

• C h a r a c t e r i z a t i o n of the g e o h y d r o l o g i c c o n d i t i o n s , 
n a t u r a l and manmade. 

L o c a t i o n of b u r i e d m a t e r i a l s a t a hazardous waste s i t e i s 
u s u a l l y f o r the purpose of r e m e d i a l a c t i o n ; i . e . , e x c a v a t i n g 
these m a t e r i a l s and u l t i m a t e l y d i s p o s i n g of them. The key 
unknowns are type (bulk-dumped or packaged i n drums or o t h e r 
c o n t a i n e r s ) , q u a n t i t y (volume of waste; number of drums), and 
l o c a t i o n , p a r t i c u l a r l y depth of b u r i a l . The concerns are f o r 
sa f e e x c a v a t i o n w i t h o u t p u n c t u r i n g c o n t a i n e r s or b r e a c h i n g any 
e x i s t i n g t r e n c h l i n e r s and thus a g g r a v a t i n g the cleanup 
problems. 

D e t e r m i n a t i o n of the presence of contaminant plumes and 
t h e i r f l o w d i r e c t i o n and movement r a t e i s commonly r e q u i r e d a t 
hazardous waste s i t e s . The f i r s t d e t e r m i n a t i o n i s whether 
leakage from the hazardous waste s i t e i s o c c u r r i n g . I f the 
e x i s t e n c e of a plume i s c o n f i r m e d , i t s d i r e c t i o n and e x t e n t 
should be e s t a b l i s h e d and i d e n t i f i e d . A p r e l i m i n a r y g e o p h y s i c a l 
survey can a i d i n b e t t e r d e f i n i n g the contaminant plume, l e a d i n g 
to more e f f e c t i v e m o n i t o r i n g w i t h a s m a l l e r number of m o n i t o r i n g 
w e l l s . 

In Risk Assessment at Hazardous Waste Sites; Long, F., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1982. 



8. E V A N S Geophysical Methods for Investigations 95 

C h a r a c t e r i z a t i o n of the n a t u r a l s e t t i n g i s u s u a l l y a major 
p o r t i o n of the f i e l d i n v e s t i g a t i o n . At most s i t e s , p e r m e a b i l i t y 
of the l o c a l s o i l and rock t y p e s , the depth of the water t a b l e , 
and the d i r e c t i o n of groundwater f l o w w i l l s t r o n g l y i n f l u e n c e 
movement of contaminants from the p o i n t of d i s p o s a l . The 
anomalies which occur n a t u r a l l y w i t h i n the g e o h y d r o l o g i c s e c t i o n 
must be taken i n t o c o n s i d e r a t i o n . S u r f a c e d r a i n a g e , sewers, and 
b u r i e d u t i l i t i e s can a f f e c t s u r f a c e and groundwater f l o w around 
a hazardous waste s i t e . 

Many of these problems can o f t e n be avoided by the use o f 
an i n t e g r a t e d approach combining contemporary g e o p h y s i c a l 
methods to support t r a d i t i o n a l d r i l l i n g p r o c e d u r e s . 
A v a i l a b l e G e o p h y s i c a l Methodology 

T h i s paper d i s c u s s e s s i x c u r r e n t l y a v a i l a b l e g e o p h y s i c a l 
s e n s i n g methods: groun
e l e c t r o m a g n e t i c i n d u c t i o
m e t a l d e t e c t i o n , and magnetometry. Other g e o p h y s i c a l methods 
are a v a i l a b l e and are p r o v i n g to be e f f e c t i v e ; s t i l l o t h e r s ( f o r 
example, complex r e s i s t i v i t y ) a r e emerging. However, t h i s 
d i s c u s s i o n has been l i m i t e d to the s i x methods i n v o l v e d i n the 
l a r g e s t number of a c t u a l s i t e i n v e s t i g a t i o n s t o date. Table I 
shows the p o s s i b l e r o l e s of each of these methods i n hazardous 
waste s i t e assessments. These methods s h o u l d be regarded as 
complementing one ano t h e r . No one method i s used f o r a l l 
a p p l i c a t i o n s , and some methods are u s e f u l i n more than one 
a p p l i c a t i o n . In g e n e r a l , metal d e t e c t o r s and magnetometers a r e 
most u s e f u l i n l o c a t i n g b u r i e d wastes; ground p e n e t r a t i n g r a d a r 
i s the technique of c h o i c e f o r d e f i n i n g the boundary of b u r i e d 
t r e n c h e s ; e l e c t r o m a g n e t i c i n d u c t i o n (EM) and r e s i s t i v i t y a r e the 
most u s e f u l i n d e f i n i n g plumes of c o n d u c t i v e contaminants i n 
groundwater; and r e s i s t i v i t y and s e i s m i c t e c h n i q u e s are most 
u s e f u l i n d e t e r m i n i n g g e o l o g i c s t r a t i g r a p h y . 

M e t a l D e t e c t o r s . M e t a l d e t e c t o r s respond t o changes i n 
e l e c t r i c a l c o n d u c t i v i t y caused by the presence of m e t a l l i c 
o b j e c t s , both f e r r o u s and n o n - f e r r o u s . At the same t i m e , metal 
d e t e c t o r s are r e l a t i v e l y i n s e n s i t i v e t o changes i n s o i l m o i s t u r e 
or groundwater c o n d u c t i v i t y . The magnitude of response from a 
meta l d e t e c t o r i s a f u n c t i o n of s e v e r a l v a r i a b l e s . 

1) Target to sensor d i s t a n c e (response f a l l s of as the 
s i x t h power of the d i s t a n c e ) 

2) Target s i z e 
3) Target o r i e n t a t i o n 
4) Target geometry 
5) Type of t a r g e t m e t a l 
6) M e c h a n i c a l / e l e c t r i c a l i n t e g r i t y of the t a r g e t 
7) Search c o i l s i z e 
The o p e r a t i o n of simple metal d e t e c t o r s i s diagrammed 

s c h e m a t i c a l l y i n F i g u r e 1, which shows an i n d u c t i o n balance 

In Risk Assessment at Hazardous Waste Sites; Long, F., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1982. 
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Figure 1. Simplified diagram of metal detector system. 
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d e v i c e . Such a d e v i c e c o n s i s t s of a t r a n s m i t t e r loop c o i l and a 
r e c e i v e r loop c o i l g e o m e t r i c a l l y arranged i n such a way t h a t a 
n u l l or z e r o - i n d u c t i o n c o n d i t i o n i s a c h i e v e d i n the absence of 
nearby metal o b j e c t s . When the c o i l s a re p r o p e r l y a d j u s t e d , the 
r e c e i v e r i s i n s e n s i t i v e to the e l e c t r o m a g n e t i c f i e l d of the 
t r a n s m i t t e r . However, a s i g n a l w i l l be d e t e c t e d i f the 
e l e c t r o m a g n e t i c f i e l d a t the r e c e i v e r c o i l i s a l t e r e d by the 
s u p e r p o s i t i o n of a secondary e l e c t r o m a g n e t i c f i e l d r e s u l t i n g 
from c u r r e n t s induced i n a nearby m e t a l l i c o b j e c t or c o n d u c t i v e 
mass by the t r a n s m i t t e r c o i l . D e v i a t i o n s from the balance 
c o n d i t i o n are d e t e c t e d as e l e c t r i c a l s i g n a l s i n the r e c e i v e r and 
are e l e c t r o n i c a l l y c o n v e r t e d to a meter d e f l e c t i o n as w e l l as t o 
an a u d i b l e tone. M e t a l d e t e c t o r s tend to be i n s e n s i t i v e to 
b u r i e d o b j e c t s of s m a l l c r o s s - s e c t i o n , such as metal r o d s . (_1) 

F i g u r e 2 shows p r o f i l e s taken w i t h a m e t a l d e t e c t o r a t a 
r u r a l s i t e where i t wa
had been dumped i n t o a
passes were made p e r p e n d i c u l a r to the suspected t r e n c h as p a r t 
of an e f f o r t to determine the l o c a t i o n and q u a n t i t y of drums i n 
the t r e n c h . (2) 

Magnetometers. Magnetometers can be used t o d e t e c t 
p e r t u r b a t i o n s i n the geomagnetic f i e l d c r e a t e d by b u r i e d 
f e r r o m a g n e t i c o b j e c t s such as s t e e l c o n t a i n e r s or drums, t o o l s , 
o r s c r a p m e t a l . An induced m a g n e t i z a t i o n i s produced i n any 
magnetic m a t e r i a l w i t h i n the e a r t h ' s magnetic f i e l d , and t h i s 
induced f i e l d i s superimposed on the geomagnetic f i e l d . I f 
s t r o n g enough, t h i s induced f i e l d produces a l o c a l i z e d anomaly 
i n the geomagnetic f i e l d . F i g u r e 3 i s a schematic of a s i m p l e 
magnetometer. 

The induced magnetic f i e l d of a b u r i e d o b j e c t depends on 
s e v e r a l v a r i a b l e s : 

1) Target mass; 
2) Target to sensor d i s t a n c e ; 
3) Target m a t e r i a l and i t s i n t e g r i t y ; 
4) Target geometry ( p r i m a r i l y l e n g t h to diameter r a t i o ) 
5) Target o r i e n t a t i o n ; 
6) Magnitude and d i r e c t i o n of permanent magnetism i n the 

t a r g e t 
A v a r i e t y of magnetometers are c u r r e n t l y a v a i l a b l e f o r 

d i f f e r e n t types of s u r v e y s . Both t o t a l f i e l d and gradiometer 
s e a r c h magnetometers are used. P r o t o n p r e c e s s i o n and cesium 
systems a r e used f o r measurements of the t o t a l magnetic f i e l d . 
F l u x g a t e and cesium gradioraeters can be used f o r s e a r c h work. A 
g r a d i ometer i s a d i f f e r e n t i a l magnetometer which measures 
d i f f e r e n c e s i n the magnitude and d i r e c t i o n of the ambient f i e l d 
over a f i x e d d i s t a n c e ; t h i s f i x e d d i s t a n c e i s u s u a l l y s m a l l w i t h 
r e s p e c t to the d i s t a n c e to the o b j e c t c r e a t i n g the magnetic 
anomaly. An advantage of some gradiometer systems i s t h e i r 
a b i l i t y to sense v e r t i c a l f i e l d g r a d i e n t s w h i l e r e m a i n i n g 
i n s e n s i t i v e to h o r i z o n t a l g r a d i e n t components. T h i s f e a t u r e 

In Risk Assessment at Hazardous Waste Sites; Long, F., et al.; 
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Figure 2. Metal detector data over trench with buried drums. 
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Figure 3. Simplified diagram of magnetometer system. 

In Risk Assessment at Hazardous Waste Sites; Long, F., et al.; 
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a l l o w s gradioraeters to sense the v e r t i c a l f i e l d of su b s u r f a c e 
t a r g e t s i n the presence of h o r i z o n t a l i n t e r f e r e n c e t a r g e t s such 
as s t e e l f e n c e s . (3) 

F i g u r e 4 shows m u l t i p l e p a r a l l e l p r o f i l e s taken w i t h a 
conti n u o u s r e a d i n g gradiometer over the d r u m - f i l l e d b u r i a l 
t r e n c h (the same t r e n c h from which F i g u r e 2 was t a k e n ) . These 
p r o f i l e s , which add c o n f i r m a t i o n of the presence of drums i n the 
t r e n c h , were taken i n s i d e a h i g h s t e e l fence e r e c t e d around the 
suspected b u r i a l s i t e . (2) 

Ground - P e n e t r a t i n g Radar. The g r o u n d - p e n e t r a t i n g r a d a r 
(GPR) system most f r e q u e n t l y used i n hazardous waste s i t e 
i n v e s t i g a t i o n s i s an impulse system which r a d i a t e s 
s h o r t - d u r a t i o n e l e c t r o m a g n e t i c p u l s e s i n t o the ground from an 
antenna near the s u r f a c e . These p u l s e s are r e f l e c t e d from 
v a r i o u s i n t e r f a c e s w i t h i
r e c e i v e r s e c t i o n of th
f o r p r o c e s s i n g and d i s p l a y . These r e f l e c t i o n s occur at 
d i f f e r e n t s o i l h o r i z o n s , s o i l / r o c k i n t e r f a c e s , r o c k / a i r 
i n t e r f a c e s ( v o i d s ) , manmade o b j e c t s , or a t any i n t e r f a c e which 
c r e a t e s a c o n t r a s t i n complex d i e l e c t r i c p r o p e r t i e s . For 
example, d i g g i n g a t r e n c h and f i l l i n g i t a g a i n can c r e a t e a 
d i f f e r e n c e between the d i e l e c t r i c p r o p e r t i e s of the d i s t u r b e d 
e a r t h and those of the u n d i s t u r b e d m a t e r i a l which can be sensed 
by the GPR. F i g u r e 5 i s a schematic showing the v a r i o u s 
components of a GPR system. 

For p r e s e n t a t i o n of d a t a , GPR s i g n a l s are processed and 
d i s p l a y e d by a g r a p h i c r e c o r d e r . As the antenna i s moved a l o n g 
the s u r f a c e , the g r a p h i c d i s p l a y r e s u l t s i n a p i c t u r e - l i k e 
r e c o r d showing a cont i n u o u s p r o f i l e a l o n g a t r a v e r s e , v e r y 
s i m i l a r to a g e o l o g i c c r o s s - s e c t i o n found at a road c u t . 

U n f o r t u n a t e l y , the depth of ra d a r p e n e t r a t i o n i s very s i t e 
s p e c i f i c . Depths of 3 t o 10 meters are commonly a t t a i n e d 
throughout the c o u n t r y ; 20 meter p e n e t r a t i o n s have been a c h i e v e d 
under i d e a l c o n d i t i o n s at some s i t e s . T h i s depth i s reduced i f 
ground water i n c r e a s e s i n e l e c t r i c a l c o n d u c t i v i t y , or i f t h e r e 
a r e s u f f i c i e n t l y h i g h c o n c e n t r a t i o n s of f i n e g r a i n e d m a t e r i a l s 
( s i l t s or c l a y s ) p r e s e n t . For example, h i g h c o n c e n t r a t i o n s o f 
s a l t s , m o n t m o r i l l o n i t e c l a y or l o s s e s are h i g h l y a t t e n u a t i v e of 
the radar p u l s e and p e n e t r a t i o n may not exceed one meter. (4) 

F i g u r e 6 shows the c r o s s - s e c t i o n r e s u l t i n g from a s i n g l e 
GPR t r a v e r s e a c r o s s the b a r r e l - f i l l e d t r e n c h from which F i g u r e s 
2 and 4 were taken. The images produced by t h r e e 5 5 - g a l l o n 
b a r r e l s are i n d i c a t e d on the f i g u r e . F i g u r e 7 i s a composite, 
comparing the t r a c e s of F i g u r e s 2, 4, and 6. (5) 

R e s i s t i v i t y . The r e s i s t i v i t y method measures the 
e l e c t r i c a l r e s i s t i v i t y of the g e o h y d r o l o g i c s e c t i o n , which 
i n c l u d e s s o i l , r o c k , and ground water. I n t e r p r e t a t i o n of these 
measurements p r o v i d e i n f o r m a t i o n on l a y e r i n g and depths of 
sub s u r f a c e h o r i z o n s as w e l l as l a t e r a l changes i n the 
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Figure 4. Magnetometer data over trench with buried drums. 
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Figure 5. Simplified diagram of ground penetrating radar system. 
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Figure 6. Example of ground penetrating radar for locating buried drums. 
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Figure 7. Composites of four geophysical profiles over hazardous material burial 
site. 
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s u b s u r f a c e . In most a p p l i c a t i o n s , the presence, q u a n t i t y and 
q u a l i t y of ground water are the dominating f a c t o r s i n f l u e n c i n g 
the r e s i s t i v i t y v a l u e . A c c o r d i n g l y , the method may be used to 
assess l a t e r a l and v e r t i c a l changes i n n a t u r a l g e o h y d r o l o g i c 
s e t t i n g s as w e l l as to e v a l u a t e contaminant plumes a t hazardous 
waste s i t e s . 

During a p p l i c a t i o n of the method, a c u r r e n t i s i n j e c t e d 
i n t o the ground by a p a i r of s u r f a c e e l e c t r o d e s and a r e s u l t i n g 
p o t e n t i a l f i e l d i s measured between a second p a i r of s u r f a c e 
e l e c t r o d e s . A schematic of such a c o n f i g u r a t i o n c a l l e d a Wenner 
a r r a y , i s shown i n F i g u r e 8. The su b s u r f a c e r e s i s t i v i t y i s 
c a l c u l a t e d from the e l e c t r o d e s e p a r a t i o n , a p p l i e d c u r r e n t , and 
measured v o l t a g e . 

In g e n e r a l , most s o i l and rock m i n e r a l s are e l e c t r i c a l 
i n s u l a t o r s ( h i g h r e s i s t i v i t y ) and  r e s u l t  th  f l o f 
c u r r e n t i s conducted p r i m a r i l
spaces w i t h i n t h i s m a t r i x y
and r o c k s i s predominantly c o n t r o l l e d by the amount of pore 
w a t e r , the p o r o s i t y and p e r m e a b i l i t y of the system, and the 
c o n c e n t r a t i o n of d i s s o l v e d s o l i d s i n the pore water. 

In the f i e l d , the r e s i s t i v i t y technique may be a p p l i e d by 
" p r o f i l i n g " o r "sounding." In p r o f i l i n g h o r i z o n t a l v a r i a t i o n s 
i n r e s i s t i v i t y a r e observed by moving the e n t i r e a r r a y l a t e r a l l y 
over the s u r f a c e . This approach can be used to map the 
h o r i z o n t a l e x t e n t of contaminant plumes i n groundwater. 
Soundings are o b t a i n e d by o b s e r v i n g the r e s i s t i v i t i e s which 
r e s u l t from p r o g r e s s i v e l y g r e a t e r e l e c t r o d e s p a c i n g s , which l e a d 
to c o r r e s p o n d i n g l y g r e a t e r depths of p e n e t r a t i o n . When these 
r e s i s t i v i t y v a l u e s are p l o t t e d as a f u n c t i o n of e l e c t r o d e 
s p a c i n g , the r e s u l t i n g p l o t can be i n t e r p r e t e d i n terms of the 
depths and t h i c k n e s s e s of su b s u r f a c e l a y e r s of d i f f e r i n g 
r e s i s t i v i t i e s . F i g u r e 9 shows such a sounding i n a s i t u a t i o n 
where a l l u v i a l overburden a p p r o x i m a t e l y seven f e e t t h i c k w i t h a 
r e s i s t i v i t y of a p p r o x i m a t e l y 3,000 ohm-feet cov e r s l i m e s t o n e 
w i t h a r e s i s t i v i t y of a p p r o x i m a t e l y 350 ohm-feet. The two 
l a y e r s a r e c l e a r l y d e l i n e a t e d i n the r e s i s t i v i t y sounding. 

E l e c t r o m a g n e t i c s (EM). E l e c t r o m a g n e t i c s (EM) measurements 
p r o v i d e s i m i l a r d ata as obt a i n e d u s i n g the r e s i s t i v i t y method; 
these data are c a l l e d ground c o n d u c t i v i t i e s ( o r r e c i p r o c a l 
r e s i s t i v i t i e s ) . Some of the newer EM te c h n i q u e s a r e p o r t a b l e , 
p e r m i t t i n g data to be gathered as f a s t as a man can walk. 
T h e r e f o r e , the EM method has an advantage over the o l d e r 
r e s i s t i v i t y method i n t h a t s u b s u r f a c e c o n d u c t i v i t i e s ( r e c i p r o c a l 
r e s i s t i v i t i e s ) can be c o l l e c t e d r a p i d l y and c o n t i n u o u s l y as the 
op e r a t o r and instrument move acr o s s the l a n d s u r f a c e . 

The p r i n c i p l e of o p e r a t i o n of the EM method i s shown i n 
F i g u r e 10. The b a s i c instrument c o n s i s t s of two c o i l s and an 
e l e c t r o n i c s module. The t r a n s m i t t e r c o i l i s separated from the 
r e c e i v e r c o i l by a s p e c i f i e d d i s t a n c e . When e n e r g i z e d , the 
t r a n s m i t t e r c o i l induces c i r c u l a r eddy c u r r e n t l o o p s i n t o the 
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Current Meter 

Figure 8. Simplified diagram of Wenner array for resistivity measurements. 
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e a r t h . The magnitude of each c u r r e n t l o o p i s a f u n c t i o n of 
s u b s u r f a c e c o n d i t i o n s . In t u r n , each of these c u r r e n t l o o p s 
generates a secondary magnetic f i e l d p r o p o r t i o n a l to the v a l u e 
of the c u r r e n t f l o w i n g w i t h i n the l o o p . A p o r t i o n of t h i s 
secondary magnetic f i e l d i s i n t e r c e p t e d by the r e c e i v e r c o i l and 
r e s u l t s i n an output v o l t a g e which i s a m p l i f i e d by the 
i n s t r u m e n t . The magnitude of t h i s v o l t a g e i s l i n e a r l y r e l a t e d 
to the t e r r a i n (ground) c o n d u c t i v i t y . The u n i t s of c o n d u c t i v i t y 
measurements are m i l l i m h o s / m e t e r (mm/m). (6) 

EM i n s t r u m e n t s may be c a l i b r a t e d to read the t r u e 
s u b s u r f a c e c o n d u c t i v i t y w i t h i n a u n i f o r m e a r t h . However, 
sub s u r f a c e c o n d i t i o n s are r a r e l y u n i f o r m . In a l a y e r e d e a r t h 
where each l a y e r has a d i f f e r e n t c o n d u c t i v i t y , the r e a d i n g w i l l 
be dependent upon the t h i c k n e s s of the l a y e r s , depth of the 
l a y e r s from the s u r f a c e  s p e c i f i  c o n d u c t i v i t i e
l a y e r . The r e s u l t i n g c o n d u c t i v i t
f u n c t i o n of a l l these c o n d i t i o n  apparen
c o n d u c t i v i t y . A s t r i c t s o l u t i o n f o r t h i s f u n c t i o n r e q u i r e s some 
knowledge of the l a y e r t h i c k n e s s e s , depths and r e l a t i v e 
c o n d u c t i v i t i e s . However, not a l l s t u d i e s need become t h i s 
i n v o l v e d because f i r s t o r d e r e v a l u a t i o n s may be made by n o t i n g 
the r e l a t i v e l a t e r a l changes a l o n g a t r a v e r s e ( p r o f i l i n g ) . 
S i n c e data can be o b t a i n e d as f a s t as the o p e r a t o r can walk, 
t h i s p r o f i l i n g c a p a b i l i t y i s a v ery p o w e r f u l EM t e c h n i q u e 
p e r m i t t i n g l a r g e areas to be r a p i d l y surveyed y i e l d i n g 
c o n t i n u o u s p r o f i l e l i n e s . These p r o f i l e data may be recorded on 
a s t r i p c h a r t and/or magnetic tape r e c o r d e r . T h i s q u a l i t a t i v e 
method can o f t e n d e s c r i b e the l o c a t i o n , shape and/or the 
p e r i o d i c i t y of a f e a t u r e whether i t i s a c l a y d e p o s i t or a 
s e r i e s of f r a c t u r e zones. Armed w i t h t h i s type of d a t a , a l o n g 
w i t h some good ground t r u t h i n f o r m a t i o n i n c l u d i n g knowledge of 
the l o c a l geology, an e v a l u a t i o n of the p r o f i l e ( s ) can be made. 
T h i s a n a l y s i s r e s u l t s i n a more complete u n d e r s t a n d i n g of 
s p e c i f i c f e a t u r e s and the o v e r a l l s e t t i n g of the s i t e . 

EM c o n d u c t i v i t y d ata may be o b t a i n e d at depths of 0.75 t o 
60 meters, depending on the c o i l s p a c i n g and system 
c o n f i g u r a t i o n . (6) 

Although the EM t e c h n i q u e i s w e l l s u i t e d f o r p r o f i l i n g , 
a c q u i s i t i o n of v e r t i c a l changes i n s u b s u r f a c e c o n d i t i o n s ( c a l l e d 
sounding) can be a c c o m p l i s h e d . However, sounding w i t h EM i s 
somewhat l i m i t e d compared to the r e s i s t i v i t y sounding methods. 
This i s due to the f a c t t h a t o n l y a l i m i t e d number of d i s c r e t e 
depths can be measured u s i n g the EM method; t h i s i s u n l i k e the 
v a r i a b l e e l e c t r o d e s p a c i n g s p o s s i b l e w i t h the r e s i s t i v i t y 
t e c h n i q u e . Although the r e s i s t i v i t y method may y i e l d more d a t a , 
i t r e q u i r e s more time to make the measurements. 

The p r i n c i p a l v a l u e of the EM c o n d u c t i v i t y method i s t h a t 
i t p r o v i d e s c o n t i n u o u s , h i g h r e s o l u t i o n data i n an e x t r e m e l y 
economical manner. T h i s p e r m i t s r e c o n n a i s s a n c e i n v e s t i g a t i o n s 
to be performed r a p i d l y and e f f e c t i v e l y to d e f i n e the l o c a t i o n 
and e x t e n t of problem a r e a s . 
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F i g u r e 11 shows EM p r o f i l e s from a hazardous waste s i t e 
i n v e s t i g a t i o n over a 25-acre a r e a , t o g e t h e r w i t h the l o c a t i o n s 
of m o n i t o r i n g w e l l s which were i n s t a l l e d w i t h o u t b e n e f i t of the 
g e o p h y s i c a l measurement d a t a . The m o n i t o r i n g w e l l l o c a t i o n s 
were chosen by an ex p e r i e n c e d h y d r o g e o l o g i s t on the b a s i s of h i s 
p r o f e s s i o n a l judgement and l i m i t e d i n f o r m a t i o n c o n c e r n i n g the 
h i s t o r y of the s i t e and i t s c o n t e n t s . None of the w e l l s thus 
i n s t a l l e d i n t e r s e c t e d the areas of h i g h c o n d u c t i v i t y i d e n t i f i e d 
by the EM survey, a l t h o u g h two w e l l s d i d show low l e v e l s o f 
groundwater c o n t a m i n a t i o n . In t h i s i n s t a n c e , p r i o r to 
g e o p h y s i c a l surveys would have enabled a more e f f i c i e n t 
m o n i t o r i n g w e l l d e s i g n t o be performed and c o u l d have reduced 
the t o t a l number of w e l l s i n s t a l l e d . (7) 

Sei s m i c R e f r a c t i o n 
Seismic r e f r a c t i o

t h i c k n e s s , and depth of g e o l o g i c l a y e r s u s i n g sound ( a c o u s t i c ) 
waves t r a n s m i t t e d i n t o the s u b s u r f a c e . These sound waves t r a v e l 
a t d i f f e r e n t v e l o c i t i e s i n v a r i o u s s o i l s and rock and are a l s o 
r e f r a c t e d (or bent) at the i n t e r f a c e between l a y e r s , thereby 
a f f e c t i n g t h e i r path of t r a v e l . The time r e q u i r e d f o r the wave 
to complete t h i s path i s measured, p e r m i t t i n g d e t e r m i n a t i o n o f 
the number of l a y e r s at the s i t e as w e l l as the sound v e l o c i t y 
and depth of each l a y e r . The wave v e l o c i t y i n each l a y e r i s 
r e l a t e d to l a y e r p r o p e r t i e s such as d e n s i t y and hardness. 
Sei s m i c methods are o f t e n used to map depth t o s p e c i f i c h o r i z o n s 
such as bedrock, c l a y l a y e r s and water t a b l e . 

S e v e r a l system components are fundamental t o s e i s m i c 
measurements: a sound source, geophones, and a seismograph. 
The s e i s m i c source i n s h a l l o w hazardous waste s i t e 
i n v e s t i g a t i o n s i s g e n e r a l l y a hammer or drop weight which i s 
used to s t r i k e the ground. Geophones are r e c e i v e r s i m planted on 
the ground's s u r f a c e ; they t r a n s l a t e the r e c e i v e d v i b r a t i o n s of 
sound energy to an e l e c t r i c a l s i g n a l . T h i s s i g n a l i s d i s p l a y e d 
on the seismograph p e r m i t t i n g measurement of the a r r i v a l time of 
the sound wave. 

The s e i s m i c r e f r a c t i o n method i s based on s e v e r a l i mportant 
assumptions: (1) l a y e r a c o u s t i c v e l o c i t i e s i n c r e a s e w i t h depth; 
(2) s u f f i c i e n t v e l o c i t y c o n t r a s t e x i s t s between l a y e r s to 
d i s c r i m i n a t e between d i f f e r e n t s t r a t a of i n t e r e s t s ; (3) and 
l a y e r s must be t h i c k enough to permit d e t e c t i o n . 

Seismic r e f r a c t i o n can be used t o d e f i n e many n a t u r a l and 
ge o h y d r o l o g i c c o n d i t i o n s i n c l u d i n g number and t h i c k n e s s of 
l a y e r s , l a y e r c o m p o s i t i o n and p h y s i c a l p r o p e r t i e s , depth t o 
bedrock or water t a b l e , and anamalous f e a t u r e . 

S e v e r a l d i f f e r e n t types of sound energy (waves) a r e 
propagated through the e a r t h . S e i s m i c r e f r a c t i o n methods are 
concerned p r i m a r i l y w i t h the c o m p r e s s i o n a l wave energy, commonly 
c a l l e d primary wave or P-wave. Primary waves move through 

In Risk Assessment at Hazardous Waste Sites; Long, F., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1982. 



110 RISK A S S E S S M E N T A T H A Z A R D O U S W A S T E S I T E S 

Figure 11. Three-dimensional representation of conductivity data showing buried 
hazardous materials. Key: · , well. 
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s u b s u r f a c e g e o l o g i c l a y e r s i n response to l a y e r p h y s i c a l 
p r o p e r t i e s , t h i c k n e s s and sequence. A s i g n i f i c a n t change i n any 
one of these parameters w i l l cause a n o t a b l e s h i f t i n the sound 
wave's v e l o c i t y and path of t r a v e l which may be d e t e c t e d u s i n g 
the s e i s m i c method. 

Layer d e n s i t y and e l a s t i c p r o p e r t i e s p r i m a r i l y determine 
the speed or v e l o c i t y a t which sound w i l l t r a v e l through the 
l a y e r . P o r o s i t y , m i n e r a l c o m p o s i t i o n , and water c o n t e n t of the 
l a y e r a f f e c t d e n s i t y and e l a s t i c i t y . 

F i g u r e 12 shows a schematic view of sound waves t r a v e l i n g 
through a two l a y e r e d system of s o i l over bedrock. A s e i s m i c 
source produces sound waves which t r a v e l i n a l l d i r e c t i o n s i n t o 
the ground. The s e i s m i c method i s o n l y concerned w i t h the wave 
paths shown i n F i g u r e 12. One of these waves, the d i r e c t wave, 
t r a v e l s p a r a l l e l to th  i
A s e i s m i c sensor (geophone
a l o n g the s u r f a c e l a y e r g  p a t
d i r e c t l y p r o p o r t i o n a l to the s e n s o r s ' d i s t a n c e from the source 
and the m a t e r i a l composing the l a y e r . 
R i s k Assessment i n Hazardous Waste S i t e I n v e s t i g a t i o n s 

M o n i t o r i n g to e s t i m a t e exposure to en v i r o n m e n t a l 
contaminants i s an e s s e n t i a l p a r t of a s s e s s i n g r i s k s a s s o c i a t e d 
w i t h those contaminants. E n v i r o n m e n t a l samples are c o l l e c t e d i n 
v a r i o u s media near a source of e x p o s u r e — f o r example, a 
hazardous waste s i t e suspected of r e l e a s i n g t o x i c c h e m i c a l s to 
the environment. These samples are then a n a l y z e d f o r the 
substances of concern, y i e l d i n g the b a s i s f o r e s t i m a t e s of 
exposure. The d i s c u s s i o n above o u t l i n e d ways i n which 
g e o p h y s i c a l s e n s i n g t e c h n i q u e s can be used to c o l l e c t samples of 
groundwater i n an e f f i c i e n t , c o s t - e f f e c t i v e manner and t o 
improve the l i k e l i h o o d of d i s c o v e r i n g leakage from the hazardous 
waste s i t e , i f any. Given c o n c e n t r a t i o n s of t o x i c c h e m i c a l s i n 
a i r , water, groundwater, o r o t h e r exposure medium, r i s k 
assessment can proceed by any or a l l of s e v e r a l approaches. 

I n c l a s s i c a l e p i d e m i o l o g i c a l s t u d i e s , r i s k s a s s o c i a t e d w i t h 
exposure to t o x i c c h e m i c a l s or o t h e r e n v i r o n m e n t a l contaminants 
are a ssessed by comparing i n c i d e n c e s of d i s e a s e observed i n a 
p o p u l a t i o n exposed to the e t i o l o g i c agent w i t h i n c i d e n c e s of the 
same d i s e a s e observed i n a c o n t r o l p o p u l a t i o n . R e l a t i v e r i s k i s 
then computed as the r a t i o of the d i s e a s e r a t e of the exposed 
p o p u l a t i o n to t h a t of the unexposed p o p u l a t i o n . (8) The f u l l 
machinery of c l a s s i c a l e p i d e m i o l o g y i s q u i t e e xpensive and 
l e n g t h y , e s p e c i a l l y the c a r e f u l l y c o n s t r u c t e d p r o s p e c t i v e 
s t u d i e s which y i e l d the most r e l i a b l e d a t a . A more commonly 
used approach to r i s k assessment of s p e c i f i c sources of e n v i r o n 
mental contaminants, such as hazardous waste s i t e s , i s t o 
compare observed c o n c e n t r a t i o n s of the contaminant w i t h e x i s t i n g 
standards f o r t h a t substance i n a i r , water, or food. An 
approach which has been suggested f o r groundwater, perhaps the 
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most important exposure medium i n hazardous waste s i t e 
i n v e s t i g a t i o n s , i s the use of Maximum Contaminant L e v e l s (MCL's) 
f o r s p e c i f i c c h e m i c a l s i n d r i n k i n g water. U n f o r t u n a t e l y , 
hundreds to thousands of ch e m i c a l s p e c i e s may e n t e r groundwater 
from i m p r o p e r l y c o n s t r u c t e d hazardous waste s i t e s , and o n l y a 
few of them have e s t a b l i s h e d MCL fs. EPA i s d e v e l o p i n g 
a d d i t i o n a l MCL's f o r o r g a n i c contaminants, but s e v e r a l y e a r s 
w i l l e l a p s e b e f o r e the l i s t i s comprehensive. 

Another approach to r i s k assessment which does not y i e l d a 
q u a n t i t a t i v e e s t i m a t e of r e l a t i v e r i s k i n terms of d i s e a s e 
r a t e s , i s through comparison of c o n c e n t r a t i o n s of the t o x i c 
agent i n en v i r o n m e n t a l media near the source w i t h c o n c e n t r a t i o n s 
i n the same media at some c o n t r o l l o c a t i o n d i s t a n t from the 
sour c e . Comparisons can a l s o be performed a g a i n s t n a t i o n w i d e 
averages. Such comparison  o n l  e s t a b l i s h whethe  s t a t i s
t i c a l l y s i g n i f i c a n t d i f f e r e n c e
the a r e a of concern an  backgroun
comparisons p r o v i d e no e s t i m a t e of the b i o l o g i c a l r i s k 
a s s o c i a t e d w i t h any d i f f e r e n c e s . A l l t h r e e of these approaches 
to r i s k assessment ( t h e c l a s s i c a l e p i d e m i o l o g i c a l approach, the 
s h o r t - c u t comparison of observed c o n c e n t r a t i o n s w i t h p r e v i o u s l y 
e s t a b l i s h e d s t a n d a r d s , and the q u a l i t a t i v e comparison of 
c o n c e n t r a t i o n s i n the a f f e c t e d a r e a w i t h those i n some c o n t r o l 
area or w i t h n a t i o n a l norms) depend on v a l i d , r e p r e s e n t a t i v e 
m o n i t o r i n g d a t a to e s t i m a t e exposures to p o p u l a t i o n s a t r i s k . 

Groundwater c o n t a m i n a t i o n by t o x i c c h e m i c a l s has r e c e n t l y 
become a s e r i o u s concern to the e n v i r o n m e n t a l community; one 
re c e n t comparison of c o n c e n t r a t i o n s of 56 t o x i c c h e m i c a l s i n 
samples of groundwater w i t h those i n samples of s u r f a c e water i n 
New J e r s e y concluded t h a t , a t l e a s t i n New J e r s e y , groundwater 
i s a t l e a s t as contaminated as s u r f a c e water. (9) Most of the 
115 u n c o n t r o l l e d hazardous waste s i t e s i d e n t i f i e d as h i g h e s t 
p r i o r i t y f o r cleanup under CERCLA i n v o l v e groundwater 
c o n t a m i n a t i o n . (10) Even p r e l i m i n a r y assessment of r i s k s a t 
hazardous waste s i t e s i n v o l v e s d e t e r m i n i n g whether or not 
groundwater c o n t a m i n a t i o n has o c c u r r e d , and i f so, whether 
d r i n k i n g water s u p p l i e s a r e a t r i s k . D e f i n i t i o n of the 
boundaries of the contaminant plume i s a nece s s a r y s t e p i n 
e s t i m a t i n g the r i s k to d r i n k i n g water s u p p l i e s . Groundwater 
m o n i t o r i n g i s e s s e n t i a l to a s s e s s i n g exposure through d r i n k i n g 
water a t l o c a t i o n s where w e l l s are impor t a n t as d r i n k i n g water 
s u p p l i e s . 

Summary 

C u r r e n t l y a v a i l a b l e g e o p h y s i c a l methods most a p p l i c a b l e i n 
hazardous waste s i t e i n v e s t i g a t i o n s i n c l u d e : m e t a l d e t e c t o r s , 
magnetometers, g r o u n d - p e n e t r a t i n g r a d a r (GPR), e l e c t r o m a g n e t i c 
i n d u c t i o n (EM), r e s i s t i v i t y , and s e i s m i c r e f r a c t i o n . These 
methods should be regarded as complementary, s i n c e no one method 
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w i l l s a t i s f y a l l r e q u i r e m e n t s , and some of these a r e u s e f u l i n 
more than one a p p l i c a t i o n . In g e n e r a l , metal d e t e c t o r s and 
magnetometers a r e u s e f u l i n l o c a t i n g b u r i e d wastes; GPR i s 
u s e f u l i n d e f i n i n g the boundaries of b u r i e d t r e n c h e s ; EM i s most 
u s e f u l i n d e f i n i n g the h o r i z o n t a l e x t e n t of plumes of c o n d u c t i v e 
contaminants i n groundwater; and r e s i s t i v i t y and s e i s m i c 
r e f r a c t i o n are most u s e f u l i n d e t e r m i n i n g g e o l o g i c s t r a t i g r a p h y . 
A c o s t - e f f e c t i v e approach to hazardous waste s i t e assessments 
would i n c l u d e t h r e e phases: (1) p r e l i m i n a r y s i t e assessment, 
i n v o l v i n g the use of a e r i a l photography, o n - s i t e i n s p e c t i o n s , 
and r e a d i l y a v a i l a b l e i n f o r m a t i o n to approximate s i t e boundaries 
and l o c a t i o n s of b u r i e d wastes, as w e l l as probable s i t e 
g e ology; (2) g e o p h y s i c a l surveys to p i n p o i n t b u r i e d waste 
l o c a t i o n s and to e s t i m a t e q u a n t i t i e s ; and (3) c o n f i r m a t i o n o f 
groundwater c o n t a m i n a t i o n through m o n i t o r i n g networks designed 
on the b a s i s of contaminan
the g e o p h y s i c a l survey
g e o p h y s i c a l methods can make p o s s i b l e the e f f i c i e n t l o c a t i o n of 
m o n i t o r i n g w e l l s and the r e d u c t i o n of r i s k s i n v o l v e d i n 
e x p l o r a t o r y s u r v e y s . 
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9 
Incorporating Risk Assessment 
into the Resource Conservation 
and Recovery Act Regulatory Process 
CURTIS HAYMORE 

U.S. Environmental Protection Agency, Office of Solid Waste, Washington, DC 20460 

This paper reviews the types of r i s k assess
ments being conducted  develo  regula t ion  fo  th
con t ro l of hazardou
servat ion and Recovery Ac t . Bet ter data and Execu
tive Order 12291 have spurred the development of 
more de ta i l ed r i s k assessment models in our r egu la 
tory analyses. The first of three pro jec ts is a 
broad policy overview of the en t i r e hazardous waste 
program tha t focuses on the r i s k s and costs of dif
ferent combinations of wastes, technologies , and 
environmental s e t t i ngs . The second projec t is a 
ser ies of Regulatory Impact Analyses that will r e 
view our first wave of several r egu la t ions . The 
third project is designed to tailor regula t ions to 
specific indus t r i e s and waste streams. 

The regulation of hazardous waste i s one of the most complex 
problems with which the Environmental Protection Agency has had 
to deal. Hazardous wastes generally contain many substances that 
adversely affect human health and the environment. The types of 
effects d i f f e r ; the timing of their occurrence varies; the waste 
streams change through time, and often no two batches are the 
same, even when they are from the same plant that runs the same 
process continuously. And the wastes come from firms i n a l l i n 
dustries, large and small, profitable and marginal. This com
plexity has prevented EPA from regulating hazardous waste a c t i 
v i t i e s as quickly and as thoroughly as we and Congress had hoped. 
We w i l l , however, soon have a f u l l set of regulations that the 
States and EPA can implement. We are now reassessing those regu
lations and hope to propose any necessary revisions i n 1983. 

One of the most important goals of the Resource Conservation 
and Recovery Act of 1976 was to protect human health and the en
vironment from the risks posed by hazardous waste. The measure
ment of those risks and the determination of how best to reduce 
them involve assessing the inherent hazards of different 
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chemicals/ t h e i r potential for exposure/ and the consequent ef
fects of various waste streams and their chemical constituents 
on people and the environment. Analyzing these risks/ even i f 
i n a very crude way, i s absolutely essential to the development 
of our regulatory program. We cannot determine what we want our 
regulations to accomplish/ we cannot compare alternative methods 
of achieving our goals/ and we cannot gauge our success without 
some form of risk assessment. Even though there i s considerable 
uncertainty involved i n this area, we i n the Office of Solid 
Waste are deeply committed to using such assessments to improve 
our a b i l i t y to produce f a i r and effective regulations. 

We hope to use these types of analyses i n making a l l of our 
major decisions. Although i n many areas we w i l l only be able to 
analyze gross differences i n risk/ we f e e l that some information 
i s better than none. Comprehensive r i s k assessments are our 
goal/ but the precisio
ferent projects dependin
available. 

In the past/ the Office of S o l i d Waste did not e x p l i c i t l y 
use formal risk assessments i n developing regulations. The regu
lations for hazardous waste f a c i l i t i e s proposed by EPA i n 1978 
were largely design and performance standards. We did t h i s be
cause we had very limited data, and there was no recognized state 
of the a r t . In 1981/ we incorporated r i s k assessment into what 
was c a l l e d the best engineering judgment (or BEJ) approach to re
gulating the land disposal and incineration of hazardous waste. 
These assessments were to be done on a site-by-site basis, with 
the owners and operators responsible for demonstrating that t h e i r 
f a c i l i t i e s would not pose a threat to human health and the envi
ronment. Some members of the regulated community objected to the 
uncertainty involved i n that approach. They f e l t requirements 
would vary i n unpredictable ways for each s i t e . EPA now agrees 
that we should provide better guidance about what levels of con
t r o l are acceptable. EPA's new regulations for land disposal re
f l e c t t h i s need for better guidance and w i l l primarily use envi
ronmental performance standards. If f a c i l i t i e s cannot meet those 
standards/ they can s t i l l attempt to make a demonstration based 
on a r i s k assessment that t h e i r operation i s acceptably safe even 
i f the performance standard i s violated. 

In the reexamination of our existing regulations and f o r t h 
coming land disposal regulations/ the Office of S o l i d Waste i s 
using risk assessments as a part of i t s internal review. We be
lieve/ f i r s t of a l l / that as much analysis as possible should be 
done beforehand and be incorporated into the regulations to mini
mize costs and promote consistency. Second/ we now have and are 
continuing to obtain much better data. Such information/ which 
was not available to the Agency p r i o r to promulgation of the cur
rent regulations, w i l l contribute s i g n i f i c a n t l y to our knowledge 
of the number/ types/ and locations of hazardous waste management 
fa c i l i t i e s and the wastes they handle, and/ consequently/ to 
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meaningful risk analysis. A t h i r d reason for using more r i s k 
assessment i n our development and review of regulations i s the 
friendly encouragement of Executive Order 12291, which requires 
that cost-benefit studies be completed on a l l major regulations 
to the greatest extent possible. 

We must recognize, however, that our a b i l i t i e s may be l i m i t 
ed by a lack of other types of data and by the limitations of the 
rapidly evolving science of risk assessment. In an e f f o r t to 
minimize these limitations, the Office of Solid Waste i s i n v e s t i 
gating the best available r i s k assessment techniques. These i n 
clude estimation of the movement of pollutants through s o i l , a i r , 
and water; prediction of adverse human health and environmental 
effects on the basis of available t o x i c i t y data; and prediction 
of the effects of simultaneous exposures to numerous toxic sub
stances. OSW i s , i n addition  ac t i v e l  compilin  dat  r e l a t i v
to the cost, a p p l i c a b i l i t y
able waste treatment, storage,  disposa  technologies

Specific work we now have under way f a l l s into three catego
r i e s : our RCRA strategy project, a series of Regulatory Impact 
Analyses, and detailed studies on s p e c i f i c industries and waste 
streams. The strategy project i s our broadest approach to evalu
ating risks and costs. I t i s an attempt to achieve an overview 
of our program and to determine our general constraints. What 
are the approximate costs to society for different degrees of 
environmental safety? What happens when wastes are controlled 
to different levels by means of different technologies? To what 
extent do wastes flow from safer technologies to less safe tech
nologies because of lower costs of disposal and treatment? We 
are t r y i n g to answer these questions by looking at waste manage
ment situations i n a special way. We ask what wastes we have, 
what we are doing with them (that i s , what type of technology we 
are using and to what l e v e l of control), and where we are physi
c a l l y i n terms of the environmental setting or location. These 
combinations of wastes, environments, and technologies constitute 
our unit of analysis. Some people c a l l t h i s the W Ε Τ or WET 
approach. I t allows us to compare the degree of hazard posed by 
different waste management situations. 

Our project d i f f e r s from other degree of hazard approaches 
i n two important respects. F i r s t , we are not simply t r y i n g to 
take a l i s t of wastes and waste streams and divide them into 
categories of i n t r i n s i c hazard. We are attempting, i n general, 
to consider th e i r potential for effects on humans, and that re
quires a careful consideration of technologies and environmental 
settings, as well as inherent hazard. What may result from t h i s 
approach are groupings of wastes whose hazards vary according to 
the environmental setting or the technology used. 

The second important advantage over other degree of hazard 
approaches i s that we are assessing not just r i s k . We are, i n 
addition, t r y i n g to assess the costs of achieving the various l e 
vels of control. This combination of the amount of environmental 
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and h e a l t h s a f e t y we can bay w i t h v a r y i n g amounts of s o c i e t y ' s 
r e s o u r c e s i s the impor t a n t and r e l e v a n t p o l i c y i s s u e . 

How can we do t h i s assessment f o r t h e e n t i r e range of haz
ardous waste s i t u a t i o n s ? We o b v i o u s l y have had t o make many 
s i m p l i f y i n g assumptions. F i r s t , we a r e i n i t i a l l y l i m i t i n g our 
re v i e w t o human h e a l t h e f f e c t s . Second, we t r e a t r i s k v e r y 
b r o a d l y — our system o n l y d i s t i n g u i s h e s between t e n f o l d d i f f e r 
ences i n r i s k . T h i r d , o n l y d i r e c t c a p i t a l and o p e r a t i n g expenses 
are e s t i m a t e d . F o u r t h , we are assuming t h a t d i f f e r e n t c h r o n i c 
h e a l t h e f f e c t s can be aggregated i n t o a s i n g l e v a l u e by s c o r i n g 
t h e p r o b a b i l i t y o f i n c i d e n c e s p e r u n i t dose. And, f i n a l l y , we 
are i n i t i a l l y i g n o r i n g acute e f f e c t s such as those from f i r e s and 
e x p l o s i o n s . 

L e t me spend a minute d e s c r i b i n g our methodology. We s p e c i 
f y 22 treatme n t t e c h n o l o g i e d 9 d i s p o s a l t e c h n o l o g i e s  Ou
tre a t m e n t t e c h n o l o g i e s
c h e m i c a l p r e c i p i t a t i o n ,  D i s p o
s a l t e c h n o l o g i e s i n c l u d e t h r e e l e v e l s of l a n d f i l l s ( d i s t i n g u i s h e d 
by t h e degree of s t r i n g e n c y ) , one type of underground i n j e c t i o n 
w e l l , t h r e e t y p e s o f s u r f a c e impoundments, and so f o r t h . F o r 
each t e c h n o l o g y , we s p e c i f y t h e types of waste streams i t can and 
cannot h a n d l e . Waste streams composed of p r i m a r i l y heavy m e t a l s , 
f o r example, w i l l not be i n c i n e r a t e d . We s p e c i f y what e f f e c t t h e 
treatmen t s t e p s have on the waste streams i n terms of volumes, 
c o n c e n t r a t i o n s of hazardous c o n s t i t u e n t s , and so f o r t h . We then 
e s t i m a t e what p o r t i o n o f the waste stream e n t e r i n g each t e c h 
nology, b o t h treatment and d i s p o s a l , escapes i n t o the d i f f e r e n t 
e n v i r o n m e n t a l media — a i r , s u r f a c e water, and ground water. 
F o r each volume of waste g o i n g through t h e model, the r e l e a s e s t o 
each media are summed. We a l s o compute t h e c o s t of u s i n g t h i s 
s t r i n g o r c h a i n of treatment and d i s p o s a l t e c h n o l o g i e s , i n c l u d i n g 
h i g h , low, and t y p i c a l c o s t s . C o s t s , i n t h i s model, a r e d i r e c t 
c a p i t a l and o p e r a t i n g expenses and exclude t r a n s f e r payments such 
as t a x e s and f e e s . We exp r e s s these c o s t s as a s c o r e , where each 
h i g h e r v a l u e r e p r e s e n t s r o u g h l y a d o u b l i n g of c o s t p e r u n i t of 
waste. A t t h i s p o i n t , we have r e l e a s e r a t e s of waste streams and 
t h e i r c h e m i c a l components from d i f f e r e n t combinations of t e c h n o l 
o g i e s and the a s s o c i a t e d c o s t s . Now we must determine how dan
gerous t h e s e r e l e a s e s a r e . To do so, we s w i t c h t o the r i s k s i d e 
of our model. 

To e s t a b l i s h r i s k , we have i n i t i a l l y s c o r e d 140 c h e m i c a l 
compounds on what we a r e c a l l i n g the i n h e r e n t h a z a r d of the com
pound. F o r the f i r s t round of the p r o j e c t , we are o n l y l o o k i n g 
a t t h e r i s k t o human h e a l t h and are e x c l u d i n g economic and eco
l o g i c a l r i s k s . Our g o a l when s c o r i n g f o r r i s k t o human h e a l t h i s 
t o have a s i n g l e value r e p r e s e n t a l l types of e f f e c t s from d i f 
f e r e n t t ypes of cancers t o d i f f e r e n t k i n d s o f graded responses 
such as l i v e r damage. The c o n c e p t u a l l i n k we a r e t r y i n g t o use 
i s , as I mentioned e a r l i e r , t h e p r o b a b i l i t y o f an i n c i d e n t p e r 
u n i t dose. A score o f "2" on our s c a l e , f o r example, i s i n t e n d e d 
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to represent roughly a 1 percent risk of either contracting can
cer or having an adverse effect from consuming 1 mg of pollutant 
for every 1 kg of body weight per day. We obviously make some 
gross assumptions to allow our conceptual model to use published 
data. The model assumes, s p e c i f i c a l l y , a linear dose response 
for carcinogens. It also assumes that most reported MEDs, or 
minimum effective doses, correspond to a risk of about 10 per
cent. We w i l l t r y to test the s e n s i t i v i t y of our results i n re
la t i o n to these assumptions as the project continues. 

The system then adjusts these scores to account for the way 
different compounds react i n the different media — a i r , ground 
water, and surface water. On the basis primarily of a compound's 
h a l f - l i f e i n a medium and on dispersion patterns, we assign each 
compound a separate inherent risk score for each medium. The 
scale we use i s very coarse: each le v e l i s 10 times greater than 
the previous l e v e l . Th
insensitive to risks tha
others. We found i t convenient to express the ten-fold d i f f e r 
ences on a logarithmic unit scale. 

We next attempt to calibrate the model, or explain what a 
score of "8," for instance, means i n our system i n terms of re
leases to the environment. We conclude with a series of release 
rates for compounds into different media that r e f l e c t essentially 
the same ri s k . A score of "8," for example, may mean a release 
of 32 tons per year to a i r of copper or 63 tons per year of 
nickel to surface water. 

Let us quickly review. On the technology side, we develop 
the release rates of different waste streams into different me
dia. On the waste side, we have a way of expressing and compar
ing how hazardous these releases of the chemical components i n 
the waste stream are. After making some adjustments for d i f f e r 
ent environmental settings, we can score the ri s k and correspond
ing cost of disposing waste streams using different technologies 
in different places. By putting constraints on the volumes of 
waste streams and the capacities of different technologies, we 
can then use a linear programming model to achieve some objective 
function, or goal. We are trying several different objective 
functions, but we w i l l i n general look at the cost of achieving 
various levels of r i s k . 

The work i s being done under contract by ICF, Inc., SCS 
Engineers, and Clement Associates. A computer model incorpora
ting these assumptions should be b u i l t and documented by May. 
We w i l l then be adjusting, testing, and expanding the model to 
improve i t s performance. We intend to be able to use the model, 
even i n the short run, for a number of purposes. We can perhaps 
identify combinations of wastes, environments, and technologies 
where regulatory control can decrease or increase or where, at 
the extreme, we can prohibit certain practices or t o t a l l y e l i m i 
nate regulatory requirements. We can identify those alternatives 
that seem most promising f o r detailed cost-benefit analyses. The 
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RCRA strategy project i s — i t must be stressed — a broad 
policy planning t o o l ; i t does not, and i s incapable of, develop
ing and revising s p e c i f i c regulations. 

The second category of r i s k assessments being done by OSW i s 
part of our largest a n a l y t i c a l e f f o r t ; a series of Regulatory Im
pact Analyses (RIAs) that we are conducting as required by Execu
tive Order 12291. These cost-benefit analyses are the real basis 
for any regulatory revisions we w i l l make in the future. Most of 
the RIAs focus on s p e c i f i c technologies — storage f a c i l i t i e s , 
l a n d f i l l s , incinerators, surface impoundments, and land treatment 
f a c i l i t i e s . Two are related to environmental settings: seismic 
areas and floodplains. One, waste o i l , i s focused on a p a r t i c u 
l a r waste stream. The RIAs consist, i n general, of three steps 
— id e n t i f y i n g the problem, selecting promising alternatives to 
solve the problem, and performing the detailed cost-benefit anal
yses needed to select appropriat

Identifying the exten
data. We are now c o l l e c t i n g these data through about 300 s i t e 
v i s i t s and about 3,000 questionnaries to hazardous waste f a c i l i 
t i e s and generators. The results of these s i t e v i s i t s and ques
tionnaires, along with our other technical, economic, and p o l i c y 
studies, should provide the necessary information on which we can 
base future action. 

Some of the RIAs w i l l be more sophisticated than others. 
The RIA on incineration, for example, w i l l be able to model and, 
to some extent, quantify the r e l a t i v e risk to health using actual 
incinerator data, at least for a few chemicals and waste streams, 
for the most exposed individual and f o r the entire exposed popu
la t i o n . The RIA on incineration uses the Industrial Source Com
plex dispersion model developed by EPA's Office of A i r Quality 
Planning and Standards. We have or are receiving inhalation tox
i c i t y data from the Environmental C r i t e r i a and Assessment Office 
in EPA for most of the compounds l i s t e d i n Appendix VIII of our 
regulations. We w i l l run the model assuming different destruction 
e f f i c i e n c i e s , different stack heights, different waste streams, 
and different population distr i b u t i o n s . The model calculates the 
risk to people i n the "hot spots," that i s the most exposed i n d i 
viduals, i n terms of lifetime risk of cancer. (We are primarily 
estimating health risks from cancer at this point.) The model 
also calculates the numbers of probable cancers for the community 
and region as a whole. We believe that l i n k i n g t h i s dispersion 
model to the t o x i c i t y estimates yields state of the art results 
i n quantifying the health hazards (or health benefits i n terms 
of avoided health effects) associated with incinerators. 

The RIA on land disposal, conversely, w i l l probably not be 
as quantitative or s p e c i f i c about the risks posed. In both 
incineration and land disposal, however, we believe we w i l l be 
using the state of the art i n assessing r i s k s for hazardous 
waste f a c i l i t i e s . These risk assessments are under way, and we 
expect results sometime next year. You must remember though, 
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t h a t t h e purpose of these s t u d i e s i s t o h e l p develop r e g u l a t i o n s . 
The methods used i n d e v e l o p i n g the RIAs are n o t , i n g e n e r a l , de
si g n e d f o r a s s e s s i n g t h e a c t u a l r i s k s of s p e c i f i c , i n d i v i d u a l 
s i t e s . 

The t h i r d c a t e g o r y o f a c t i v i t i e s we are p u r s u i n g i n r i s k a s 
sessment i s the d e t a i l e d a n a l y s i s of s p e c i f i c i n d u s t r i e s o r waste 
streams. T h i s i n d u s t r y s t u d i e s program w i l l r e s u l t i n t a i l o r e d 
r e g u l a t i o n s , based on s p e c i f i c waste stream a n a l y s e s , i d e n t i f i e d 
i n d u s t r i a l p r o c e s s e s , and p a r t i c u l a r l o c a t i o n s . We may e i t h e r 
i n c r e a s e o r decrease the s t r i n g e n c y o f c u r r e n t c o n t r o l s o r c l a s 
s i f y new waste streams as hazarous on the b a s i s of our f i n d i n g s . 
We are now examining c h l o r i n a t e d o r g a n i c chemicals and o r g a n i c 
c h e m i c a l p r o d u c t s such as p e s t i c i d e s , dyes, and pigments. We 
w i l l soon expand our e f f o r t t o cover o t h e r a s p e c t s of the o r g a n i c 
c h e m i c a l s i n d u s t r y . The da t a gathered under the waste c h a r a c t e r
i z a t i o n component w i l
from s p e c i f i c p r o d u c t i o
wastes. The waste management component w i l l a l s o h e l p i n l i s t i n g 
wastes by c h a r a c t e r i z i n g e x i s t i n g p r a c t i c e s . I n a d d i t i o n , t h e 
approach w i l l p r o v i d e d e c i s i o n m a k e r s w i t h i n f o r m a t i o n t h a t they 
can use i n t a i l o r i n g management s t a n d a r d s . 

How s u c c e s s f u l w i l l we be i n a l l our e f f o r t s ? I b e l i e v e we 
w i l l g r e a t l y advance our u n d e r s t a n d i n g o f the a c t i v i t i e s we are 
r e g u l a t i n g , and, as a r e s u l t , we ar e v e r y l i k e l y t o be a b l e t o 
improve the e f f i c i e n c y o f our r e g u l a t i o n s . We s h o u l d be a b l e t o 
o b t a i n more s a f e t y , a t a lower c o s t , w i t h fewer burdens and m i s 
p l a c e d i n c e n t i v e s t o i n d u s t r y , and w i t h more c o n s i s t e n c y t h a n we 
do now. Our RCRA s t r a t e g y p r o j e c t s h o u l d enable us t o a v o i d b i g 
m i s t a k e s and s h o u l d p r o v i d e a b a s i s f o r making b e t t e r d e c i s i o n s 
than i n t h e p a s t . 

Our assessment of the r i s k s posed by i n c i n e r a t o r s s h o u l d be 
the most s t r u c t u r e d of our R e g u l a t o r y Impact A n a l y s e s . The de
t a i l we w i l l be a b l e t o a c h i e v e i n the o t h e r a r e a s i s u n c e r t a i n , 
but we b e l i e v e our work w i l l r e p r e s e n t the b e s t t h a t can be a c 
complished now. We need b e t t e r t o o l s t o a n a l y z e the e f f e c t s of 
our programs. Our two pr i m a r y t o o l s are economic a n a l y s i s and 
r i s k a n a l y s i s . We p l a n t o r e l y h e a v i l y on them. To do l e s s 
would be s h o r t - s i g h t e d and i r r e s p o n s i b l e . 

R E C E I V E D June 16, 1982. 
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