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HAZARDOUS WASTE M I N I M I Z A T I O N  
PRACTICES I N  TENNESSEE 

B e l g i n  Danisman Barkenbus 

ABSTRACT 

The min imiza t ion  of hazardous waste gene ra  t i o n  as we1 1 
as the p r o p e r  t r e a t m e n t  and d i s p o s a l  of g e n e r a t e d  waste h a s  
g r e a t  importance f o r  t h e  p r o t e c t i o n  of p r e s e n t  and f u t u r e  
human h e a l t h  and t h e  environment.  The purpose of t h i s  s t u d y  
was t o  i d e n t i f y  t h e  e x t e n t  of waste min imiza t ion  practices 
c a r r i e d  o u t  by Tennessee waste g e n e r a t o r s  s i n c e  September 
1985 and t o  de t e rmine  the  importance of waste min imiza t ion  
f a c t o r s  as p e r c e i v e d  by Tennessee waste g e n e r a t o r s .  Th i s  
was accomplished m e t h o d o l o g i c a l l y  through su rvey  r e s e a r c h  of 
l a r g e  Tennessee waste g e n e r a t o r s .  During t h e  p e r i o d  between 
August 12,  1987, and October  7 ,  1987, two m a i l i n g s  and tele- 
phone reminders  produced a 68.4% r e s p o n s e  r a t e  from 266 
waste g e n e r a t o r s .  The p o p u l a t i o n  w a s  c a t e g o r i z e d  i n  t h r e e  
s t r a t i f i e d  g r o u p i n g s ,  based on t h e  quan ti t y  of haza rdous  
waste produced: Group One, produced more than  1 m i l l i o n  kg 
p e r  y e a r ;  Group Two, produced between 100,000 and 1 m i l l i o n  
kg p e r  y e a r ;  and Group Three,  produced less than 100,000 kg 
p e r  y e a r  b u t  more than  1,000 kg p e r  yea r .  

Data a n a l y s e s  -Included nonparamet r i c  s t a t i s t i c a l  ana ly -  
s is  of o r d i n a l  l e v e l  d a t a .  Three nonparamet r i c  tes ts  were 
employed: Kruskal-Wallis One-way A n a l y s i s  of Var i ance ,  
Kenda l l ' s  C o e € f i c i e n t  of Concordance, and Somers' d tes t .  

Overall,  Tennessee g e n e r a t o r s ,  d i f f e r e n t i a t e d  by t h e  
q u a n t i t y  of waste g e n e r a t e d ,  d i d  n o t  d i f f e r  -In t h e i r  s u r v e y  
r e sponses .  However, on i n d i v l d u a l  questj tons o r  s t a t e m e n t s  
t h e r e  were some d i f f e r e n c e s .  Xn o r d e r  t o  minimize waste, 
Tennessee g e n e r a t o r s  c la imed c o n s i d e r a b l e  involvement  i n  
process equipment o r  technology change, company awareness ,  
and "housekeeping" changes. Changes i n v o l v i n g  the  f i n a l  
p r o d u c t s  were t h e  l ea s t  a p p l i c a b l e  o r  l eas t  d e s i r a b l e  area 
f o r  waste min imiza t ion .  Tennessee g e n e r a t o r s  demonstrated 
p o s i t i v e  r e sponse  t o  "vo lun ta ry"  waste min imiza t ion  regi31a- 
t i o n s  and showed concern f o r  t he  environment as w e l l .  I n  
terms of economics,  although c o s t  was an i m p o r t a n t  i s s u e  t o  
waste g e n e r a t o r s ,  they i n d i c a t e d  w i l l i n g n e s s  t o  adop t  some 
waste min imiza t ion  p r a c t i c e s  , even i f  t h e s e  were n o t  c o s t -  
e f f e c t i v e .  Waste g e n e r a t o r s  c o n s i d e r  t h e i r  p r e s e n t  e f f o r t s  
i n  waste min imiza t ion  "moderate" relative t o  their o v e r a l l  
o p e r a t i o n s .  Hence, more min imiza t ion  of waste i s  i n  o r d e r .  

ix 





1. INTRODUCTION 

1.1 THE PROBLEM 

I n  t h e  Un i t ed  S t a t e s  hazardous wastes are b u r i e d  f o r  d i s p o s a l  pur- 

poses  i n  numerous l a n d  b u r i a l  s i t e s .  A s  t h e  i n v e n t o r y  of haza rdous  

materials grows, t h e  need f o r  d i s p o s a l  s i tes  w i l l  i n c r e a s e  propor- 

t i o n a l l y .  A l t e r n a t i v e  methods of d i s p o s a l  must be s o u g h t  and t h e  amount 

of hazardous wastes must be k e p t  t o  a p o s s i b l e  minimum o r  t h e  i n s e c u r e  

a t t i t u d e  of the  p u b l i c  toward hazardous waste d i s p o s a l  w i l l  c o n t i n u e .  

The p u b l i c  h e a l t h  e f f e c t s  i n  areas s u r r o u n d i n g  hazardous waste  

si tes are u n c e r t a i n  and h i g h l y  c o n t r o v e r s i a l  ( J a n e r i c h  e t  a l . ,  1981; 

Flaugh, 1982a; Beck e t  a l , ,  1983; K o l a t a ,  1980; UAREP, 1986). Measure- 

ment and e v a l u a t i o n  methods are  r e l a t i v e l y  new and n o t  un i fo rmly  ag reed  

upon. Though ev idence  might n o t  be c o n c l u s i v e ,  some peop le  who are 

exposed t o  v a r i o u s  chemicals  a t  t h e s e  s i tes  r e p o r t  p h y s i c a l  and 

p s y c h o l o g i c a l  maladies .  I n  some c a s e s ,  damage is  claimed and compensa- 

t i o n  i s  o b t a i n e d  (Ember, 1983; Grad, 1985). 

Congress passed t h e  Resource Conse rva t ion  and Recovery A c t  (RCRA) 

i n  1976 t o  t r a c k  hazardous wastes and t h e  Comprehensive Environmental  

Response, Compensation and L i a b i l i  t y  Act (CERCLA, b e t t e r  known as 

Superfund)  i n  1980 t o  respond t o  s p i l l s  and o t h e r  r e l e a s e s  of hazardous 

materials t h a t  may t h r e a t e n  human h e a l t h  o r  t h e  environment from p r e s e n t  

and d e s e r t e d  dump s i t e s .  

RCRA h a s  been amended t h r e e  times and r e g u l a t i o n s  have been prom- 

u l g a t e d  t o  i n t e r p r e t  t h e s e  amendments and t o  r e s o l v e  hazardous waste 

d i s p o s a l  problems. 

A l t e r n a t i v e  t e c h n o l o g i e s  t o  l a n d f i l l  have been exp lo red  (NRC, 1983; 

EPA, 1985b; Tucker and Carson,  1985) and a l s o  encouraged through govern- 

ment r e g u l a t i o n s  (HSWA, 1984),  However, some t r e a t r n e n t / d i s p o s a l  

o p t i o n s ,  such  as i n c i n e r a t i o n  and chemical  t r e a t m e n t ,  w i l l  a l s o  produce 

t h e i r  own wastes t h a t  w i l l  be d i sposed  a t  l a n d f i l l s .  The b e t t e r  so lu -  

t i o n  must r e s i d e  i n  a d d r e s s i n g  the  problem a t  t h e  g e n e r a t i o n  s t a g e .  

This i n v o l v e s  r e d u c i n g  unnecessa ry  waste p r o d u c t i o n  a t  the s o u r c e  by 

methods such  as good housekeeping and r e c y c l i n g / r e u s e ,  as w e l l  as 
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d e c r e a s i n g  t h e  volume and  t o x i c i t y  of  wastes th rough  such  means a s  r a w  

material  s u b s t i t u t i o n  and p r o c c s s / p r o d u c t  m o d i f i c a t i o n  (HSWA, 1984; NRC, 

1985; O T A ,  1986). 

The most r e c e n t  (November 1984) RCKA amendments p a s s e d  by Congress  

r e f l e c t  s k e p t i c i s m  of t h e  Environmental  P r o t e c t i o n  Agency's (EPA's) 

d i l i g e n c e  i n  r e g u l a t i n g  haza rdous  wastes. These l a w s  were w r i t t e n  i n  

t h e  language of r e g u l a t i o n s ,  w i t h  s p e c i f i c  d e a d l i n e s  f o r  r e q u i r e d  

a c t i o n s .  Hence EPA i s  f o r c e d  t o  a b i d e  by t h e s e  d e a d l i n e s .  The amend- 

ments,  among o t h e r s ,  e l i m i n a t e d  small g e n e r a t o r  exemptions (hence 

i n c l u d e d  unde r  r e g u l a t i o n s  a r e  t h o s e  who g e n e r a t e  100 t o  100 kg waste 

p e r  month),  b a r r e d  l i q u i d  was te s  from l a n d f i l l s ,  and p rov ided  a time- 

t a b l e  f o r  t h e  bann ing  of o t h e r  c a t e g o r i e s  of  haza rdous  wastes from land- 

f i l l s .  

One of t h e  amendmnts ,  which, i n  p a r t ,  i s  t h e  f o u n d a t i o n  f o r  t h i s  

s t u d y ,  d e a l t  w i t h  waste min imiza t ion .  This r e g u l a t i o n  r e q u i r e d  gene r -  

a t o r s  of w a s t e  by September 1, 1985, t o  c e r t i E y  on t h e  s h i p p i n g  m a n i f e s t  

( t h e  s h i p p i n g  p a p e r )  t h a t :  

1. The g e n e r a t o r  h a s  a program i n  p l ace  t o  r e d u c e  t h e  volume and 

t o x i c i t y  of waste g e n e r a t e d  t o  t h e  d e g r e e  de t e rmined  by t h e  g e n e r a t o r  t o  

be  economical ly  p r a c t i c a b l e ;  and 

2. The proposed method of t r e a t m e n t ,  s t o r a g e ,  o r  d i s p o s a l  i s  cur-  

r e n t l y  a v a i l a b l e  t o  t h e  g e n e r a t o r  which minimizes  t h e  p r e s e n t  and f u t u r e  

t h r e a t  t o  human h e d l t h  and t h e  environment.  

I n  a d d i t i o n :  

1. Once eve ry  two y e a r s ,  a r e p o r t  d e s c r i b i n g  t h e  f a c i l i t y ' s  w a s t e  

min imiza t ion  e f f o r t s  and a c t u a l  amounts r educed  needs  t o  be  s u b m i t t e d  t o  

t h e  EPA and 

2. Permits needed f o r  o n - s i t e  t r e a t m e n t ,  s t o r a g e ,  and d i s p o s a l  of 

was te  must i n c l u d e  t h e  baastc! Minimizat ion Program (HSWA, 1984).  

The r e g u l a t o r y  n a t u r e  of t h i s  amendment i s  unusual .  Lt d i d  n o t  

a u t h o r i z e  EPA t o  i n t e r € c r e ,  i n v e s t i g a t e ,  o r  a u d i t  t h e  p r o c e s s e s  used  t o  

minimize waste o r  t o  s e t  c e r t a i n  s t a n d a r d s  o r  n u m e r i c a l  r e d u c t i u n  g o a l s  

t h a t  g e n e r a t o r s  were t o  a c h i e v e ;  r a t h e r  i t  l e f t  method and s t a n d a r d s  t o  

t h e  g e n e r a t o r ' s  d i s c r e t i o n  a s  l o n g  a s  t h e  method chosen  was "economi- 

ca 1 l y  p r a c  t i cab 1 e" and "avai  l a b  1 e. 'I Although g e n e r a t o r s  commit 
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themselves  t o  waste r e d u c t i o n  by s i g n i n g  t h e  c e r t i f i c a t e ,  compliance i s  

i n  good f a i t h .  

Under t h i s  amendment EPA was t o  p r e p a r e  a r e p o r t  t o  Congress by 

November 1986, d e t a i l i n g  compliance l e v e l s  and recommendations f o r  

f u r t h e r  advancing t h e  waste min imiza t ion  e f f o r t .  The f ive-volume doc- 

ument EPA i s s u e d  i n  1986 t o  s a t i s f y  t h i s  r equ i r emen t  recommended (EPA, 

1986a,b,c) :  

1. Deferment of any d e c i s i o n  t o  r e q u i r e  performance s t a n d a r d s  o r  

a d o p t i o n  of s p e c i f i c  p rac t ices  t o  minimize wastes, and 

2. To make i t s  n e x t  r e p o r t  t o  Congress i n  December 1990. 

The s t u d y  of waste min imiza t ion  p r a c t i c e s  can p rov ide  ev idence  of 

whether  p r o g r e s s  i s  be ing  made through t h i s  k ind  of v o l u n t a r y  r equ la -  

t i o n .  

1.2 PURPOSE OF THE STUDY 

The purpose of t h i s  s t u d y  was t o  i d e n t i f y  the  e x t e n t  of waste 

min imiza t ion  p r a c t i c e s  c a r r i e d  o u t  by Tennessee waste g e n e r a t o r s  s i n c e  

September 1985 and t o  de t e rmine  the  importance of w a s t e  min imiza t ion  

f a c t o r s  as p e r c e i v e d  by Tennessee waste g e n e r a t o r s .  

1.3 THE RESEARCH PROBLEM 

The f o l l o w i n g  q u e s t i o n s  and co r re spond ing  hypotheses  were s t a t e d  t o  

i d e n t i f y  t h e  e x t e n t  of waste min imiza t ion  p r a c t i c e s  c a r r i e d  o u t  by 

Tennessee waste g e n e r a t o r s  and t o  de t e rmine  the  importance of waste 

min imiza t ion  f a c t o r s .  

1. Was t h e  q u a n t i t y  of waste  g e n e r a t e d  by Tennessee waste gener-  

a t o r s  i ndependen t  of employment s i z e  o r  waste stream v a r i a b i l i t y ?  

Nu l l  H v ~ o  t h e s i s - 1  : There Was No A s s o c i a t i o n  B e  tween The Quant i  t v  

O f  Waste Generated And Employment S ize .  

Nu l l  Hypothesis-2: There Was No A s s o c i a t i o n  Between The Quan t i ty  

O f  Waste Generated And Waste Stream V a r i a t i o n .  

2. How d i d  t h e  haza rdous  waste min imiza t ion  p rac t i ce  l e v e l s  of 

companies v a r y  a c c o r d i n g  t o  company d i f f e r e n c e s  i n  waste q u a n t i t y ,  waste 
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s t r e a m  v a r i a b i l i t y ,  employment s i z e ,  o r  major Srandard I n d u s t r i a l  

C l a s s i f i c a t i o n  (SlC) codes?  

Null  Hypothesis-3: There Were No D i f f e r e n c e s  I n  Implementat ion 

Leve l s  Of Waste Minimizat ion P r a c t i c e s  Among The Tennessee Waste Genera- 

_I_ t o r s  As Categor i zed  Gn The Basis O f  Waste Quan t i ty  Generat ion.  

Null  Hypothesis-4: There Were No D i f f e r e n c e s  Tn Implementat ion 

Levels  Of  Waste Minimizat ion P r a c t i c e s  Among The Tennessee Waste Genera- 

t o r s  A s  Categor i zed  On The Basis Of Waste Stream V a r i a b i l i t y .  

Null  Hypothesis-5: There Were No D i f f e r e n c e s  I n  Implementat ion 

Leve l s  O f  Waste Minimizat ion P r a c t i c e s  Among The Tennessee Waste Genera- 

t o r s  A s  Ca tegor i zed  On The Basis O f  Employment Size.  

Null  Hypothesis-6: There Were No D i f f e r e n c e s  In  Implementat ion 

Leve l s  Of Waste Minimizat ion Prac t-iices Among The Tennessee Waste Genera- 

t o r s  As Categor i zed  O n  The B a s i s  O f  Major SIC Codes. 

3.  Did d i f f e r i n g  q u a n t i t y  waste g e n e r a t o r s  have d i s t i n c t  waste 

min imiza t ion  p r a c t i c e s ?  

N u l l  Hypothesis-7: There Was No Agreement Among The Three Groups 

O f  Tennessee Waste Genera to r s  A s  Ca tegor i zed  On The Basis Of Waste Quan- 

ti t t e s  And The Implementat ion Level Of Waste Minimizat ion P r a c t i c e s  

4 .  Was t h e r e  a r e l a t i o n s h i p  between i n c r e a s i n g  q u a n t i t i e s  of waste 

p r o d u c t i o n  and waste min imiza t ion  implementat ion l e v e l s ?  

Null Hypothesis-8: There Was No C o r r e l a t i o n  Between The D i f f e r e n t  

Q u a n t i t y  Waste Genera t o r s  And D i f f e r e n t  Levels  Of Waste Minimizat ion 

P r a c t i c e .  

-- 

5. How d i d  Tennessee waste  g e n e r a t o r s  e v a l u a t e  those waste mini- 

miza t i o n  p r a c t i c e s  they implemented? 

N u l  1 Hypothcsis-9: There Was No C o r r e l a t i o n  Between D i f f e r e n t  

Q u a n t i t y  Waste Genera to r s  And The i r  Judgment A s  To The E x t e n t  Of Waste 

Minimizat ion P r a c t i c e  Levels  4 And 5. 

6. Now were waste minimizaf-ion f a c t o r s  ( r e g u l a t i o n s ,  economics,  

environmental  ConcrrnS, and t e c h n i c a l  knowledge) pe rce ived  by Tennessee 

waste g e n e r a t o r s  of d i f f e r i n g  waste  q u a n t i t y ,  waste  stream v a r i a b i l i t y ,  

employment s i z e ,  o r  major SIC codes?  

Nu l l  Hypothesis-10: There \?ere N o  D i f f e r e n c e s  Of O&iion Among The 

Tennessee Waste Genera to r s  A s  Categor i zed  On The Bas i s  Of Waste Quan- 

ti t y ,  Concerning The I n f l u e n c e  Of Four Waste Minimizat ion F a c t o r s .  
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Nul l  Hypothesis-11: There Were No D i f f e r e n c e s  Of Opinion Among The 

Tennessee Waste Genera to r s  As Ca tegor i zed  On The Bas i s  O f  Waste Stream 

V a r i a b i l i t y ,  Concerning The I n f l u e n c e  Of Four Waste Minimiza t ion  

F a c t o r s  

Nu l l  Hypothesis-12: There  Were No D i f f e r e n c e s  O f  Opinion Among The 

Tennessee Waste Genera to r s  A s  Ca tegor i zed  On The Bas i s  Of Employment 

S i z e ,  Concerning The I n f l u e n c e  O f  Four Waste Minimiza t ion  F a c t o r s  a 

Null  Hypothesis-13: There Were No D i f f e r e n c e s  Of  Opinion Among The 

Tennessee Waste Genera to r s  A s  Categor i zed  On The Bas i s  O f  Major S IC  

Codes, Concerning The I n f l u e n c e  Of Four Waste Minimiza t ion  F a c t o r s .  

7. Did d i E f e r i n g  q u a n t i t y  was te  g e n e r a t o r s  f a v o r  p a r t i c u l a r  was te  

min imiza t ion  f a c t o r s ?  

Nul l  Hypothesis-14: There Was No Agreement Among The Three Groups 

Of Tennessee Waste Genera to r s  A s  Ca tegor i zed  On The Basis O f  Waste %an- 

t i t i e s  And T h e i r  P e r c e p t i o n  O f  The Importance Of  Regula tory  I s s u e s .  

Null  Hypothesis-15: There Was No Agreement L4mong The Three Groups 

Of Tennessee Waste Genera to r s  As  Ca tegor i zed  On The Bas i s  Of Waste Wan- 

t i t i e s  And T h e i r  P e r c e p t i o n  Of  The Importance O f  Economic I s s u e s .  

Null  Hypothesis-16: There Was No Agreement Among The Three Groups 

Of Tennessee Waste Genera to r s  As Ca tegor i zed  On The Basis Of Waste Quan- 

ti t ies  And The i r  P e r c e p t i o n  O f  The Importance O f  Environmental  Concerns * 

Nul l  Hypothesis-17: There Was No Agreement Among The Three Groups 

O f  Tennessee Waste Genera to r s  As Categor i zed  On The Basis Of  Waste Quan- 

t i t i e s  And T h e i r  P e r c e p t i o n  O f  The Importance O f  Techn ica l  Know-How 

Sta tements .  

8. Was t h e r e  a r e l a t i o n s h i p  between i n c r e a s i n g  amounts o f  waste  

p roduc t ion  and agreement  on f ae t o r s  a f f e c t i n g  w a s  te rninimiza t i o n ?  

Nu l l  Hypothesis-18: There  Was No A s s o c i a t i o n  Between D i f f e r e n t  

Quan t i ty  Waste Genera to r s  And T h e i r  E v a l u a t i o n  Of Each Ques t ion  ‘Relat ing 

To Waste Minimiza t ion  F a c t o r s  - Regu la t ions  Economics, Environmental  

Concerns,  And Techn ica l  Know-How. 
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1.4 NEED FOR THE STUDY 

During the  l a s t  25 y e a r s  s e v e r a l  env i ronmen ta l  p r o t e c t i o n  l a w s  

have been passed by Congress and promulgated by EPA. Hazardous waste  

r e g u l a t i o n s  have cons t i  t u t e d  an impor t an t  segment of t h e s e  l a w s  and 

r e g u l a t i o n s .  With approx ima te ly  300 m i l l i o n  metr ic  tons  of hazardous 

waste produced each y e a r  i n  the  United S t a t e s  (OTA, 1983) and con t ro -  

ve r sy  su r round ing  i t s  s a f e  d i s p o s a l ,  t h i s  s u b j e c t  area h a s  spa rked  

i n t e n s e  p u b l i c  concern.  Although r e g u l a t i o n s  have t r i e d  t o  produce a 

s y s  t e m  t o  t r a c k  waste from " c r a d l e  t o  g rave  ," l a r g e  noncompliance prac- 

t ices  (GAO,  1983a,b)  and a g r e a t  d e a l  of d i s s a t i s f a c t i o n  and u n c e r t a i n t y  

over  s a f e  practices and p u b l i c  h e a l t h  impacts  e x i s t  ( E p s t e i n  e t  a l . ,  

1982; O'Hare e t  al., 1983). A l l  concerned p a r t i e s  ( i n c l u d i n g  government 

a g e n c i e s ,  Congress,  was t e -gene ra t ing  f a c i l i t i e s ,  and t h e  p u b l i c )  have 

d i f f e r i n g  p e r s p e c t i v e s  and n a t u r a l l y  r ega rd  hazardous was te  r e g u l a t i o n s  

from va ry ing  p o i n t s  of view. 

Waste genera t o r s  complain t h a t  government i s  ove r - r egu la  t i n g  (some- 

t imes w i t h  o v e r l a p p i n g  j u r i s d i c t i o n  and /o r  c o n t r a d i c t o r y  r e s u l t s )  and 

t h a t  the c o s t  of r e g u l a t i o n s  i s  a f f e c t i n g  t h e i r  b u s i n e s s  and competi-t ive 

edge (Greene, 1983; P a s h i g i a n ,  1984; Will.ey, 1982; Daneke, 1984; Link,  

1982). Some a u t h o r i t i e s  claim t h a t  a 1  t e r n a t i v e  approaches such as 

common law a c t i o n s  ( n u i s a n c e ,  n e g l i g e n c e ,  t r e s p a s s ,  and l i a b i l i t y  l aws)  

and /o r  i n d u s t r y ' s  s e l f  r e g u l a t i o n  should he cons ide red  as a1 t e r n a t i v e s  

(Baram, 1982; Bardach, 1982; Daneke, 1984; Grumbly, 1982).  These 

a u t h o r i t i e s  would l i k e  t o  see some r e l i e f  from the governmental  r egu la -  

t o r y  burden. 

Much of t h e  p u b l i c  a l s o  i s  n o t  s a t i s f i e d  w i t h  c u r r e n t  r egu la -  

t i o n s .  They s e e k  tougher  r e g u l a t i o n s  t h a t  would be m a n i f e s t  i n  s p e c i f i c  

q u a n t i  t a t i v e  t a r g e t s  and s p e c i f i c  r e g u l a t i o n s  t o  meet those  t a r g e t s  

(Ladd, 1982). Some s t a t e s  developed med ia t ion  programs between t h e  

p u b l i c  and d i s p o s a l  f a c i l i t i e s  t o  a l l e v i a t e  t he  problem (Bacow and 

Milkey, 1983). 

The Congres s iona l  approach h i g h l i g h t e d  i n  th:i.s t h e s i s  i s  a middle 

ground between t h e  approaches d e s i r e d  by i n d u s t r y  and t h e  p u b l i c .  
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‘If p r e s e n t  r e g u l a t i o n s  do n o t  produce r e su l t s ,  more s t r i n g e n t  

r equ i r emen t s  c o u l d  f o l l o w .  For example a waste-end t a x  i s  a s t r o n g  

a l t e r n a t i v e  (CBO, 1985). Environmental  r e g u l a t i o n s  w i t h  mandatory 

r e d u c t i o n  g o a l s  f o r  i n d u s t r y  c a n  b e  passed.  More c o s t l y  r e c o r d  keep ing  

and  r e p o r t i n g  c o u l d  become o b l i g a t o r y  t o  m o n i t o r  compliance. 

It i s  t h e r e f o r e  n e c e s s a r y  t o  s t u d y  t h e  e f f e c t i v e n e s s  of t h i s  

middle-ground approach t o  r e g u l a t i o n s  i n  o r d e r  t o  o b j e c t i v e l y  e s t a b l i s h  

whether  i t  c a n  form t h e  b a s i s  f o r  a more e f f i c i e n t  and c o o p e r a t i v e  

approach  t o  t h i s  problem. T h i s  t y p e  of s t u d y  w i l l  p r o v i d e  i n p u t  t o  

s t a t e  and f e d e r a l  lawmakers who e s t a b l i s h  p o l i c i e s  and programs i n  t h e  

waste m i n i m i z a t i o n  a rea  t o  meet t h e  waste management needs of g e n e r a t o r s  

and t h e  p u b l i c .  

T h i s  area of s tudy  d e s e r v e s  a t t e n t i o n  n o t  only because  i t  i s  

p o l i t i c a l l y  c o n t r o v e r s i a l ,  but  a l s o  because  i t  i s  one of t h e  most 

c r i t i c a l  i s s u e s  f a c i n g  t h i s  n a t i o n .  The most e f f e c t i v e  p o l i c y  must b e  

implemented t o  d e c r e a s e  wastes as t h e  r e d u c t i o n  of  waste i s  b e n e f i c i a l  

f o r  everyone. Today p r o d u c e r s  of waste must f i n d  i t  w i t h i n  t h e l r  

economic i n t e r e s t  t o  r educe  t h e  o u t p u t  of t h e i r  haza rdous  wastes ., 
D i s p o s a l  c o s t s  a re  i n c r e a s i n g  and l i t i g a t i o n  t h r e a t s  a r e  r ea l  f o r  some 

companies. Reducing waste w i l l  d e c r e a s e  t h e  p o t e n t i a l  f o r  a d v e r s e  

i m p a c t s  upon p u b l i c  h e a l t h ,  b o t h  f o r  t h e  p r e s e n t  and  f o r  t h e  f u t u r e ,  

Reducing t h e  g e n e r a t i o n  of waste n o t  o n l y  w i l l  a l l e v i a t e  d i s p o s a l  

problems, b u t  a l s o  w i l l  l e a d  t o  a more p r o d u c t i v e  u s e  of n a t i o n a l  

r e s o u r c e s  and d e c r e a s e  e n v i r o n m e n t a l  i n s u l t s .  The r i s k  of  groundwater  

and  s u r f a c e  water c o n t a m i n a t i o n  i s  a ma jo r  i s s u e .  P r e s e r v a t i o n  of  t h e s e  

r e s o u r c e s  i s  e s s e n t i a l  f o r  t h i s  n a t i o n .  Consequent ly ,  e v e r y  r e a s o n a b l e  

e f f o r t  must b e  made t o  d e c r e a s e  waste g e n e r a t i o n .  

There i s  a l i m i t e d  amount of d a t a  and u n d e r s t a n d i n g  p e r t a i n i n g  t o  

i n d u s t r y  waste m i n i m i z a t i o n  p r a c t i c e s .  EPA p r e s e n t l y  h e s i t a t e s  t o  pas s  

f u r t h e r  r e g u l a t i o n s  o r  t o  impose unworkable q u a n t i t a t i v e  l i m i t s  f o r  

waste gene r a t  ion/mi nimi z a t  ion. Although d e t e r m i n i n g  t h e  p r e c i s  e e x t e n t  

of waste minimization practices b e i n g  c a r r i e d  o u t  by i n d u s t r y  i s  not 

p o s s i b l e  a t  t h i s  t h e ,  c o n s i d e r a b l e  e f f o r t  s h o u l d  be  made toward t h a t  

g o a l .  I 
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Waste min imiza t ion  r e g u l a t i o n s  must t a k e  a c c o u n t  of key d e c i s i o n -  

making f a c t o r s  i n f l u e n c i n g  i n d u s t r i a l  program implementat ion.  The r o l e  

o f  r e g u l a t i o n s  as  w e l l  a s  economic, env i ronmen ta l ,  and t e c h n i c a l  f a e  

t o r s ,  and o t h e r  impending f o r c e s  must be  e v a l u a t e d  f o r  t h e i r  i n f l u e n c e  

on c o r p o r a t e  w a s t e  management d e c i s i o n  making. Lea rn ing  more a b o u t  

t h e s e  f a c t o r s  w i l l  l e a d  t o  recommendations f o r  meaningful  r e g u l a t i o n .  

T h i s  p r o b l e m a t i c  area d e s e r v e s  e x h a u s t i v e  examina t ion  because  of 

i t s  wide-ranging r a m i f i c a t i o n s .  We need t o  know more a b o u t  t h e  waste 

min imiza t ion  p r a c t i c e s  of companies and t h e  f a c t o r s  i n f l u e n c i n g  t h o s e  

p r a c t i c e s  b e f o r e  EPA comple t e s  i t s  n e x t  r e p o r t  t o  Congress. 

Hence, t h i s  s tudy  a t t e m p t s  t o  p l a c e  t h e  " v o l u n t a r y  waste minimiza- 

t i o n "  requirement  w i t h i n  a framework t h a t  i n c o r p o r a t e s  waste minimiza- 

t i o n  pract : ices  and t h e  range of f a c t o r s  t h a t  e E f e c t  t h e i r  implementa- 

t i o n .  C h a r a c t e r i z a t i o n  of Tennessee waste g e n e r a t o r s '  waste minimiza- 

t i o n  prac t ices  i n  r e l a t i o n  t o  t h e  amount of waste g e n e r a t e d  and o t h e r  

subgroup c h a r a c t e r i s t i c s  p r o v i d e s  u s e f u l  i n s i g h t  i n t o  what p o l i c i e s  may 

be  p o s s i b l e  i n  t h e  f u t u r e .  

1.5 BASIC ASSUMPTIONS 

The f o l l m i n g  b a s i c  assumptions were a n  i n t e g r a l  p a r t  of t h i s  

s t u d y :  

1. 'The i n s t r u m e n t  used t o  c o l l e c t  d a t a  w a s  v a l i d  and  r e l i a b l e .  

2.  The r e t u r n e d  r e s p o n s e s  r e p r e s e n t e d  waste  g e n e r a t i n g  f a c i l i t i e s  

w i t h  b o t h  good and bad M a s t e  min imiza t ion  programs. 

3 .  The p e r s o n ( s )  comple t ing  t h e  q u e s t i o n n a i r e  w a s  f a m i l i a r  w i t h  

t h e  November 1984 amendments t o  R C R A  and  t h e  company's waste minimiza- 

t i o n  program a n d  would p r o v i d e  h o n e s t  r e s p o n s e s .  

4.  Each f a c i l i t y  w i t h  a n  EPA I D  number was a n  i n d i v i d u a l  company 

( a l t h o u g h  i t  may have been t h e  s u b s i d i a r y  o f  a l a r g e r  company). 
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1.6 DELIMITATIONS OF THE STUDY 

The f o l l o w i n g  parameters have been  e s t a b l i s h e d  f o r  t h i s  s t u d y :  

1. Th i s  s t u d y  i n c l u d e d  o n l y  l a r g e  Tennessee haza rdous  waste 

g e n e r a t o r s .  

2. The p o p u l a t i o n  of t h i s  s t u d y  was d e r i v e d  as  t h o s e  g e n e r a t o r s  

who i d e n t i f i e d  themse lves  t o  t h e  s t a t e  and f e d e r a l  governments by 

o b t a i n i n g  a n  EPA I D  number. 

3. The 1985 g e n e r a t o r  l i s t  o b t a i n e d  f r o m  t h e  Tennessee Department 

of Hea l th  and Educa t ion  (TDHE) t h r o u g h  The U n i v e r s i t y  of Tennessee con- 

t a i n e d  t h e  p o p u l a t i o n  of  Tennessee  l a r g e  waste g e n e r a t o r s .  

1.7 DEFINITIONS OF TERMS 

1. Large Waste G e n e r a t i n g  F a c i l i t y  - O r g a n i z a t i o n  t h a t  g e n e r a t e s  

1 , 0 0 0  kg o r  more of haza rdous  waste p e r  month a s  d e f i n e d  i n  t h e  Resource  

Conse rva t ion  and Recovery A c t  ( P u b l i c  Law 94-580) e 

2. Groups o f  Waste G e n e r a t o r s  - The t h r e e  g roups  of l a r g e  

Tennessee haza rdous  waste g e n e r a t o r s  w e r e :  ( a )  Group One, g e n e r a t e s  

more t h a n  1 m i l l i o n  kg p e r  y e a r ;  ( b )  Group Two, g e n e r a t e s  100,000 t o  

1 m i l l i o n  kg p e r  y e a r ;  and (63) Group Three,  g e n e r a t e s  less t h a n  100,000 

b u t  more t h a n  1,000 kg p e r  yea r .  

3. Waste Min imiza t ion  Requirement - The i n t e n t  of Congress a s  

e x p r e s s e d  th rough  November 1984 Resource C o n s e r v a t i o n  and  Kecovery A c t  

amendments ( P u b l i c  Law 95-616) t o  r e q u i r e  waste g e n e r a t o r s  t o  r educe  t h e  

amount and t o x i c i t y  of waste t h e y  produce. 

4. Voluntary Requirement - R e g u l a t i o n s  t h a t  c a l l  f o r  r e g u l a t o r y  

compliance w i t h o u t  s p e c i f y i n g  q u a n t i t a t i v e  t a rge t s  o r  s a n c t i o n s  f o r  non- 

c ompl i a n  c e. 

5. Waste Min imiza t ion  - Reduct ion,  t o  t h e  e x t e n t  f e a s i b l e ,  of 

haza rdous  waste t h a t  i s  g e n e r a t e d  o r  s u b s e q u e n t l y  t r e a t e d ,  s t a r e d ,  o r  

d i sposed .  It i n c l u d e s  any s o u r c e  r e d u c t i o n  o r  r e c y c l i n g  a c t i v i t y  under- 

t a k e n  by a g e n e r a t o r  t h a t  r e s u l t s  i n  e i t h e r  ( a )  t h e  r e d u c t i o n  of t o t a l  

volume o r  q u a n t i t y  of haza rdous  waste, a n d / o r  ( b )  t h e  r e d u c t i o n  oE 

t o x i c i t y  of haza rdous  waste, s o  l o n g  as  t h e  r e d u c t i o n  i s  c o n s i s t e n t  w i t h  



10 

the  g o a l  of minimizing p r e s e n t  and f u t u r e  t h r e a t s  t o  human h e a l t h  and 

t h e  environment (EPA, 1986a). 

6. Source Reduct ion - The r e d u c t i o n  o r  e l i m i n a t i o n  of waste gen- 

e r a t i o n  a t  the  sou rce .  X t  i m p l i e s  any a c t i o n  t h a t  reduces t h e  amount of 

waste e x i t i n g  a p r o c e s s  (EPA, 1986a).  

7. Recycl ing - The  use o r  r e u s e  of a waste as an e f f e c t i v e  sub- 

s t i t u t e  f o r  a commercial p roduc t  o r  as an i n g r e d i e n t  o r  f e e d s t o c k  i n  a n  

i n d u s t r i a l  p rocess .  It a l s o  r e f e r s  t o  t h e  r e c l a m a t i o n  of u s e f u l  con- 

s t i t u e n t  f r a c t i o n s  w i t h i n  a waste m a t e r i a l  o r  removal of contaminants  

from a waste t o  a l l o w  i t  t o  be r eused  (EPA,  1986a) .  

8. Waste Minimizat ion P r a c t i c e  - Implementat ion of waste minimi- 

z a t i o n  as d e f i n e d  i n  5 above. 

1.8 ORGANIZATION OF THE STUDY 

T h i s  s t u d y  i s  p r e s e n t e d  i n  s i x  s e c t i o n s .  S e c t i o n  1, I n t r o d u c t i o n ,  

c o n s i s t s  of e i g h t  s e c t i o n s .  These a r e :  The Problem, Purpose of t h e  

Study;  The Research Problem, Need f o r  the  Study,  Basic  Assumptions, 

D e l i m i t a t i o n s  of t he  Study, D e f i n i t i o n s  of T e r m s ,  and O r g a n i z a t i o n  of 

the  Study. A l i t e r a t u r e  su rvey  on waste  min imiza t ion  and r e l a t e d  sub- 

j e c t s  and methodology i s  p r e s e n t e d  i.n Sec t .  2. The methodology and p ro -  

cedures  used i n  t h i s  s t u d y  are e x p l a i n e d  i n  Sec t .  3, S e c t i o n  4 c o n t a i n s  

t h e  a n a l y s i s  and e v a l u a t i o n  of t h e  c o l l e c t e d  d a t a .  A summary, f i n d i n g s ,  

c o n c l u s i o n s ,  and recommendations are p r e s e n t e d  i n  Sec t .  5. S e c t i o n  6 i s  

a r e t r o s p e c t i v e  look  a t  t he  e n t i r e  s t u d y .  
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2. REVIEW OF THE LITERATURE 

2.1 INTRODUCTION 

The major r eason  t h i s  s t u d y  was unde r t aken  was t o  a n a l y z e  and e v a l -  

u a t e  t h e  p r o g r e s s  of g e n e r a t o r s  i n  r e sponse  t o  t h e  v o l u n t a r y  w a s t e  min- 

i m i z a t i o n  r equ i r emen t  that  was i s s u e d  as a November 1984 amendment t o  

t h e  Resource Conse rva t ion  and Recovery Act. I n  t h i s  s e c t j o n  hazardous 

waste r e l a t e d  i s s u e s  are examined and t h e  f i n d i n g s  of e x i s t i n g  s t u d i e s  

i n  t h e  waste min imiza t ion  area are o u t l i n e d ,  

2.2 HEALTH EFFECTS 

A s  we l e a r n  more abou t  t he  env i ronmen ta l  impacts  of chemica l s ,  

chemical  wastes,  and waste l a n d f i l l s ,  w e  become more concerned w i t h  our  

p h y s i c a l ,  s o c i a l ,  and p s y c h o l o g i c a l  h e a l t h  (Beck e t  a l . ,  1983). The 

impact  of chemica l s  i n  t h e  environment  on human h e a l t h  i s  a r e l a t i v e l y  

new f i e l d  of s tudy .  P o s s i b l e  impacts  upon the p o p u l a t i o n  o u t s i d e  of the 

work p l a c e  are  much more d i f f i c u l t  t o  subs  t a n r i a  te. D i f f i c u l t i e s  are 

a s s o c i a t e d  w i t h  q u a n t i t a t i v e  a s ses smen t s  of t h e  e f f e c t s  of chemicals  

from hazardous waste si tes and are  a compl i ca t ed  i s s u e .  There are v a r i -  

ous pa rame te r s  t o  be c o n s i d e r e d  t h a t  are ha rd  to c o n t r o l  ( O E C D ,  1983; 

Miller, 1983). From s e v e r a l  i n v e s t i g a t i o n s  of h e a l t h  problems a t  

hazardous waste s i tes  ( e s  t i m a  t ed  16,000 abandoned s i t e s  1, i t  i s  con- 

c luded t h a t  t o x i c  wastes are hazardous.  Y e t  h e a l t h  r i s k  a s s e s s m e n t s  are 

f a r  from c o n c l u s i v e .  They u s u a l l y  c i t e  p r o b a b i l i t i e s  determined from 

adve r se  h e a l t h  outcomes determined a t  v a r i o u s  places (Houk, 1982; 

J a n e r i c h ,  1981; R r i e g e r ,  1984; F i k s e l ,  1986; Greer, 1985; Maugh, 1982a; 

UAREP, 1986). 

The i d e n t i f i c a t i o n  of chemicals  a t  dump s i t e s  i s  a problem. There 

may be few o r  many d i f f e r e n t  chemica l s  i n  d i f f e r e n t  amounts and mix- 

t u r e s .  They may have s y n e r g i s t i c  e f f e c t s .  I f  t hey  are b ioaccumula t ing ,  

p e r s i s t e n t  chemicals such  as DDT and P C B s ,  t hey  cou ld  be  measured i n  

e p i d e m i o l o g i c a l  s t u d i e s .  However, chemica l s  n o t  remaining i n  the 

t i s s u e s  are ha rd  t o  q u a n t i f y ,  e s p e c i a l l y  i f  t h e  s t u d y  i s  done long  a f t e r  
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exposure.  Each s i t e  needs a s i t e - s p e c i f i c  a n a l y s i s ,  so  t h e  burden of 

proof rests on t h e  c a p a b i l i t y  and r e p r o d u c i b i l i t y  of chemical  a n a l y s e s ,  

which i s  expens ive  and t i m e  consuming. 

The e v a l u a t i o n  of t o x i c  exposure froin d i s p o s a l  sites needs t o  

examine we l l -de f ined  pathways,  such as a i r .  By i n h a l a t i o n  and /o r  s k i n  

c o n t a c t ,  human be ings  could be exposed t o  t h e s e  t o x i n s .  It is  n o t  e a s y  

t o  de t e rmine  i f  human be ings  are exposed t o  t h e s e  t o x i n s  or  how f a r  

t h e s e  e f f e c t s  can be t r a c e d ,  as wind and r a i n  can s p r e a d  t o x i n s .  

Another c r i t i c a l  pathway is i n t e r n a l ,  t h rough  d i g e s t i o n .  Hazardous 

materials can g e t  i n t o  our  food c h a i n  through consumption of p l a n t s ,  

animals  ( f i s h ,  p o u l t r y ,  cows), and milk (Ray and T r i e f E ,  1981). The 

pr:tmary concern,  however, is d r i n k i n g  water,  which might g e t  contami- 

na t ed  through t h e  l eakage  from hazardous waste l and  d i s p o s a l  s i t e s  t o  

ground water.  I n t e r n a l  t o x i c i t y  of t h i s  k i n d  c o n s t i t u t e s  a much h i g h e r  

h e a l t h  r i s k  than  by o t h e r  pathways (Hilernan, 1984; UAREP, 1986; HMCRI,  

1985; Bloom, 1985; Evans and Schwe i t ze r ,  1984; Dowd, 1985; Weissman, 

1984). When chemicals  e scape  i n t o  the environment ,  t hey  can accumulate  

and p e r s i s t  i n  f i s h  and o rgan i sms ,  t h u s  c a u s i n g  f u r t h e r  ri-sks. 

The s i z e  and l o c a t i o n  of t h e  exposed p o p u l a t i o n  i s  no t  ea sy  t o  

de t e rmine ,  A p o t e n t i a l l y  exposed p o p u l a t i o n  does n o t  always s t a y  i n  t h e  

same a r e a  f o r  an exllended p e r i o d  of t i m e  and v a r i e s  i n  s e x ,  a g e ,  h e a l t h ,  

and h a b i t s  (heavy smokers, heavy d r i n k e r s ,  o r  drug u s e r s ) .  Their s o c i o -  

economic s t a t u s  is  a de t e rminan t  as w e l l  ( Josephson ,  1983). 

No one s p e c i f i c  e s t a b l i s h e d  t e s t  e x i s t s  t o  base  h e a l t h  e f f e c t s  o r  

on which t o  make measurements. No consensus i s  reached on what p a r t  of 

t h e  human body o r  s e c r e t i o n  is  t o  be ana lyzed  f o r  t h e  t e s t s .  Those 

chemicals  t h a t  bioaccumulate  i n  t h e  human body are easier  t o  d e t e c t  and 

measure. Ur ine ,  blood,  f a t  t i s s u e ,  huiiian milk,  s k i n  o i l ,  o r  h a i r  mea- 

surements  a r e  used f o r  sampling t o  de t e rmine  c o n c e n r r a t i o n s  of chemi- 

cals. However, some of t h e s e  have very l i m t t e d  v a l u e ;  o t h e r s  such as 

ad ipose  t i s s u e ,  human m i l k ,  and h a i r  produce good results w i t h  f a t -  

s o l u b l e  chemicals.  

Other h e a l t h  e f f e c t s  are determined by a s s e s s i n g  r e p r o d u c t i v e  

a l t e r a t i o n s ,  chromosomal a b n o r m a l i t i e s ,  n e u r o t i c  e f f e c t s ,  and sperm 

s t u d i e s .  Though t h e s e  are  i n d i c a t o r s  of exposure ,  t h e i r  s i g n i f i c a n c e  is 
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n o t  known (Maugh, 1982b; Josephson,  1983). D i f f i c u l t i e s  a s s o c i a t e d  wi th  

t h e  ep idemio log ica l  s t u d i e s  are due t o  t h e  small s i z e  of t he  exposed 

p o p u l a t i o n ,  long  o r  u n c e r t a i n  p e r i o d  between exposure  and measurements, 

and o t h e r  competing causes  f o r  d i s e a s e s .  Waste-site i n v e s t i g a t i o n s  a r e  

a n o t h e r  assessment  method. S e v e r a l  d e s c r i p t i v e  s t u d i e s ,  ca se -con t ro l  

s t u d i e s ,  and cohor t  s t u d i e s  are o t h e r  methods used f o r  e v a l u a t i o n  (Houk, 

1982). 

Waste sites are planned t o  be monitored f o r  3Q yea r s  fo l lowing  

t h e i r  c l o s u r e .  The Na t iona l  Research Counci l  c o n s i d e r s  500 yea r s  as a 

more r e a l i s t i c  pe r iod  f o r  expec ted  p o s s i b l e  hazards  from t h e s e  si tes 

(NRC, 1983).  Those l i v i n g  next  t o  a hazardous waste f a c i l i t y  or an o l d  

dump s i t e  obvious ly  a r e  faced  wi th  enormous p o t e n t i a l  h e a l t h  e f f e c t s .  

There are we l l -pub l i c i zed  c a s e s ,  where people  have been evacuated  from 

t h e i r  homes t o  avoid  f u r t h e r  exposure ;  however, t h e  e x t e n t  of t h e i r  

p r e s e n t  and f u t u r e  h e a l t h  s t a t u s  i s  u n c e r t a i n .  Some famous cases have 

been t h e  Love Canal ,  T i m e s  Beach, and o t h e r s  (Ko la t a ,  1980, Ember, 1983; 

E p s t e i n  et a l . ,  1982; §haw, 1980; P i c c i a n o ,  1980). 

2.3 PSYCHO-SOCIAL FACTORS 

Hea l th  impact  e v a l u a t i o n s  o r  r i s k  assessments  a t  hazardous waste  

sites focus  p r i m a r i l y  on t h e  b i o l o g i c a l  impacts  on humans. Whether OF 

n o t  real  b i o l o g i c a l  e f f e c t s  are s u b s t a n t i a t e d  by f u r t h e r  r e s e a r c h ,  t h e  

psycho log ica l  and s o c i a l  a s s a u l t s  which t h e s e  people  encoun te r  are 

seldom s y s t e m a t i c a l l y  taken  i n t o  c o n s i d e r a t i o n .  Many s i g n s  of i l l n e s s  

and d i s e a s e  a r e  brought  about  by s o c i a l  and psycho log ica l  stress and 

recognized  as a " f u n c t i o n a l  i l l n e s s "  (Twaddle, 1981). S t u d i e s  du r ing  

t h e  1970s demonstrated t h a t  an i n c r e a s e  i n  adve r se  s o c i a l  p r e s s u r e s  may 

c l o s e l y  pre-da te  t h e  o n s e t  of s e v e r e  mental  i l l n e s s  such as schlz- 

ophren ia  o r  may provoke a r e l a p s e  (Holdgate ,  1982) .  As i n d i c a t e d  by 

Cohen e t  a l . ,  " h e l p l e s s n e s s  o f t e n  l e a d s  t o  mental  and p h y s i c a l  d i s t r e s s  

independent  of the  d i r e c t  impact of an envi ronmenta l  s t r e s s o r - "  People  

who f ee l  exposed t o  c h e m i c a l s / t o x i n s  (from waste s i t e s / l a n d f i l l s  o r  

dumps) f e e l  h e l p l e s s  due t o  t h e  u n c e r t a i n t y  of t h e  s i t u a t i o n .  There a r e  

no wel l -def ined  h e a l t h - e f f e c t s  d a t a  o r  moni tor ing  methods t o  e x p l a i n  t h e  
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dose- response  r e l a t i o n s h i p .  When people  do n o t  know t h e  real  h a z a r d s ,  

they  f r e q u e n t l y  expec t  t h e  wors t .  Due t o  governmental  i n a c t i o n ,  t h e y  

o f t e n  f e e l  chea ted  o r  s u s p e c t  they  are n o t  be ing  t o l d  t h e  whole t r u t h .  

Of cour se  they  a r e  a l s o  aware t h a t  t h e i r  f a t e  w i l l  be g r e a t l y  a f f e c t e d  

by p o l i t i c a l  d e c i s i o n s  and n o t  n e c e s s a r i l y  by what i s  b e s t  f o r  the 

pub l i c .  Various c o n t r a d i c t o r y  r e p o r t s  by s c i e n t i s t s  do no t  a l l e v i a t e  

t h e  problem (Shaw, 1980; P i c c i a n o ,  1980; J a n e r i c h ,  1981). People  cannot  

p i c k  up and move due t o  economic de te rminan t s .  The r e a l i t y  of t h e i r  

h a r s h  l i f e  i s  t h a t  f i n d i n g  a n o t h e r  j o b  o r  s e l l i n g  t h e i r  now-devaluated 

house is d i f f i c u l t .  For example,  t h e  c o n d i t i o n  of 710 f a m i l i e s  who were 

go ing  t o  be evacuated  from Love Canal was d e s c r i b e d  as ' 'very,  very  

f r i g h t e n e d  and a lmost  panicked" (Holden, 1980). This  can e a s i l y  be 

s u b s t a n t i a t e d  by an i n c i d e n t  i n  which Canal r e s i d e n t s  k e p t  two EPA 

o f f i c i a l s  hos t age  f o r  s e v e r a l  hours .  One mental  h e a l t h  worker s a i d  of  

r e s i d e n t s ,  "We thought  they were going  t o  t o r c h  t h e  neighborhood." No 

doubt people  f e e l  d e s p e r a t e  i n  t h e s e  s i t u a t i o n s .  Many claim t h e  dilemma 

is  worse t h a n  be ing  i n  a n a t u r a l  c a t a s t r o p h e .  

Some people  faced  wi th  s t r e s s  of t h i s  k ind  s t a r t  d r i n k i n g ,  smoking, 

and fo l low l i f e  s t y l e s  l e a d i n g  t o  poor h e a l t h .  I n  t h e s e  s i t u a t i o n s ,  

f ami ly  l i f e  s u f f e r s  a g r e a t  d e a l .  I n  t h e  1978 e v a c u a t i o n  of Love Canal ,  

it has  been est imat-ed t h a t  40% of t h e  237 f a m i l i e s  i nvo lved  have e i t h e r  

s e p a r a t e d  or  d ivorced .  Although stress f o r  women and men might be some- 

what d i f f e r e n t ,  bo th  s u f f e r e d .  Seventeen breakdowns and seven  s u i c i d e s  

were r e p o r t e d  among 550 families a f u l l  10 y e a r s  b e f o r e  t h e  Love Canal  

problem was exposed (Holden, 1980). 

Although s e v e r a l  p s y c h o l o g i c a l  and s o c i a l  i n d i c a t o r s  are r e l a t e d  t o  

h e a l t h ,  government s t u d i e s  s t i l l  mainly c o n c e n t r a t e  on carc inogen-  

i c i t y .  There i s  c o n t r o v e r s y  a s  t o  whether  r e g u l a t o r y  a c t i o n s  are t a k i n g  

i n t o  c o n s i d e r a t i o n  the  d i s t i n c t i o n  between " r i s k  assessment"  and " r i s k  

management." Risk  assessment  d e a l s  mainly w i t h  t h e  s c i e n t i f i c  compo- 

nen t .  Risk management i n  a d d i t i o n  t o  r i s k  assessment  i n v o l v e s  b roade r  

s o c i a l  and economic p o l i c y  a s ses smen t s  and weighs p o l i c y  a l t e r n a t i v e s  

( M i l l e r ,  1983). A r e c e n t  N a t i o n a l  Academy of Sc iences  r e p o r t  recom- 

mended c o n s i d e r a t i o n  of r i sk  management t o  o b t a i n  t he  complete  p i c t u r e .  



15 

A t t e m p t s  have been made t o  compensate v i c t i m s  of exposure.  The 

i s s u e  of t o x i c  t o r t s  o r  damage claims f o r  p e r s o n a l  i n j u r y  i s  i n e v i -  

t a b l e .  Some s ta tes  ( C a l b f o r n i a  and Minnesota)  passed l i m i t e d  l a w s .  A 

no - fau l t  compensat ion sys tem may be s e t  up t o  p rov ide  medica l  expenses  

and l o s t  e a r n i n g s  t o  t h e  v i c t i m s  under  Superfund. Although c l e a r  t o r t  

l a w s  have n o t  been passed  by Congress ,  damage s u i t s  are p i l i n g  up and 

are be ing  awarded i n  some c a s e s  (Ember, 1983; Grad, 1985). 

2.4 HAZARDOUS WASTE MANAGEMENT AND REGULATIONS 

I n  the  1960s and 1970s, s e v e r a l  envi ronmenta l  laws such  as t h e  

Clean A i r  A c t ,  t h e  Clean Water Act, and the  Safe  Dr inking  Water A c t  

r e g u l a t e d  hazardous materials t o  a l i m i t e d  e x t e n t .  However, i t  was n o t  

u n t i l  t h e  pas sage  of RCRA i n  1976 t h a t  hazardous m a t e r i a l s  were sub- 

j e c t e d  t o  comprehensive r e g u l a t i o n s .  With t h e  pas sage  of t h i s  l a w  and 

t h e  enactment  of r e g u l a t i o n s  i n  November 1980 by EPA, a sys tem w a s  

e s t a b l i s h e d  f o r  t r a c k i n g  hazardous wastes from the  t i m e  they  a r e  gen- 

e r a t e d  t o  t h e  time they  a r e  d isposed .  Hence, RCRA i s  in t ended  t o  pro- 

tect  t h e  p u b l i c  and t h e  environment  from t h e  adve r se  e f f e c t s  of 

hazardous s u b s t a n c e s  .( However, t h e r e  are v a r i o u s  exemptions from RCRA 

wastes, such as household was te s ,  s o i l  f e r t i l i z e r s  used i n  a g r i c u l t u r e ,  

mining wastes, and o t h e r s .  Secondly,  RCRA wastes do n o t  i n c l u d e  all 

hazardous  m a t e r i a l s .  Neve r the l e s s  t h e s e  and o t h e r  omiss ions  a r e  be ing  

changed and subsumed under  r e g u l a t i o n  g r a d u a l l y  as knowledge of 

hazardous chemica ls  i n c r e a s e s  and new amendments a r e  passed.  

Comprehensive r e g u l a t i o n s  f o r  c o n t r o l l i n g  and managing hazardous  

wastes were f u r t h e r  enhanced by a n o t h e r  l a w  ca l l ed  Comprehensive 

Environmental  Response,  Compensation, and L i a b i l i t y  A c t  (CERCLA, 19801, 

which gave the  f e d e r a l  government complete  a u t h o r i t y  t o  clean up 

d e s e r t e d  dump s i t e s  and t o  respond t o  s p i l l  or o t h e r  r e l e a s e s  of haz- 

a rdous  m a t e r i a l s  t h a t  may c r e a t e  new was te  s i tes .  The Superfund Amend- 

ments and R e a u t h o r i z a t i o n  A c t  (SARA) of 1986 s i g n i f i c a n t l y  broadened 

EPA's a u t h o r i t y  i n  t h i s  a r e a  (SARA, 1986). 

The amount of hazardous  was te  produced a n n u a l l y  i n  the  United 

S t a t e s  is a matter of con t rove r sy .  EPA f i r s t  e s t i m a t e d  t h a t  a t o t a l  o f  



16 

28 t o  54 m i l l i o n  tons of f e d e r a l l y  r e g u l a t e d  hazardous waste  w a s  be ing  

produced a n n u a l l y  i n  t h e  e a r l y  1980s (OTA, 1983). A 1983 r e p o r t  by t h e  

Off ice  of Technology Assessment (OTA) claimed t h a t  t he  EPA estimate w a s  

f a r  too low and t h a t  t h e  annua l  f i g u r e  was i n s t e a d  255 t o  275 m i l l i o n  

t o n s ,  based on a broad s t u d y  of s t a t e  o f f i c i a l s  (OTA, 1983). Even 

though the  f i g u r e  of 250 m i l l i o n  tons g e n e r a t e d  p e r  year .Is wide ly  used 

now, t h e r e  i s  s t i l l  some thought  t h a t  t h i s  i s  an u n d e r e s t i m a t e  (OTA, 

1986). With small  q u a n t i t y  g e n e r a t o r s  now i n c o r p o r a t e d  w i t h i n  RCRA 

r e g u l a t i o n s  (by t h e  1984 KCRA Amendments) , even more hazardous wastes 

m u s t  he added t o  t h e  na t iona l .  t o t a l  ( approx ima te ly  1 m i l l i o n  t o n s / y e a r ) .  

The most economical disposal .  o p t i o n  f o r  companies h a s  been the land 

d i s p o s a l  of waste  (OTA, 1983; EPA,  1987). Due t o  i t s  economical  a t t r a c -  

t i o n ,  t h i s  d i s p o s a l  method has  been used e x t e n s i v e l y ,  t he reby  d i s c o u r -  

ag ing  the  u s e  of o t h e r ,  more env i ronmen ta l ly  benign b u t  more expens ive ,  

d i s p o s a l  o p t i o n s .  The hidden s o c i a l  c o s t s  i nvo lved  i n  l a n d f i l l  c l e a n  

u p ,  of c o u r s e ,  a r e  n o t  always f a c t o r e d  i n t o  l and  d i s p o s a l  c o s t s  (ICF 

Technology, 1984; Booz-Allen and Hamilton Inc.  , 1983; Maugh, 1979a; 

S t a r ,  1985; S t a n f i e l d ,  1985; Gulevich,  1984; P i a s e c k i  and Gravander,  

1985; Basta  e t  a l . ,  1985; U.S. Congress ,  1983). 

Congress i n t r o d u c e d  new amendments i n  November 1984 to  provi.de 

f u r t h e r  s o l u t i o n s  t o  the e x i s t i n g  hazardous waste management problems 

(IISWA, 1984). T h e s e  amendments a r e  w r i t t e n  more l i k e  r e g u l a t i o n s .  A t  

c e r t a i n  d a t e s  s p e c i f i e d  by the  Act ,  they a u t o i n a t i c a l l y  become regu la -  

t i o n s  whether EPA i s s u e s  them as  r e g u l a t i o n s  or  n o t .  Th i s  method, 

f o r c e d  by Congress,  was t o  c o u n t e r  what i t  pe rce ived  t o  be the time- 

t a k i n g ,  i n e f f i c i e n t  ways of EPA and t h e  a d m i n i s t r a t i o n  i n  c a r r y i n g  o u t  

t he  w i l l  of Congress. 

I n  the  J u l y  15, 1985, F e d e r a l  R e g i s t e r ,  EPA a l s o  p rov ided  r egu la -  

t i o n s  w i t h  r e g a r d  t o  KSljJA amendments. There are a t o t a l  of 1 2  waste 

management a r e a s  unde r t aken  by the  November amendments. Some of t he  

most p e r t i n e n t  s u b j e c t s  addres sed  were l a n d  d i s p o s a l ,  waste minitniza- 

t i o n ,  and small-quan t.i t y  waste g e n e r a t o r  requirements .  

1. Small-quan t i  t y  g e n e r a t o r s  ( o r i g i n a l l y  d e f i n e d  as t h o s e  gene ra  t- 

i n g  less than 1000 k i log rams  p e r  month) are now d e f i n e d  as g e n e r a t o r s  

producing 100 t o  1000 kg of waste p e r  c a l e n d a r  month. By September 22,  



1 7  

1986, they were r e q u i r e d  t o  a b i d e  by EPA r e g u l a t i o n s  f o r  small  genera- 

to rs .  

2. Bulk o r  n o n c o n t a i n e r i z e d  l i q u i d  waste o r  waste c o n t a i n i n g  f ree  

l i q u i d s  were p r o h i b i t e d  i n  any l a n d f i l l  a f t e r  May 8, 1985. E f f e c t i v e  

November 8, 1985, t h e  placement of any l i q u i d  which i s  n o t  a hazardous 

waste w a s  a l s o  p r o h i b i t e d  by any l a n d f i l l .  Th i s  r e g u l a t i o n  h a s  l e d  

g e n e r a t o r s  t o  c o n s i d e r  a l t e r n a t i v e  d i s p o s a l  methods e 

3. Congress a l s o  c a l l e d  on EPA t o  de t e rmine  whether  t o  ban t h e  

l and  d i s p o s a l  of a l l  RCRA wastes. The l and  d i s p o s a l  ban is  t o  t ake  

e f f e c t  i n  s e v e r a l  phases .  Unless  EPA promulgates  r u l e s  € o r  a l i s t  o f  

RCRA wastes ( d i v i d e d  i n t o  groups based on the hazard and volume of t h e  

s u b s t a n c e s )  and p r o v i d e s  a s c h e d u l e  f o r  banning them, t h e  p r o v i s i o n s  set  

by Congress f o r  banning l a n d f i l l  d i s p o s a l  a c t i v a t e  a u t o m a t i c a l l y  a t  pre-  

determined d a t e s  . 
4 .  The m a n i f e s t ,  which i s  used f o r  hazardous waste sh ipmen t s ,  was 

amended t o  i n c l u d e  a d d i t i o n a l  waste min imiza t ion  c e r t i f i c a t i o n  by 

September 1, 1985. A d e s c r i p t i o n  of the waste r e d u c t i o n  e f f o r t s  under- 

t aken  and changes ach ieved  d u r i n g  t h e  y e a r  t o  r educe  t h e  volume and /o r  

t he  t o x i c i t y  of waste g e n e r a t e d  i s  i n c l u d e d  i n  b i e n n i a l  hazardous was te  

r e p o r t s  f i l e d  w i t h  t h e  EPA and t h e  s t a t e .  

By t h i s  l a s t  amendment, Congress emphasized t h e  need t o  reduce 

waste. Though p r e s e n t l y  t h i s  a r e a  i s  l e f t  i n  "voluntary'!  compliance 

EPA by November 1, 1986, was r e q u i r e d  t o  r e p o r t  t o  Congress on the  suc- 

cess of t h i s  program and t o  p r o v i d e  s t a n d a r d s  f o r  e s t a b l i s h i n g  s p e c i f i c  

r e g u l a t i o n s ,  i f  necessa ry .  

EPA, i n  a five-volume r e p o r t  t o  Congress,  f u l f i l l e d  t h l s  1984 waste 

min imiza t ion  r equ i r emen t  b u t  d i d  n o t  c a l l  f o r  mandatory waste mjnimiza- 

t i o n  r e g u l a t i o n s .  Rather, EPA r ecogn ized  the need f o r  f u r t h e r  s t u d y  and 

a n a l y s i s  of waste min imiza t ion  p r a c t i c e s  and c a p a b i l i t i e s  of i ndus- 

tries. I n  e s s e n c e ,  t h e r e f o r e ,  EPA wanted t o  l e a v e  the waste minimiza- 

t i o n  r equ i r emen t  as i s  a t  l eas t  u n t i l  December 1990 (EPA, 1986a ,b , c ) ,  



2.5 IMPACT OF REGULATIONS 

Environmental  laws encompassing p r o t e c t i o n  measures  f o r  a s a f e  

environment r e l y  on  t h e  power of  t h e  U.S. C o n s t i t u t i o n ,  s t a t e  c o n s t i t u -  

t i o n ,  f e d e r a l  and s t a t e  s t a t u t e s  and l o c a l  o r d i n a n c e s ,  r e g u l a t i o n s  pro- 

mulgated by f e d e r a l ,  s t a t e ,  and l o c a l  r e g u l a t o r y  a g e n c i e s ,  c o u r t  d e c i -  

s i o n s  i n t e r p r e t i n g  t h e s e  laws and r e g u l a t i o n s ,  and  common l a w  (Arbuckle  

e t  a l . ,  1985) .  Environmental  laws passed  t o  m i t i g a t e  env i ronmen ta l  

p r o b l e m ,  w h i l e  improving t h e  environment ,  have a l s o  produced mixed 

f e e l i n g s  i n  t h e  chemica l  p r o c e s s  i n d u s t r i e s .  T h e i r  heavy-handed n a t u r e  

and impac t s  have been  ques t ioned .  This i s  p a r t l y  d u e  t o  t h e  f a c t  t h a t  

c e n t r a l i z e d  d e c i s i o n  making i s  not  popu la r  i n  t h e  f r e e  e n t e r p r i s e  

championed America ( P i a s e c k i  and Gravander, 1985).  Various European 

c o u n t r i e s  (Sweden, A u s t r i a ,  F i n l a n d ,  Ne the r l ands ,  Germany, and o t h e r s )  

have encouraged a l t e r n a t i v e s  t o  l a n d  d i s p o s a l .  They t r e a t  their waste 

b e f o r e  d i s p o s a l .  The i r  r e g u l a t i o n s  encouraged t h e  implementat ion of  

t h e s e  methods ( P i a s e c k i  and  Gravander,  1985; P i a s e c k i  and Davis ,  1 9 8 4 ;  

Gu lev ich ,  1984). Manufacturers  i n  t h e  United S t a t e s  b e l i e v e  t h e y  know 

t h e  problems they f a c e  and can  b e s t  s o l v e  them w i t h o u t  government 

r e g u l a t i o n s .  However, p a s t  e x p e r i e n c e  h a s  shown u s  t h a t  p r i v a t e  and 

n o n p r i v a t e  w a s t e  g e n e r a t o r s  b r o u g h t  t h e s e  problems u p o n  themse lves  n o t  

o n l y  by c r e a t i n g  them, b u t  by i g n o r i n g  t h e  p o s s i b l e  h e a l t h  e f f e c t s  and 

t h e  p u b l i c ' s  r e a c t i o n .  S e v e r a l  w e l l - p u b l i c i z e d  haza rdous  waste d i s p o s a l  

s i t e s  h i g h l i g h t e d  t h e  poor  p r a c t i c e s  fo l lowed  by i n d u s t r y  i n  t h e  p a s t  

(Maugh, 197Ya; E p s t e i n ,  1982; HiJ.ernan, 1983).  Love Canal,  N . J . ;  T i m e s  

Reach, Mo.; and Superfund waste  s i t e s  a r e  examples of t h i s .  I n d u s t r y  

h a s  a l s o  u n d e r e s t i m a t e d  t h e  s e r i o u s n e s s  of t h e  env i ronmen ta l  o rgan iza -  

t i o n s  ' miss ion  and d e d i c a t i o n .  Pub1.j.c a g e n c i e s ,  v a r i o u s  env i ronmen ta l  

g roups ,  and c i t i z e n s  s e e k  t i g h t e n e d  env i ronmen ta l  r e g u l a t i o n s .  They 

want t o  i n v e s t i g a t e  t h e  n e g l e c t e d  prac t ices  of c e r t a i n  i n d u s t r i e s  t h a t  

have abused t h e  envi.roninent be long ing  t o  b o t h  t o d a y ' s  and tomorrcw's 

g e n e r a t i o n s .  A s u r v e y  by Chemical E n g i n e e r i x  ~- ( B a s t a  e t  a l . ,  1985) 

i n d i c a t e d  t h a t  r e a d e r s  f e l t  t h e  chemica l  p r o c e s s  i n d u s t r i e s  do n o t  have 

t h e  hazardous waste problem under c o n t r o l  and t h a t  r e g u l a t i o n s  f o r  

haza rdous  w a s t e  were a d e q u a t e  b u t  needed b e t t e r  and  c o n s i s t e n t  en fo rce -  

ment. 
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P u b l i c  concern and o p p o s i t i o n  t o  hazardous waste  s i t e s  and f a u l t y  

envi ronmenta l  p r a c t i c e s  are i n c r e a s i n g .  Local  p o p u l a t i o n s  l a c k  c o n f i -  

dence i n  the  a b i l i t y  of i n d u s t r y  and government t o  a s s u r e  p u b l i c  h e a l t h  

and s a f e t y .  The f r  concern  i s  wi th  u n c l e a r  r i s k s  a s s o c i a t e d  w l t h  long- 

t e r m  e f f e c t s  a t  t h e s e  sites. People  want t o  be involved  i n  d e c i s i o n s  

over  t h e  c o n s t r u c t i o n  of waste  f a c i l i t i e s .  I n  a r e c e n t  su rvey  (Lyons, 

1986) of Tennessee citizens, conducted by The U n i v e r s i t y  of Tennessee- 

based Energy, Environment,  and Resources Cen te r ,  66% viewed hazardous 

was te  as a "very s e r i o u s  problem." Toxic chemical t r ea tmen t  was seen  a s  

more of a problem than  low-level  n u c l e a r  was te ,  and community v e t o  power 

over  a s i te  w a s  d e s i r e d .  

P r e s e n t l y ,  t h e  p u b l i c  s t a n d  makes f i n d i n g  new waste  b u r i a l  and 

t r ea tmen t  sites very  d i f f i c u l t .  S ince  t h e  i s s u e  mainly rests w i t h  t h e  

s t a t e s ,  many s t a t e s  have t r i e d  i n n o v a t i v e  methods t o  n e g o t i a t e  w i t h  

l o c a l  communities on s i t e  s e l e c t i o n  (NGA, 1981; Baeow and Milkey, 1983; 

O'Hare e t  a l . ,  1983). I n  a d d i t i o n  t o  the f e e l i n g s  of v a r i o u s  f a c t i o n s ,  

one must look i n t o  t h e  

(U.S. Congress,  1979). 

e f f e c t i v e  because t h e i r  

expec t a  t i o n s  and cannot  

1985; S t a n f i e l d ,  1984). 

implementat ion and consequences of r e g u l a t l o n s  

I t  i s  claimed t h a t  r e g u l a t i o n s  have n o t  been 

enforcement  by t h e  EPA has f a l l e n  s h o r t  of 

be done e f f e c t i v e l y  (GAO, 1963a,b; N . Y .  Times ,  

The enormi ty  of waste g e n e r a t i o n ,  t h e  Parge 

number of f a c i l i t i e s  needlng i n s p e c t i o n s ,  and the l i m i t e d  know-how a t  

EPA are some of t h e  f a c t o r s  t h a t  have brought  abou t  t h l s  problem. 

The second reason  always c i t e d  f o r  noncompliance i s  the  c o s t  issue 

(NSF, 1981; P a s h i g i a n ,  1984; Kos te r s  and Simon, 1979).  Add i t iona l  

envi ronmenta l  requi rements  cannot  always be m e t  by i n d u s t r y  due t o  the  

added c o s t s  of i n s t r u m e n t a t i o n  and r eco rd  keeping .  The economy i s  seen  

by some t o  be i n  d e c l i n e ,  and added r e g u l a t o r y  c o s t  i s  shown as a con- 

t r i b u t i n g  f a c t o r  (Link,  19821, 

A s h i f t  of r e g u l a t o r y  a u t h o r i t y  from f e d e r a l  agenc ie s  to the  

i n d i v i d u a l  s ta tes  i s  a l s o  seen a s  a cause  of c o n f l j i c t  f o r  many f i r m s  

with o p e r a t i o n s  I n  more than  one s t a t e  (Daneke, 1984). Others  t h ink  the 

primary r eason  f o r  t h e  f a f l u r e  of compliance i s  due t o  t h e  f a i l u r e  of 

s t u d i e s  which d i d  n o t  assess f u l l y  the  t a r g e t s  of r e g u l a t i o n s  (Durant ,  

1984). The Congress iona l  d f r e c t i v e  t o  Eorce waste g e n e r a t o r s  t o  f i n d  
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more e f f i c i e n t  and e f f e c t i v e  p o l l u t i o n  c o n t r o l  t e c h n o l o g i e s  by r egu la -  

t i o n s  d i d  no t  meet e x p e c t a t i o n s  ( L u r i e 3  1983). 

There are s o w  p o s i t i v e  f e a t u r e s  of env i ronmen ta l  r e g u l a t i o n s  

(Maloney and McCormick, 1982). Regu la t ions  have l e d  t o  some techno-  

l o g i c a l  i n n o v a t i o n s  and p rov ided  a s t i m u l u s  f o r  new markets  and new j o b s  

(NSP, 1981; Ling,  1977, Ru t t enburg ,  1982). 

Overall. ,  RCRA r e g u l a t i o n s ,  t o g e t h e r  w i t h  b u s i n e s s  l i a b i l i t y ,  

brought  waste g e n e r a t o r s '  awareness  of t h e i r  p r a c t i c e s  and f o r c e d  them 

t o  s e t  up waste management programs a t  t h e i r  f a c i l i t i e s  (CERCLA, 1980, 

P i a s e c k i  and Gravander,  1985; RCRA, 1976). 

Keeping waste min imiza t ion  r e g u l a t i o n  v o l u n t a r y  has  been suppor t ed  

by r e c e n t  major s t u d i e s  ( E P A ,  1986a ,b , c ;  OTA, 1986). Both s t u d i e s  noted 

t h a t  mandatory and uniform r e d u c t i o n  t a r g e t s  would be d i f f i c u l t  t o  

employ and e n f o r c e .  Voluntary r e g u l a t i o n  g i v e s  i n d u s t r y  a chance t o  

demons t r a t e  what i t  can do wi thou t  s t r ic t  r e g u l a t i o n .  It a l s o  makes 

economic s e n s e  f o r  i n d u s t r i e s  t o  c u t  down on t h e i r  waste, because by 

waste min imiza t ion ,  d i s p o s a l  c o s t s  are l e s s e n e d  and more e f f i c i e n t  pro- 

cesses r e s u l t  (NRC, 1985; Mackie and Niesen,  1984). 

Some of t h e  wastes can be reduced,  r e c y c l e d ,  o r  t r e a t e d  t o  l e s s e n  

o r  t o  e l i m i n a t e  t h e i r  haza rds .  To comple t e ly  g e t  r i d  of hazardous 

wastes o r  t h e i r  by-products may no t  be economica l ly  o r  p r a c t i c a l l y  

f e a s i b l e .  However, t he  r e d u c t i o n  of waste cou ld  be s u b s t a n t i a l .  There 

are  s e v e r a l  waste management t e c h n o l o g i e s  i n  e x i s t e n c e  

(Maugh, 1979b,c ,d;  Po ja sek ,  1979; Senkan and S t a u f f e r ,  1981; Tucker and 

Carson,  1985; Edwards e t  al., 1982; Mackie and Ni.esen, 1984; Budiansky 

and Josephson,  1980; EPA, 1985b). A p u b l i c a t i o n  by t h e  N a t i o n a l  

Research Counci l  (NRC, 1983) e n t i t l e d ,  Management of Hazardous 

I n d u s t r i a l  Wastes, i d e n t i € i e s  t h e  f o l l o w i n g  t e c h n o l o g i e s :  (a) 19 

d i f f e r e n t  p h y s i c a l  p r o c e s s e s  o r  u n i t  o p e r a t i o n s ;  ( b )  11 chem-lcal 

t e c h n i q u e s  o r  u n i t  p r o c e s s e s ;  (c) 13 b i o l o g i c a l  t e c h n i q u e s ;  ( d )  l a n d  

t r e a t m e n t s ;  ( e )  ocean a s s i m i l a t i o n  c o n s i d e r a t i o n s ;  ( f )  i n c i n e r a t i o n ;  

( g )  thermal  methods; (11) l a n d f i l l s ;  and ( i )  permanent s t o r a g e .  It w a s  

s t a t e d  i n  t h e i r  recommendations t h a t ,  "Though t h e r e  i s  no one panacea,  

t h e r e  c u r r e n t l y  e x i s t s  some t echno logy  o r  combfnat ion of t e c h n o l o g i e s  

c a p a b l e  of d e a l i n g  w i t h  e v e r y  haza rdous  waste." There are v a r i o u s  
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p u b l i c a t i o n s  documenting waste 

(Huisingh e t  a l . ,  1986; Weeter 

minimiza t ion  of companies as case s t u d i e s  

e t  a l . ,  1987; Sa rok in  e t  a l . ,  1986).  

By minimizing t h e i r  waste, t h e  p o t e n t i a l  c o r p o r a t e  l i a b i l i t y  toward 

those  a t  work and l o c a l  c i t i z e n s  who come i n  c o n t a c t  w i t h  waste ( l i v i n g  

around a p l a n t  o r  a t  waste f a c i l i t i e s  where t h e i r  waste i s  t r e a t e d )  w i l l  

l e s s e n .  By t h e  same token ,  t h e i r  l i a b i l i t y  f o r  p o t e n t i a l  damage t o  t h e  

environment  w i l l  be reduced;  hence,  p r e v e n t i n g  t h e i r  was t e  from becoming 

a f u t u r e  Superfund s i t e  (OTA, 1985). 

I t  w i l l  h e l p  a g r e a t  d e a l  i f  waste minimiza t ion  can  be pursued 

v o l u n t a r i l y ,  because  i t  w i l l  b e  ha rd  f o r  EPA t o  e n f o r c e  mandatory reg-  

u l a t i o n s ,  and s t r i c t  r egu la tdons  might be hard  f o r  i n d u s t r y  to meet 

(NRC, 1985; QTA, 1986).  

It must a l s o  be unders tood  t h a t  t h e  i n t e n t  of Congress i s  t o  have 

v o l u n t a r y  waste min imiza t ione"  I t  is  un lawfu l  t o  c e r t i f y  (on t h e  

m a n i f e s t )  t h a t  t h e r e  are waste min imiza t ion  p r a c t i c e s  i n  p l a c e ,  if i n  

r e a l I t y  was te  management practices are n o t  gea red  to  r educe  t h e  volume 

and/or  t h e  t o x i c 5  t y  of wastes . 

11 

2.6 STUDIES RELATED TO METHODOLOGY 

Major hazardous waste management r e g u l a t i o n s  were f i r s t  promulgated 

i n  November 1980. The f f r s t  waste minimiza t ion  r equ i r emen t s ,  however, 

were n o t  s e t  f o r t h  u n t i l  November 1984, when Congress passed  the  HSWA 

(HSWA, 1984).  Based on t h i s  l a w ,  EPA h a s ,  s i n c e  September 1985, 

r e q u i r e d  hazardous  waste g e n e r a t o r s  t o  c e r t i f y  on t h e i r  hazardous waste 

m a n i f e s t  t h a t  they  have i n i t i a t e d  a waste min imiza t ion  e f f o r t .  The 

i s s u e  of waste min imiza t ion ,  t h e r e f o r e ,  i s  of r e c e n t  o r i g i n  and f e w  

r e s e a r c h  e f f o r t s  have been launched t o  d a t e ,  Most In fo rma t ion  i n  t h e  

hazardous  was te  area has been c o l l e c t e d  by t h e  EPA and states as p a r t  of 

t h e i r  r e g u l a t o r y  r e s p o n s i b i l i t i e s .  The methodologica l  des ign  p a r t  of 

t h e  l i m i t e d  r e s e a r c h  w i l l  be c i t e d  below. 

The Chemical Manufac turers  A s s o c i a t i o n  (CFIA) h a s  surveyed  its 

member companies a n n u a l l y  s i n c e  1981 on t h e i r  hazardous waste management 

p r a c t i c e s .  These s u r v e y s  have inc luded  f a c f l f t i e s  w i t h  SIC code 2800 

(Chemical and A l l i e d  P roduc t s ) .  The 1984 r e sponden t s  c o n s t i t u t e d  75% of 
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t h e  ma jo r  chemtca l  p r o d u c e r s  (CMA, 1986).  These s u r v e y s  c o l l e c t e d  quam- 

t i t a t i v e  i n f o r m a t i o n  on company haza rdous  s o l i d  waste and wastewater 

g e n e r a t i o n ,  as  w e l l  a s  t r e a t m e n t  and d i s p o s a l  p r a c t i c e s .  Trend a n a l y s i s  

h a s  been performed on t h e  r e s p o n s e s  g a t h e r e d  o v e r  t h e  p a s t  y e a r s .  

INFORM, a n o n p r o f i t  r e s e a r c h  o r g a n i z a t i o n  i n  New York, h a s  con- 

duc ted  r e s e a r c h  and c o l l e c t e d  d a t a  o v e r  t h r e e  y e a r s  a t  29 o r g a n i c  man- 

u f a c t u r i n g  p l a n t s .  These p l a n t s  were i n  t h r e e  s t a t e s  ( C a l i f o r n i a ,  Ohio, 

and New J e r s e y ) .  INFORM h a s  c o l l e c t e d  i t s  d a t a  t h r o u g h  i n t e r v i e w s  w i t h  

company p e r s o n n e l  and th rough  t h e  r e v l e w  of f e d e r a l ,  s ta te ,  and  l o c a l  

government a g e n c i e s '  envi.ronmental  documents, I n t e r v i e w s  c o v e r i n g  t e n  

s p e c i f i c  areas were conduc ted  a t  1 3  of t h e  29 p l a n t s  ( 1 1  l a r g e  p l a n t s  

and 2 small  p l a n t s ) .  

These two s t u d i e s ,  s e e k i n g  t o  document t h e  e x t e n t  of waste reduc- 

t i o n  t o  d a t e ,  have shown t h a t  measuring waste r e d u c t i o n  e f f o r t s  h a s  been 

ve ry  d i f f i c u l t .  Even t h e  materials d e f i n e d  a s  haza rdous  wastes  i n  t h e s e  

two s t u d i e s  have been d i s s i m i l a r .  Each h a s  d i f f e r i n g  s u r v e y  methods and 

comes t o  d i f f e r i n g  c o n c l u s i o n s .  INFORM h a s  i d e n t i f i e d  4 4  cases of waste 

r e d u c t i o n  p r a c t i c e s  among 1 2  f a c i l i t i e s .  It concluded t h a t  o v e r a l l  t h e  

amount of waste r educed  h a s  been "only a t i n y  f r a c t i o n "  of t h e  e x i s t i n g  

volumes f o r  t h e  29 companies surveyed.  On t h e  o t h e r  hand,  CMA r e p o r t e d  

waste r e d u c t i o n  volumes of  22% f o r  1984 (A 16% a v e r a g e  o v e r  t h e  f o u r  

y e a r  s u r v e y  t i m e )  by t h e  725 i n d u s t r i e s  i t  h a s  su rveyed .  

S e v e r a l  s u r v e y s  have been conducted by t h e  EPA and s t a t e s  t o  co l -  

l e c t  waste d a t a  from waste g e n e r a t i n g  i n d u s t r i e s  (EPA, 1984; CBO,  1985; 

GCA, 1980; EPA, 1985a).  The Regulatory Impact A n a l y s i s  (RIA) Mail 

Survey i s  a computer ized d a t a  b a s e  t h a t  c o n t a i n s  t h e  r e s u l t s  of  two m a i l  

s u r v e y s  conducted n a t i o n w i d e  by EPA's  O f f i c e  of S o l i d  Waste. One of 

t h e s e  s u r v e y s  i n v o l v e d  t h e  waste g e n e r a t i n g  p o p u l a t i o n  ( 2  , O O O ) ,  w h i l e  

t h e  o t h e r  i n v o l v e d  Trea tmen t ,  S t o r a g e ,  a n d  D i s p o s a l  F a c i l i t i e s  (EPA, 

1984; EPA,  1 9 8 6 ~ ) .  Thcse s u r v e y s  have c o l l e c t e d  more t h a n  6,000 d a t a  

e l e m e n t s  d e s c r i b i n g  haza rdous  wastes g e n e r a t e d ,  a s  w e l l  a s  management 

a c t i v i t i e s  of g e n e r a t o r s .  A s p e c i a l  emphasis w a s  on waste r e c y c l i n g  

a c t i v i t i e s .  Through t h e s e  s u r v e y s ,  company f a c i l i t i e s  and  t h e i r  SIC 

codes have been i d e n t i f i e d  @PA, 1 9 8 6 ~ ) .  The R f A  i d e n t i f i e s  t r e n d s  i n  

haza rdous  w a s t e  a c t i v i t i e s ,  and sample d a t a  a r e  e x t r a p o l a t e d  € o r  t h e  



c o u n t r y  as a whole. S ince  t h e s e  s u r v e y s  have been conducted under  EPA 

a u s p i c e s ,  g e n e r a t o r s  were r e q u i r e d  t o  respond t o  t h e  d a t a  r e q u e s t s .  

The I n d u s t r i a l  S t u d i e s  Data Base ( I S D B )  was a l s o  developed by EPA 

th rough q u e s t i o n n a i r e s  s e n t  t o  g e n e r a t o r s  (EPA,  1 9 8 6 ~ ) .  Twelve major 

i n d u s t r i e s  w i t h i n  t h e  Chemical and A l l i e d  P roduc t s  i n d u s t r y  were s u r -  

veyed. It inc luded  300 f a c i l i t i e s .  Through t h i s  su rvey  q u e s t i o n n a i r e ,  

i n f o r m a t i o n  was c o l l e c t e d  on p r o c e s s e s  w i t h i n  each  i n d u s t r y  ca t egory .  

Data were c o l l e c t e d  on 4,000 waste s t r eams ,  500 p r o c e s s e s ,  and 1,000 

p roduc t s .  

The s t a t i s t i c a l  r e l i a b i l i t y  of t h e s e  d a t a  bases  i s  debated .  The 

p resence  of gaps and i n c o n s i s t e n c i e s  i n  t h e  d a t a  base  i s  s t a t e d ,  and 

i n f o r m a t i o n  is cons ide red  somewhat d a t e d  (EPA, 1 9 8 6 ~ ) .  EPA i n  i t s  

r e p o r t  t o  Congress s a i d  t h a t  It would develop  a n a t i o n a l  waste minimi- 

z a t i o n  d a t a  base.  

There have been a number of ca se  s t u d i e s  conducted t o  s t u d y  in 

dep th  t h e  waste min imiza t ion  p r a c t i c e s  of i n d i v i d u a l  companies (Huis ingh  

e t  a l . ,  1986; Weeter e t  a l . ,  1987). Some of t h e s e  s t u d i e s  developed a 

q u e s t i o n n a i r e  t o  c o l l e c t  d a t a .  'Weeter developed a n i n e t e e n  q u e s t i o n  

su rvey  t h a t  was s e n t  t o  t h i r t y  companies. Fol lowing  e v a l u a t i o n ,  seven  

of t h e  f o u r t e e n  companies t h a t  responded were v i s i t e d  f o r  in -depth  s t u d y  

and a n a l y s i s .  

Zn 1981, L. H. Kramer developed a l i s t  of c r l t e r i a  necessa ry  t o  

g a i n  p u b l i c  approva l  f o r  deve lop ing  hazardous  waste dlsposal sites i n  

d i f f e r e n t  communities (Kramer, 1981). T h i s  was based on r e s e a r c h  of 

t h r e e  t y p e s  of d i s p o s a l  s i tes :  a )  an  on-going f a c i l i t y  t h a t  had a con- 

s i d e r a b l e  amount of p u b l i c  approva l ,  b) a n  on-going s i t e  t h a t  was under  

f i r e  from t h e  p u b l i c ,  and c )  a s i t e  t h a t  had been chosen by a deve lope r  

b u t  f a i l e d  t o  open due t o  p u b l i c  ou tc ry .  

Kramer chose a sample through t e l ephone  i n t e r v i e w s  of EPA and s t a t e  

o f f i c i a l s .  Twenty-one cases were chosen a s  r e p r e s e n t a t i v e ,  and E i n a l l y  

t h r e e  were s e l e c t e d  as c r u c i a l  f o r  examining t h e  l i s t  of c r i t e r i a .  Case 

s t u d i e s  were developed through i n t e r v i e w s ,  p u b l i s h e d  r e p o r t s ,  and news- 

paper  a r t i c l e s  @ 

Ulster County Community Co l l ege  conducted a su rvey  i n  1981 f o r  EPA 

Regions I ,  11, and 111 t o  assess t h e  u t i l i z a t i o n  of t h e  c u r r e n t  
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haza rdous  waste work f o r c e  and  i t s  f u t u r e  manpmer  needs ( S k a a r  e t  a l e ,  

1984).  A s u r v e y  form was developed f o l l o w i n g  l i t e r a t u r e  and d a t a  b a s e  

s e a r c h e s  and a f t e r  c o n s u l t a t i o n s  w i t h  EPA a n d  New York S t a t e  r e p r e s e n t a -  

t i v e s .  A supplementary s u r v e y  form a l s o  became n e c e s s a r y  t o  deve lop  

because  of t h e  c o n s u l t a t i o n s .  These s u r v e y s  cove red  s e v e n  t y p e s  of 

r e sponden t s :  G e n e r a t o r s ;  T r a n s p o r t e r s ;  T rea tmen t ,  S t o r a g e ,  and D i s p o s a l  

F a c i l i t i e s ;  L a b o r a t o r i e s ;  C o n s u l t i n g /  E n g i n e e r i n g  F i  rnrj ; E d u c a t i o n a l  

I n s t i t u t i o n s ;  and Regu la to ry  Agencies. Approximately 3,000 of t h e  

14 ,305  o r g a n i z a t i o n s  were chosen  nonrandomly f o r  i n c l u s i o n  i n  t h e  sample 

f o r  Regions I and 11. Response ra te  t o  t h e  s u r v e y  h a s  been d i s a p p o i n t -  

i n g  (19% i n  Region I and  Region I T  and a s  low a s  6% i t a  Region 111). 

The Llemical Eng inee r ing  J o u r n a l  su rveyed  i t s  r e a d e r s  i n  t h e  i s s u e  

p u b l i s h e d  on March 5 ,  1985 (Basta e t  a l . ,  1985).  Readers  were a s k e d  

q u e s t i o n s  r e g a r d i n g  haza rdous  waste management p r a c t i c e s  a t  t h e i r  com- 

pan ie s .  In the September 16 i s s u e ,  t h e  j o u r n a l  r e p o r t e d  r e c e i v i n g  2,000 

r e sponses  (94.6% from U.S. r e a d e r s  and 5.4% from non-U.S. r e a d e r s ) .  

Respondents  i n c l u d e d  6% women, and 71% of a l l  r e s p o n d e n t s  had  a chemica l  

e n g i n e e r i n g  degree .  Fourtccn hundred of  t h e  r e s p o n d e n t s  a c t u a l l y  worked 

i n  a p l a n t  and t h r e e - f o u r t h s  of t h e s e  came f rom p l a n t s  employing 100 o r  

more workers.  

A r e p o r t  by t h e  N a t i o n a l  Research C o u n c i l  (NRC) i d e n t i f i e d  d i f -  

f e r e n t  l e v e l s  of waste min imiza t ion .  It p rov ided  a framework f o r  

c l a s s i f y i n g  waste m i n i m i z a t i o n  a c t i v i - t i e s  and  a n a l y z e d  f a c t o r s  a f f c c t i n g  

t h e i r  was t e  d e c i s i o n s  (NKC, 1985). The s t u d y  was done by a n  ad hoc NRC 

committee t h a t ,  by i t s  own admission,  l a c k e d  a comprehensive and 

s y s t e m a t i c  d a t a  b a s e  on t h e  amount of waste r e d u c t i o n  and e x t e n s i v e  

pecr-reviewed l i t e r a t u r e  on t h e  n o n t e c h n i c a l  aspecls  of w a s t e  reduc- 

t i o n .  The r e p o r t  w a s  g e n e r a t e d  by examining p r e v i o u s  r e p o r t s  on waste 

r e d u c t i o n  and th rough  e x t e n s i v e  d i s c u s s i o n s  w i t h  e x p e r t s  a t  a workshop. 

O T A ' s  e x t e n s i v e  254-page r e p o r t  S e r i o u s  Reduct ion of Hazardous 

Waste, c o n t a i n s  c o n s i d e r a b l e  waste  i n f o r m a t i o n  as w e l l  as  a n  a s ses smen t  

of  t e c h n i c a l ,  economic, and p o l i c y  conce rns  i n  waste r e d u c t i o n  (OTA, 

1986).  It emphasizes  t h a t  t h e  s o l u t i o n  t o  t h e  waste problem Lies i n  

s o u r c e  r e d u c t i o n  b e f o r e  waste i s  produced and n o t  i n  i t s  management 

a f t e r  i t  1 s  formed. It o f f e r s  s e v e r a l  ma jo r  s t e p s  f o r  i n d u s t r y  and  
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Congress iona l  c o n s i d e r a t i o n .  OTA c a r r i e d  o u t  t h e  s t u d y  through t h e  use  

of government documents,  r e p o r t s ,  workshops,  and t h e  use  of a survey .  

In 1986, OTA nonrandomly surveyed was te  g e n e r a t o r s  on waste mini- 

miza t ion  i s s u e s  (OTA, 1986). Ninety-nine of t h e  141 f i r m s  ( i n  20 

s t a t e s )  t h a t  were surveyed  responded t o  t h e  q u e s t i o n n a i r e .  Quest ion-  

n a i r e s  were mailed t o  waste g e n e r a t o r s  and a l s o  d i s t r i b u t e d  t o  p a r t i e -  

i p a n t s  i n  OTA workshops, F o r t y - t h r e e  of t h e s e  r e sponden t s  c l a s s i f i e d  

themselves  as small o r  medium waste g e n e r a t o r s  and 56 as l a r g e  gen- 

e r a t o r s .  

The survey  i n s t r u m e n t  prepared  by OTA was i n  a c h e c k l i s t  and 

L ike r t - type  format .  'It had t h r e e  s e c t i o n s :  s e c t i o n  one c o l l e c t e d  

s t a t u s  i n f o r m a t i o n ;  s e c t i o n  two c o l l e c t e d  d a t a  on t h e  company's p a s t  

waste min imiza t ion  e f f o r t s ,  as w e l l  as t h e i r  o p i n i o n s  on waste m i n i m i -  

z a t i o n  i s s u e s ;  and s e c t i o n  t h r e e  asked  q u e s t i o n s  on p o s s i b l e  f u t u r e  

a c t i o n s  f o r  bo th  companies and government. 

Another  e x t e n s i v e  s t u d y  of waste min imiza t ion  was EPA's  five-volume 

r e p o r t  t o  Congress r e q u i r e d  by t h e  HSWA of 1984 (EPA, 1986a ,b , c ) .  

These f i v e  volumes were based on government and p r i v a t e  s e c t o r  

documents and o t h e r  a v a i l a b l e  d a t a  bases .  R e s u l t s  from a su rvey  of 22 

i n d u s t r i a l  p r o c e s s e s  were a l s o  i n c l u d e d  i n  t h e  r e p o r t .  

I n  volumes I and II, EPA reviewed t h e  d e s i r a b i l i t y  and f e a s i b i l i t y  

o f  e s t a b l i s h i n g  a d d i t i o n a l  requi rements  f o r  waste min imiza t ion  under 

RCRA. I n  t h e  remaining volumes, EPA i d e n t i f i e d  was te  min imiza t ion  prac-  

t ices  i n  t h e  United S t a t e s  by major i n d u s t r y  p r o c e s s e s  and major was te  

streams, I n c e n t i v e s  and d i s i n c e n t i v e s  f o r  adop t ing  waste min imiza t ion  

p r a c t i c e s ,  as w e l l .  a s  s t r a t e g i e s  t o  i n c r e a s e  i t ,  were i d e n t i f i e d .  

I n  t h i s  s e c t i o n  a thorough l i t e r a t u r e  review was under taken  t o  

e l a b o r a t e  hazardous  waste management a s p e c t s :  (a )  h e a l t h  e f f e c t s ,  

( b )  psycho-soc ia l  f a c t o r s ,  (c) hazardous waste management r e g u l a t i o n s ,  

( d )  t h e  Impact of r e g u l a t i o n s ,  and ( e >  s t u d i e s  r e l a t e d  t o  methodology. 

These s e c t i o n s  provided  a f o c u s  f o r  t h e  r e s e a r c h  t h a t  fo l lowed.  



3. METHODOLOGY 

3 - 1  INTRODUCTION 

Numerous env i ronmen ta l  r e g u l a t i o n s  have been  proposed and  p a s s e d  by 

Congress i n  r e c e n t  y e a r s  and promulgated by t h e  a p p r o p r i a t e  a d m i n i s t r a -  

t i v e  agency. A s  d i s c u s s e d  i n  p r e v i o u s  c h a p t e r s ,  t h e  haza rdous  waste 

min imiza t ion  amendment was un ique  by v i r t u e  of i t s  "vo lun ta ry"  s t a t u s .  

T h i s  s t u d y  c o l l e c t e d  i n f o r m a t i o n  on waste m i n i m i z a t i o n  prac t ices  of 

Tennessee hazardous was te  g e n e r a t o r s  adop ted  s i n c e  t h e  waste minimiza- 

t i o n  amendment went i n t o  e f f e c t  and t o  a n a l y z e  t h e  r e a s o n s  f o r  t h e i r  

adopt  i o n .  To i n v e s t i g a t e  t h e  a r e a s  of conce rn ,  t h e  f o l l o w i n g  

me thodo log ica l  s t e p s  a r e  o u t l i n e d :  ( a )  P o p u l a t i o n  and  Sample S e l e c t i o n ,  

( b )  I n s t r u m e n t a t i o n ,  ( c )  Data T a b u l a t i o n  and S t a t i s t i c a l  A n a l y s i s ,  and 

( d )  Summary. 

3.2 POPULATION AND SAMPLE SELECTION 

The p o p u l a t i o n  of t h i s  s t u d y  i n c l u d e d  Tennessee ' s  l a r g e  haza rdous  

waste g e n e r a t o r s  who g e n e r a t e d  1000 kg o r  more of RCRA haza rdous  waste 

p e r  month. A s  a l a r g e  g e n e r a t o r  e a c h  w a s  r e q u i r e d  t o  a b i d e  by a l l  

i n t e r i m  a n d / o r  f i n a l  s t a t u s  r equ i r emen t s  as s t a t e d  i n  T i t l e  40 of  t h e  

Code of F e d e r a l  Regu la t ions .  

The l i s t  of  populnt . ion d a t a  used  w a s  t h a t  o f  t h e  s t a t e  of Tennessee 

Department of Hea l th  and Environment (TDHE). S ince  t h e  Waste Miniiniza- 

t i o n  c e r t i f i c a t i o n  r equ i r emen t  f o r  t h e  m a n i f e s t  went i n t o  e f f e c t  on 

September 1 ,  1985,  the  1985 l i s t  o f  g e n e r a t o r s  w a s  chosen t o  be  i n c l u d e d  

i n  t h i s  s t u d y .  'Re 1985 TDHE g e n e r a t o r  l i s t  was o b t a i n e d  from The 

U n i v e r s i t y  of Tennessee (UT), Waste Management Research and Educa t ion  

I n s t i t u t e ,  which h a s  ongoing r e s e a r c h  f o r  t h e  TDHE and where t h e  TDHE 

g e n e r a t o r  I . i s t  w a s  on a computer d a t a  base .  

The s tudy  p o p u l a t i o n  i n c l u d e d  a l l  Tennessee  l a r g e  RCRA w a s t e  gen- 

e r a t o r s  who s h i p  waste o f f - s i t e  a n d / o r  t r e a t  waste o n - s i t e .  There were 

577 g e n e r a t o r  e n t r i e s  on t h e  1985 TDHE g e n e r a t o r  l i s t .  However, a n  

a d d i t i o n a l  4 1  g e n e r a t o r s  were i d e n t i f i e d  on t h e  TDHE B i e n n i a l  Report  t o  

26 
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the EPA (TDHE, 1986b) and were 

annua l  r e p o r t  w i  t h  t h e  s ta  te  . 
comprehensive,  d i s c r e p a n c i e s  

g e n e r a t i n g  f a c i l i t i e s  went o u t  

l i s t e d  as g e n e r a t o r s  who d i d  n o t  f i l e  an 

Although t h e  TDHE l i s t  was c o n s i d e r e d  

were expected.  Probably some waste 

of b u s i n e s s  s i n c e  1985 o r  neve r  r e p o r t e d  

t o  TDHE, be ing  i n  noncompliance w i t h  t h e  RCRA r equ i r emen t s .  However 

t h e s e  were expec ted  t o  be a small segment of  t h e  popu la t ion .  Telephone 

fo l low-up  of nonrespondents  reduced most of t h e  f i r s t  concern.  For the  

second conce rn ,  i t  had been 5 y e a r s  s i n c e  RCRA went i n t o  e f f e c t  ( s i n c e  

November 1980). Consequent ly ,  g e n e r a t o r s  were f a m i l i a r  w i t h  t h i s  

r e g u l a t i o n  and t h e  noncompliance ra te  f o r  o b t a i n i n g  a n  EPA I D  number w a s  

expec ted  t o  be v e r y  low. Because of t h e  v a r i o u s  r e g i s t r a t i o n  r e q u i r e -  

ments i t  w a s  ha rd  f o r  manufac tu re r s  t o  avoid o b t a i n i n g  waste IT) numbers 

i n d i c a t i n g  they were waste g e n e r a t o r s .  I f  they were waste gene ra  t o r s ,  

they had m a n i f e s t  r equ i r emen t s  t r a c k i n g  g e n e r a t e d  waste from gene ra  t o r ,  

t o  t r a n s p o r t e r ,  t o  d i s p o s e r .  Due t o  l e g a l  and env i ronmen ta l  pena l  t ies  

avoidance of t h e s e  p r a c t i c e s  would be very c o s t l y .  And f i n a l l y ,  t h e  

companies t h a t  could avo id  o b t a i n i n g  an I D  number p robab ly  were gen- 

e r a t i n g  ex t r eme ly  small  amounts of waste. Conver sa t ions  w i t h  t h e  TDHE 

s t a f f  ( M r .  Ron Graham, Environmental  Eng inee r ,  May 25, 1987)  r evea led  

t h a t  t h e r e  were p robab ly  some small  g e n e r a t o r s  on t h e  l a r g e  g e n e r a t o r  

l i s t  as  w e l l  as some l a r g e  waste g e n e r a t o r s  t h a t  d i d  n o t  g e n e r a t e  

hazardous waste now. Consequent ly ,  t h e  r e s e a r c h e r  took t h e  foil owing 

s t e p s  and e l i m i n a t e d  g e n e r a t o r s  who were n o t  w i t h i n  the purview of t h i s  

r e s e a r c h :  

@ Four t een  g e n e r a t o r s  which were l i s t e d  i n  t h e  TDHE 1985 B i e n n i a l  

Report  t o  t he  EPA as nonhazardous waste  g e n e r a t o r s  (TDHE, 1986b). 

@ One hundred s i x t y - t h r e e  g e n e r a t o r s  whlch were i d e n t f f i e d  as 

small  g e n e r a t o r s  by a TDHE computer p r i n t o u t  provided t o  UT (TDHE, 

1986b). However 32 of t h e s e  g e n e r a t o r s  which g e n e r a t e d  12,000 kg i n  

1985 were inc luded  (TDHE l i s t  provided by UT). As a r e s u l t ,  u s i n g  a 

c o n s e r v a t i v e  approach o n l y ,  131 small g e n e r a t o r s  were exc luded .  

a Twenty-five g e n e r a t o r s  on the 1985 TDHE g e n e r a t o r  1 f s t  which 

were n o t  marked as small g e n e r a t o r s  b u t  gene ra t ed  Less than 1,000 kg 

waste p e r  yea r .  



Following t h e s e  a d j u s t m e n t s ,  a t o t a l  of 407 haza rdous  waste 

g e n e r a t i n g  f a c i l i t i e s  w a s  de t e rmined  f o r  t h i s  s t u d y .  

Tennessee waste g e n e r a t o r s  were e x p e c t e d  t o  b e  he t e rogeneous  b u t  

e x h i b i t  c e r t a i n  p a t t e r n s .  It was obse rved  from t h e  TDHE g e n e r a t o r  l i s t  

t h a t  a r e l a t i v e l y  few g e n e r a t o r s  produced a m a j o r i t y  of t h e  waste. A 

l a r g e r  number of g e n e r a t o r s  produced c o n s i d e r a b l e  b u t  n o t  i n o r d i n a t e l y  

l a r g e  amounts of waste.  F i n a l l y ,  many more g e n e r a t o r s  produced much 

less  waste .  Consequent ly ,  on t h e  b a s i s  o f  waste t o t a l s ,  t h r e e  g roups  

were formed a t  n a t u r a l  b r e a k  p o i n t s .  

The t o t a l  p o p u l a t i o n  of  407 waste g e n e r a t i n g  f a c i l i t i e s  w a s  s t ra t i -  

f i e d  i n t o  t h r e e  c a t e g o r i e s  on t h e  b a s t s  of t h e  q u a n t i t y  of was te  gen- 

e r a t e d  p e r  year .  These c a t e g o r i e s  were ( a )  more t h a n  1,000,000 kg p e r  

y e a r ,  ( b )  100,000 t o  1,000,000 kg p e r  y e a r ,  and ( c )  1,000 t o  less  t h a n  

100,000 kg p e r  year .  These c a t e g o r i e s  were based  upon feedback o b t a i n e d  

from t h e  TDHE (Graham, 1987).  These were n a t u r a l  b r e a k  p o i n t s  that:  

d e s c r i b e d  g e n e r a t o r s  based  upon t h e  Superfund f e e  c o l l e c t i o n  sys t em u s e d  

by t h e  s ta te .  S t r a t i f i c a t i o n  on t h i s  b a s i s  produced 58 g e n e r a t o r s  i n  

t h e  f i r s t  c a t e g o r y ,  82  g e n e r a t o r s  i n  t h e  second  c a t e g o r y ,  and  2 5 7  i n  t h e  

t h i r d  c a t e g o r y ,  r e s p e c t i v e l y .  S ince  t h e  p o p u l a t i o n  f o r  t h e  f i r s t  two 

g roups  was s m a l l  and  a l o w  r e s p o n s e  r a t e  was a n t i c i p a t e d  ( S a r o k i n  e t  

a l . ,  1986; Skanr e t  a l . ,  1984) ,  t h e  e n t i r e  p o p u l a t i o n  of t h e  f i r s t  two 

g r o u p s  was i n c l u d e d  i n  t h e  sample s i z e .  A sample  s i z e  of 50% ( N  = 134) 

w a s  s e l e c t e d  from t h e  l a s t  p o p u l a t i o n  group t o  examine i t s  p r o p e r t i e s .  

S i n c e  t h e  sample f rom t h e  l a s t  c a t e g o r y  was t a k e n  randomly, i t  was a 

r e p r e s e n t a t i v e  sample. Random sampling was implemented w i t h o u t  r e p l a c e -  

ment. T h i s  s ampl ing  s i z e  was b e l i e v e d  t o  b e  l a r g e  enough t o  overcome 

t h e  s u s p e c t e d  low r e t u r n  ra te .  I n  a d d i t i o n ,  t h e  sample s i z e  of 2 7 4  w a s  

found t o  be  a c c e p t a b l e  and t o  p r o v i d e  h i g h  enough r e t u r n s  i n  e a c h  g r o u p  

f o r  s t a t i s t i c a l  e v a l u a t i o n s .  

The TDHE l i s t  c o n t a i n i n g  w a s t e  p r o d u c t i o n  amounts was l i s t e d  by EPA 

I D  number. N a m e ,  phone number, and c o n t a c t  p e r s o n  f o r  e a c h  company was 

matched u s i n g  a n o t h e r  TDkE corrnputer p r i n t o u t  (TDNE, 1986b). The a d d r e s s  

i n f o r m a t i o n  was o b t a i n e d  by u t i l i z i n g  t h e  D i r e c t o r y  of Tennessee 

Manufac tu re r s  (Smith P u b l i s h e r s  and P r i n t e r s ,  1986;  1984) I n  some 

cascg, a d d r e s s e s  were o b t a j n e d  o v e r  t h e  phone. 



3 . 3  INSTRUMENTATION 

The hazardous waste min imiza t ion  s u b j e c t  was r e l a t i v e l y  new and 

r e c e i v e d  c o n s i d e r a b l e  a t t e n t i o n  o n l y  a f t e r  Congress passed t h e  1984 

Hazardous and S o l i d  Waste Amendment (HSWA, 1984). E x i s t i n g  r e s e a r c h  was 

v e r y  l i m i t e d  i n  n a t u r e .  I t  e x i s t e d  more i n  t h e  form of case s t u d i e s  o r  

i n  i d e n t i f i c a t i o n  of t e c h n o l o g i e s  f o r  waste minimizat ion.  There was no 

i n s t r u m e n t  t o  be u t i l i z e d .  Hence, t h e  s u r v e y  q u e s t i o n n a i r e  was deve l -  

oped t o  s t u d y  t h e  impact  of t he  v o l u n t a r y  waste  mln imiza t ion  r e g u l a t i o n  

on hazardous waste g e n e r a  t o r s  i n  r ega rd  t o  t h e i r  waste min imiza t ion  

practices and t o  t h e i r  p e r c e p t i o n  of waste min imiza t ion  f a c t o r s  f o r  

a d o p t i n g  t h e s e  p r a c t i c e s .  

3 . 3 . 1  C o n s t r u c t i o n  of t h e  Survey Ins t rumen t  

A comprehensive review of t h e  li t e r a t u r e  and government documents 

on waste min imiza t ion  was used i n  c o n s t r u c t i n g  t h e  s u r v e y  i n s t r u m e n t .  

The O f f i c e  of Technology Assessment 's  su rvey  form, a d m i n i s t e r e d  i n  two 

workshops and s e n t  t o  i n d u s t r y  p e r s o n n e l  i n  February and March of 1986, 

was e s p e c i a l l y  u s e f u l  (OTA, 1986). Textbooks on q u e s t i o n  p r e p a r a t i o n  

were c o n s u l t e d  (Sudman and Bradburn, 1986; Dillman, 1978; S h e a t s l e y ,  

1983). E x p e r t s  who were f a m i l i a r  w i th  waste i s s u e s  o r  who had conducted 

r e s e a r c h  i n  o t h e r  was t e - r e l a t e d  areas a l so  c o n t r i b u t e d  t o  t h e  duvelop- 

ment of the p r e l i m i n a r y  d r a f t  of t he  q u e s t i o n n a i r e .  The i n s t r u m e n t  w a s  

c o n s t r u c t e d  t o  c o l l e c t  i n f o r m a t i o n  on f a c i l i t i e s '  waste min imiza t ion  

practices and t h e i r  p e r c e p t i o n  of f o u r  c o n t r i b u t i n g  f a c t o r s  t o  the  waste 

min imiza t ion  a c t i v i t i e s  a f t e r  the 1984 RCRA amendment went i n t o  

e f f e c t .  Three s e c t i o n s  were developed t o  c o l l e c t  i n f o r m a t i o n  and t o  

measure d e s i r e d  s t a t i s t i c s .  For  e a c h  s e c t i o n ,  q u e s t i o n s  were p repa red  

e i t h e r  t o  i d e n t i f y  independen t  v a r i a b l e s  o r  t o  measure d e s i r e d  dependent  

v a r i a b l e s .  A f t e r  the i n s t r u m e n t  was judged t o  have c o n t e n t  v a l . i d i t y  by 

the  r e s e a r c h e r ,  i t  w a s  o f f e r e d  t o  the  pane l  of e x p e r t s .  

A pane l  of e x p e r t s  was s e l e c t e d  by the  r e s e a r c h e r  t o  r ev iew t h e  

su rvey  i n s t r u m e n t  (Appendix A). Pane l  members were chosen on the b a s i s  

of t h e i r  knowledge and e x p e r i e n c e  i n  t h e  waste min imiza t ion  and was te  

management f i e l d s ,  t h e i r  f a m i l i a r i t y  w i t h  r e g u l a t o r y  r e q u i r e m e n t s ,  and 
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i n s t r u m e n t  c o n s t r u c t i o n .  To provide  d i v e r s e  backgrounds e f f o r t s  were 

made t o  i n c l u d e  members from t h e  government,  b u s i n e s s  and academic com- 

muni t ies  

A form was developed € o r  t h e  e x p e r t  t o  e v a l u a t e  t h e  ins t rument .  

Expe r t s  were asked t o  review t h e  in s t rumen t  and judge  t h e  v a l i d i t y  of 

each  w J o r  i t e m  on t h e  b a s i s  of i t s  s u b s t a n c e ,  grammar, c l a r i t y ,  ob jec-  

t i v i t y ,  and u s a b i l i t y .  Each member r ece ived :  ( a )  a copy of t h e  i n s t r u -  

ment, ( b )  t h e  c r i t e r i a  e v a l u a t i o n  form, and ( c )  an  a d d r e s s e d  and stamped 

envelope  f o r  t h e i r  r e sponses .  

When t h e r e  were q u e s t i o n s  o r  o b j e c t i o n s  r a i s e d  by t h e  e x p e r t s ,  t h e  

r e s e a r c h e r  c o n t a c t e d  members i n d i v i d u a l l y  t o  c l a r i f y  t h e s e  areas and t o  

o b t a i n  a clear i n t e r p r e t a t i o n .  A l l  comments, s u g g e s t i o n s ,  and ob jec -  

t i o n s  were e v a l u a t e d  by t h e  r e s e a r c h e r  and t h e n  i n c o r p o r a t e d  i n  t h e  

f i n a l  d r a f t  of t h e  in s t rumen t .  

The f i n a l  d r a f t  v e r s i o n  of t h e  i n s t r u m e n t ,  c o n s i s t i n g  of t h r e e  main 

s e c t i o n s ,  was des igned  t o  tes t  major hypotheses  of t h e  s tudy .  Each item 

w a s  p repa red  w i t h  t h e  i n t e n t i o n  of c o l l e c t i n g  t h e  most r e l e v a n t  da t a .  

S e c t i o n  1 items were des igned  t o  c o l l e c t  d a t a  on t h e  s t a t u s  of t h e  

was te  g e n e r a t i n g  company. F a c i l i t i e s  were asked  q u e s t i o n s  such  as s i z e ,  

v a r i a b i l i t y  of waste streams, and SIC codes.  These items were used i n  

d e s c r i b i n g  and grouping  f a c i l i t i e s  i n t o  v a r i o u s  subgroups.  There was 

not  any accep ted  grouping  f o r  t h e  s i z e  of t h e  company by employee 

number. Various c a t e g o r i e s  were used dependlng upon t h e  p a r t i c u l a r  man- 

u f a c t u r i n g  i n d u s t r y  and s e c t o r .  S i z e  ca t egory  a l s o  changed by c i t y  

(Tennessee S t a t i s t i c a l  A b s t r a c t s ,  1987; County Bus iness  P a t t e r n s ,  1987; 

Conversa t  ton wj t h  Mel i s sa  Mundel of Knoxvi l le  Chamber of Commerce, J u l y  

2 2 ,  1987). U,S. S t a t i s t i c a l  A b s t r a c t s  d i v i d e d  employee s i z e  and c l a s s  

i n t o  t h r e e  groups rlsing breaks  of 0-19, 20-99, 100-249, 250-999, and 

1000 and above. S ince  t h e r e  w a s  no uni form rank ing ,  a modi f ied  v e r s i o n  

of t h i s  d i v i s i o n  was adopted i n  t h e  was te  minimiza t ion  survey  i n s t r u -  

ment. A t a b l e  l i s t i n g  waste t y p e s  was provided  f o r  r e sponden t s  t o  r e p l y  

as t o  t h c  number of was te  streams produced (CBO, 1985). 

S e c t i o n  2 q u e s t i o n s  were des igned  t o  de t e rmine  t h e  e x t e n t  of f a c i l -  

i t y  waste minimiza t ion  p r a c t i c e s  s i n c e  t h e  passage  of t h e  waste mini- 

m i z a t i o n  amendment. Nine c a t e g o r i e s  were used t o  i d e n t i f y  t h e  



respondent  ' s p r a c t i c e s  . One q u e s t i o n  e v a l u a t e d  the  e x t e n t  of t hese  

practices.  

S e c t i o n  3 was c o n s t r u c t e d  t o  o b t a i n  a r ank ing  of t h e  f o u r  waste 

minimiza t ion  f a c t o r s  by t h e  companies. S e c t i o n  3 sough t  t o  a s c e r t a i n  

which f a c t o r s  w e r e  most impor t an t  f o r  companies a d o p t i n g  waste minimiza- 

t i o n  p r a c t i c e s .  Four f a c t o r s  were viewed s e p a r a t e l y  a s  p o s s i b l e  i n f l u -  

e n t i a l  a g e n t s :  ( a >  r e g u l a t o r y ,  ( b )  economic, ( e >  env i ronmen ta l ,  and 

( d )  t e c h n i c a l  f a c t o r s .  Each f a c t o r ' s  i n f l u e n c e  was measured by 

responses  t o  the  q u e s t f o n s  l i s t e d  under  each  ca tegory .  

A combinat ion of s c a l e s  was used i n  the  i n s t r u m e n t ;  however, t h e  

L i k e r t  scale was the  dominant one. 

S e c t i o n  1 was c o n s t r u c t e d  i n  an item format .  Respondents were pro- 

v ided  wi th  space  t o  f i l l  i n  an answer o r  asked  t o  check y e s  o r  no boxes,  

S e c t i o n  2 was c o n s t r u c t e d  on a L i k e r t  scale,  The f i v e  l e v e l s  of 

s c a l e  measured the  implementa t ion  l e v e l s  of was te  min imiza t ion  prac-  

t ices  e 

S e c t i o n  3 was c o n s t r u c t e d  on a L i k e r t  s c a l e .  F ive  l e v e l s  of 

respondent  agreement were matched w i t h  t h e  amount of was te  g e n e r a t e d  a t  

t he  f a c i l i t y .  The L i k e r t  s c a l e  c a t e g o r i z e d  g e n e r a t o r  i n p u t  on a f i v e -  

l e v e l  agreement s c a l e .  

A t  t h e  end of each  s e c t i o n  a p l a c e  was provided  f o r  "acIdit.2onal 

comments." 

When t h e  i n s t r u m e n t  was judged t o  be s a t i s f a c t o r y  by t h e  

r e s e a r c h e r ,  a t e s t  w a s  performed t o  a s c e r t a i n  j t s  o v e r a l l  u t i l i t y  and 

r e l i a b i l i t y  i n  t h e  rea l  s e t t i n g .  The r e s e a r c h e r  chose t o  conduct  a 

p i l o t  s t u d y  a t  the  confe rence  t3. t l e d  " ' In t e rna t iona l  Congress on Haz- 

a rdous  N a t e r i a l s  Management" a t  Chat tanooga (June  8-12, 1987)  ,, During 

t h e  confe rence  a su rvey  form w a s  p r e t e s t e d  by e i g h t  Tennessee and two 

ou t -o f - s t a t e  waste gene ra  t o r s  e P r e t e s t  o b j e c t i v e s  were t o  e v a l u a t e  the  

i n s t r u m e n t  f o r  cornprehenslon and t i m e  expended. Space was inc luded  

below each  q u e s t i o n  t o  measure the  p a r t i c i p a n t ' s  comprehension and 

s o l i c i t  s u g g e s t i o n s  f o r  new wording. Fol lowing comple t ion  of t h e  form, 

s i x  q u e s t i o n s  were asked.  I n  a d d i t i o n ,  t h e  r e s e a r c h e r  informall-y i n t e r -  

viewed each  p a r t i c i p a n t  who completed a form. 
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The r e s u l t s  of t h e  p i l o t  s t u d y  were o b t a i n e d  and t r e a t e d  f o r  d a t a  

t a b u l a t i o n  and s t a t i s t i c a l  a n a l y s i s .  The comments were i n c o r p o r a t e d  

f o l l o w i n g  t h e i r  e v a l u a t i o n  by the r e s e a r c h e r .  

The r e s u l t i n g  p r e t e s t e d  q u e s t i o n n a i r e  was f u r t h e r  e v a l u a t e d ,  

ana lyzed ,  and o rgan ized  by the  r e s e a r c h e r  t o  e n s u r e  i t s  v a l i d i t y  and 

i n t e r p r e t a b i l i t y .  A t  t h i s  p o i n t  t he  i n s t r u m e n t  was judged comple t e ly  

s a t i s f a c t o r y  f o r  u s e  i n  the r e s e a r c h  s t u d y  (Appendix B ) .  

3 . 3 . 2  Survey P r o t o c o l  

A m a i l  q u e s t i o n n a i r e  w a s  s e l e c t e d  as the pr imary means t o  c o l l e c t  

d a t a  i n  a c r o s s - s e c t i o n a l  s t u d y  t o  e v a l u a t e  hazardous waste min imiza t ion  

p r a c t i c e s  and r e a s o n s  f o r  t h e i r  adopt ion.  The m a i l  s u rvey  asked hazard-  

ous waste g e n e r a t o r s  who were a f f e c t e d  by the  1984 RCRA amendment t o  

v o i c e  t h e i r  o p i n i o n s  on the  r easons  f o r  a d o p t i n g  waste min imiza t ion  

p r a c t i c e s  and t o  p rov ide  an o v e r a l l  measurement of t h e  waste minimiza- 

t i o n  e f f o r t s  implemented by the g e n e r a t o r s .  A w r i t t e n  q u e s t i o n n a i r e  

provided gene ra  t o r s  w i t h  anonymity i n  answering s i  t e - s p e c i f i c  ques t l ons  

and p e r m i t t e d  use of s t a n d a r d i z e d  q u e s t i o n s .  However, some leeway was 

i nc luded  by p r o v i d i n g  space  to wr i t e  a d d i t i o n a l  ques t i o n s  o r  comments, 

and t o  a i d  the  c o l l e c t i o n  of a s  much i n f o r m a t i o n  as p o s s i b l e .  

The s u r v e y  i n s t r u m e n t  and the  su rvey  p r o t o c o l  i n c l u d e d  v a r i o u s  

s t e p s  recommended f o r  mail su rveys  (Dil lman,  1978; Sackstrom and Hursh- 

Cesar, 1981). The f o l l o w i n g  t echn iques  were u t i l i z e d  i n  t h e  d e s i g n  of 

t h i s  su rvey  r e s e a r c h :  

1. The su rvey  q u e s t i o n n a i r e  was c o n s t r u c t e d  i n  a s h o r t  and con- 

c i s e ,  b u t  comprehensive manner, w i t h  c lear  i n s t r u c t i o n s  t o  minimize time 

necessa ry  t o  complete i t .  

2. The f r o n t  page i n c l u d e d  an a t t r a c t i v e  t i t l e  and an i l l u s t r a -  

t i o n .  The back page d i d  n o t  c o n t a i n  any q u e s t i o n s  b u t  o n l y  r e q u e s t e d  

a d d i t i o n a l  comments (Dil lman,  1978) .  

3. A cover l e t t e r  w a s  used t o  e s t a b l i s h  the  c r e d i b i l i t y  of bo th  

t h e  s t u d y  and t h e  r e s e a r c h e r  (see Appendix C ) .  The s t u d y  and i t s  i n t e n t  

was exp la ined  i n  o r d e r  t o  e l i m i n a t e  any p r e j u d i c e  o r  r e s e r v a t i o n s  

r e sponden t s  might have i n  complet ing t h e  form. The cove r  l e t t e r  ensu red  

t h e  c o n f i d e n t i a l i t y  of t he  survey.  



4 .  The cover  l e t t e r  i n c l u d e d  two a d d i t i o n a l  s i g n a t u r e s  b e s i d e s  t h e  

r e s e a r c h e r ' s .  Th i s  was done t o  encourage p a r t i c i p a t i o n  and t o  e n l i s t  

s u p p o r t  and backing f o r  t h e  p r o j e c t .  The s i g n a t u r e  of t he  UT d i r e c t o r  

of Waste Management Research and Educat ion I n s t i t u t e  and t h a t  of a n  

o f f i c i a l  from t h e  Tennessee A s s o c i a t i o n  of Business  provided such sup- 

p o r t  and backing f o r  t h e  p r o j e c t .  

5. To enhance the r e t u r n  ra te  the i n s t r u m e n t  was p r i n t e d  on l i g h t  

yel low p a p e r ,  s i n c e  t h i s  was recommended i n  v a r i o u s  s t u d i e s  as a f a c t o r  

i n  improving the re t u r n  rate.  

6. Survey packages were s e n t  by F i r s t  Class Mail. 

7. A p r e a d d r e s s e d ,  stamped envelope w a s  i n c l u d e d  w i t h  t h e  ques- 

t i o n n a i r e  f o r  t h e  re t u r n  of r e sponses .  

8. Another copy of t h e  i n s t r u m e n t  w i t h  a fo l low-up  l e t t e r  ( s e e  

Appendix D )  and a p r e a d d r e s s e d ,  stamped envelope was mai led  t o  t h e  

en t i re  survey p o p u l a t i o n  as a reminder t h r e e  weeks f o l l  owing t h e  i n i t i a l  

m a i l i n g  d a t e  of t h e  i n s t r u m e n t .  

9. P o s t c a r d s  ( i l l u s t r a t e d  i n  Appendix E )  were mailed t o  a l l  s u r -  

veyed p o p u l a t i o n  t o  encourage f u r t h e r  p a r t i c i p a t i o n .  Th i s  w a s  done a 

week a f t e r  the m a i l i n g  of t he  second su rvey  packages.  

10. A t e l ephone  follow-up s t r a t e g y  was u t i l i z e d  as  a n o t h e r  means 

of i n c r e a s i n g  s u r v e y  r e t u r n s  and of c h a r a c t e r i z i n g  the  nonrespondent  

t h r e e  weeks f o l l o w i n g  t h e  second m a i l i n g  d a t e  of t h e  i n s t r u m e n t .  

3.4 DATA TABULATION AND STATISTICAL ANALYSIS 

3.4.1 Data T a b u l a t i o n  

The c o l l e c t e d  d a t a  were t a b u l a t e d  a t  t h e  end of t h e  s u r v e y  

pe r iod .  For b e t t e r  o r g a n i z a t i o n  of  i n f o r m a t i o n ,  p r e l i m i n a r y  da ta  

a n a l y s i s  i nc luded  some common d e s c r i p t i v e  s t a t i s t i c a l  a n a l y s i s ,  The 

p e r c e n t a g e s  p e r t a i n i n g  t o  subgroups were c a l c u l a t e d  to  p r e s e n t  a g e n e r a l  

overview of the  sampled p o p u l a t i o n  u s i n g  s t a t u s  i n f o r m a t i o n  d a t a .  

I n  o r d e r  to  t e s t  t h e  r e s e a r c h  hypo theses ,  t h e  sample w a s  broken 

i n t o  subgroups f o r  the followFng independen t  v a r i a b l e s :  

1. t h e  amount of waste g e n e r a t e d  p e r  y e a r ,  

2. t h e  v a r i a b i l i t y  of was te  streams g e n e r a t e d  a t  the f a c i l i t y ,  



3.  d i f f e r e n t  s i z e s  of employment a t  companies, and 

4 .  major SIC codes.  

Data were a l s o  d i f f e r e n t i a t e d  i n  terms of t h e  f o l l o w i n g  dependent  

v a r i a b l e s  t h a t  were t h e  f o c u s  of  s t u d y  f o r  measurement: 

1. t h e  waste mln imiza t ion  practices adopted s i n c e  September 1, 

1985, and 

2. the  f o u r  f a c t o r s  ( r e g u l a t o r y ,  economic, env i ronmen ta l ,  and 

t e c h n i c a l )  i n f l u e n c i n g  waste min imiza t ion  p r a c t i c e s .  

The subgroups f o r  independent  v a r i a b l e s  were e s t a b l i s h e d .  These 

are e x p l a i n e d  below. 

Tennessee g e n e r a t o r s  were s e p a r a t e d  i n t o  t h r e e  groups a c c o r d i n g  t o  

t h e  amount of waste g e n e r a t e d  p e r  y e a r .  These groups were 

1. more than 1,000,000 kg, 

2. from 100,000 t o  1,000,000 kg, and 

3. from 1,000 t o  less  than 100,000 kg. 

To compare waste min imiza t ion  p r a c t i c e s  i n  terms of v a r i a b i l i t y  i n  

waste s treatns, sampled p o p u l a t i o n s  were i d e n t i f i e d  as : 

1. 1 to  3 waste  streams, 

2. 4 t o  10 was te  streams, 

3. 11 and above waste s t r eams .  

Employment s i z e  was subd iv ided  as f o l l o w s :  

1. 1 t o  99 employees,  

2. 100 t o  999 employees,  and 

3. 1000 and above employees. 

3.4.1 S t a t i s t i c a l  Treatment  

T h i s  r e s e a r c h  u t i l i z e d  p r o b a b i l i t y  sampling,  which was s t r a t i f i e d  

random sampling. The r e s e a r c h e r  c o l l e c t e d  d a t a  by u s i n g  o r d i n a l  l e v e l  

of measurement. ( O r d i n a l  l e v e l  of measurement p r o v i d e s  q u a n t i t a t i v e  

d a t a  by assignment  of  r anks  t o  iiieasured v a r i a b l e s .  ) Ordered c a t e g o r i e s  

of measurement were c o n s t r u c t e d  by t h e  r e s e a r c h e r .  For  t h e  waste min- 

i m i z a t i o n  p rac t i ces ,  scale  w a s  c o n s t r u c t e d  f o r  t h e  i n c r e a s i n g  l e v e l  of 

implementat ion of was te  min imiza t ion  p r a c t i c e s  , and t h i s  l e v e l  v a r i e d  

from "implementat ion w i t h  q u a n t i f i a b l e  r e s u l t s "  t o  "no t  e v a l u a t e d  o r  n o t  

app l i cab le . "  For waste min imiza t ion  f a c t o r s  , measurement l e v e l s  ranged 

from " s t r o n g l y  agree" t o  " s t r o n g l y  d i s a g r e e "  (Appendix B y  Survey Form). 
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Nonparametric s t a t i s t i c a l  methods were p r e f e r r e d  over  parametric 

methods t o  tes t  t h e  hypo theses  of t h i s  r e s e a r c h .  Th i s  p r e f e r e n c e  w a s  

based on t h e  o r d i n a l  l e v e l  of measurement of d a t a ,  u n c e r t a i n t y  of f u l -  

f i l l i n g  s t r i c t  normal d i s t r i b u t i o n ,  and homogeneity of v a r i a n c e  r e q u i r e -  

ments. 

This s t u d y  was conducted t o  i d e n t i f y  t h e  e x t e n t  of hazardous waste 

min imiza t ion  p r a c t i c e s  of Tennessee waste g e n e r a t o r s  and t o  de t e rmine  

t h e  importance of s e l e c t e d  waste min imiza t ion  f a c t o r s  as p e r c e i v e d  by 

Tennessee waste g e n e r a t o r s .  The r e s e a r c h e r  ana lyzed  r e s u l t s  i n  t o t a l  as 

w e l l  as on t h e  bas i s  of the v a r i a b l e  waste q u a n t i t y .  More s p e c i f i c a l l y ,  

t h e  independence of t h e  t h r e e  p o p u l a t i o n s  from which t h e  t h r e e  samples 

were taken - namely, the t h r e e  groups t h a t  were c a t e g o r i z e d  by q u a n t i t y  

of waste g e n e r a t e d  - was t e s t e d .  By a s t a t i s t i c a l  method, i t  was 

determined i f  d i f f e r e n c e s  among sample v a l u e s  mean genu ine  p o p u l a t i o n  

d i f f e r e n c e s  o r  i f  t hey  were from the  same p o p u l a t i o n  and i f  t h e  d i E f e r -  

ences  were due  to  chance v a r t a t i o n s  ( S i e g e l ,  1956). Kruskal-Wallis One- 

Way Ana lys i s  of Variance f o r  k independent  samples  was used t o  de t e rmine  

i f  t h e  t h r e e  s a m p l e s  were from d i f f e r e n t  p o p u l a t i o n s .  

I.€ t h e  proposed Nu l l  Hypothesis  was a c c e p t e d ,  i t  was decided t h a t  

t h e  t h r e e  p o p u l a t i o n s  from which t h e  samples were taken were from t h e  

same o r  i d e n t i c a l  p o p u l a t i o n s  and t h e r e  was no d i f f e r e n c e  among measured 

v a l u e s  (waste min imiza t ion  implementat ion l e v e l s  o r  a g r e e - d i s a g r e e  spec- 

trum) * Even though t h r e e  independent  samples had the  same d i s t r i b u t i o n  

(same means), t h e  shapes  were n o t  r e q u i r e d  t o  be normal ( A g r e s t i  and 

F i n l a y ,  1986). If t h e  proposed Nu l l  Hypothesis  w a s  r e j e c t e d ,  it: lmplded 

t h a t  t h e  chances were less t h a n  5 o u t  of 100 t h a t  t h e  t h r e e  p o p u l a t i o n s  

were a l i k e .  Consequent ly ,  t h i s  meant t h a t  the independent  groups of 

g e n e r a t o r s  were n o t  t h e  same i n  t h e i r  waste min imiza t ion  implementat ion 

l e v e l s  o r  i n  t h e i r  p e r c e p t i o n  of waste min imiza t ion  f a c t o r s  ( r e s p o n s e  

v a r i a b l e s  were n o t  i ndependen t  of g roups ) .  
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The f o r m l a  u s e d  € o r  t h e  Kruskal-Wall is  t e s t  was p rov ided  by S i e g e 1  

(1956) as: 

1 2  - 3 ( N + 1 )  , 
N ( N  + 1) 

H =  

where 

N = t h e  number of cases i n  a l l  samples, 

k = t h e  number of samples ,  

n 

R 

I n  t h i s  t e s t ,  a l l  q c o r e s  were ranked and  t h e  rank of one  was 

a s s i g n e d  t o  t h e  lowes t  s c o r e  and t h e  l a r g e s t  r ank  t o  t h e  h i g h e s t  

s co re .  The sum of  r a n k s  was de te rmined  f o r  e a c h  sample  ( R . ) .  The 

Kruskal-Wall is  t es t  d e t e r m i n e s  from Lhe sum of r anks  f o r  e a c h  column i f  

t hey  were l i k e l y  o r  n o t  t o  have come from s a m p l e s  t h a t  were drawn from 

t h e  same p o p u l a t i o n .  S ince  t h e r e  were more t h a n  f i v e  s c o r e s  i n  g r o u p s  

( n j  > 5 ) ,  H s t a t i s t i c  was d i s t r i b u t e d  a s  chi-square.  Degrees of  freedom 

was r e p r e s e n t e d  by d f  = k - 1 .  IJheii W i s  e q u a l  o r  l a r g e r  t h a n  t h e  v a l u e  

o f  ch i - squa re  f o r  t h e  l e v e l  of s i g n i f i c a n c e ,  t h e  N u l l  Hypo thes i s  w a s  

r e j e c t e d .  

= t h e  number o f  cases  i n  the_ i_ th  sample,  

= t h e  sum of r anks  i n  L t h  s a m p l e  (column).  
j 

j 

J 

During t h e  r a n k i n g  of s c o r e s ,  s co res  might  t i e .  Fo r  t h e s e  c a s e s ,  

e a c h  s c o r e  was g i v e n  t h e  iwan  o €  t h e  r a n k s  f o r  which i t  was ranked. To 

c o r r e c t  f o r  t i e s ,  t h e  f o r r m l a  f o r  B g i v e n  above was d i v i d e d  by: 

Z T  
1 -  

N 3  - N 

The f o r m l a  f o r  T w a s :  

where t = t h e  number of  t i e d  o b s e r v a t i o n s  i n  a t i e d  g roup  of s c o r e s .  

1% c o r r e c t e d  f o r  t i c s  was g i v e n  by t h e  fo rmula  bslow: 

1 -  
N 3  -- N 
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Secondly ,  t h e  r e s e a r c h e r  wanted t o  s t u d y  t h e  a s s o c i a t i o n  among se t s  

of r ank ings  of  t h r e e  groups  of g e n e r a t o r s .  K e n d a l l ' s  C o e f f i c i e n t  of  

Concordance, W, prov ided  t h e  deg ree  of a s s o c i a t i o n  (agreement)  among 

t h e s e  v a r i a b l e s .  P e r f e c t  agreement  among t h e  g roups  would r e s u l t  i n  

K e n d a l l ' s  C o e f f i c i e n t  of Concordance, E, of one. No agreement  would 

y i e l d  a - W e q u a l  t o  zero .  By t h i s  method, t h e  mean s c o r e s  of N q u e s t i o n s  

by k d i f f e r e n t  a t t r i b u t e s  were a s s i g n e d  rankings .  The l a r g e s t  rank  was 

a s s i g n e d  t o  t h e  l a r g e s t  mean i n  e a c h  k s e t s  o f  r a n k i n g s  (i.ee, i n d i c a -  

t i v e  of t h a t  i tem h a v i n g  t h e  h i g h e s t  waste p r a c t i c e  imp lemen ta t ion  o r  

agreement on was te  min imiza t ion  f a c t o r s ) .  

K e n d a l l ' s  C o e f f i c i e n t  of Concordance, W-, w a s  g i v e n  by t h e  f o l l o w i n g  

formula  ( S i e g e l ,  1956):  

1 2  s 
k 2 ( N 3  - N )  

w =  9 

where 

S = t h e  surn of s q u a r e s  of t h e  obse rved  d e v i a t i o n s  f rom t h e  mean o f  
t h e  sum of  r a n k s ,  R i ,  

k = t h e  number of  

N = t h e  number of 

s e t s  of r a n k i n g s ,  

e n t i t i e s  ranked.  

The ch i - squa re  v a l u e  was c a l c u l a t e d  f r o m d  by a f o r m l a :  

X2 = k ( N -  1) W . 
C a l c u l a t e d  ch i - squa re  v a l u e s  were a s s e s s e d  f o r  t e s t i n g  t h e  s i g n i f i c a n c e  

of t h e  a s s o c i a t i o n ,  - W, u s i n g  a ch i - squa re  t a b l e  f o r  d f  = N - 1 a t  Oe05 

l e v e l  of s i g n i f i c a n c e .  
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The a s s o c i a t i o n  between two v a r i a b l e s  was measured u s i n g  Somers' 8. 

The procedure was based on t h e  d i f f e r e n c e  between t h e  numbers of con- 

c o r d a n t  and d i s c o r d a n t  p a i r s .  Th i s  tes t  was used f o r  o r d i n a l  measures 

of a s s o c i a t l o n  and d e s c r i b e d  t h e  e x t e n t  of t h e  s u b j e c t  r ank ing  on two 

d i f f e r e n t  v a r i a b l e s .  Th i s  a s s o c i a t i o n  t a k e s  on v a l u e s  between -1 (pe r -  

f ect n e g a t i v e  a s s o c i a t i o n )  and +1 ( p e r f e c t  p o s i t i v e  a s s o c i a t i o n ) .  

Somers' d d i d  not  assume t h a t  ordinal .  measures of a s s o c i a t i o n  were sym- 

metrical. Hence, t h e i r  v a l u e s  were based on t h e  i d e n t i f i c a t i o n  of 

dependent and independent  v a r i a b l e s  ( A g r e s t i  and P i n l a y ,  1986).  

The h y p o t h e s i s  t h a t  X ( i ndependen t  v a r i a b l e )  Causes o r  p r e d i c t s  Y 

(dependent v a r i a b l e )  was g iven  by t h e  formula (Garson,  1971):  

P -- Q 
P + Q + X o  ' a = =  

where 

P = concordant  p a i r s  of o b s e r v a t i o n s ,  

Q = d i s c o r d a n t  p a i r s  of o b s e r v a t i o n s ,  

Xo = number of p a i r s  t i e d  on independent  v a r i a b l e  but  not  on 

dependent v a r i a b l e .  

The s t a t i s t i c a l  s i g n i f i c a n c e  o f  Somers' d was t e s t e d  by t h e  2 sta-  

t i s t i c .  The normal approx ima t ion  t o  t h e  d i s t r i b u t i o n  was assumed as a n  

a p p l i c a t i o n  of c e n t r a l  l i m i t  theorem (Conover, 1971). The v a l u e s  

o b t a i n e d  f o r  Somers' d were d i v i d e d  by the  approximate s t a n d a r d  e r r o r  

( A g r e s t i  and F i n l a y ,  1986). The Nul l  Hypothesis  was r e j e c t e d  a t  t h e  

0.05 l e v e l  of s i g n i f i c a n c e  when t h e  a b s o l u t e  v a l u e  of Z was equa l  o r  

g r e a t e r  t h a n  1.96. 

These tests w i l l  be a p p l i e d  and e x p l a i n e d  i n  d e t a i l  i n  Sect .  4 

where t h e  v a r i a t i o n  i n  waste min imiza t ion  p r a c t i c e s  and f a c t o r s  w i l l  be 

s t ud i e d  ., 
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This  s e c t i o n  has  se t  f o r t h  the  d f s c u s s i o n  of methods t h a t  were used 

i n  implementing t h e  s tudy .  The p o p u l a t i o n  of t h e  s t u d y  and t h e  I n s t r u -  

ment used i n  measurements were desc r ibed .  Due t o  the  spec ia l  emphasis 

on c r e a t i n g  a new i n s t r u m e n t ,  v a l i d a t i o n ,  t h e  p i l o t  s t u d y ,  and t h e  

tact ics  of i n c r e a s i n g  response  ra te  were inc luded  i n  d e t a i l .  Dependent 

and independent  v a r i a b l e s  and subgroups u t i l i z e d  i n  i n f o r m a t i o n  g a t h e r -  

i n g  and i n  c a l c u l a t i o n s  were c l e a r l y  i d e n t i f i e d .  Due t o  t h e  n a t u r e  of 

t h e  s t u d y  and s c a l e s  of measurement, nonparamet r ic  s t a t i s t i c s  were 

used. The Kruskal-Wall is  t es t  f o r  de t e rmin ing  i f  samples came from the 

same p o p u l a t i o n ,  t h e  Kendal l  '6 C o e f f i c i e n t  of Concordance and Somers ' d 

test were chosen €or s t a t i s t i c a l  t r ea tmen t s .  The 0.05 l e v e l  of s i g n i f i -  

cance w a s  used i n  s t a t i s t i c a l  comparisons.  S e c t i o n  4 d e s c r i b e s  t h e  

r e s u l t s  of t h e  c o l l e c t e d  d a t a  and d e t a i l e d  s t a t i s t i c a l  a n a l y s i s .  



4 .  ANALYSIS OF THE DATA 

4.1 INTRODUCTION 

Data c o l l e c t e d  by conduc t ing  a mail su rvey  of 274 Tennessee l a r g e  

hazardous waste g e n e r a t o r s  were ana lyzed  f o r  d e s c r i p t i v e  and i n f e r e n t i a l  

s t a t i s t i c a l  r e l a t f o n s h i p s .  Tennessee waste  genera t o r s  were s t r a t i f i e d  

i n t o  t h r e e  c a t e g o r i e s  on t h e  b a s i s  of t h e  amount of haza rdous  was te  gen- 

e r a t i o n .  They were: i n  Group One, 58 g e n e r a t o r s  g e n e r a t i n g  more than 1 

m i l l i o n  kg p e r  y e a r ;  i n  Group Two, 82 g e n e r a t o r s  producing 100,000 t o  1 

m i l l i o n  kg p e r  y e a r ;  and i n  Group Three,  134 g e n e r a t o r s  w i t h  less than 

100,000 b u t  more than 1,000 kg p e r  yea r .  

The 274 s u r v e y  forms forwarded t o  f a c i l i t i e s  ( t w i c e )  produced 190 

r e sponses .  E i g h t  of t h e s e  g e n e r a t o r s  who i d e n t i f i e d  themselves  as 

"small genera to r "  o r  "nongenera to r "  were n o t  i n c l u d e d  i n  the sample e A s  

a r e s u l t ,  182 r e sponses  from 266 waste g e n e r a t o r s  produced a 68.42 

r e sponse  r a t e  . 
Data were ana lyzed  using the  SAS BASE-27 and SAS STAT 195 systems 

on a p e r s o n a l  computer (SAS s y s t e m  under PC DOS Re lease  6.02) and SPSS 

a t  The U n i v e r s i t y  of Tennessee.  

Th i s  s e c t i o n  i s  o rgan ized  i n t o  the fo l lowing  s e c t i o n s :  ( 1 )  i n t r o -  

d u c t i o n ,  ( 2 )  sample d e s c r € p t i o n ,  ( 3 )  d a t a  p r e s e n t a t t o n ,  and ( 4 )  summary. 

4.2 SAMPLE DESCRIPTION 

The survey i n s t r u m e n t  w a s  mafled t o  274 waste g e n e r a t o r s  twice i n  a 

three-week i n t e r v a l ,  f i r s t  on August 12, 1987, and second on September 

2 ,  1987. A f t e r  a second response p e r i o d ,  a t tempts  were made t o  c o n t a c t  

nonrespondents  (from September 23, 1987, t o  October 7 ,  1987).  

Table  4.1 shows the d i s t r i b u t i o n  of r e sponses  from the t h r e e  waste  

g e n e r a t i n g  groups.  The 45.1% response  ra te  o b t a i n e d  from t h e  f i r s t  

m a i l i n g  i n c r e a s e d  t o  68.4% by the  second m a i l i n g  and t e l ephone  con- 

t a c t s .  O f  the  182 r e s p o n d e n t s ,  43 were from Group One, 50 from Group 

Two, and 89 from Group Three. The preponderence of Group Three respan-  

d e n t s  was due to  t h e  l a r g e  sample s i z e  s e l e c t e d  from Group Three t o  

40 
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Table  4.1. Survey response  rate of Tennessee 
hazardous  waste g e n e r a t o r s  

Responses Responses Responses 
r e c e i v e d  r e c e i v e d  r e c e i v e d  

Waste through through th rough  

c a t e g o r i e s  m a i l i n g s  m a i l i n g  su rvey  

9 /2 /87  91 23/87 10/7 / 8  7 

q u a n t i t y  i n i t i a l  second t e l e p h o n e  Total. Pe rcen t  
s i z e  

8/  12187- 91 218 7- 91 23 187- 

Group 1" 58 26 15 2 43 74.1 

Group 2 b 80C 36 14 50 62.5 

Group 3 d 128' 58 26 5 89 69.5 

T o t a l  266 120 55 7 18 2 
- - - -- - 

I 

%'acilities producing  more than  lo6  kg p e r  year .  

%aci l i t ies  producing IO5 - 106 kg p e r  y e a r .  

'Sample exc ludes  those g e n e r a t o r s  who i d e n c i f  i e d  themselves  as IIQ~I- 

d F a c i l i t i e s  producing l o3  - lo5 kg p e r  year .  

g e n e r a t o r s  o r  small g e n e r a t o r s  through m a i l  o r  phone su rveys .  
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overcome an expected low r e t u r n  r a t e .  However, the h igh  response ra te  

by Group Three i n d i c a t e d  j u s t  as much i n t e r e s t  and d e s i r e  t o  p a r t i c i p a t e  

i n  t h e  survey as those  g e n e r a t o r s  producing morc waste. Consequent ly ,  a 

smaller sample s i z e  could have been o b t a i n e d  from Group Three f o r  t h i s  

s tudy .  The h i g h e s t  response ra tes  were o b t a l n e d  from Groups One and 

Three of t he  Tennessee l a r g e  waste g e n e r a t o r s ,  74.1% and 6 9 . 5 % ,  respec-  

t i v e l y .  The Group Two re sponse  r a t e  was 62.5%. A s  can be s e e n ,  t h e  

amount o r  volume of waste gene ra t ed  d i d  n o t  accoun t  f o r  s i g n i f i c a n t l y  

d i f f e r e n t  response r a t e s .  

A t  t he  e n d  of September 2 3 ,  1987, t h e r e  were 91 ( 1 7  i n  Group One, 

30 i n  Group Two, and 44 i n  Group Three)  nonrespondents .  Although 

e f f o r t s  were made t o  r each  a l l  the nonrespondents  by t e l ephone  a t  l ea s t  

once,  on ly  462 of nonrespondents  were c o n t a c t e d .  

Table 4.2 shows the  d i s t r i b u t i o n  of nonrespondents  as c a t e g o r i z e d  

by t h e i r  r eason ing  f o r  nonresponse.  The h i g h e s t  nonrespondent  i n p u t  was 

o b t a i n e d  from Group One ( 5 2 . 9 % )  and the lowes t  from Group Three ( 4 3 . 2 % ) .  

However, o v e r a l l ,  21 .4% of t he  nonrespondents  c o n t a c t e d  were from Group 

One, 33.3% from Group Tho, and the l a r g e s t ,  45.2% of the c o n t a c t s  e s t a b -  

l i s h e d  were from Group Three genera t o r s .  A 1  though a lesser p e r c e n t a g e  

of the Group Three r e sponden t s  were c o n t a c t e d ,  they c o n s t i  t u t e d  a l a r g e r  

p o r t i o n  of t h e  o v e r a l l  c o n t a c t s .  

I n d i v i d u a l s  complet ing the form were involved i n  the Eield of waste 

management and f a m i l i a r  w i t h  t h e  waste min imiza t ion  program of t h e i r  

companies. The t i t l e s  of  the r e sponden t s  i n d i c a t e d  t h a t  they were 

mainly p l a n t  o r  waste managers, h e a l t h  and s a f e t y  e x p e r t s ,  o r  e n g i n e e r s .  

A d d i t i o n a l  comments were made, which were i n c l u d e d  i n  Appendix F. 

The response r a t e  was f a r  more f a v o r a b l e  than expected.  Th i s  can 

be a t t r i b u t e d  t o  the i n t e r e s t  i n  the s u b j e c t ,  as w e l l  as p rope r  i n s t r u -  

ment c o n s t r u c t i o n  and follow-up. 

Those g e n e r a t o r s  t h a t  i d e n t i f i e d  themselves as small  g e n e r a t o r s  o r  

nongene r s to r s  were riot i nc luded  i n  t h e  o v e r a l l  r a t e  calciiJ a t i o n s  ( e i g h t  

g e n e r a t o r s ) .  Responses r e c e i v e d  a f t e r  t he  cut-off  d a t e  of October 14 ,  

1987,  were a l s o  not  i nc luded  i n  t h e  r e s u l t s .  

Employee d i s t r i b u t i o n  w i t h i n  the t h r e e  groups of r e sponden t s  i s  

p r e s e n t e d  i n  Table  4 . 3 .  Respondents were asked t o  i n d i c a t e  their s i z e  
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w i  t h i n  the  f o l l o w i n g  t h r e e  g roup ings :  0-99, 100-999, and 1000 and 

above. The l a r g e s t  number of waste g e n e r a t o r s  were i n  the  grouping 

100-999 (57.1%). The major employment c a t e g o r y  f o r  each waste  g e n e r a t o r  

grouping a l s o  concen t r a  ted i n  the 100-999 range.  Column p e r c e n t a g e s  

i n d i c a t e  t h a t  a l l  t h r e e  groups had approx ima te ly  t h e  same number of 

f i r m s  w i t h  employment i n  the 100-999 c a t e g o r y  (Fig.  4 . 1 ) .  

I n  Table  4.4, waste amount g roup ings  were compared t o  the number of 

waste streams f i r m s  were g e n e r a t i n g .  Respondents made t h e i r  s e l e c t i o n  

of waste streams from a t a h l e  provided w i t h  t h e  su rvey  form 

(Appendix B ) .  O v e r a l l ,  61.5% of waste g e n e r a t o r s  had 1 t o  3 k i n d s  of 

waste streams, 33.5% had 4 t o  10 k i n d s  of waste s t r e a m s ,  and on ly  5.0% 

had 11 o r  more d i s t i n c t  waste streams. Nearly h a l f  ( 4 8 . 8 % )  of the Group 

One g e n e r a t o r s  had from 4 t o  10 was te  streams (Fig.  4.2). In a d d i t i o n ,  

compared t o  t h e  o t h e r  g roups ,  Group One had a l a r g e  number of f i r m s  w i t h  

11 o r  more waste s t r eams .  These f i n d i n g s  i n d i c a t e  t h a t  a g r e a t e r  

v a r i e t y  of waste  s t r eams  were p r e s e n t  i n  t h e  l a r g e s t  waste producing 

group. 

Ninty-f ive p e r c e n t  of t he  g e n e r a t o r s  i n d i c a t e d  send ing  was te s  t o  

o f f - s i t e  d i s p o s a l  f a c i l i t i e s  (Tab le  4.5). Only 5.0% d i d  n o t  u s e  o f f -  

s i te  d i s p o s a l  f a c i l i t i e s .  D i f f e r e n c e s  between the groups on t h i s  mea- 

s u r e  were no t no t a b l e .  While t h e  v a s  t m a j o r i t y  of gene ra  t o r s  i n d i c a t e d  

send ing  waste o f f - s i  t e ,  i t  cannot  be determined from the  su rvey  what 

q u a n t i t i e s  a r e  t r a n s p o r t e d  of f - s i t e .  

There were 28 d i f f e r e n t  two-digi t  SIC codes r e p r e s e n t e d  i n  the 

sample (Tab le  4.6). The f o u r  most cominon SIC codes found i n  t h e  sample 

were SIC codes of 34 (22.0%), 28 (14.3%),  35 (10.0%), and 33 (7 .7%).  

These i n d u s t r i e s  cons t i  t u  t i n g  54% of t h e  sample,  were F a b r i c a t e d  Ne t a l  

P roduc t s ,  Machinery, Chemical and A l l i e d  P r o d u c t s ,  and Primary Metal 

I n d u s t r i e s .  

4.3 DATA PRESENTA'L'LON 

In  t h i s  s e c  ti.oo independent  v a r i a b l e s ,  was t e  min imiza t ion  prac-  

t i c e s ,  and f o u r  waste min imiza t ion  f a c t o r s  ( r e g u l a t o r y ,  economics, 

The w a s t e  env i ronmen ta l ,  and t e c h n i c a l )  a r e  exp lo red  i n  detail. 
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Tab le  4.4. D i s t r i b u t l o n  of Tennessee waste g e n e r a t o r s  by number 
of waste streams and q u a n t i t y  of waste g e n e r a t l o n  

P e r c e n t  
A 1  1 

r e s p o n d e n t s  

Number Waste q u a n t i t y  c a t e g o r i e s  
of waste -- 
streams Group la Group 2' Group 3' 

--.I --- 
1 t o  3 16 36 60 112 61.5 

4 t o  10 2 1  12 28 61 33.5 

11 and above 6 2 1 9 5 .O 

Tota l  N 43 50 89 182 100.0 

__ - .-- I-- 

_I- - --.- -- 
a F a c i l i t i e s  producing more than  lo6 kg p e r  y e a r .  

' F a c i l i t i e s  producing l o 5  - lo6 kg per yea r .  

@ F a c i l i t i e s  p roduc ing  lo3  - lo5  kg per year .  
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Tab le  4.5. D i s t r i b u t i o n  of  Tennessee waste g e n e r a t o r s  a c c o r d i n g  t o  
shipment o f  waste and q u a n t i t y  of waste g e n e r a t i o n  

_ _  -~ ~~ ~~ 

P e r c e n t  
A l l  

r e s p o n d e n t s  

Waste q u a n t i t y  c a t e g o r i e s  
Waste shipments  - 

G r o u p  l a  G r o u p  2b G r o u p  3' 

F a c i l i t i e s  s end ing  
waste2 t o  o f f - s i t e  
TSDFs 4 1  4 5  87 173 95.0 

F a c i l i t i e s  n o t  
s e n d i n g  waste 
o f f - s i t e  TSDFS 25-" 2 5 2 9 5.0 

T o t a l  N 4 3  50  8 9  182 100.0 

a F a c i l i t i e s  p roduc ing  more t h a n  106 kg p e r  yea r .  

b F a c i l i t i e s  producing l o 5  - l o 6  kg p e r  y e a r .  

' F a c i l i t i e s  p roduc ing  l o 3  - l o5  kg p e r  year.  

'Treatment, s t o r a g e ,  and d i s p o s a l  f ac i - l i t i es .  
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Table 4 . 6 .  Distribution of Tennessee waste generator 
respondents by two digit SICa codes 

s IC 
codes S I C  title 

Number of 
respondents 

12 
20 
22 
2 3  
24 
25 
26 
27 
28 
30 
31 
32 
33 
3 4  
35 

36 

37 
38 

3 9  
40 
4 2  

4 9  
50 
5 1  
73 
7 5  
96 
97 

Coal mining 
Tobacco products 
Textile mill products 
Apparel and other finished products 
Lumber and used products 
Furniture and fixtures 
Paper and allied products 
Printing, publishing, and allied industries 
Chemical and allied products 
Rubber and miscellaneous plastics 
Leather and leather products 
Stone, clay, glass, and concrete products 
Primary metal industries 
Fabricated metal. products 
Industrial and commercial machinery and 
computer equipment 
Electronics and other electrical equipment 
and components 
Transportation equipment 
Measuring, analyzing, and controlling 
i n s t rume n t s 
Miscellaneous manufacturing industries 
Railroad transportation 
Motor freight transportation and ware- 
housing 
Electric, gas, and sanitary services 
Wholesale trade-durable goods 
Wholesale trade-nondurable goods 
Business services 
Automotive repair, services, and parking 
Admini s t  rat f on of economic program 
NatScPnal security and international affairs 

Total 

1 
1 
2 
1 
4 
6 
8 
6 

26 
7 
1 
3 
14 
40 
18 

13 

12 
2 

4 
1 
1 

3 
2 
2 
1 
1 
1 
1 

182 
-- 

%tandard Industrial Classif ication. 

source: Standard Industr ial  C lass i f i ca&m Mama1 , 
Executive Office of the President, Office of 
Management and Budget, 1987. 



min imiza t ion  p r a c t i c e s  are  c r o s s  t a b u l a t e d  w i t h  v a r i a b l e s  of waste 

groups (and i n  some cases by waste  streams, employment s i z e ,  o r  s e l e c t e d  

SIC codes )  t o  examine the set  hypo thes i s .  Waste min imiza t ion  f a c t o r s  

a l s o  are  c r o s s  t a b u l a t e d  w i t h  v a r i a b l e s  of waste  groups (and i n  some 

c a s e s  by waste  streams, employment s i z e ,  o r  s e l e c t e d  SIC Codes) t o  

i n s p e c t  t h e  Null  Hypotheses. Throughout t h e  s t a t i s t i c a l  t e s t  evalua-  

t i o n s ,  a 0.05 l e v e l  of s i g n i f i c a n c e  was s e l e c t e d  t o  a c c e p t  o r  r e j e c t  the 

- Nul l  Hypothesis .  

4.3.1 Independent V a r i a b l e s  

I n  t h i s  s t u d y  t h e r e  were t h r e e  independent  v a r i a b l e s  of i n t e r e s t .  

These were q u a n t i t y  of waste g e n e r a t i o n ,  employment s i z e ,  and v a r i a t i o n  

i n  the  waste s t r eams .  The d a t a  were s o r t e d  on the b a s i s  of t he  q u a n t i t y  

of waste  g e n e r a t e d  a t  t h r e e  l e v e l s .  B i v a r i a t e  a n a l y s i s  between the  

v a r i a b l e s  was t e s t e d  c o n s e c u t i v e l y .  Somers' d t e s t  s t a t i s t i c  w a s  used 

t o  s t u d y  the  a s s o c i a t i o n  between v a r i a b l e s  and the  d i r e c t i o n  of t h e  

a s s o c i a t i o n  f o r  Null  Hypothesis-1 and -2. 

Null Hypothesis-1: There Was - No A s s o c i a t i o n  Between The Q u a n t i t y  -- 
O f  Waste Generated And Employment S i z e ,  

Null  Hypothesi s-2: 'There Was No A s s o c i a t i o n  Between The Quan t i ty  

Of Waste Generated And Waste S t r e a m  V a r i a t i o n .  

The Null  Hypothesis-1 of no a s s o c i a t i o n  was confirmed between t h e  

q u a n t i t y  of waste gene ra t ed  and employment s i z e  by the  Somers' d t es t  

( d  = 0.098, Z = 1.51). Independence of employee s i z e  from waste genera-  

t i o n  was somewhat unexpected. One would expec t  h i g h e r  employment l e v e l s  

a t  t hose  p l a n t s  producing more waste. 

There w a s ,  s t a t i s t i c a l l y ,  a high1.y s i g n i f i c a n t  a s s o c i a t i o n  (depen- 

dency) between t h e  va r i ab l - e s  of q u a n t i t y  of waste  g e n e r a t e d  and waste 

s t r eams  (d = 0.184, Z = 2.92, p < 0.05). The Null  Hypothesis-2 h e r e  was 

r e j e c t e d  i n  f a v o r  of  an a l t e r n a t i v e  h y p o t h e s i s  of a s s o c i a t i o n .  

Somers' d ,  w i t h  a p l u s  s i g n ,  p rov ides  u s  w i t h  a p o s i t i v e  c o r r e l a t i o n  

between t h e s e  two v a r i a b l e s .  Th i s  i n d i c a t e s  t h a t  a n  i n c r e a s e  i n  t h e  

quan t i - ty  of waste g e n e r a t e d  was a s s o c i a t e d  w i t h  an  i n c r e a s e  i n  waste 

s t r eams .  The dependency between t h e s e  two v a r i a b l e s  was expected.  
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I n  s t a t i s t i c a l  e v a l u a t i o n s  of  waste m i n i m i z a t i o n  p r a c t i c e s  and  

waste min imiza t ion  f a c t o r s ,  v a r i a t i o n  by q u a n t i t y  of waste w i l l  b e  

i n v e s t i g a t e d .  However, s i n c e  t h e r e  was a s t r o n g  c o r r e l a t i o n  between t h e  

q u a n t i t y  of waste g e n e r a t e d  and v a r i a t i o n  i n  waste streams, c o n c l u s i o n s  

drawn from o n e  v a r i a b l e  c a n  app ly  t o  t h e  o t h e r  a s  w e l l .  

4.3.2 Waste Minimizat ion P r a c t i c e s  and t h e  Q i a n t i t y  of Waste Genera t ion  

Adoption of w a s t e  m i n i m i z a t i o n  p r a c t i c e s  was measured th rough  n i n e  

s t a t e m e n t s .  These s t a t e m e n t s  were c o n s t r u c t e d  t o  measure r e sponden t  

a c t i v i t i e s  i n  d i f f e r e n t  a r e a s  ( though t h e s e  a reas  a r e  n o t  n e c e s s a r i l y  

judged o f  e q u i v a l e n t  v a l u e ) .  S t a t i s t i c a l  a n a l y s i s  was c a r r i e d  o u t  on  

a l l  n i n e  p r a c t i c e s  a s  a g roup  t o  convey a n  o v e r a l l  p i c t u r e ,  a s  w e l l  a s  

i n d i v i d u a l l y  o n  e a c h  p r a c t i c e .  

T h e  n i n e  waste in i  n i rn i za t iun  p r a c t i c e s  were s e t  f o r t h  i n  q u e s t i o n s  6 

t o  14  on t h e  s u r v e y  f o r a  (Appendix B, Survey F[,rm). Respondents pro-  

v i d e d  anc;Ne rb ai.cordi.irg t o  A s c a l e  of f i v e  imp lemen ta t ion  l e v e l s :  

5 = imple:nented w i t h  q u a n t i f i a b l e  r e s u l t s ,  4 = began implementat ion o r  

p l a n n i n g  t o  b e g i n  soon, 3 = e v a l u a t e d ,  de t e rmined  n o t  t o  implement, 

2 = e v a l u a t i n g ,  and 1 = n o t  e v a l u a t e d  o r  n o t  a p p l i c a b l e .  

Samples were c a t e g o r i z e d  on t h e  b a s i s  of t h e  v a r i a t i o n  i n  waste 

q i i a n t i t y  g e n i r a t e d .  Table 4.7 d e s c r i b e s  t h e  d i s t r i b u t i o n  o f  g e n e r a t o r s '  

r e s p o n s ~ b  t o  t h e  w a s t e  minjiri izdtion p r a c t i c e s  by t h e s e  thr;.e cate- 

go r i e s .  ? I c ? , m  arid median v a l u e s  f o r  t h e  a d o p t i o n  of waste min imiza t ion  

p r a c t i c e s  d e c r e a s e d  o s  one mov,?d Et-om t h e  l a r g e r  t o  t h e  s m a l l e r  waste  

&enerators, Tncs d f s p e r s i o n  of  t h e  t h r e e  samples ( s e e  s t a n d a r d  d e v i a -  

t i o n )  iricseased ds  w a s t e  q u a a t - i t y  dec reased .  For  Group One, 50% of t h e  

:icores w2re a t  29 .3  f: 3 .5 ,  illid 682 o f  t h e  s c o r e s  a t  28,5 f 6.4 f o r  GrouD 

Two, 502  of t h e   cores were a t  28.0 f 5.5 and  6 8 %  of  t h e  s c o r e s  were a t  

27.8 f 7.0.  FOP Group Three,  50% o f  t h e  s co res  were a t  26.0 f 5.0 and 

68% u f  t h e  scores a t  25.5 f 7.3. As c a n  b e  s e e n ,  t h e  t h r e e  g r o u p s  had 

s i n i l a r  d i s t r i b u t i o n s .  

N u l l  Hypotheses-3 t o  -6 were p o s t u l a t e d  L O  s t u d y  i f  i ndependen t  

samples by v a r i a t i o n  i n  waqte q u a n t i t y ,  waste streams, employment s i z e ,  

and  s e l e c t e d  S I C  cotles were Eroru t h e  same p o p u l a t i o n s  f o r  r e s p o n s e s  t o  

waste min imiza t ion  pract ices .  
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Tab le  4.7. D i s t r i b u t i o n  of s c o r e s  f o r  waste mi-nimization 
p r a c t i c e s  by waste q u a n t i t y  c a t e g o r i e s  

Values 
Waste q u a n t i t y  c a t e g o r i e s  

Group l a  Group 2 Group 3' 

N 

Mean 

S tanda rd  d e v i a t i o n  

Range 

Median 

Mode 

S e m i - i n t e r q u a s t i l e  r ange  

Skewness 

42.0 

28.8 

6 .4 

30 .0 

29 .O 

29 .0 

3 .5  

0.3 

49.0 

27.8 

7 . 0  

29 .O 

28.0 

28.0 

5.5 

-0.2 

87 .0  

25.6 

7.3 

30 .O 

26.0 

29 .O 

5.0 

-0.1 

a F a c i L i t i e s  p roduc ing  more t h a n  lo6  kg p e r  yea r .  

b F a c i l i t i e s  producing l o 5  - l o 6  kg per y e a r .  

' F a c i l i t i e s  producing lo3  - lo5  kg p e r  yea r .  
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Nu l l  Hypothesis-3: -- There Were No D i f f e r e n c e s  I n  Implementat ion 

Leve l s  O f  Waste Pliiiimi za  Lion P r a c t i c e s  Among The Tennessee Waste Genera- 

t o r s  A s  Categor i zed  _I On The Basis O f  Waste Q u a n t i t y  Generat ion.  

Null  Hypothesis-4: ---. There Were No D i f f e r e n c e s  I n  Implementat ion 

Levels  Of Waste Minimizat ion P r a c t i c e s  Among The Tennessee Waste Genera- 

t o r s  A s  Categor i zed  On The B a s i s  Of  Waste Stream V a r i a b i l i t y .  

N u l l  Hypothesis-5: There Were No D i f f e r e n c e s  Tn Implementat ion 

Leve l s  O f  Waste t l i n i m i z a t i o n  P r a c t i c e s  Among The Tennessee Waste Genera- 

t o r s  A s  Categor i zed  On The Basis O f  Employment S ize .  

-- Null Hypothesis-6: There Were No D i f f e r e n c e s  I n  Implementat ion 

Leve l s  O f  Waste Minimizat ion P r a c t i c e s  Among The Tennessee Waste Genera- 

t o r s  As Categor fzed  On -- The Basis Of  Major SLC Codes. 

To t e s t  f o r  Nul1  Rypotheses-3 t o  - 6 ,  t h e  d a t a  were s t a t i s t i c a l l y  

t r e a t e d  f o r  the Kruskal-Wallis One-way Ana lys i s  of 'Variance based on 

r e sponses  f r o m  n i n e  s t a ~ e r n e n t s  (Table 4.8) .  The Kruskal-Wallis t e s t  

p rov ided  a t es t  f o r  i n f e r e n c e s  conce rn ing  t h e  l o c a t i o n  of c e n t r a l  

tendency f o r  the t h r e e  groups. 

A Kruskal-Wall is  Ana lys i s  of Variance test f o r  Null  Hypothesis-3 

d i d  n o t  i n d i c a t e  a s i g n i f i c a n t  e f f e c t  f o r  the t h r e e  g r o u p s  of d i f f e r e n t  

q u a n t i t y  waste g e n e r a t o r s  ( ~ 2  = 5.49,  dt: = 2).  A. v a l u e  r e q u i r e d  f o r  a 

s i g n i f i c a n c e  a t  a = 0.05 is 5.99. Th i s  imp l i ed  t h a t  t h e  t h r e e  group 

s a n p l e s  and the t r  corrcspondi ng popt i la  t i o n s  have sFmilar d i s  t r i b u t i s n  

fur ie t ions 

A s t u d y  of the a s s o c i a t i o n  between waste q u a n t i t y  and waste stream 

variabd l i t y  proi:?tled a p o s i t i v e  dependency i n  the p r e v i o u s  s e c t i o n  ( N u l l  

 ai-^;^^)^ The three g r o u p s  s e p a r a t e d  a c c o r d i n g  t o  the v a r i a t i o n  

i n  t h e i r  waste streams, were .also t e s t e d  f o r  a s s o c i a t i o n  wEth waste 

mirrimlzatlon pract ice . ;  iising the Kruskal-Wall is  tes t .  T h i s  t e s t  a l s o  

d i d  n o t  i n d i c a t e  a slgnif i c a n t  d i f f e r e n c e  i n  waste min imiza t ion  prac-  

ticecj (Y2 = 4.53, df = 2) .  

By the Kriaskal-Wallir;  t e s t ,  r e sponse  scores of Tennessee waste 

generators  on  t h  waste min imiza t ion  p r a c t i c e s  urere t e s t e d  by t h r e e  

ernplayment c.i tieqori e8 t o  m;lke i n f e r e n c e s  f o r  co r re spond ing  p o p u l a t i  ons .. 
-- Nul l  Hypothesis-?  w a s  r e j e c t e d  f o r  t h i s  t e s t  s i n c e  t.he Kruskal-Wallis 

t e s t  i n d i c a t e d  a s i g n i f i c a n t  e f f e c t  a t  0.05 l e v e l  of s i g n i f i c a n c e  

(X? = 17.55, d f  --= 2 ,  p < 0.05>, 
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Table 4 . 8 .  Kruskal-Wallis test results f o r  waste minimization 
practices by Independent samples 

Waste 

practices 
Kruskal-Wallis X2 values mini mi zat 3. on Hypothesis results 

By quantity waste generation 5.49 Accept N u l l  Hypothesis 

By number of waste streams 4.04 Accept Null Hypothesis 

df = 2 

af = 2 

By employment size 7.55 Reject Null Hypothesis 
p < 0.05 df = 2 

By major S I C a  codes 7.35 Accept WuLI Hypothesis 
af = 3 

--- -- 
QStandard Industrtal Classification. 
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The f o u r  top waste  p roduce r s  w i t h  SIC codes 3 4 ,  28, 35, and 33 d i d  

n o t  produce s t a t i s t i c a l l y  s i g n i f i c a n t  r e s u l t s  f o r  N u l l  Hypothesis-6 when 

t e s t e d  by tlie Kruskal-Wallis Ana lys i s  of Variance (X2 = 9 . 3 5 ,  df = 3 ) .  

The N u l l  Hypotheses-3, -4 ,  and -6 were accep ted  and i t  was con- 

c luded  t h a t  the samples and co r re spond ing  p o p u l a t i o n s  d i d  n o t  s f g n i f i -  

can  t l y  d i  E F er i n  was te min imiza t ion  pract ices  when they  have d i f f e r e n t  

amounts of waste,  waste s t r e a m s ,  o r  are  invo lved  i n  8 d i f f e r e n t  

i n d u s t r y .  Ilowever, t he  Null  Hypothesis-5 was r e j e c t e d .  It was d e t e r -  

mined o v e r a l l  t h a t  g e n e r a t o r s  w i t h  d i f f e r e n t  q u a n t i t y  waste, waste 

streams, o r  SIC codes r e p l i e d  t o  the  q u e s t i o n s  s i m i l a r l y ,  b u t  d i f f e r e d  

i n  t h e t r  r e p l i e s  depending on the employment s i z e  of t h e i r  companies, 

The answers from e a c h  group were examined u s i n g  Kendall ' s  Coeff l - -  

c i e n t  of Concordance t o  i d e n t i f y  those  p r a c t i  ces t h a t  were implemented 

a t  the h i g h e s t  and l o w e s t  l e v e l s .  I_ Null  Hypothesis-7 was t e s t e d  t o  

i d e n t i f y  t h e s e  areas - 
.- N u 1 1  Hypothesis-7; There Was No Agreement Among The Three G s ~ u p s  

O f  Tennessee Waste Genera to r s  A s  Categor i zed  On The Basis Of Waste 

Q u a n t i t i e s  And The. Implementat ion Level Of Waste Minimizat ion P r a c t i c e s ,  

Table  4 , 9  i l l u s t r a t e s  how t h e  t h r e e  groups of d i f f e r e n t  q i i a n t i t y  

waste gene ra  t o r s  ranked n i n e  waste  rninimiza t i o n  p r a c  ti c e s .  These rank- 

i n g s  were determined by a s s i g n i n g  v a l u e s  t o  the  mean s c o r e s  o b t a i n e d  

from each group € o r  each practice.  K e n d a l l ' s  C o e f f i c i e n t  of Concordance 

( W  = (5.95) i n d i c a t e d  s t r o n g  agreement among t h e  t h r e e  groups i n  t h e i r  

r e sponses  t o  waste  min imiza t ion  p r a c t i c e s .  The Null  Hypo t h e s i s - 7  of no 

agreement was r e j e c t e d  (X2 = 22.76, p < 0.05, df  = 81, i n d i c a t i n g  s i g n i -  

f i c a n t  agreement. among the t h r e e  groups.  T h i s  test  a l s o  i n d i c a t e d  that 

group d i f f e r e n c e s ,  by waste q u a n t i  t v ,  d i d  n o t  l e a d  t o  d i f f e r e n t  waste 

min imiza t ion  a c t i v i  t y  l e v e l s .  

P r a c t i c e  7 (improvements i n  housekeeping)  r e c e i v e d  the  h i g h e s t  

r ank ing  n e a r l y  unanimously. T h i s  was Eo1 lowed by prac t ice  8 (improve- 

ments fn awareness ) ,  p r a c t i c e  6 (changes i n  p r o c e s s  equ ipmen t  o r  tech- 

no logy) ,  and practice 1 2  ( o f f - s i t e  r e c y c l i n g  o p e r a t i o n s ) ,  The lowes t  

r a n k i n g  w a s  o b t a i n e d  € o r  p rac t l ce  10 (changes i n  the f i n a l  p r o d u c t s ? ,  

T h i s  i n d i c a t e d  t h a t  f a c i l i t i e s  have n o t  wanted t o  make changes r e l a t e d  

t o  produc t  changes.  Two o t h e r  p r a c t i c e s  13 and 14  ( o f f - s i t e  t r e a t m e n t  

and o n - s i t e  t r e a t m e n t )  were a l s o  ranked Pow. 
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T a b l e  4 . 9 .  Ranking of waste min imiza t ion  practices among waste 
g e n e r a t o r s  of v a r y i n g  waste amount a 

- - 1-111 

Rank by sample sum of 
Waste min imiza t ion  r ank  

p r a c t i c e s  Group lb  Group 2' Group 3 t o t a l .  
N1 = 4 2  N2 = 49 N3 = 87 N = 178 

6. 

7 .  

8. 

9 .  

10. 

11. 

12. 

13. 

14. 

Changes i n  p r o c e s s  
equipment o r  t ech -  
nology 

Improvements i n  
" h ou s ekee p i n g  " or  
g e n e r a l  o p e r a t i o n s  

Improvements i n  
employee awareness  of 
waste minimi z a t: i on 
p r a c t i c e s  

Changes i n  raw mate- 
r i a l s  used i n  opera- 
t i o n s  

Changes i n  t h e  f i n a l  
p r o d u c t s  produced 

On-site r e c y c l e  
o p e r a t i o n s  

Off -s t te  r e c y c l i n g  
o p e r a t  ions  

On-si te  t r e a t m e n t  f o r  
volume a n d / o r  t o x i c i t y  
r educ t  i o n  

Of f - s i  te "Leatrnent f o r  
volume and /o r  t o x i c i t y  
r e d u c t i o n  

22 

27 

23 

14 

3 

13 

16 

10 

9 

135 

~ 

- -_--_-_ 
a K e n d a l l ' s  t e s t  r e s u l t s :  

' F a c i l i t i e s  producing more than  106 kg p e r  y e a r .  

'Fac i l i t i es  producing l o 5  t o  lo6 kg p e r  year 

d F a c i l i t i e s  producing lo3 t o  lo5  kg pe r  yea r .  

IJ = 0.95, X2 = 2 2 . 7 6 ,  P < 0.05, df = 8. 
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S i n c e  tes t  r e s u l t s  u s i n g  t h e  Kruskal-Wall is  t e s t  showed suhs  t a n t i a l  

agreement between the  waste q u a n t i t y  v a r i a b l e  and t h e  waste stream 

v a r i a b l e ,  K e n d a l l ' s  C o e f f i c i e n t  of Concordance was n o t  t e s t e d  a g a i n  f o r  

t h e  v a r i a t i o n  by waste s t ream. 

Waste min imiza t ion  p r a c t i c e s  were a l s o  i n v e s t i g a t e d  i n d i v i d u a l l y .  

Waste p r a c t i c e  r ank ings  a c c o r d i n g  t o  t h e  € i v e  l e v e l s  of jmplementat ion 

were s t a t i s t i c a 2 Z y  t e s t e d  among the t h r e e  group of d i f f e r e n t  q u a n t i t y  

waste g e n e r a t o r s .  The i n t e n t  was t o  de t e rmine  t h e  s t a t i s t i c a l  r e l a t i o n -  

s h i p  of the two v a r i a b l e s  as w e l l  as the  d i r e c t i o n  of t h i s  r e l a t i o n s h i p .  

N u l l  Hypothesis-8: There Was No C o r r e l a t i o n  Between The D i f f e r e n t  

Q u a n t i t y  Waste Genera to r s  And D i f f e r e n t  Levels  Of Waste I l i n i m i z a t i o n  

P r a c t i c e  . 
Three-by-five con t ingency  t a b l e s  were cons t r u c t e d  and Somers ' d 

9 ta t i s  t i c  w a s  used f o r  tes Ling t h e s e  measurements The con t ingency  

t a b l e s  showed three c a t e g o r i e s  of waste  g e n e r a t o r s  by i n c r e a s i n g  l e v e l s  

of waste p r o d u c t i o n  ( independen t  v a r l a b l e )  and f i v e  l e v e l s  of waste 

min imiza t ion  implementat ion,  r a n g i n g  from one t o  f i v e  (Appendix B ,  

Survey Form). Table  4,20 has the Somers' d v a l u e s  f o r  p rac t i ces  6 to  

14. The column/row ( C / R )  va2ues from the  computer p r i n t o u t  provided 

Somers' d v a l u e s ,  C / R  denoted t h a t  t h e  row v a r i a b l e  was regarded as an 

independen t  v a r i a b l e  and the column v a r i a b l e  as A dependent  v a r i a b l e  

SoinersV d ustad a c o r r e c t i o n  only  f o r  p a i r s  t h a t  were t i e d  t o  the  

independen t  v a r i a b l e  Practice 6 (change:; i n  t he  p r o c e s s  equipment) a n d  

p r a c t i c e  13 ( o n - s i t e  t r e a t m p n t )  e x h i b i t e d  s t a t i s t i c a l  s i g n i f i c a n c e  

(d  = 0.180, Z = 2.51, p < 0.05 an3 d = 0.336, Z 1= 5 .42 ,  p < 0.05, 

r e s p e c t i v e l y )  and f o r  t h e s e  two p r a c t i c e s  t h e  Nu l l  Hypothesis-8 of fir2 

a s s o c i a t i o n  was r e j e c t e d .  T h i s  m e a n t  t h a t  f o r  t h e s e  two waste  minimi- 

z a t i o n  p r a c t i c e s  t h e r e  was a pos i  t i v e  a s s o c i a t i o n  between r ank ings  on 

waste min imiza t ion  a c t  i v i  t y  l e v e l  and the amount of waste g e n e r a t e d  . 
Namely, t he  b i g g e r  waste g e n e r a t o r s  had a h i g h e r  l e v e l  of a c t i v i t y  i n  

these areasI  Fur the rmore ,  t h e  change i n  waste  p r o d u c t i o n  caused o r  pre- 

d i c t e d  t h e s e  s u r v e y  answers .  The o t h e r  waste min imiza t ion  p r a c t i c e  

areas d i d  n o t  e x h i b i t  s t a t i s t i c a l  a s s o c i a t i o n  by change i n  waste produc- 

t i o n  and f o r  them, the  N u l l  Hypothesis-8 of  no a s s o c i a t i o n  w a s  accep ted .  
I-.- 
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Tab le  4.10. A s s o c i a t i o n  of  v a r i a b l e s  by Somers' d s t a t i s t i c s  
f o r  waste min imiza t ion  p r a c t i c e s  and q u a n t i t y  of 

w a s t e  g e n e r a t i o n  

Waste 
m i n i m i z a t i o n  

pract ices  

Nul 1 
Soiners d Z v a l u e s  h y p o t h e s i s  

v a l u e s  r e s u l t s  

6 .  Changes i n  p r o c e s s  
equipment o r  technology 0.180 2.81 Re jec t ed ,  p < 0.05 

7 .  Improvements i n  "house- 
keeping" o r  g e n e r a l  
o p e r a  t i o n s  0.024 0.36 Ac c e p  t ed 

employee awareness  of  
waste min imiza t ion  
p r a c t i c e s  -9.009 -0.130 Accepted 

9. Changes i n  raw mate- 
r i a l s  u sed  i n  opera-  
t i.ons 0.049 0.73  Ac c e p  t ed 

8. Improvements i n  

10. Changes i n  t h e  f i n a l  

11. On-site r e c y c l i n g  

12 .  O f f - s i t e  r e c y c l i n g  

13. On-si te  t r e a t m e n t  f o r  

p r odu c t s p r odu c ed -0.013 -0.22 AC cep tea 

o p e r a t i o n s  0.088 1.19 Ac. c e p  t e d  

o p e r a t i o n s  3.119 1. so Accepted 

volume a n d / o r  
t o x i  c i t y  redu c t i o n  0.336 5.42 Re jec t ed ,  p < 0.05 

€ o r  volume a n d / o r  
t o x i c i t y  r e d u c t i o n  0.023 0.35 Accepted 

14. O f f - s i t e  t reat i i ient  
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As i n d i c a t e d  by K e n d a l l ' s  C o e f f i c i e n t  of Concordance tests,  t h e r e  

was ve ry  s t r o n g  o v e r a l l  agreement among the  t h r e e  groups c a t e g o r i z e d  by 

q u a n t i t y  of waste. There were no group d i f f e r e n c e s ,  which m e a n t  t h a t  

all groups were a t  t h e  same l e v e l  of a c t i v i t y  i n  adop t ing  waste prac-  

t i c e s .  A s  a r e s u l t ,  t he  t h r e e  group s c o r e s  were combined and l e v e l s  of 

each  waste g e n e r a t i o n  p r a c t i c e  were ana lyzed .  F i g u r e  4 . 3  p r o v i d e s  t h e  

l e v e l s  of waste p r a c t i c e  implementat ion.  

Three p r a c t i c e s  were l i s t e d  as "not  e v a l u a t e d / n o t  a p p l i c a b l e "  i n  

ove r  45% of the r e sponses .  These were, p r a c t l c e  10 (changes i n  the 

f i n a l  p r o d u c t s ) ,  13  ( o n - s i t e  t r e a t m e n t ) ,  and 14  ( o f f - s i t e  t r e a t m e n t ) ,  

Over s e v e n t y  p e r c e n t  ( 7 1 . 1 % )  of t he  r e sponden t s  chose t h e  l e v e l  of "not 

e v a l u a  t e d / n o t  a p p l i c a b l e f r  f o r  practice 10. These p r a c  t ices were viewed 

as leas t  a p p l i c a b l e  by the Tennessee g e n e r a t o r s .  Another 32 to  35% of 

r e sponden t s  marked prac t ice  9 (changes i n  raw m a t e r i a l s )  , p r a c t i c e  1 1 

( o n - s i t e  r e c y c l i n g ) ,  and p r a c t i c e  12 ( o f f - s i t e  r e c y c l i n g )  as "not evalu-  

a tecI/no t- a p p l  i c a b l e  

Scores were Pow in the "eva lua t ing"  ca t egory .  T h e  h i g h e s t  s c o r e s  

were i n  prac t ice  9 (changes i n  raw m a t e r i a l s ) ,  p r a c t i c e  11 ( o n - s i t e  

r e c y c l t n g ) ,  and practice 1 3  ( o n - s i t e  t r e a t m e n t )  15 .4%,  19.8%, 14.9%, 

r e s  pe c t i  v e l y  . 
A t  t he  "eva? ua  ted and determined n o t  t o  implement" l e v e l ,  r e sponses  

ranged from 2.2% t o  14.3%. P r a c t t c e  11 ( o n - s i t e  r e c y c l i n q )  was the 

p r a c t i c e  g a t h e r i n g  the h i g h e s t  s c o r e  f o r  t h i s  response.  

At: t he  ""brgan implementat ion o r  p l ann ing  t o  beg in  soon" l e v e l ,  

r e s p o n s e s  were fewer than 12%,  e x c e p t  f o r  p r a c t i c e s :  7 (improvements i n  

housekeeplng)  and 8 (improvements i n  awareness )  a I n  t h e s e  a r e a s  

responses ranged from 264  t o  27. I%. 

And ,  f i n a l l y ,  the l e v ~ l .  "implemented wi th  quan t i  f i a b l e  r e s u l t s "  was 

chosen by ove r  45% of t h e  r e sponden t s  f o r  p r a c t i c e s :  h (changes i n  pro- 

c e s s ) ,  7 ( improvements  I n  housekeeping)  > 8 (improvements i n  awareness ) ,  

and 1 2  ( o f f - s i t e  r e c y c l i n g ) .  Other waste minjrni z a t i o n  p r a c t i c e s  

g a r n e r e d  t h i s  response i n  9,3% t o  30.8% of the  cases. When "implc*- 

mented" and q l i n i t i a t w l "  l e v e l s  were combined, w e  founcl a r e sponse  ra te  

r ang ing  f r o n  51 t o  82% f o r  the p r a c t i c e s  6 ,  7, 8, and 12.  T h i s  i n d i -  

ca ted  a c o n s i d e r a b l e  amount of implementat ion ove r  the p a s t  t; io years 
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though t h e  e f f e c t  on volume r e d u c t t o n  cannot  be determined through t h i s  

measure. The p r a c t i c e  10 (changes i n  t h e  f i n a l  p r o d u c t s )  was t h e  lowes t  

implemented p r a c t i c e  a t  t h i s  Level of implementat ion ( 9 . 3 % ) ,  

Levels  of w a s t e  r e d u c t i o n  were v e r y  roughly a s e e r t a f n e d  through 

q u e s t i o n  15. T y p i c a l l y ,  a1 1 t h r e e  waste g e n e r a t i o n  groups judged t h e i r  

waste min imiza t ion  programs as producing "'moderate" r e s u l t s  ( o v e r a l l  

62.52). Nu l l  Hypothesis-9 w a s  s t a t e d  t o  s t u d y  t h e  r e l a t i o n s h i p  between 

l e v e l s  of  waste min imiza t ion  ( a s  e x t e n s i v e ,  moderate,  n e g l i g i b l e )  and 

d i f f e r e n t  q u a n t i t i e s  o f  waste g e n e r a t i o n .  

Null  Hypothesis-9: There Was No C o r r e l a t i o n  Between D i f f e r e n t  

Q u a n t i t y  Wasre G e n e r a t o r s  And T h e i r  Judgement A5 To The E x t e n t  Of Waste 

Minimizat ion P r a c t i c e  Levels  4 and 5. 

A pos i  t i v e  c o r r e l a t i o n  was determined between two v a r i a t e s  

(d  = 0.15, Z = 2 .5 ,  p < 0.05) of judgment on t h e  waste  min imiza t ion  

Level and d i f f e r i n g  waste q u a n t i t y .  T h i s  meant t h a t  the l a r g e r  waste 

g e n e r a t o r s  evslu:tted t h e i r  w a s t e  min imiza t ion  p r a c t i c e s  .as inore ex ten -  

s i v e  than smaller j e n e r a t o r s .  Waste min imlza t ion  p r a c t i c e s  a t  l e v e l s  4 

and 5,  c l a s s i f l e 4  a c c o r d i n g  t o  the t h r e e  groups of waste p r o d u c e r s ,  a re  

i l l u s t r a t e d  i n  F i g .  4.4. 

4.3.3 Waste Tfinimizat ion F a c t o r s  ( R e g u l a t i o n s ,  Economics , Envi rnnmn t, 
and Tcchnol ogy) and Quanti  izy of Waste Genera ti  on I 

.In the  s w v e y ,  groups of s t a t e m e n t s  coverin$ f o u r  d i s t i n c t  waste 

min imiza t ion  f a c t o r s  were e v a l u a t e d  by the  r e s p o n d e n t s  using t he  s c a l e  

o f :  5 = st rcingly a g r e e ,  4 = a g r e e ,  3 = undecided Ii 2 = d i s a g r e e ,  and 

1 = s t r o n g l y  d i s a g r e e ,  

'The s t a t i s t L c d l  wsts t:o measure re sponden t  p e r c e p t i o n s  on the f o u r  

waste rninimizathon f a c t o r s  made use of t h e  f o l l o w i a g  ques t i o n s  

(Appendix B,  Survey Form): 

Cpestions 16 t o  2 4  F o r  r e g u l a t i o n  i s s u e s  

Q u e s t i o n s  2 5  28 F u r  economics i s s u e s ,  

@ e s t i o i l s  31 to 36 For env i ronmen ta l  Issues, and 

Questions 37 t o  41  For t e c h n f e a l  know-how issues. 
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4.4. T h e  e x t e n t  of waste minimiza t ion  a s s o c i a t e d  wi th  4 and 5 levels of implementa t ion  
by the  q u a n t i t y  of waste g e n e r a t i o n .  

m 
N 

a F a c i i i t i e s  producing  more than  l o 6  kg p e r  yea r .  
b F a c i l i t i e s  p roduc inp  IO5 - 106 kg per  yea r .  
' F a c i l i t i e s  producing l o 3  - IO5 kg p e r  year. 
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F o r  t h e  purposes of  d e s c r i b i n g  t h e  d i s t r i b u t i o n  of  t h r e e  saniples 

wi th  v a r y i n g  q u a n t i t i e s  of waste g e n e r a t i o n ,  s c o r e s  o b t a i n e d  f o r  t h e  

f o u r  se ts  of waste m i n i m i z a t i o n  f a c t o r s  were  computed f o r  d e s c r i p t i v e  

s t a t i s t i c s .  Th i s  i n f o r m a t i o n  i s  i n c l u d e d  i n  Table 4.11 s e p a r a t e l y  f o r  

r e g u l a t i o n s ,  economics, environmental c o n c e r n s ,  and t e c h n i c a l  kncw-hmq 

a r e a s ,  

The f o u r  s e l e c t e d  waste  min imiza t ion  f a c t o r  s t a t e m e n t s  were s t a t i s -  

t i c a l l y  t e s t e d  f o r  t h e  s e t  Mull Hypothesis  w i t h  r e s p e c t  t o  v a r i o u s  

independen t  sampl es. 

Null Hypothesis-IO: T h e r e  Were No Dif Eerences O f  Opinion Among The 

Tennessee Waste G e n e r a t o r s  A s  C a t e g o r i z e d  On The B a s i s  O f  Waste Q u a n t i t y  

Concerning The - I n f l u e n c e  O f  Four Waste M i n i m i z a t i o n  F a c t o r s .  

Null  Hypothesis-1 I :  T h e r e  Were No M T f e r e n c e s  _Ilf Opinion b o n g  The 

Tennessee Waste G e n e r a t o r s  A s  C a t e g o r i z e d  On The Basis O f  Waste  S t r e a n  

V a r i a b i l i t y  Conce rn ing  The I n f l u e n c e  Of Four  Waste  Min imiza t fon  F a c t o r s .  

- There Were No D i f f e r e n c e s  O f  O p i n i o n  bong The 

Tennessee Vaste G e n e r a t o r s  As C a t e g o r i z e d  On The Basis Of EmpLoyn i~n t  _I 

S i z e  Coricerrii ng zhc L n f l u r n c e  O f  F o u r  Waste M i n i m i z a t i o n  - F a c t o r s ,  ---- 

N u l l  I3yypotliesis-12: 11111 

_l_l-l__- 

N u l l  Hypothesis-1 3 :  There Were No D i f f e r e n c e s  Of Opinion Aninlong 'Rie 

Tennessee Waste G e n e r a t o r s  As C a t e g o r i z e d  On Tne Basis Of  Ma= S I C  

Codes Concernfng  Thc I n f  Lucnce Of F o u r  Waste N i n i m i z a t i o n  Fac to r s ,  

- -I___- _-. 

_-_ 

Thz independence of t h e  g roups  of generators was t e s t ed  hy t h e  

Kruskdl-lJd14-is t p s L  f o r  each one of tlic f o u r  f ac l  nrs, "he resul ts  o f  

the t .ests  f o r  tlte f o u r  f a c t o r s  by d i f f e r e n t  i ndependen t  samples ilrp 

summed i i i  T a b l e  4.12 and i n d i c a t e  no s i g n i t i c a a c c  a t  t h e  0.05 l e v e l  o f  

s i g n i f i c a n c e .  !icace, the  N u l l  Hypothcses-10 t o  -1 3 were a c c e p t e d .  Lt 

was a l s o  a c c e p t e d  t h a t  t h e  p o p u l a t i o n s  c o r r e s p o n d i n g  t o  grou;,; of sai'i- 

p l e s  ( e i t h e r  on t h e  b a s i s  of t h e  q u a n t i t y  of waste, va ry ing  waste 

st renrns,  employment s i z e ,  o r  d i f f e r e n t  SIC codes) I m s t  have sirnilsi 

d i s t r i b u t i o n s .  This imp l i ed  t h a t  t h e  g roups  responded t o  t h e  w;lste 

n i n i a i z a t t o n  f a c t o r s  very  s i m i l a r l y .  

N u 1  1 fIyp:,thesea-14 t o  - 1 7  - were t e s t e d  by Kendsall 's C o e f f i c i e n t  o f  

Concordance t o  examine t h e  c o r r e l a t i  or1 among k s a m p P e s  and to i d e n t i f y  

high and lora r a n k i n g  q u e s t i o n s .  



Tab le  4.11. D i s t r i b u t i o n  of SCOPM € o r  t h e  f o u r  waste 
min imiza t ion  f a c t o r s  by waste q u a n t i t y  c a t e g o r i e s  

Waste Waste q u a n t i t y  c a t e g o r i e s  

C 
min imiza t ion  a 

f a c t o r s  Group 1 Group 2' Group 3 

R e  gu 1 a t  i ons 

N 
Mean 
S tanda rd  d e v i a t i o n  
Range 
Median 
Mode 
Semi - i n t  e rq u a r  t i l e  range 
Skewness 

Economics 

N 
Me a n  
S tanda rd  d e v i a t i o n  
Range 
Median 
Mode 
S e m i - i n t e r q u a r t i l e  range 
Skewness 

Environmental  conce rns  

N 
M e  a n  
S tanda rd  devi a t  i o n  
Range 
Median 
Mode 
S e r n € - i n t e r q u a r t i l e  r ange  
Skewness 

T e  c h n i  ea 1 know-how 

N 
;Clean 
S tanda rd  d e v i a t i o n  
Range 
Median 
Mode 
S e m i - i n t e r q u a r t  LIE range 
Skewness 

.__I- - - - 

_I 

41.0 
31.4 

5.7 
24.0  
33.0 
33.0 

3.0 
-1.3 

43.0 
14.8 

2.2 
11.0 
14.0 
14.0 

1 .5  
0.2  

42,0 
23.3 

3.1 
15.0 
24.0 
24.0 

1 ,0  
-0.4 

42.0 
16.4 

2.1 
9.0 

16.0 
16.0 

1.5 
0.0 

46.0 
30.4 

6.3 
27.0 
31.0 
36.0 

4.0 
-0.4 

50.0 
15.1 

2.6 
11.0 
16.0 
16.0 

1 .5  
4 . 9  

50.0 
22.8 

2.8 
12.0 
23.0 
24.0 

2.0 
0.1 

50.0 
16.3 

2.6 
11.0 
16.5 
18.0 

1.5 
4 . 5  

86.0 
2 9 - 9  

7.1 
32.0 
31.0 
32.0 

5.0 
4 . 3  

89.0 
15.1 

2 -4  
12.0 
15.0 
16.0 

1.0 
-0. 4 

87.0 
22.3 

2.7 
ls.o 
22.0 
22.0 

1 .5  
- 0 . 3  

157.0 
16.5 

3.5 
15.0 
17.0 
19.0 

2 ,5  
0.1 

% a c i l i t i e s  p roduc ing  more than  lo6 kg p e r  year .  

bFaci1ities p roduc ing  lo5 - lo6 kg p e r  y e a r .  

5 a c I l i t i e s  p roduc ing  lo3  - lo5  kg p e r  year .  



Table 4.12. Kruskal-Wallis test results for waste minimization 
factors by independent samples 

Kruskal-Wallis X2 values Regulationsa Economicsa Environment" Technology' 

1.77 1.80 4 .24  0 . 2 3  By quantity waste generation 

0.07 2.30 1.85 3.51 By number of waste streams 

0.96 0.99 1.95 5.41 By employment size 

By maj or SIC codescJd 3.62 3 . 7 3  3 . 1 6  7 . 6 3  

b 

b 

b 

a h r e  of the results were statistically significant at a = 0.05 level. 

bdf = 2 .  

'df = 3 .  

%tandard Industrial Classification ( S I C ) .  
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Nul l  Hypothesis-14: There Was No Agreement Among The Three Groups 

Of Tennessee Waste Genera to r s  As Categor i zed  On The Basis Of Waste Quan- 

t i t i e s  And T h e i r  P e r c e p t i o n  Of The Importance Of Regu la to ry  I s s u e s .  

Null  Hypothesis-15: There Was No Agreement Among The Three Groups 

O f  Tennessee Waste Genera to r s  A s  Ca texor i zed  On The Basis Of Waste Quail: 

t i t i e s  And The i r  P e r c e p t i o n  O f  The Importance Of Economic I s s u e s .  

Null  Hypothesis-16: There Was No Agreement Among The Three Groups 

O f  Tennessee Waste Genera to r s  As Categor i zed  On The Basis Of Waste Quan- 

t i t i e s  And The i r  P e r c e p t i o n  Of  'L'he Importance Of Environmental  Concerns. 

Null  Hypothesis-17: There Was No Agreement Among The Three Groups 

I O f  Tennessee Waste Genera to r s  A s  Categor i zed  On The Basis O f  Waste Quan- 

t i t i e s  And The i r  P e r c e p t i o n  O f  The Importance O f  Techn ica l  Know-How 

S ta t emen t s ,  

The p e r c e p t i o n  of the i n f l u e n c e  of r e g u l a t i o n s  on waste  minimiza- 

t i o n  p r a c t i c e s  by d i f f e r e n t  q u a n t i t y  waste g e n e r a t o r s  were i d e n t i f i e d  by 

t e s t i n g  N u l l  Hypothesis--14. K e n d a l l ' s  C o e f f i c i e n t  of Concordance was 

caJ.culated t o  obse rve  the  a s s o c i a t i o n  between the  t h r e e  groups and the 

f a c t o r  of r e g u l a t i o n s .  Mean s c o r e s  o b t a i n e d  f o r  each group p e r  q u e s t i o n  

were a s s i g n e d  ranks w i t h i n  groups.  The r a n k i n g s  of r e g u l a t i o n s  were 

p r e s e n t e d  i n  Table  4.13. The degree  of agreement among the groups w a s  

determined t o  be s i g n i f i c a n t  s t a t i s t i c a l l y  a t  a 0.05 l e v e l  of s i g n i f i c -  

ance (W 0.71, X2 = 15.92, p < 0.05, df =: 8 ) .  Hence, t he  Null  I-Iypoth- 

e s i s -14  of no agreement was r e j e c t e d ;  i n  o t h e r  words,  t h e  t h r e e  groups 

were i n  agreement i n  r ank ing  waste min imiza t ion  r e g u l a t i o n  s t a t e m e n t s .  

H ighes t  p r i o r i t y  w a s  g iven  t o  t h e  s t a t e m e n t s :  19 ( r e g u l a t i o n s  

encourage waste r e d u c t i o n  by volume and t o x i c i t y )  and 16 ( r e g u l a t i o n s  

encourage a1  t e r n a  t i v e  waste management f o r  d i s p o s a l  ). The lowes t  

p r i o r i  t y  was g iven  t o  the  s t a t e m e n t s  : 22 ( r e g u l a  t - ions encourage 

a u d i t s )  2 3  ( r e g u l a t i o n s  encourage r e c y c l i n g  of w a s t e s ) ,  and 20 ( t h e  

waste min imiza t ion  c e r t i f i c a t e  was i m p o r t a n t  i n  i n c r e a s i n g  waste mini- 

mizat:ion p r a c t i c e s ) .  

The K e n d a l l ' s  C o e f f i - c i e n t  of Concordance tes t  w a s  a p p l i e d  t o  Null  

Hypothesis-15 t o  s t u d y  t h e  a s s o c i a t i o n  between economic f a c t o r s  and the  

d i f f e r e n t  q u a n t i t y  waste g e n e r a t o r s .  The r e s u l t s  of t h i s  a n a l y s i s  a r e  

p r e s e n t e d  i n  Table  4.14. There was s t r o n g  agreement among t h e  t h r e e  
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Tab le  4.13. Ranking of was te  min imiza t ion  f a c t o r  - r e g u l a t i o n s  
among waste g e n e r a t o r s  of v a r y i n g  waste amounta 

Rank by sample Sum of 
Waste min imiza t ion  rank 

f a c t o r  - r e g u l a t i o n s  Group l b  Group 2' Group 3 d t o t a l  
N1 41 N2 = 46 N3 = 86 N 173 

16. The Waste Minimiza t ion  
Regu la t ions  encourage 
your company t o  c o n s i d e r  
a1 t e  r n a t  i v e  waste man- 
agement o p t i o n s  € o r  
d i s p o s a l  of was te  8 

17. Documenting waste mini -  
z a t i o n  i n  your annual  
r e p o r t  i n c r e a s e s  t h e  
s i g n i f i c a n c e  of t h e  
Waste Minimizat ion 
R e  gu 1 a t  i o n s  4 

18. The Waste Minimiza t ion  
R e g u l a t i o n s  f o r c e  your 
company t o  b e t t e r  under-  
s t a n d  t h e  v a r i e t y  of 
waste streams and t h e i r  
s o u r c e s  7 

19. The Waste Minimiza t ion  
Regu la t ions  encourage 
your company t o  reduce  
waste volume and /o r  
t o x i c i t y  9 

20. The Waste Minimiza t ion  
R e g u l a t i o n ' s  c e r t i f i c a -  
t i o n  requi rement  i s  an 
i m p o r t a n t  f a c t o r  i n  
i n c r e a s i n g  waste minimi- 
z a t i o n  p r a c t i c e ( s )  3 

21. The Waste Minimiza t ion  
R e g u l a t i o n s  encourage 
your company t o  develop  
b a s  e 1 i ne i n f o  rma t i o n 
on t h e  volumes and 
t o x i c i t y  of was tes  
g e n e r a t e d  

22. Waste Minimlza t ion  
R e g u l a t i o n s  encourage 
your company t o  conduct  
waste a u d i t s  

6 

2 

8 8 

5 3 

4 4 

9 9 

1 5 

2 4  

12 

15  

27  

9 

6 6.5 18.5 

3 1 6 
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T a b l e  4.13 ( c o n t i n u e d )  

Rank by sample Sum of 
Waste m i  nitni z a t 1 on r ank  

f a c t o r  - r e g u l a t i o n s  Group lb Group 2' Group 3d t o t a l  
N1 = 4 1  N2 = 46  N3 = 86 N = 173  

23. Waste Minimizat ion 
Regu la t ions  encourage 
your  company t o  i n c r e a s e  
r e  cyc 1. Sng of wa s t e s 5 2 2 9 

24. The land d i s p o s a l  
r e s t r i c t i o n s  of t h e  
1984 Hazardous and S o l i d  
Waste Amendments are a 
major r eason  why waste 
min imiza t ion  p r a c t i c e s  
a r e  be ing  implemented 1 7 6.5 14.5 

235 .0  

Q K e n d a l l ' s  t e s t  resu l t s :  W = 0.71, X2 = 16.92, P < 0.05 df = 8. 

%?ac i l i t i e s  producing more t h a n  IO6 kg p e r  yea r .  

C F a c i l i t S e s  producing 10' t o  lo6 kg per  year. 

d F a c i l i t i e s  producing lo3 t o  lo5  kg per  year. 
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Tab le  4.14. Ranking of waste min imiza t ion  factor-economics 

among waste  g e n e r a t o r s  of va ry ing  waste amount' 

Rank by sample sum of 

factor-economics Group lb Group 2' Group 3 d t o t a l  
Waste minimiza t ion  rank 

N1 = 43 N2 = 50 N3 = 89 N 182 

25. The r i s i n g  c o s t  of haz- 
a rdous  waste t r e a t m e n t /  
d i s p o s a l  i s  a major  
r eason  why waste mini-  
m i z a t i o n  p r a c t i c e s  are 
b e i n g  imp 1 eme n t ed 

26. Waste min imiza t ion  prac- 
t ices  are adopted t o  
avoid  p o t e n t i a l  l i t i g a -  
t i o n  and f u t u r e  

4 

1 i a b i l i  t y  2 

27. Low-cost waste minimi- 
z a t i o n  p r a c t i c e s  shou ld  
be adopted immed-lately 3 

28. Management c o n s i d e r s  
a d o p t i n g  waste minimiza- 
t i o n  p r a c t i c e s  only  when 
t h e y  are c o s t - e f f e c t i v e  1 

3 3 10 

2 6 

4 1 1  

1 1 3 

30 

-- 

% e n d a l l ' s  tes t  r e s u l t s :  W = 0.91, X2 = 8.20, P < 0.05, df = 3. 

b F a c i l i t i e s  producing more than  lo6 kg per yea r .  

C F a c i l i t i . e s  producing lo5 t o  lo6 kg p e r  year. 

dFaci l i t ies  producing l o3  t o  lo5  kg p e r  y e a r .  
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groups of waste g e n e r a t o r s  (W = 0.91) f o r  t h e s e  f o u r  s t a t e m e n t s .  Agree- 

ment among the t h r e e  groups was s t a t i s t i c a l l y  s i g n i f i c a n t  (X2 = 8.20, 

p < 0.05, df = 3 ) .  The s t a t e m e n t  r e c e i v i n g  the  most s i g n i f i c a n t  s u p p o r t  

was 27 (low-cos t p r a c t i c e s  shou ld  be adopted immediately) .  The lowes t  

ranked s t a t e m e n t  w a s  28  (management c o n s i d e r s  a d o p t i n g  waste minimiza- 

t i o n  p r a c t i c e s  on ly  when they were c o s t  e f f e c t i v e ) .  

The impact  of env i ronmen ta l  concerns on waste minimizat ion prac- 

t ices w a s  e v a l u a t e d  by reviewing r e sponden t  agreement w i t h  Quest ions 31 

t o  36. 

K e n d a l l ‘ s  C o e f f i c i e n t  oE Concordance f o r  Nu l l  Uypothesis-16 i n d i -  

c a t e d  a h i g h  degree  of agreement (W = 0.91) among t h e  t h r e e  d i f f e r e n t  

q u a n t i t y  waste genera tlng groups (Tab le  4 . 1 5 ) .  This  agreenen t was 

s t a t i s t i c a l l y  s i g n i f i c a n t  (X2 = 13.67, p < 0.05, df = 3 ) .  Hence t h e  

Nu l l  Hypothesis-16 w a s  r e j e c t e d .  Respondent agreement was s u b s t a n t i a l .  

f o r  t he  f o l l o w i n g :  33 (implementing waste min imiza t ion  even i f  n o t  

c o s  t - e f f e c t - i v e  i n  o r d e r  t o  enhance environmental  p r o t e c t i o n )  and 31 

( p r a c t i c e s  can conse rve  r a w  m a t e r i a l s ) .  On the  o t h e r  hand, d i sag reemen t  

p r e v a i l e d  unanimously on Questi-on 35 (enhancing the  p u b l i c  image by 

adop t ing  p r a c t i c e s )  and 34 ( o n - s i t e  waste min imiza t ion  be ing  p r e f e r r e d  

‘to o f f - s i t e  due t o  t r a n s p o r t a t i o n  r i s k s .  

The Null  Hypo thes i s -1  7 fop. f i n a l  was te minimiza t i o n  f a c t o r  and 

t echn i - ca l  know-how was t e s t e d  

Kendal l  I s  C o e f f i c i e n t  of Concordance f o r  t he  t h r e e  groups of w a s  t e  

g e n e r a t o r s  produced s t r o n g  agreement among them (W = 0.96). Th i s  means 

t h a t  o v e r a l l  they produced s imi l a r  s c o r e s .  Indeed,  as can be s e e n  i n  

Table  4.16, t hey  had n e a r l y  i d e n t i c a l  r ank ing  s c o r e s  f o r  a l l  s t a t e -  

ments. The chi-square v a l u e  w a s  s t a t i s t i c a l l y  s i g n i f i c a n t  (X2 = 11.47, 

p < 0.05 ,  df = 4 ) .  The h i g h e s t  r anks  and consequen t ly  s t r o n g e s t  agree- 

ment a r e a s  were f o r  s t a t e m e n t s  40 ( r e d u c i n g  t h e  a m o u n t l t o x i c i t y  of waste 

i n  new i n d u s t r i a l  p r o c e s s e s / o p e r a t i o n s )  and 41 (companies would t ake  

advantage of t e c h n i c a l  a s s i s t a n c e  o f f e r e d  by .L; t a te  o r  f e d e r a l  govern- 

ment).  The lowes t  p r i o r i t y  w a s  g i v e n  t o  t h e  s t a t e m e n t  39 ( i n c r e a s i n g  

the s i z e  of t e c h n i c a l  s t a f f ) .  
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Table  4.15. Ranking of waste miminiza t ion  fac tor -envi ronm&nta l  

concern among waste g e n e r a t o r s  of va ry ing  waste amount 

Rank by sample Sum of 

Group lb Group f Group # t o t a l  
rank 

Waste minimiza t ion  
f ac to r - env i ronmen ta l  

concern N I  = 4 2  N2 = 50 Ng 87 N 179 

3 1 ,  Waste minimiza t ion  prac- 
t i c e s  can conserve  raw 
m a t  e r ia ls  6 5 6 17 

32. Waste minimiza t ion  p rac -  
t i c e s  d e c r e a s e  t h e  need 
f o r  hazardous  waste 
d i s p o s a l  3 

33. Some waste min imiza t ion  
p r a c t i c e s  should  be 
implemented, even i f  no t  
c o s t - e f f e c t i v e ,  i n  o r d e r  
t o  enhance envi ronmenta l  
p r o t e c t i o n  4 

34. On-si te  waste minimiza- 
t i o n  a c t i v i t i e s  a r e  p r e -  
f e r r e d  t o  o f f - s i t e  was te  
min imiza t ion  s i n c e  they  
d e c r e a s e  p o t e n t i a l  
t r a n s p o r t a t i o n  r i s k s  

35. Enhancing t h e  p u b l i c  
image of t h e  company i s  
an impor tan t  reason  f o r  
t h e  a d o p t i o n  of waste 
min imiza t ion  p r a c t i c e s  

2 

1 

4 

6 

2 

1 

5 

4 

2 

1 

12 

14  

6 

3 

3 6 .  The h e a l t h  consequences 
of emis s ions ,  d i s -  
c h a r g e s ,  and a c c i d e n t a l  
releases t o  t h e  envi ron-  
ment a r e  major f a c t o r s  
i n  a d o p t i n g  was te  mini- 
m i z a t i o n  p r a c t i c e s  5 3 3 11 

6 3  

aKendal l ' s  tes t  r e s u l t s :  W = 0.91, X2 = 13.67,  P < 0.05, d f  = 5. 

b a c i l i t i e s  producing  more than  lo6 kg p e r  year. 

q a e i l i t i e s  producing lo5  t o  lo6 kg p e r  year .  

4 a c i l i t i e s  producing  lo3  t o  lo5  kg pe r  yea r .  
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Tab le  4.16. Ranking of waste mimin iza t ion  f a c t o r - t e c h n i c a l  

know-how among waste g e n e r a t o r s  of v a r y i n g  waste amounta 

Rank by sample sum of 
rank Wa s t e mini  m i  2: a t i on 

f a c t o r - t e c h n i c a l  
know-how 

Group lb Group Group $ t o t a l  
N1 = 4 2  Ng = 50 N3 87 N = 179 

37. 

38. 

39. 

40. 

41. 

The l a c k  of d e t a i l e d  
knowledge r e g a r d i n g  
w a s t e  streams and t h e i r  
s o u r c e s  p r e v e n t s  the 
a d o p t i o n  of waste 
m i n i d z a t i o n  p r a c t i c e s  

The absence of s u f f i -  
c i e n t  t e c h n i c a l  know-how 
by t h e  s t a f f  p r e v e n t s  
t h e  a d o p t i o n  of many 
waste min imiza t ion  
prac  tPces 

I n c r e a s i n g  t h e  s i z e  of 
t h e  t e c h n i c a l  s t a f f  
would i n c r e a s e  t h e  
a d o p t i o n  of waste 
min imiza t ion  p r a c t i c e s  

Reducing t h e  amount 
a n d / o r  t o x i c i t y  oE 
hazardous waste i s  an 
i mp o r t a n  t e 1 ene n t i n  
d e s i g n i n g  new i n d i i s t r i a l  
p r o c e s s e s  and o p e r a t i o n s  

Companies would t a k e  
advantage of t e c h n i c a l  
a s s i s t a n c e  i n  w a s t e  
m in imiza t ion  p r a c t i c e s  
be ing  o f f e r e d  by e i t h e r  
t h e  s t a t e  o r  f e d e r a l  
gove r nment s 

2 

3 

1 

5 

2 

2 

1 

5 

3 

2 

1 

8 

7 

3 

5 15  

4 4 4 1 2  

4 5  
.__p_ 

aKendal.1.'~ tes t  r e s u l t s :  W = 0.96, X2 = 11.47, P < 0.05, df = 4. 

h a c i l i t i e s  producing more t h a n  lo6  kg p e r  yea r .  

CFacili t ies producing lo5  t o  lo6 kg p e r  year .  

d F a c i l i t i e s  producing l o 3  t o  lo5  kg p e r  yea r .  
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Somers' d s t a t i s t i c  was used  t o  t e s t  N u l l  Hypothesis-18. 

Null  Hypothesis-18: There Was No A s s o c i a t i o n  Between D i f f e r e n t  

Q u a n t i t y  Waste G e n e r a t o r s  And T h e i r  E v a l u a t i o n  O f  Each Ques t ion  R e l a t i n g  

To Waste Min imiza t ion  F a c t o r s  - R e g u l a t i o n s ,  Fkonomlcs, Envi ronmenta l  

Concerns,  And T e c h n i c a l  Know-fllow. 

The Somers' d s t a t i s t i c  was used  t o  s t u d y  t h e  a s s o c i a t i o n  p r e d i c t e d  

by Null  Hypothesis-18. Three-by-f i v e  con t ingency  t a b l e s  were con- 

s t r u c t e d  f o r  e a c h  waste m i n i m i z a t i o n  f a c t o r  ( s e e  N u l l  Hypothesis-8 f o r  

t h e  Somers' d t e s t ) .  The independent  v a r i a b l e  was l i s t e d  i n  t h e  o r d e r  

o f  i n c r e a s i n g  waste p r o d u c t i o n  p e r  y e a r  and  t h e  dependent  v a r i a b l e  con- 

s i s t e d  of f i v e  l e v e l s  of agreement .  

Tab le  4.17 p r o v i d e s  t h e  Somers' d v a l u e s  f o r  r e g u l a t i o n  s t a t e m e n t s  

16 through 24. The Nul l  Hypothesis-18 of  no a s s o c i a t i o n  was r e j e c t e d  

(d  = 0.151, Z = 2.25, p < 0.05) f o r  t h e  s t a t e m e n t  18 ( r e g u l a t i o n s  f o r c e  

b e t t e r  unde r s t and ing  of  t h e  v a r i e t y  of  waste s t r e a m s ) .  Consequent ly ,  a 

s t a t i s t i c a l l y  s i g n i f i c a n t  p o s i t i v e  a s s o c i a t i o n  was de termined .  Hence, 

company agreement of  t h e  i n f l u e n c e  o f  r e g u l a t i o n s  on d e t e r m i n i n g  waste 

streams went up a s  t h e  q u a n t i t y  o f  waste i n c r e a s e d .  It c a n  a l s o  b e  s a i d  

t h a t  t h e  amount of waste p r o d u c t i o n  caused  t h e s e  answers .  

A n  a s s o c i a t i o n  o f  b i v a r i a t e s  - economics and  w a s t e  q u a n t i t y  produc- 

t i o n  - was s t a t i s t i c a l l y  t e s t e d  u s i n g  t h e  Somers' d tes t  ( T a b l e  4.18). 

There  w a s  a s t a t i s t i c a l l y  s i g n i f i c a n t  a s s o c i a t i o n  (d = -0.160, 

Z = -2.35, p < 0.05) of  t h e s e  two v a r i a t e s  o n l y  f o r  s t a t e m e n t  2 8  (man- 

agement c o n s i d e r s  a d o p t i n g  was te  m i n i m i z a t i o n  p r a c t i c e s  o n l y  when t h e y  

are c o s t - e f f e c t i v e ) .  This  a s s o c i a t i o n  w a s  i n v e r s e l y  re la ted,  which 

meant t h a t  as  r e sponden t  q u a n t i t y  o f  waste i n c r e a s e d ,  less agreement  was 

expres sed  t h a t  c o s t  w a s  t h e  most impor t an t  i s s u e  i n  implementa t ion  o f  

waste m i n i m i z a t i o n  p r a c t i c e s .  

The Sorners' d s t a t i s t i c  ( T a b l e  4.19)  i n d i c a t e d  a s i g n i f i c a n t  asso-  

c i a t i o n  o f  env i ronmen ta l  f a c t o r s  w i t h  changes  i n  q u a n t i t y  of waste  pro-  

d u c t i o n  on ly  f o r  s t a t e m e n t  35 ( enhanc ing  t h e  p u b l i c  image by a d o p t i n g  

p r a c t i c e s ) .  Consequent ly ,  as g e n e r a t o r s  produced more waste, t h e i r  

agreement  l e v e l  w i t h  t h i s  s t a t e m e n t  i n c r e a s e d .  The N u l l  Hypo thes i s  of 

independence o f  t h e s e  two v a r i a b l e s  was r e j e c t e d  ( d  = 0.152,  Z = 2.34,  

p < 0.05).  
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Table 4.17. Associatbon of variables by Somers' d statistics 
f o r  the regulation statements and quantity of waste generation 

Regulation 
statements 

Nul 1 

results 

Somers' d 
values 

Z values hypothesis 

-~ 

16. The Waste Minimization 
Regulations encourage 
your company to con- 
sider alternative 
waste management 
options f o r  d-lsposal 
of waste 0.044 

17. Documenting waste 
minimization in your 
annual report in- 
c re a se s the sign - 
ficance of the Waste 
Minimization Regula- 0.104 
tions 

18. The Waste Minirnizatfon 
Regulations force your 
c omp any to be t t e r 
understand the variety 
of waste streams and 
their sources 0.151 

19. The Waste Minimization 
Regulations encourage 
your company t o  reduce 
waste volume a n d / o r  
toxic i ey 0.041 

20. The Waste Minimization 
Regulations' certifica- 
tion requirement is an 
i mpc~ r t an t facto r in 
increasing waste 
minimization prac- 

21. The ldaate Minlmization 

tice( SI. 0.022 

Regulations encourage 
your company t o  develop 
baseline information on 
the volumes and toxicity 
of  wastes generated 0.066 

Re gu 1 a t i o ns e nc ou rag e 
your company to conduct 
waste audits 0.085 

22. Waste Yinimization 

0.71 Accepted 

1.55 Ac cep t ed 

2.25 Rejected, 
p < 0.05 

0 . 6 3  Ac ce p t ed 

0.31 Accepted 

1.05 A c  ce p t e d 

1.31 Ac ce p t e d 
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Tab le  4.17 ( con t inued)  

Regu la t ion  
st a t  ement s 

Nul 1 
Somers' d Z values hypothesis 

v a l u e s  r e su l t s  

2 3. Waste M i  nimi z a t  i o n  
Regu la t ions  encourage 
your  company t o  in- 
crease r e c y c l i n g  of 
wastes 0.115 1.67 Accepted 

24. The l and  d i s p o s a l  
r e s t r i c t i o n s  of t h e  
1984 Hazardous and 
So 1 i d  Was t e  Amendments 
are a major r eason  why 
waste d n i m f z a t i o n  
practices are be ing  
imp 1 eme n t e d -0.126 -1.85 Ac c e p  t ed 
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Tab le  4.18. A s s o c i a t i o n  of v a r i a b l e s  by Sorners' d s t a t i s t i c s  
f o r  t h e  economics s t a t e m e n t s  and q u a n t i t y  

of waste g e n e r a t i o n  

Economics 
s t a t e m e n t s  

Nul 1 

r e s u l t s  

Somers' d 
v a l u e s  

2 v a l u e s  h y p o t h e s i s  

25. The r i s i n g  c o s t  of 
hazardous waste 
t re a t me 11 t / d i s p o s a 1 
i s  a major r eason  why 
was te  min:Lmizat i o n  
p r a c t i c e s  are be ing  
imp 1 ement ed 0.074 

26. Waste min imiza t ion  
p r a c t i c e s  are  adopted 
t o  avoid p o t e n t i a l  
1 i t P g a t P o n  and f u t u r e  
l i a b i l i t y  -4.002 

2 7 .  Low-cost waste minimi- 
z a t i o n  practices shou ld  
be  adopted i m n e d i a t e l y  -0.060 

28. Management c o n s i d e r s  
adop t ing  waste minimi- 
z a t i o n  p r a c t i c e s  o n l y  
when they  are c o s t -  
e f f e c t  i v e  -0.160 

29. Waste min imiza t ion  
p r a c t i c e s  a re  too  
expens ive  f o r  com- 
p a n i e s  w i t h  o l d  f ac i -  
l i t i e s  4 . 0 4 3  

30. Waste min imiza t ion  
prac t ices  are l i k e l y  
t o  i n c r e a s e  p roduc t  
c o s t s  and the reby  make 
t h e  p roduc t  less com- 
p e t i t i v e  i n  t h e  market -4.031 

1.10 Accepted 

-4 .03  Ac ce p t e d 

-0.94 Ac cep t ed 

-2,35 R e j e c t e d ,  
p < 0.05 

4 . 6 2  Ac c e p  t ed 

-0 .44 Accepted 
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Table  4.19. A s s o c i a t i o n  of v a r i a b l e s  by Somers' d 
s t a t i s t i c s  f o r  t h e  environment  concern  s t a t e m e n t s  

and q u a n t i t y  of waste g e n e r a t i o n  

Envi ronmenta l  Nul 1 
Somers' d 

v a l u e s  
conce rn  Z v a l u e s  h y p o t h e s i s  

s t atme n t  s r e s u l t s  

31. 

32. 

3 3. 

34. 

35. 

36 .  

Waste min imiza t ion  
p r a c t i c e s  can con- 
s e r v e  raw m a t e r i a l s  0.031 0.52 Ac ce p t ed 

Waste min imiza t ion  
p r a c t i c e s  d e c r e a s e  
t h e  need f o r  hazardous  
waste d i s p o s a l  4 . 0 0 5  4 . 0 8  Accepted 

Some was te  minimiza- 
t i o n  p r a c t i c e s  should  
be  implemented, even 
i f  not  c o s t - e f f e c t i v e ,  
i n  o r d e r  t o  enhance 
env i ronmen ta l  p r o t e c -  
t i o n  0.084 1 .42  Ac c e  p t ed 

On-si te  waste  minimiza- 
t i o n  a c t i v i t i e s  a r e  
p r e f e r r e d  t o  o f f - s i t e  
waste min imiza t ion  
s i n c e  they  d e c r e a s e  
p o t e n t i a l  t r a n s p o r t a -  
tion r isks  0.069 

Enhancing t h e  p u b l i c  
image of t h e  company 
i s  an impor t an t  r eason  
f o r  t h e  a d o p t i o n  of 
was te  min imiza t ion  
p r a c t i c e s  0.152 

1.11 A c  ce  p t ed 

2.34 Re j e c t ed , 
p < 0.05 

The h e a l t h  consequ- 
e n c e s  of e m i s s i o n s ,  
d i s c h a r g e s ,  and a c c i -  
d e n t i a l  releases t o  
t h e  environment are 
major f a c t o r s  i n  
a d o p t i n g  waste mini-  
m i z a t i o n  p r a c t i c e s  0.034 0.55 A c  cep t ed 
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Somers’ d s t a t i s t i c s  (Table  4.20)  d i d  n o t  produce any s t a t i s t i c a l l y  

s i g n i f i c a n t  a s s o c i a t i o n  between t e c h n i c a l  know-how s c o r e s  and changes i n  

t h e  q u a n t i t y  of waste p roduc t ion .  T h i s  i n d i c a t e d  t h a t  l a r g e r  and 

smaller waste gene ra  t o r s  answered q u e s t i o n s  s i m i l a r l y .  

Fig.  4.5 i l l u s t r a t e s  the combined s c o r e s  of waste g e n e r a t i n g  

f a c i l i t i e s  on s t a t e m e n t s  conce rn ing  r e g u l a t i o n s .  Respondent d i s a g r e e -  

ment from l e v e l s  1 and 2 on n ine  s t a t e m e n t s  ranged from 17.0% to 31.3%; 

y e t  the same s t a t e m e n t s  r e c e i v e d  over  48.9% (48.9% t o  71.42) agreement 

a t  the 4 and S l e v e l s .  Gene ra to r s  had the  h i g h e s t  agreement w i t h  s ta te -  

ments 16 ( c o n s i d e r i n g  a 1  t e r n a t i v e  waste management o p t i o n s ) ,  19 (reduc-  

i n g  waste vo lume/ tox ic i  t y )  and 21 (deve lop ing  b a s e l i n e  informa t i o n ) .  

S t a t emen t s  such as  23 ( i n c r e a s e  i n  r e c y c l i n g  of waste) and 18 (under- 

s t a n d i n g  v a r i e t y  of waste s t r e a m s )  r e c e i v e d  the h i g h e s t  l e v e l s  of d i s -  

agreement (31.3% and 29.7%, r e s p e c t i v e l y ) .  

When s t a t e m e n t s  on economics were t a b u l a t e d  w i t h  respect to  the 

f i v e  l e v e l s  of agreement ,  t h e r e  was a c l e a r  d i v i s i o n  (Fig.  4 . 6 ) .  There 

was s t r o n g  agreement (over  78%) w i t h  the  fo l lowing  s t a t e m e n t s :  25 ( r i s -  

i n g  c o s t  of was te  d i s p o s a l / t r e a t m e n t ) ,  26 ( a v o i d i n g  p o t e n t i a l  l i t i g a t i o n  

and f u t u r e  l i - a b i l i t y ) ,  and 2 7  (low-cost p r a c t i c e s  be ing  adop ted ) .  How- 

e v e r ,  s u b s t a n t i a l  l e v e l s  of d i sag reemen t  ( f rom 42 t o  59%) were r a i s e d  

ove r  the fo l lowing :  28 ( a d o p t i n g  waste min imiza t ion  p r a c t i c e s  on ly  when 

they a r e  c o s t - e f f e c t i v e ) ,  29 ( p r a c t i c e s  be ing  too expensive f o r  o l d  

f a c i l i t i e s ) ,  arid 30 ( i n c r e a s e  i n  p roduc t  c o s t s  as a r e s u l t  of waste min- 

imiza t i o n ) .  

Respondent p e r c e p t i o n  of t h e  environment as a f a c t o r  i n  waste min- 

i m i z a t i o n  prac t ices  i s  o u t l i n e d  (by p e r c e n t a g e )  f o r  each  l e v e l  of agree-  

ment (Fig.  4 , 7 ) .  A l l  s i x  s t a t e m e n t s  had agreement l e v e l s  of over  55% 

(55.5% t o  85.1%). The h i g h e s t  d i sag reemen t  (21.4%) w a s  s e e n  i n  s ta te -  

ment 35 (enhancing p u b l i c  image by a d o p t i n g  waste min imiza t ion  prac- 

t i c e s ) .  

The s c o r e s  by r e sponden t s  on the ag ree -d i sag ree  spectrum, f o r  tech- 

n i c a l  know-how i s s u e s ,  are provided i n  Fig.  4.8. No d i s t i n c t  s e p a r a t i o n  

w a s  s e e n  among the f i r s t  t h r e e  q u e s t i o n s ,  though d i sag reemen t  w a s  some- 

what more preval-ent  than agreement.  There was c o n s i d e r a b l e  agreement 

among re sponden t s  (89.5% and 71.5%) f o r  s t a t e m e n t s  40 ( r educ ing  the  
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Table 4.20. Association of variables by Somers' d statistics for 
technology statement and quantity of waste generation 

37.  

38. 

39. 

40. 

41. 

Technology 
statements 

Null 

results 
2 values hypothesis Somers' d 

values 

The lack of detailed 
knowledge regarding 
waste streams and 
their sources pre-  
vents the adoption of 
waste minimization 
practices 

The absence of suffi- 
cient technical know- 
how by the staff pre- 
vents the adoption 
of many waste mini- 
mization practices 

Increasing the size of 
the technical staff 
would increase the 
adoption of waste mini- 
mization practices 

Reducting the amount 
and/or toxicity of 
hazardous waste is 
an imp o r t ant e 1 e men t 
in designing new 
industrial processes 
and operations 

Companies would take 
advantage of technical 
assistance in waste 
minimization practices 
being offered by either 
the state or federal 
g ove rnmen t 

- 0 . 0 5 8  

-0.022 

0.057 

- 0 . 8 4  Ac cep t ed 

-0.32 Accepted 

0.85 Ac c e p t ed 

0.021 0.35 Accepted 

-0.036 4 . 5 5  Ac ce p t e d 
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Fig. 4.6. Waste minimization factor: Economics by varying agreement levels. 

a w e s t i o n s  25 to 30 match survey form questions (Appendix E). 
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amount/ toxi .c i ty  of waste  be ing  impor t an t  i n  d e s i g n i n g  new o p e r a t i o n s )  

and 41  (companies would t ake  advantage of t e c h n i c a l  a s s i s t a n c e  o f f e r e d  

by the  s t a t e  o r  f e d e r a l  governments).  

4.4 SUMMARY 

The r e sponses  of Tennessee l a r g e  waste g e n e r a t o r s  ( i n  Sec t .  4 )  were 

examined i n  d e t a i l  through d e s c r i p t i v e  and s t a t i s t i c a l  procedures .  Two 

g e n e r a l  a r e a s  of i n t e r e s t  were s c r u t i n i z e d :  f i r s t ,  t he  n a t u r e  and 

e x t e n t  of waste  min imiza t ion  p r a c t i c e s  adopted by Tennessee g e n e r a t o r s  

s i n c e  1985; second,  an examinat ion o f  g e n e r a t o r  p e r c e p t i o n s  o€ f a c t o r s  

( r e g u l a t o r y ,  economic, environmental  and t e c h n i c a l )  t h a t  i n f l u e n c e  

a d o p t i o n  of waste  min imiza t ion  practices. These va ry ing  l e v e l s  of waste 

min imiza t ion  p r a c t i c e s  and p e r c e p t i o n s  were primnri.1.y e v a l u a t e d  i n  l i g h t  

of t h r e e  c a t e g o r i e s  of waste  g e n e r a t o r s  ( t h o s e  g e n e r a t i n g  d i f f e r e n t  

q u a n t i t i e s  of waste p e r  y e a r ,  > l o s  kg ,  IO5 - l o 6  kg, and IO3 -- < l o 5  kg) .  

In  a d d i t i o n ,  r e sponses  were t a b u l a t e d  by p e r c e n t a g e  to  i d e n t i f y  the most 

prominent p r a c t i c e s  aiiiong a l l  r e sponden t s  t o  t h e  su rvey  and t o  h i - g h l i g h t  

t he  most i n f l u e n t i a l  f a c t o r s .  

Overal.]., Tennessee g e n e r a t o r s ,  d i f f e r e n t i a t e d  by t h e i r  q u a n t i t y  of 

waste g e n e r a t e d ,  di.d n o t  d i f f e r  i n  t h e i r  s u r v e y  r e sponses .  On i n d i v i -  

d u a l  q u e s t i o n s  o r  s t a t e m e n t s  t h e r e  were some d i f f e r e n c e s .  S t a t i s t i c a l  

a s s o c i a t i o n s  EOE. ce r ta in  waste min imiza t ion  p r a c t i c e s  and f a c t o r s  d i d  

e x i s t ,  

Large Tennessee waste  g e n e r a t o r s  gave h i g h e s t  p r i o r i - t y  t o  t h r e e  

waste min imiza t ion  p r a c t i c e s  : ( a )  improvements i n  housekeeping,  

( b )  improvements i n  awareness ,  and ( c )  changes i n  p r o c e s s  equipment o r  

technology. Changes i n v o l v i n g  t h e  f i n a l  p roduc t s  were the  l ea s t  

a p p l i c a b l e  o r  l e a s t  d e s i . r a b l e  area f o r  waste minimizat ion.  Off-s i  t e  

t r e a t m e n t  as  w e l l  a s  o n - s i t e  t r e a t m e n t  were a l s o  a r e a s  of l o w  iinple- 

menta t i o n .  

The amount of waste gene ra t ed  w a s  s t r o n g l y  c o r r e l a t e d  wi th  v a r y i n g  

waste s tirenrns. Coiisequen t l y ,  waste stream v a r i a t i o n  can be expected to  

show the same r e l a t i o n s h i p  among v a r i a b l e s  as waste  q u a n t i t y  v a r i a t i o n .  
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Regard less  of d i f f e r e n c e s  i n  q u a n t i  t y  waste g e n e r a t i o n ,  r e sponden t s  

d i d  n o t  d i f f e r  i n  t h e i r  views of was te  minimiza t ion  f a c t o r s :  r egu la -  

t i o n s ,  economics,  envi ronmenta l  conce rns ,  and t e c h n i c a l  know-how, 

a 1  though on some s t a t e m e n t s  they  e x h i b i t e d  d i f f e r e n c e s  e 

I n  the  fo l lowing  s e c t i o n ,  t he  r e s e a r c h e r ’ s  f i n d i n g s ,  c o n c l u s i o n s ,  

and recommendations are s t a t e d  as  they  r e l a t e  to this s e c t i o n .  
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5. SUMMARY, FINDINGS, CONCLUSIONS, AND RECOMMENDATIONS 

5.1 SUMMARY 

T h i s  r e s e a r c h  was unde r t aken  f o r  t he  purpose of i d e n t i f y i n g  and 

a n a l y z i n g  the  n a t u r e  and e x t e n t  of waste  min imiza t ion  p r a c t i c e s  under- 

taken by Tennessee waste  g e n e r a t o r s  s i n c e  1985 and of de t e rmin ing  the  

impor tance of r e g u l a  t o r y ,  economic, env i ronmen ta l  and t e c h n i c a l  know-how 

f a c t o r s  as pe rce ived  by Tennessee waste  genera t o r s .  

Th i s  s t u d y  had unique importance due to  t h e  t i m e l i n e s s  of waste 

min imiza t ion  i s s u e s .  There i s  a g r e a t  d e a l  o f  i n t e r e s t  i n  t h i s  area as 

w e l l  a s  a need f o r  a d d i t i o n a l  knowledge. I n s i g h t  d e r i v e d  from t h i s  

r e s e a r c h  can p rov ide  p o l i c y  makers w i t h  a f i r m  background t o  e v a l u a t e  

t h e  s t a t u s  and concerns of waste  g e n e r a t o r s  and,  consequen t ly ,  t o  r e a c h  

b e t t e r  d e c i s i o n s  c l l i  t h e r  through r e g u l a  t o r y  a c t i o n s  o r  p u b l i c  forums. 

Managing hazardous was tc i s  e s s e n t i a l  n o t  o n l y  f o r  es t a b l i s h i - n g  

p u b l i c  p o l i c i e s ,  bu t  a l s o  f o r  b r i n g i n g  about  a c t i o n s  t h a t  can minimize 

rhe environmental  and p u b l i c  h e a l t h  e f f e c t s  of wastes. 

There a r e  c o n t r o v e r s i a l  p o l i t i c a l  i s sues  r e l a t e d  to  waste d i s -  

posa l .  A s  t h e  need f o r  l a n d f i l l s  i n c r e a s e s ,  problems w i t h  s i t i n g  w i 1 . l  

a f f e c t  a l a r g e r  segment of t h e  p o p u l a t i o n  arid w i l l  provoke i n c r e a s i n g  

o p p o s i t i o n .  

Waste t r e a t m e n t / d i s p o s a l  c o s t  i s  a major expense f o r  i n d u s t r y .  

Managing hazardous waste c o s t s  were between $4.2 b i l l i o n  am1 

$5.8 b i l l i o n  na t ionwide  i n  1983, a c c o r d i n g  t o  Congres s iona l  Budget 

O f f i c e  e s t i m a t e s ,  and t h e  c o s t  i s  expected to  be between $8.4 b i l l i o n  

and $11.2 b i l l i o n  i n  1990 ( C B O ,  1985). In a d d i t i o n ,  companies must 

c o n s i d e r  p o s s i b l e  l i t i g a t i o n  and f u t u r e  l i a b i l i t y  c o s t s .  These poten- 

t i a l  c o s t s  could i n t e r f e r e  w i t h  the  i n t r o d u c t i o n  of new p r o d u c t s  as w e l l  

as i n c r e a s e  the  p r i c e s  of e x i s t i n g  p r o d u c t s ,  w i t h  consequences i n  bo th  

domes t i c  and f oreigrn inarke ts. 

To a d d r e s s  t h e s e  i s s u e s ,  Congress i n  1990 will d e c i d e  the s t a t u s  of 

waste min imiza t ion  r e g u l a t i o n s ;  t h a t  i s ,  e i t h e r  t o  l e a v e  them i n  the  

c u r r e n t  "voluntary" s t a t e  o r  t o  c r e a t e  o b l i g a t i o n s  f o r c i n g  g e n e r a t o r s  t o  

proceed w i t h  r e d u c t i o n s  of waste. S p e c i f i c  i n d u s t r i e s  could be s i n g l e d  



o u t  f o r  a d d i t i o n a l  r e g u l a t i o n s  o r  ce r t a in  r e g u l a t i n g  f e a t u r e s  w i t h i n  a l l  

waste g e n e r a t i n g  i n d u s t r i e s  cou ld  be a f f e c t e d .  It  i s  i m p o r t a n t  f o r  t h i s  

r eason  t h a t  g e n e r a t o r s  and t h e i r  waste  are  c h a r a c t e r i z e d .  I t  i s  a l s o  

necessa ry  t o  know what t ype  of min imiza t ion  a c t i v i t i e s  are  t a k i n g  p l a c e  

under t h e  e x i s  t i n g  r e g u l a  t o r y  s t a t u s  and whether i n c r e a s e d  r e g u l a  t i o n  

could produce a d d i t i o n a l  r e d u c t i o n .  

T h i s  s t u d y  w a s  s t r u c t u r e d  t o  p rov ide  i n p u t  i n t o  t h e s e  areas of con- 

c e r n  from the  p e r s p e c t i v e  of Tennessee waste g e n e r a t o r s .  It was spe- 

c i f i c a l l y  d i r e c t e d  t o  i d e n t i f y :  ( a )  s a l i e n t  c h a r a c t e r i s t i c s  of com- 

p a n i e s  such as employment l e v e l s ,  q u a n t i t y  of waste g e n e r a t i o n ,  and 

v a r i a t i o n  i n  waste streams, ( b )  waste  min imiza t ion  p r a c t i c e s  unde r t aken  

s i n c e  September 1985, ( c )  p e r c e p t i o n s  of g e n e r a t o r s  r e g a r d i n g  s e l e c t e d  

f a c t o r s  i n f l u e n c i n g  waste min imiza t ion  pract ices ,  ( d )  any c o r r e l a t i o n  

be tween waste q u a n t i t y  gene ra  t i o n  and waste min imiza t ion  p r a c  t ices o r  

s e l e c t e d  waste min imiza t ion  f a c t o r s ,  and ( e )  o v e r a l l ,  t he  e f f e c t  of t he  

1984 Waste Minimizat ion Amendment. 

Primary r e s e a r c h  was unde r t aken  by conduc t ing  a mail su rvey  of 

Tennessee W a c :  te g e n e r a t o r s .  The s u r v e y  i n s t r u m e n t  w a s  developed 

(Appendix B) and v a l i d a t e d  by s e l e c t e d  e x p e r t s  w i t h  e x p e r i e n c e  i n  and 

u n d e r s t a n d i n g  of hazardous waste/waste min imiza t ion  i s s u e s  as w e l l  a s  

those  who were e x p e r t s  i n  i n s t r u m e n t  p r e p a r a t i o n .  A s u r v e y  form was 

p r e t e s t e d  on N a s t e  g e n e r a t i n g  companies at a confe rence .  The su rvey  

form con ta ined  f i v e  d e s c r i p t i v e  items, n i n e  c a t e g o r i e s  of wast:e mini- 

m i z a t i o n  pract ices ,  n i n e  s t a t e m e n t s  on r e g u l a t o r y  i s s u e s ,  s i x  s t a t e m e n t s  

on economic i s s u e s ,  s i x  s t a t e m e n t s  i n v o l v i n g  env i ronmen ta l  conce rns ,  and 

f i v e  s t a t e m e n t s  on t h e  i n f l u e n c e  of t e c h n i c a l  know-how. The f i n a l  s u r -  

vey form w a s  mai led twice a t  three-week i n t e r v a l s  to:  ( a )  t he  e n t i r e  

p o p u l a t i o n  of Tennessee waste g e n e r a t o r s ,  g e n e r a t i n g  more than IO6 kg 

waste p e r  y e a r  (58 g e n e r a t o r s ) ,  ( b )  a l l  of t hose  g e n e r a t i n g  from l o 5  t o  

lo6  kg waste p e r  y e a r  (82 g e n e r a t o r s ) ,  and ( c )  50% of t h e  randomly 

s e l e c t e d  g e n e r a t o r s ,  g e n e r a t i n g  less than  lo5  b u t  more than l o 3  kg p e r  

y e a r  (134 g e n e r a t o r s ) .  Of t h e  266 s u r v e y  forms mailed ( a d j u s t m e n t s  were 

made f o r  t hose  g e n e r a t o r s  i n d i c a t i n g  change of s t a t u s ) ,  182 were 

r e t u r n e d ,  producing a 68.4% r e sponse  rate. 
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Responses were e n t e r e d  i n t o  a computer f i l e  and d a t a  were c l a s s i -  

f i e d  acco rd ing  t o  t h e  independent  v a r i a b l e  of q u a n t i t y  of waste genera- 

t i o n  (and i n  some c a s e s  by v a r i a t i o n  of waste  streams, employment s i z e ,  

o r  S IC  codes ) .  S t a t i s t i c a l  tes ts  i n  d a t a  a n a l y s e s  i n c l u d e d :  Kruskal-  

Wa1li.s t es t  , Kendal l  ' s  C o e f f i c i e n t  of Concordance , and Somers d test. 

I n  a d d i t i o n ,  varioius d e s c r i p t i v e  s ta t i s  ti-cs were u t i l i z e d  t o  d e s c r l h e  

d i f f e r e n t  q u a n t i t y  waste  g e n e r a t o r s  i n  the s a m p l e  as they responded t o  

waste min imiza t ion  p r a c t i c e s  and waste  mi-nimization f a c t o r s .  Combined 

s a m p l e  r e sponses  were i l l u s t r a t e d  t o  d e s c r i b e  eac.h l e v e l  oE response.  

In a l l ,  h y p o t h e s i s  t e s t i n g  procedures  a t  a 0.05 l e v e l  of s i g n i f i c a n c e  

were used. 

5.2 MAJOR FINDINGS 

Tennessee waste  g e n e r a t o r s  , grouped accord ing  t o  d i f f e r e n t  q u a n t i -  

t i e s  of waste  produced, had r e sponse  rates of 74 .1% (Group One), 62.5% 

(Group Two), and 69.5% (Group Three) .  Ana1.ysis of the sample r e v e a l e d  

t h a t  57.1% of t he  companies employed from 100 to  999 people .  T h i s  

employment c a t e g o r y  w a s  predominant w i t h i n  a l l  q u a n t i  1:y of waste genera- 

t o r s  (ove r  56% f o r  e a c h ) .  

Ninety-f ive p e r c e n t  of the g e n e r a t o r s  s e n t  a t  l eas t  some of t h e i r  

was tes t o  o f f  --si t e  d i s p o s a l  f a c i l i t i e s .  

A m a j o r i t y  of f i r m s ,  61.5%, produced from one t o  t h r e e  waste  s t r eam 

v a r i e t i e s .  However, n e a r l y  h a l f  (48.8%) of t he  Group One g e n e r a t o r s  

produced from f o u r  t o  t en  waste  streams. 

The sample covered 28  d i f f e r e n t  two-digi t  S Z C  codes ;  however, the 

m a j o r i t y  of waste  p roduce r s  were from the F a b r i c a t e d  Metal Products  

( 2 2 x 1 ,  Chemical and A l l i e d  P roduc t s  (14 .3%)  , Machinery ( l o % ) ,  and 

Primary Z4etal Indims t r i e s  (7.7%).  

S t a t i s t i c a l  f i n d i n g s  are grouped below based on the  r e s e a r c h  ques- 

t i o n s  and co r re spond ing  hypo theses  c o n s t r u c t e d  i n  Sec t .  1.3: 

F ind ings  1 and 2 app1.y t o  r e s e a r c h  q u e s t i o n  1; f i n d i n g s  3 and 4 

app ly  to  r e s e a r c h  q u e s t i o n  2 ;  f i n d i n g s  5 t o  7 a p p l y  t o  q u e s t i o n  3; f i n d -  

i n g  8 a p p l i e s  t o  q u e s t i o n  4 ;  f i n d i n g s  9 and 10 app ly  t o  q u e s t i o n  5; 

f i n d i n g s  11 t o  1 4  a p p l y  t o  q u e s t i o n  6; f i n d i n g s  15 t o  23 a p p l y  t o  ques- 

t i o n  7 ;  and f i n d i n g s  2 4  t o  26 app ly  t o  q u e s t i o n  8. 
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The f i n d i n g s  of t h i s  r e s e a r c h  are summarized as f o l l o w s  (see 

Appendix B,  Survey Form f o r  complete  s t a t e m e n t s ) :  

1. For Tennessee waste g e n e r a t o r s  the changes i n  employment s i z e  were 

independen t  of waste q u a n t i t y  g e n e r a t i o n  ( N u l l  Hypothesis-1). 

2. There was a s i g n i f i c a n t  p o s i t i v e  a s s o c i a t i o n  between waste stream 

v a r i a b i l i t y  and waste q u a n t i t y  g e n e r a t i o n  ( N u l l  Hypothesis-2).  

3.  There were no d i f f e r e n c e s  i n  waste min imiza t ion  implementat ion 

l e v e l s  among Tennessee waste g e n e r a t o r s  as c a t e g o r i z e d  on t h e  b a s i s  

of q u a n t i t y  of waste g e n e r a t e d ,  waste stream v a r i a b i l i t y ,  or  f o r  

major waste producing i n d u s t r i e s  ( N u l l  Hypotheses-3, - 4 ,  and - 6 I a  

4 .  There was a 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  i n  waste minimi- 

z a t i o n  implementat ion l e v e l s  as c a t e g o r i z e d  on t h e  b a s i s  of employ- 

ment s i z e  (Nu l l  Hypothesis-5). 

5. There w a s  a s t a t i s t i c a l l y  s i g n i f i c a n t  agreement among the t h r e e  

groups of Tennessee waste g e n e r a t o r s  as c a t e g o r i z e d  on t h e  b a s i s  of 

waste  q u a n t i t y ,  and the  implementat ion l e v e l  of waste min imiza t ion  

p r a c t i c e s  ( N u l l  Hypothesis-7).  

6. Three waste min lmiza t ion  p r a c t i c e s ,  7 (improvements i n  housekeep- 

i n g ) ,  8 (improvements i n  a w a r e n e s s ) ,  and 6 (changes i n  p r o c e s s  

equipment o r  t echno logy) ,  were i d e n t i f i e d  as most common practices 

t o  d a t e .  

7. P rac t ice  10 (changes i n  the  f i n a l  p r o d u c t s )  r e c e i v e d  the lowes t  

r ank ing  and,  consequen t ly ,  w a s  the waste min imiza t ion  a c t i v i t y  

least  adopted.  

8. Two p r a c t i c e s  showed s t a t i s  t i c a l l y  s i g n i f i c a n t  p o s i t i v e  c o r r e l a -  

t i o n s  between t h e  q u a n t i t y  of waste g e n e r a t e d  and d i f f e r e n t  l e v e l  

of waste min imiza t ion  implementat ion.  These were 6 (changes i n  t h e  

p r o c e s s  equipment o r  technology)  and 13 ( o n - s i t e  t r e a t m e n t )  (Nu13 

Hypo thesis -8 ) . 
9. All t h r e e  c a t e g o r i e s  of waste g e n e r a t i n g  groups (based on q u a n t i -  

t i es  of waste g e n e r a t e d )  judged t h e i r  l e v e l  of waste min imiza t ion  

moderate." 11 
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10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

A s i g n i f i c a n t  c o r r e l a t i o n  e x i s t e d  between the s i z e  of t he  waste  

g e n e r a t o r s  (based on q u a n t i t i e s  of waste produced) and t h e  e x t e n t  

t o  which waste min imiza t ion  p r a c t i c e s  have produced r e s i i 1 . t ~  ; mean- 

i n g  t h e  l a r g e  g e n e r a t o r s  judged t h e i r  min imiza t ion  e f f o r t s  as haw- 

i n g  more of an impact than s m a l l e r  g e n e r a t o r s  ( N u l l  Hypothesis-9).  

There were no d i f f e r e n c e s  of o p i n i o n  among Tennessee waste  genera-  

t o r s  conce rn ing  the i n f l u e n c e  of f o u r  was te  min imiza t ion  f a c t o r s  

( r e g u l a t i o n s ,  economics,  env i ronmen ta l  conce rns ,  and t e c h n i c a l  

know-how) when 1:hey were c a t e g o r i z e d  on the b a s i s  of q u a n t i t y  of 

waste g e n e r a t e d  ( N u l l  Hypothesis-IO).  

T h e r e  were no d i f f e r e n c e s  of op in ion  among Tennessee waste genera-  

t o r s  conce rn ing  the i n f l u e n c e  of f o u r  waste min imiza t ion  f a c t o r s  

when they were c a t e g o r i z e d  on the b a s i s  of waste  stream v a r i a b i l i t y  

(Nu l l  Hypothesis-1 1) .  

There were no d i f  Eerences of op in ion  among Tennessee waste genera-  

t o r s  concerning the i-nfli ience of  f o u r  was te min imiza t ion  f a c t o r s  

when they were c a t e g o r i z e d  on the b a s i s  of employment s i z e  (Null  

fly 1x1 t he  s i s - 1 2 ) . 
There were no d i f f e r e n c e s  of op in ion  among Tennessee waste genera-  

t o r s  concerning the inEluence of f o u r  was te min imiza t ion  f a c t o r s  

when they were c a t e g o r i z e d  on the b a s i s  of major S I C  codes (Nu l l  -- 

I_ 

Hypothesis- l3) .  

The re  was a s t a t i s t i c a l l y  s i g n i f i c a n t  agreement among the t h r e e  

groups of Tennessee waste g e n e r a t o r s  as c a t e g o r i z e d  on  the b a s i s  of 

w a s t e  q u a n t i t y  and t h e i r  p e r c e p t i o n  of t he  importance of waste  

minimizat ion f a c t o r s  ( N u l l  Hypotheses-14, -15, -16 L--.- an3 - 1 7 ) .  

Respondent agreement was p a r t i c u l a r l y  seen  i n  r e g u l a t i o n  s t a t e m e n t s  

19 ( r e g u l a t i o n s  encourage waste r e d u c t i o n  by volume and t o x i c i t y )  

and 16 ( r e g u l a t i o n s  encourage a l t e r n a t i v e  waste management o p t i o n s  

f o r  d i s p o s a l ) .  

L o w s  t p r i o r i t y  w a s  g iven  to  the r e g u l a  t i o n  s t a  tzments , 22 ( r e g u l ~ a -  

t i o n s  encourage a t i d i t s ) ,  23 ( r e g u l a t i o n s  encourage r e c y c l i n g ) ,  and 

20 (waste  mini.mization c e r t i f i c a t e  i s  impor t an t  i n  i n c r e a s i n g  waste  

mininriza t i o n ) .  
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18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

Economic f a c t o r s  were s e e n  as p a r t i c u l a r l y  i m p o r t a n t  i n  t h e  s ta te -  

ments 2 7  ( low-cost pract ices  shou ld  be adopted immediately)  and 25 

( r i s i n g  c o s t  of waste t r e a t m e n t / d i s p o s a l  i s  a major r eason  f o r  

waste min imiza t ion ) .  

Lowes t importance i n  economics was g iven  t o  s t a t e m e n t  28 (manage- 

ment c o n s i d e r s  a d o p t i n g  waste min imiza t ion  p r a c t i c e s  o n l y  when they 

a r e  c o s t - e f f e c t i v e ) .  

The h i g h e s t  r a n k i n g  cove r ing  env i ronmen ta l  concerns was given f o r  

s t a t e m e n t s  33 (implementing even when p r a c t i c e s  are n o t  c o s t -  

e f f e c t i v e )  and 31 ( p r a c t i c e s  can conserve raw m a t e r i a l s ) .  

I n  terms of env i ronmen ta l  f a c t o r s ,  t h e  l eas t  i m p o r t a n t  s t a t e m e n t s  

were 35 (enhancing the p u b l i c  image by a d o p t i n g  p r a c t i c e s )  and 34 

(on-si  te w a s  te min imiza t ion  be ing  p r e f e r r e d  t o  o f f  -site due t o  

t r a n s p o r t a t i o n  r isks) .  

For t e c h n i c a l  know-how, t h e  h i g h e s t  r ank ings  were accorded the 

S ta t emen t s  40 ( r e d u c i n g  t h e  a m o u n t / t o x i c i t y  of was te  i n  new indus-  

t r i a l  p r o c e s s e s / o p e r a t i o n s )  and 41 (companies would t ake  advantage 

of t e c h n i c a l  a s s i s t a n c e  o f f e r e d  by s t a t e  o r  f e d e r a l  government).  

The lowes t  p r i o r i t y  f o r  t e c h n i c a l  know-how w a s  g i v e n  t o  39 

( i n c r e a s i n g  the  s i z e  of t e c h n i c a l  s t a f f ) .  

There w a s  s t a t i s t i c a l l y  p o s i t i v e  and s i g n i f i c a n t  a s s o c i a t i o n  

between agreement wi th  s t a t e m e n t  18 ( r e g u l a t i o n s  f o r c e  companies t o  

b e t t e r  unde r s t and  the  v a r i e t y  of waste s t r e a m s )  and i n c r e a s i n g  

waste g e n e r a t i o n  ( N u l l  Hypothesis-18).  

There was a s t a t i s t i c a l l y  s i g n i f i c a n t  and n e g a t i v e  a s s o c i a t i o n  

between agreement w i t h  s t a t e m e n t  28 (management c o n s i d e r s  a d o p t i n g  

waste min imiza t ion  prac t ices  o n l y  when they are c o s t - e f f e c t i v e )  and 

i n c r e a s i n g  waste g e n e r a t i o n  ( N u l l  Hypothesis-18).  

There w a s  a s t a t i s t i c a l l y  s i g n i f i c a n t  and posf t i v e  a s s o c i a t i o n  

between agreement w i t h  s t a t e m e n t  35 (enhancing t h e  p u b l i c  image by 

a d o p t i n g  p r a c t i c e s )  and i n c r e a s i n g  waste g e n e r a t i o n  ( N u l l  

Hypothesis-18).  
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The fo l lowing  waste  min imiza t ion  p r a c t i c e s  were n o t a b l e  a t  t he  

s u c c e s s i v e  1.evels of waste  min imiza t ion  f o r  combined samples:  

1. 

2. 

3. 

4. 

5. 

6. 

P r a c t i c e s  10 (changes i n  the  f i n a l  p r o d u c t ) ,  13 ( o n - s i t e  t r e a t -  

ment),  and 14 ( o f f - s i t e  t r e a t m e n t )  were f r e q u e n t l y  (by 45-71% f o r  

each p r a c t i c e )  r e p o r t e d  as "not e v a l u a t e d / n o t  a p p l i c a b l e . "  

The 'levallla t i ng"  c a t e g o r y  was marked by r e l a t i v e l y  few respon- 

den t s .  Only 15 t o  20% a c t i v i t y  i n  t h i s  c a t e g o r y  w a s  r e p o r t e d  f o r  

p r a c t i c e s  9 (changes i n  raw m a t e r i a l s ) ,  11 ( o n - s i t e  r e c y c l - i n g ) ,  and 

13 ( o n - s i t e  t r e a t m e n t ) .  

Respondents d i d  n o t  deinonstrate  much a c t i v i t y  (2 -14%)  f o r  p r a c t i c e s  

i n  the  c a t e g o r y  "eval.ua t e d ,  b u t  determined n o t  t o  implement." 

Three t o  twenty-seven p e r c e n t  a c t i v i t y  was r e p o r t e d  i n  the "began 

implementat ion o r  p l ann ing  t o  begin soon" ca t egory .  P r a c t i c e s  7 

(improvements i n  housekeeping)  and 8 (improvements i n  awareness)  

r ece ived  the  h i g h e s t  ( 2 6  and 272,  r e s p e c t i v e l y )  a c t i v i t y .  

Over 45% of the r e sponden t s  chose "implemented w i t h  q u a n t i f i a b l e  

r e su l t s "  f o r  p r a c t i c e s  6 (changes i n  p rocess  equipment o r  tech- 

nology) ,  7 (improvements i n  housekeep ing) ,  8 (improvements i n  

awareness ) ,  and 1 2  ( o f f - s i t e  r e c y c l i n g ) .  

Tho l e v e l s  of waste rninirniza t i o n  p r a c t i c e s  "implemented wi th  

q u a n t i f i a b l e  r e s u l t s "  and ''began implementat ion o r  p l ann ing  t o  

begin soon" combined, produced over  50% a c t i v i t y  f o r  p r a c t i c e s  6 

(changes i n  p rocess  equipment oc  t echno logy) ,  7 (improvements i n  

housekeeping) ,  8 (improvements i n  awareness ) ,  and 1 2  ( o f f - s i t e  

recyc?.i.ng). 

Respondents f avored  the  f o l l o w i n g  s t a t e m e n t s  i n  the  r e g u l a  t o r y ,  

economic, env i ronmen ta l ,  and t e c h n i c a l  c a t e g o r i e s  f o r  combined samples:  

1.  Over 50% of the  r e sponden t s  chose "agree" and " s t r o n g l y  agree' '  

c a t e g o r i e s  f o r  each  one of t h e  r e g u l a t o r y  s t a t e m e n t s .  The h i g h e s t  

were 7 1  and 69% f o r  s t a t e m e n t s  16 ( r e g u l a t i o n s  encourage a l t e r n a -  

t i v e  w a s  t e  management o p t i o n s  f o r  d i s p o s a l )  and 14 ( r e g u l a t i o n s  

encourage waste  r e d u c t i o n  by volume and t o x i c i t y ) .  
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2. Seventy-eight  t o  ninety-seven p e r c e n t  agreement w a s  r e p o r t e d  i n  

s t r o n g l y  agree' '  and "agree" c a t e g o r i e s  f o r  economic s t a t e m e n t s  25 

( t h e  r i s i n g  c o s t  of waste t r e a t m e n t / d i s p o s a l  i s  a major r eason  f o r  

waste m i n i m i z a t i o n ) ,  26 (was te  min imiza t ion  p r a c t i c e s  are adopted 

t o  avoid p o t e n t i a l  l i t i g a t i o n  and f u t u r e  l i a b i l i t y ) ,  and 27 (low- 

c o s t  p r a c t i c e s  shou ld  be adopted immediately) .  F i f  ty-nine p e r c e n t  

of t h e  r e sponden t s  d i s a g r e e d  w i t h  s t a t e m e n t  29 (waste  min imiza t ion  

p r a c t i c e s  a r e  too  expens ive  f o r  companies w i t h  o l d  f a c i l i t i e s ) .  

3 .  All env i ronmen ta l  s t a t e m e n t s  r e c e i v e d  over  a 55% s c o r e  f o r  t he  

11 

" s t r o n g l y  agree" and  "agree" c a t e g o r i e s  . 
4 .  For t e c h n i c a l  know-how s t a t e m e n t s ,  r e sponden t s  d e f i n i t e l y  agreed 

(71% and 90%) w i t h  s t a t e m e n t s  40 ( r e d u c i n g  t h e  a m o u n t / t o x i c i t y  of 

waste i n  new i n d u s t r i a l  p r o c e s s / o p e r a t i o n s )  and 4 1  (companies would 

t ake  advan tage  of t e c h n i c a l  ass is tance o f f e r e d  by s t a t e  o r  f e d e r a l  

governments) ,  r e s p e c t i v e l y ;  however, t hey  d i s a g r e e d  (over 43% e a c h )  

w i t h  s t a t e m e n t s  37 ( t h e  l a c k  of d e t a i l e d  knowledge r e g a r d i n g  waste 

streams and t h e i r  s o u r c e s  p r e v e n t s  t he  a d o p t i o n  of waste  minirniza- 

t i o n ) ,  38 ( t h e  absence o f  s u f f i c i e n t  t e c h n i c a l  know-how by the 

s t a f f  p r e v e n t s  t h e  a d o p t i o n  of many waste min imiza t ion  p r a c t i c e s ) ,  

and 39 ( i n c r e a s i n g  t h e  s i z e  of t e c h n i c a l  s t a f f ) .  

5.3  CONCLUSIONS 

The su rvey  conducted to  r e s e a r c h  hazardous waste min imiza t ion  

strategies of Tennessee g e n e r a t o r s  produced Eindings s t a t e d  i n  t h e  

p rev ious  s e c t i o n .  On t h e  b a s i s  of t h e s e  f i n d i n g s ,  a number of conclu- 

s i o n s  were reached.  These c o n c l u s i o n s  are s t a t e d  below. 

1. The q u a n t i t y  of waste g e n e r a t e d  by Tennessee waste  g e n e r a t o r s  w a s  

independent  of employment s i z e  b u t  dependent  on waste stream 

v a r i a b i l i t y .  

2. Hazardous waste min imiza t ion  p r a c t i c e  l e v e l s  of companies d i d  n o t  

d i f f e r  s i g n i f i c a n t l y  a c c o r d i n g  t o  company d i f f e r e n c e s  i n  waste 

q u a n t i t y ,  waste s t r e a m  v a r i a b i l i t y ,  o r  major SIC codes;  t hey  d i d  

d i f f e r  s i g n i f i c a n t l y  by employment s i z e .  



94 

3.  

4. 

5 .  

6.  

7 .  

8. 

5.4 

1. 

2. 

3. 

D i f f e r i n g  q u a n t i t y  waste g e n e r a t o r s  had similar waste min imiza t ion  

p r a c t i c e s .  They c o n s i s t e n t l y  implemented some p r a c t i c e s  but n o t  

o t h e r s .  

Tennessee waste  g e n e r a t o r s  showed some v a r i a L i o n  i n  s e l e c t e d  p r a c -  

tices on t h e  bas i s  of d i f f e r e n t  waste p roduc t ion .  

Most Tennessee waste  g e n e r a t o r s  f e l t  t h e i r  waste  min imiza t jon  prac-  

t ices had ach ieved  "moderat-e" r e s u l t s  t o  d a t e  i n  r educ ing  o v e r a l l  

waste  l e v e l s  and l a r g e r  waste g e n e r a t o r s  e v a l u a t e d  t h e i r  waste  

min imiza t ion  p r a c t i c e s  a s  be ing  more e x t e n s i v e  than s m a l l e r  genera-  

t o r s .  

Tennessee waste g e n e r a t o r s  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  i n  t h e i r  

views of was t-t~ iiiinimiza t i o n  f a c t o r s  : r e g u l a t i o n s  economics , 
environmental  concerns , and t e c h n i c a l  know-how r e g a r d l e s s  of d i f -  

f e r e n c e s  i n  waste q u a n t i t y  g e n e r a t i o n ,  waste s t r e a m  v a r i a b i l i t y ,  

employment s i z e ,  o s  major SIC codes. 

D i f f e r i n g  q u a n t i t y  w a s &  g e n e r a t o r s  had similar p e r c e p t i o n s  of 

impor t an t  waste  min imiza t ion  f a c t o r s .  C e r t a i n  s t a t e m e n t s  in p a r -  

t i c u l a r  d r e w  a f a v o r a b l e  response.  

There w a s  some a s s o c i a t i o n  between i n c r e a s i n g  amounts of waste pro- 

d u c t i o n  and agreement on c e r t a i n  s e l e c t e d  s t a t e m e n t s  r e l a t e d  t o  

waste  minimizat ion f a c t o r s .  

RECOEfMEN DAT I O N S  

Based on t h i s  r e s e a r c h  the fo l lowing  reconmendations a r e  p r e s e n t e d :  

Tennessee hazardous waste  g e n e r a t o r s  should n o t  be d i f f e r e n t i a t e d  

o r  pu t  i n t o  subgroups on the  b a s i s  of t he  q u a n t i t y  of waste  gen- 

e r a t e d ,  waste stream v a r i a b i l i t y ,  o r  d i f f e r e n t  i n d u s t r i e s .  

It j s  recommended that. annua l  r e p o r t s  i n c l u d e  s p e c i f i c  waste min- 

i m i z a t i o n  c a t e g o r i e s  as d i f f e r e n t i a t e d  i n  the su rvey  form used  i n  

t h i s  r e s e a r c h .  I n  a d d i t i o n ,  the l e v e l  of a c t i v i t y  should a l s o  be 

o b t a i n e d  from t h e  g e n e r a t o r s  i n  a uniform fo rma t .  

S t a t e s  o r  EPA shou ld  e x p l o r e  methods t o  promote waste  min imiza t ion  

p r a c t i c e s  t h a t  g e n e r a t o r s  n e i t h e r  clear1 y f avored  nor  d i s f a v o r e d ,  

such  as changes i n  raw m a t e r i a l s  and o n - s i t e  r e c y c l i n g  o p e r a t i o n s ,  
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4. S t a t e  and f e d e r a l  t e c h n i c a l  a s s i s t a n c e  shou ld  be provided  t o  gen- 

e r a t o r s  (71.5% agreed  w i t h  s t a t e m e n t  4 1 ) .  This  would be a ve ry  

p o s i t i v e  s t e p  forward ,  as i t  would n o t  on ly  i n c r e a s e  was te  mini- 

m i z a t i o n  b u t  would c r e a t e  a p a r t n e r s h i p  between i n d u s t r y  and 

government. A s  a f i r s t  s t e p ,  t e c h n i c a l  s t a t e  a s s i s t a n c e  programs 

( such  a s  those  i n  North C a r o l i n a  and Minnesota)  shou ld  be s t u d i e d .  

5. E x i s t i n g  r e g u l a t i o n s  should  be revfewed and p o s s i b l e  changes should  

be made t o  encourage t h e  r e c y c l i n g  of wastes and t h e  conduct  of 

a u d i t s .  

6. It i s  recommended t h a t  when t h i s  r e s e a r c h  i s  r e p e a t e d  by r e sea rch -  

ers i n  o t h e r  s t a t e s ,  employment s i z e  should  be s t u d i e d  i n  more 

d e t a i l .  The su rvey  form could c o n t a i n  an open-ended q u e s t i o n  t o  

g i v e  t h e  respondent  and t h e  r e s e a r c h e r  t h e  f l e x i b i l i t y  t o  go beyond 

f i x e d  ca t e g o r i e s  . 
7. I t  is recommended t h a t  small g e n e r a t o r s  be inc luded  i n  subsequent  

s u r v e y s ,  because  they  are now covered by was te  min imiza t ion  r egu la -  

t i o n s .  
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6. THE STUDY I N  RETROSPECT 

A su rvey  of "Hazardous Waste Minimizat ion P r a c t i c e s  i n  Tennessee" 

w a s  conducted f o r  the purpose of i d e n t i f y i n g  and e v a l u a t i n g  the waste 

minimizat ion p r a c t i c e s  of Tennessee waste  gene ra  t o r s  and of de t e rmin ing  

the importance of waste min imiza t ion  f a c t o r s  s i n c e  September 1985. 

Designi-ng a su rvey  form i n c o r p o r a t i n g  d i s t i n c t  waste mi-nimization 

c a t e g o r i e s ,  a g e n e r i c  scale of  measurement, and s e v e r a l  s t a t e m e n t s  on 

the f a c t o r s  a f f e c t i n g  waste min imiza t ion ,  accomplished a cons - ide rah le  

p a r t  of t h i s  purpose.  The c a t e g o r i e s  and s c a l e s  c o n s t r u c t e d  i n  the s u r -  

vey i n s t r u m e n t ,  i f  f e l t  d e s i r a b l e ,  can be adopted by the s t a t e  and 

f e d e r a l  governments t o  g a t h e r  simi.l.ar d a t a  from g e n e r a t o r s  o u t s i d e  

Tennessee.  P r e s e n t l y  g e n e r a t o r s  r e p o r t  t h e i r  waste  min imiza t ion  a c t i v -  

i t i e s  i n  a n  u n s p e c i f i e d  fo rma t ,  which makes i t  very d i f f i c u l t  t o  s t a n -  

dardize,  and e v a l u a t e  e f f o r t s  uniformly.  A s t a n d a r d  would p rov ide  a 

common framework and o r g a n i z a t i o n  f o r  waste  min imiza t ion  in fo rma t ion .  

If key i n f o r m a t i o n  a r e a s  were i d e n t i f i e d  by the  s t a t e /EPA,  then i t  i s  

recommended t h a t  an  approved recordkeeping s t r u c t u r e  be k e p t  by the com- 

p a n i e s  s o  t h a t  c u r r e n t  d a t a  a r e  a v a i l a b l e  t o  p repa re  annua l  r e p o r t s  o r  

t o  p rov ide  meaningful answers t o  a u d i t s .  

O v e r a l l ,  Tennessee waste g e n e r a t o r s  were q u i t e  w i l l i n g  (68 .4% 

r e t u r n  r a t e )  t o  p a r t i c i p a t e  i n  the s u r v e y  and to  make known t h e i r  a c t i v -  

i t y  areas and o p i n i o n s  on the  s u b j e c t  (Appendix F ) .  S p e c i a l  e f f o r t  was 

made not  t o  a t t e m p t  t o  o b t a i n  p o t e n t i a l . l y  s e n s i t i v e  in fo rma t ion .  For  

example, i n  thi.s su rvey  most g e n e r a t o r s  d i d  n o t  i d e n t i f y  i n  the ques- 

t i o n n a i r e  the  s p e c i f i c  waste s t r eams  they  produced, Obviously,  even i n  

a g e n e r i c  form, t h i s  w a s  cons ide red  p r s p r i e  t a r y  i n f o r m a t i o n .  Informa- 

t i o n  must be o b t a i n e d  from g e n e r a t o r s  i n  a n o n t h r e a t e n i n g  way. 

As s e e n  from t h i s  su rvey ,  Tennessee g e n e r a t o r s  are  f a i r l y  uni . ted i n  

t h e i r  views and p r e f e r e n c e s .  I n  g e n e r a l ,  they have a p o s i t i v e  a t t i t u d e  

toward waste min imiza t ion .  They gene ra l - ly  d i s a g r e e d  w i t h  t h e  s t a t e m e n t  

t h a t  waste min imiza t ion  p r a c t i c e s  were l i k e l y  t o  i n c r e a s e  p roduc t  c o s t s  

and l ead  t o  problems w i t h  market cortipeti t i v e n e s s  

Consequent ly ,  the g e n e r a t o r s  have begun to  implement, o r  have f u l l y  

implemented, v a r i o u s  waste min imiza t ion  p r a c t i c e s  ; e s p e c i a l l y  
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( a )  improvements i n  housekeeping,  ( b )  improvements i n  awareness ,  and 

( c )  changes i n  p r o c e s s  equipment o r  technology. Though they  claim t h e s e  

e f f o r t s  have produced j u s t  "moderate" r e s u l  ts t o  d a t e ,  t hey  i n d i c a t e  no 

apa thy  o r  i n d i f  fei-encre. Tennessee r e sponden t s  f e l t  t h a t  w h i l e  c o s t  w a s  

a n  impor t an t  issrre i n  t a k i n g  a c t i o n ,  i t  was by no means the  s o l e  r eason  

f o r  a c t i o n  and they  d i d  no t  f e e l  t h a t  o l d  f a c i l i t i e s  shou ld  be  excluded 

from c o n s i d e r a t i o n  f o r  a c t i o n .  

The h i g h l i g h t  of t h i s  r e s e a r c h  w a s  t he  unde r s t and ing  t h a t  Tennessee 

waste gene ra  t o r s  d i d  no t  d i f f e r  i n  adop t ing  waste p r a c t i c e s  r e g a r d l e s s  

of d i f f e r e n c e s .  Grouping waste g e n e r a t o r s  by the  q u a n t i t y  of waste  pro- 

d u c t I o n  h a s  been an accep ted  p r a c t i c e  by RCRA r e g u l a t i o n s .  I n  1980, EPA 

s e p a r a t e d  l a r g e  waste g e n e r a t o r s  ( g e n e r a t i n g  waste more than 1,000 kg 

p e r  month) from small ( g e n e r a t i n g  waste  less than 1,000 kg per month) 

f o r  r e g u l a t o r y  purposes .  By 1984, however, even those  g e n e r a t i n g  from 

100 t o  1,000 kg p e r  month came under RCRA r e g u l a t f o n s .  Th i s  s t u d y  has  

shown t h a t  among those g e n e r a t o r s  having over 1,000 kg p e r  month of 

waste, v a r i a t i o n  by q u a n t i t y  of waste g e n e r a t i o n  was n o t  a n  impor t an t  

d i s t i n c t i o n  f o r  waste min imiza t ion .  I n c l u s i o n  of even smaller waste 

g e n e r a t o r s  ( g e n e r a t i n g  o n l y  one m i l l i o n  tons  p e r  y e a r )  w i l l  n o t  make 

much d i f f e r e n c e  i n  r educ ing  waste amounts r e g a r d l e s s  of the practices 

adopted.  However, i t  would be i n t e r e s t i n g  t o  s t u d y  t h e i r  p r a c t i c e s .  

Consequent ly ,  i n s t e a d  of r e g u l a t i n g  by v a r i o u s  s i z e  g roup ings ,  

emphasis shou ld  be p l aced  on p r o c e s s  and t e c h n i c a l  waste min imiza t ion  

methods. Gene ra to r s  accep ted  the  i d e a  of waste min imiza t ion  and want t o  

make modest i nves tmen t s  i n  waste min imiza t ion  even if t h e s e  were n o t  

c o s t - e f f e c t i v e .  Gene ra to r s  need some d i r e c t i o n  and t e c h n i c a l  h e l p ,  how- 

e v e r .  

Rega rd le s s  of t h e  q u a n t i t y  of was te  g e n e r a t e d ,  waste stream 

v a r i a b i l i t y ,  employment size, o r  S I C  code, g e n e r a t o r s  were i n  e s s e n t i a l  

agreement on the  r e g u l a  t o r y ,  economic, env i ronmen ta l ,  and t e c h n i c a l  

issues i n f l u e n c i n g  waste minimizat ion.  T h e r e f o r e ,  t h e r e  w a s  a v e r y  com- 

mon p e r s p e c t i v e  e v i d e n t .  

The g r e a t e s t  s t r e n g t h  of t h i s  s t u d y  w a s  t o  demons t r a t e  the common 

p r a c t i c e s  and views of Tennessee waste g e n e r a t o r s .  T h e i r  common prob- 

lems and approaches t o  t h e s e  problems were much more i m p o r t a n t  than 

t h e i r  d i f f e r i n g  a t t r i b u t e s .  



The somewhat s u r p r i s i n g  f i n d i n g  was t h e  c o s t  f a c t o r .  C o s t  was 

o f t e n  g iven  a s  a major r eason  f o r  a d o p t i n g  waste  min imiza t ion  p r a c t i c e s ,  

t h e r e f o r e ,  i t  was reveal . ing i o  f i n d  t h a t :  ( a )  51.7% of the  r e sponden t s  

d i s a g r e e d  t h a t  "msnagsinent c o n s i d e r s  waste min imiza t ion  p r a c t i c e s  o n l y  

when they a r e  c o s t - e f f e c t i v e "  and ( h )  85% of the r e sponden t s  agreed t h a t  

some waste min imiza t ion  p r a c t i c e s  should be implemented, even i f  t h e s e  11 

were n o t  c o s t - e f f e c t i v e ,  t o  enhance environmental  p r o t e c t i o n . "  

tJe need no t  wai t  u n t i l  1990 t o  re.qolve some of t h e  o u t s t a n d i n e  con- 

c e r n s  t h a t  s t i l l  e x i s t  ( t h e  d a t e  EPA s e l e c t e d  r a t h e r  a r b i t r a r i l y  t o  

r e p o r t  back to  Congress on the  need f o r  m a n d a h r y  waste  min imiza t ion  

r e g u l a t i o n s ) .  However, t h i s  does n o t  mean i t  i s  a p p r o p r i a t e  t o  set  

o b l i g a t o r y  q u a n t i t a t i v e  r ed i i c t ion  s t a n d a r d s  now o r  t o  e s t a b l i s h  a system 

f o r  a c c o u n t a b i l i t y  of hazardous m a t e r i a l s  i n  mass bal-ance. I t  i s  pre-  

mature t o  impose thpse  types of o b l i g a t i o n s  and probably counterproduc-  

t i v e  a s  ~ ~ 1 1 . 1 .  Th i s  r e s e a r c h  has  shown t h a t  "voluntary" r e g u l a t i o n s  ~- a r e  

producing reseilts. Furthermore,  no one has  y e t  demonstrated how EPA can 

s s  t uniform and e n f o r c e a b l e  s t a n d a r d s  a c r o s s  d i f  f e r e n i  i n d u s t r i e s  t o  

produce s i g n i f i c a n t  and q u i  t a b l c  r e s u l t s .  This  s t u d y  h a s  a1 so  showti 

t h a t  i t  makes no s e n s e  to  s e g r e g a t e  l a r g e  g e n e r a t o r s  f o r  r e g u l a t o r y  pur- 

poses simy1.y because the  l e v e l  and composi t ion of t h e i r  a c t i v i t y  i s  so 

s imi la r .  

The answers to today ' s  problcrris t h e r e f o r e ,  are no t  found through 

more r e s t r i c t i v e  r e g u l a t i o n .  Companies i n  t h i s  s t u d y  ag reed  t h a t  t he  

e x i s t i n g  r e g u l a t i o n s  a r e  f o r c i n g  them t o  do more i.n terms of waste  min- 

irniza t i o n .  Rather  t he  time has  come t o  r e s o l v e  i m p o r t a n t  me t h o d o l o g i c a l  

concerns a n d  issues and t o  s e t  i n  place a government framework € o r  

f u t r i r e  a s s i s t a n c e  a n d  r e g u l a t i o n s .  

The major methodological  i s s u e s  of i n t e r e s t  t o  r e g u l a t o r s ,  

i n d u s  t r y 9  and environmental  groups now be ing  deba ted  have been r e p o r t e d  

i n  t w o  O f f i c e  of Technology Assessment r e p o r t s ,  S e r i o u s  Reduct ion of 

Hazardous Waste and From P o l l u t i o n  to  Prevention-, and i n  E P A ' s  f i v e  

volune e f f o r t  Report.? t o  Congress on the Minimizat ion of TIazardous 

Waste. 

- 

-- 
OTA and EPA d i s p u t e  the ex te r i t  t o  which waste minTmization is 

a l r e a d y  t a k i n g  p l a c e  and whether much more ac t i -on  can h e  t aken  by 
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i n d u s t r y .  How can t h i s  d i s p u t e  be r e s o l v e d  when b a s i c a l l y  we a r e  form- 

i n g  our  assumpt ions  on s e l e c t e d  cases and w e  have n o t  u n i v e r s a l l y  

d e f i n e d  what c o n s t i t u t e s  waste minimiza t ion  o r  t he  p rope r  u n i t  of com- 

p a r i s o n ?  

EPA, th rough i t s  1984 requi rements  ( a )  added c e r t i f i c a t i o n  r e q u i r e -  

ments on waste m a n i f e s t s ,  ( b )  r e q u i r e d  t h e  r e p o r t i n g  of waste minimiza- 

t i o n  a c t i v i t i e s  i n  b i e n n i a l  r e p o r t s ,  and ( c )  a d m i n i s t e r e d  c e r t i f i c a t i o n  

r equ i r emen t s  i n  new p e r m i t s  i s s u e d  f o r  t r e a t m e n t ,  s t o r a g e ,  o r  d i s p o s a l  

of hazardous waste. These added burdens need t o  be c a r e f u l l y  e v a l u a t e d  

b e f o r e  1990. F i r s t ,  terms such a s  "waste minimiza t ion ,"  "waste reduc- 

t i on , "  and "source r educ t ion"  a r e  n o t  always used i n t e r c h a n g e a b l y ,  and 

t h e i r  p r e c i s e  meanings have t o  be c l a r i f i e d .  Consequent ly ,  what t o  

r e p o r t  i n  the  b i e n n i a l  r e p o r t ,  and i n  what format ,  is n o t  c l e a r .  What 

wastes" w i l l  be inc luded  i n  waste minimiza t ion  i s  a n o t h e r  issue. W i l l  

on ly  RCRA wastes be i n c l u d e d ,  o r  w i l l  wastes governed under  o t h e r  

envi ronmenta l  r e g u l a t i o n s  be i n c l u d e d ,  o r  w i l l  o t h e r  nonhazardous 

wastes, o r  water d i s c h a r g e s  be inc luded?  And f i n a l l y ,  s i n c e  d e f i n i t i o n s  

a r e  murky, what i s  meant when a g e n e r a t o r  c e r t i f i e s  a waste min imiza t ion  

program on the  m a n i f e s t  i s  open t o  i n t e r p r e t a t i o n .  

I 1  

Even f o r  a g e n e r a t o r  w i t h  t h e  b e s t  of i n t e n t l o n s ,  i t  i s  n o t  c l e a r  

i f  waste  minimiza t ion  results should  be accounted f o r  on a per produc- 

t i o n ,  pe r  y e a r ,  o r  pe r  p rocess  b a s i s .  No guidance  o r  common measuring 

s t i c k  i s  provided  by which comparlsons can be made and by which o v e r a l l  

p r o g r e s s  can be a s s e s s e d .  

Hence, b e f o r e  new r e g u l a t o r y  d e c i s i o n s  are made, t h e  EPA needs t o  

r e s o l v e  fundamental  methodologica l  i s s u e s .  It  could  do s o  by e s t a b l i s h -  

i n g  a blue-r ibbon panel  of e x p e r t s  from government,  i n d u s t r y ,  and 

envi ronmenta l  o r g a n i z a t i o n s  t o  r e a c h  consensus  on t h e  problems t h a t  have 

j u s t  been i d e n t i f i e d .  The d e c i s i o n s  reached by such  a p a n e l ,  i f  s u f f i -  

c i e n t l y  a t  t r a c t i v e  t o  g a i n  consensus  , should  then  be i n c o r p o r a t e d  n 

n a t i o n a l  l e g i s l a t i o n .  

The f e d e r a l  government 's  role in establishing a uniform framework 

should  a l s o  a l l o w  f o r  an impor t an t  s t a t e  government c o n t r i b u t i o n .  The 

EPA shou ld  ( a )  have an ongoing d i a l o g u e  wi th  the  s t a t e s ,  (b )  monitor  

s t a t e  waste min imiza t ion  programs, and ( c )  p rov ide  E i n a n c i a l  a s s i s t a n c e  



t o  s t a t e  programs Once waste min imiza t ion  elements  are c l a s s i f i e d  as 

noted p r e v i o u s l y ,  s t a t e s  should t ake  t h e  l e a d  i t a  implementing t h e  waste 

minimizat ion program f o r  the EPA. 

S t a t e s  could s t rmc tu re  t h e i r  waste  min imiza t ion  programs accord ing  

to  indigenous s i t u a t i o n s  and needs.  T h P s  would i n v o l v e  a u d i t i n g  and 

exchanging waste  min imiza t ion  i n f o r m a t i o n  w i t h  o t h e r  s t a t e s  and the  E'PA 

t o  s t a y  a b r e a s t  of developments.  S t a t e s  cou ld  perhaps i d e n t i f y  s p e c i a l  

problem areas w i t h i n  t h e i r  j u r i s d i c t i o n s  o r  c o n c e n t r a t e  oil s p e c i a l  waste 

streams. Of c o u r s e ,  a l l .  i n f o r m a t i o n  g a t h e r i n g  a c t i v i t i e s  must be done 

i n  c o n s i d e r a  t i o n  of genera t o r s  ' o p e r a t i o n s .  

S t a t e  and federal .  governments m u s t  f i n d  t h e  r i g h t  b a l a n c e  between 

r e g u l a t o r y  need f o r  i n f o r m a t i o n  and i n t r u s i v e  d a t a  r e q u e s t s .  A b i l l  now 

i n  Congress ( t h e  Lautenberg b i l l  d e s c r i b e d  i n  LaCroix, 1987)  proposes  an 

e x t e n s i v e  tracki.ng of t o x i c  wastes gene ra t ed  from f a c i l i t y  o p e r a t i o n s .  

It would r e q u i r e  i n f o r m a t i o n  on the  t o t a l  volume of t o x i c  was te s  gen- 

e r a t e d .  I n  a d d i t i o n ,  i t  would r e q u i r e  the r e p o r t i n g  of each waste 

r e d u c t i o n  practice unde r t aken  a t  a f a c i l . i t y  and the  l e v e l  of waste 

reduc ti.on a c t u a l l y  reached.  Requests  f o r  t h i s  type of irnf ormation would 

n o t  p l e a s e  g e n e r a t o r s .  T h i s  type of i n f o r m a t i o n  would e n t a i l  a l o t  of 

t r a c k i n g ,  paperwork, and would y e t  n o t  be p o s s i b l e  t o  g a i n  a l l  the 

in fo rma t ion  r e q u i t e d .  

Moreover, t hese  t o x i c  o r  hazardous niaterials a r e  n o t  n e c e s s a r i l y  

s i n g l e  chemicals  b u t  mix tu res  Consequent ly ,  i d e n t i f i c a t i o n  of each 

c o n s t i t u e n t  i n  the mix tu re  would be c o s t l y  and too s p e c i E i e  t o  the 

f i r i n ' s  c o m p e t i t i v e  edge t o  d i v u l g e  Perhaps the  p a n e l ,  sugges t ed  

e a r l i e r ,  could a l s o  a d d r e s s  the  ba l ance  of i n f o r m a t i o n  needs being d i s -  

cussed he re .  

The t e c h n i c a l  a s s i s t a n c e  r o l e  of t he  s t a t e  i s  p robab ly  most  impor- 

t a n t  a t  t h i s  t i m e  i n  waste minimizat ion.  S t a t e s  and g e n e r a t o r s  can 

mutua l ly  g a i n  from such a s s i s t a n c e .  The exchange of i d e a s  could ass is t  

g e n e r a t o r s ,  p a r t i c u l a r l y  i n  a r e a s  where g e n e r a t o r s  are c u r r e n t l y  eva1.u- 

a t i n g ,  such as ( a )  changes i n  r a w  mater ia l s ,  ( b )  o n - s i t e  r e c y c l i n g ,  and 

( c )  o f f - s i t e  r e c y c l i n g .  Respondents str0ngS.y ag reed  t h a t  r educ ing  t h e  

amount/ t o x i c i t y  of waste i n  d e s i g n i n g  new i n d u s t r i a l  p rocesses /ope rn -  

t i o n s  w a s  an i m p o r t a n t  f a c t o r  and t h a t  compani-cs would t a k e  advantage of 
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t e c h n i c a l  a s s i s t a n c e  o f f e r e d  by s t a t e  o r  f e d e r a l  governments  t o  minimize 

t h e i r  wastes. They, however,  d i d  n o t  t h i n k  t h a t  i n c r e a s i n g  t h e  s i z e  of 

t h e i r  t e c h n i c a l  s t a f f  would have much impact.  Some g e n e r a t o r s  commented 

t h a t  t hey  would p r e f e r  t o  s a t i s f y  t h e  need by u s i n g  c o n s u l t a n t s  r a t h e r  

t h a n  h i r i n g  personnel .  

I n f o r m a t i o n  o b t a i n e d  from mutual  e f f o r t s  can  be f u n n e l l e d  i n t o  t h e  

EPA's  n a t i o n a l  d a t a  base f o r  an o v e r a l l  i n t e g r a t l v e  system. S t a t e  

involvement  i n  a comprehensive s t a t e  computer sys tem would n o t  on ly  have 

waste d a t a  but  have d a t a  bases  t o  supp ly  i n f o r m a t i o n  t o  g e n e r a t o r s  on 

p o s s i b l e  waste min imiza t ion  t e c h n o l o g i e s ,  waste exchange f i r m s ,  and 

accep ted  l a n d f - i l l  f i rms .  When such  a sys tem is e s t a b l i s h e d ,  i n f o r m a t i o n  

c o u l d  be v a l i d a t e d  through q u a l i t y  a s s u r a n c e  procedures .  

State  programs such  as North C a r o l i n a ' s  " P o l l u t i o n  P r e v e n t i o n  Pays 

O f f "  and Minnesota ' s  are s u c c e s s f u l .  P r e s e n t l y  UT Waste Management 

Research  and Educat ion  I n s t i t u t e  works i n  c o o p e r a t i o n  w i t h  t h e  TDHE. It 

i s  h i g h l y  recommended t h a t  a d d i t i o n a l  channe l s  and programs be e s t a b -  

1 i s  hed .) 

In conc lus ion ,  t h i s  s t u d y  se rved  a u s e f u l  purpose  i n  e x p l o r i n g  t h e  

waste min imiza t ion  a r e a .  It randomly sampled and s t u d i e d  Tennessee 

waste g e n e r a t o r s .  It i d e n t i f i e d  t h e  h igh  and low waste min imiza t ion  

a c t i v i t y  a r e a s  i n  t h e  s t a t e .  It brought  forward the s i m i l a r  p r a c t i c e s  

and p e r c e p t i o n s  of Tennessee waste g e n e r a t o r s  r e g a r d l e s s  of t h e i r  v a r i a -  

t i o n  by d i f f e r e n t  q u a n t i t y  was te  g e n e r a t i o n  as w e l l  as those  practices 

and  p e r c e p t i o n s  tha t  e x h i b i t e d  d i f f e r e n c e s ,  S i n c e  i d e n t i f i e d  was te  

p r a c t i c e s  a r e  p a r a l l e l  t o  t h o s e  of OTA's su rvey  (OTA, 1986) and a g r e e  

w i t h  EPA' s  (EPA, 1986a ,b ,c )  and NRC's  a s ses smen t s  of l e v e l  of 

implementa t ion  (NRC, 1985) ,  a d d i t i o n a l  v a l i d i t y  and r e l i a b i l i t y  of t h i s  

r e s e a r c h  are demonstrated.  Repet i t - ton  of t h i s  su rvey  I n  a n o t h e r  s ta te  

would p rov ide  an o p p o r t u n i t y  f o r  comparison. 
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HAZARDOUS WASTE MINIMIZATION STRATEGIES IN TENNESSEE 

f WASTE MINIMIZATION? LkT ,/ 

SECTION I - STATUS INFORMATION 

Please respond to each question by placing your answer in the approprlate space These answers will 
help us compare your responses to those of others 

1. What IS the title of your position’ 

2. Approximately how many employers are working at this plant? 

0-99 ~ 100.999 ._I... 1000 and above 

3. Do you send RCRA waste to off-sitr Treatrnent Storage and Disposal Facilities for disposal? 

....... Yes ~ No 

4. How many waste streams (see Table 1 on the next page) are currently generated at your plant? 

(Circle your waste streams in Table I and check one of the categories below.) 

I t o 3 -  4 to 10 ........ I I and above 

5 .  What is your plant’s primary Standard Industrial Classification (SIC) code? 

I 
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Table ?. A waste cllasdfication system based om Ireratmeal opportunities 

Waste type Examples 

Waste oils 

Halogenated solvents 

Non-halogenated solvents 

Other organic liquids 

Metal containing liquids 

Cyanide and metal liquids 

Other inorganic liquids 

Oily sludge 

Halogenated organic sludge 

Non-halogenated organic sludge 

Metal-containing sludge 

Cyanide and metal sludge 

Other inorganic sludge 

Contaminated clay, soil, sand 

Dye and paint sludge 

Resins, latex, monomer 

Metallic dusts 

Non-metallic inorganic dusts 

Halogenated organic solids 

Non-halogenated organic solids 

Pesticides, herbicides 

PCBS 

Explosives 

Other 

Spent crankcase oil. industrial lubricants 

Spent trichloroethylene, chloroform, carbon tetrachloride 

Spent acetone, methylethyl ketone 

Aqueous organic solutions from cleaning or degreasing operations 

Metal finishing solutions (acidic or alkaline) 

Neutralized acidic or basic washes with cyanide salts 

Acidic or basic solutions without metals 

Tank bottoms. oil/water separation sludge 

Halogenated still bottoms 

Still bottoms without halogens 

Electroplating or chrome pigments wastewater treatment sludges 

Metal heat treating sludges 

Sulfur sludge, lime sludge 

Clay filters, spilled material 

Heavy metal and solvent sludges 

Phenols, epoxy, polyestcr 

Primary metal dusts and metal machinery wastes, some emission 
control dusts from steel and lead industries 

Precipitator or baghouse wastes. dry lime 

Polyvinyl 

Polyethylene, cyclic intermediates 

Pesticides and production wastes 

Transformer fluids 

TNT, wastewater treatment sludges from explosives production 

Lab waste chemicals, equipment. containers 
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SECTION 11 - WASTE MINIMIZATION PRACllCES 

The following statements &scribe nine types of waste minimizatwn practices that you might have 
undertaken at your plant since September 1985, whcn the Waste Minimization Regulations of the 
Hazardous and Solid Waste Amendments went into effect Please crrcle the number to the nght of each 
statement that indicates the extent to which your plant has adopted these practices since SEPTEMBER 
1985 IN ORDER TO MINIMIZE RCRA CONTROLLED WASTES 

Implemented Began Evaluated, Not 
evaluated 

or not 
results begin soon implement applicable 

EvaIUdtIng with implementation determined 
quantifiable or planning to not to 

5 4 3 2 1 

6. Changes in process equipment or technology 5 4 3 2 1  

7. Improvements in "housekeeping" or general 5 4 3 2 1  
operations (for example better hazardous material/waste 
management, purchase practices, waste segregation) 

6. Improvements in employee awareness of waste 
minimization practices (for example training, 
rewards, audits, policy statements) 

5 4 3 2 1  

9. Changes in raw materials used in operations (for 5 4 3 2 1  

IO. Changes in the final products produced (for example 5 4 3 2 1  

example substitution of less toxic materials) 

changes in the design, composition, or specification 
of the end-product) 

I t .  On-site recycling operations (For example use of 
potential waste as raw material or reclaiming usable 
material/energy from it) 

12. Off-site recycling operations (same as number 1 1  
above, but waste is recycled by an outside company) 

13. On-site treatment for volume and/or toxicity 
reduction (for example incineration. detoxification. 
neutralization. etc.) 

14. Off-site treatment for volume and/or toxicity 
reduction (same as number 13 above, but waste is 
treated by an outside company) 

5 4 3 2 1  

5 4 3 2 1  

5 4 3 2 1  

5 4 3 2 1  

15. Please check the applicable category below. To what extent do the waste minimization practices you 
have "implemented" and "began or plan to implement soon" (listed in the first two columns above) 
represent changes in your overall operations? 

Extensive _.____... Moderate Negligible 

Additional comments: 

3 
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SECTION I l l  - WASTE MlNiMlZATlOM FACTORS 

Please circle the number to the right of each statement that indicates the extent of your agreement (or 
disagreement) with the statcmcnts made below in parts A through D. 

Strongly 
agree 

5 

Agree 

4 

Undecided 

3 

Disagree 

2 

Strongly 
disagree 

I 

A Wow Minimizorion Regulations of the Hazardous and 
Solid Wo’aJie Ammdrnenrs. I981 

16. The Waste Minimiration Regulations encourage 
your company to consider alternative waste 
management options for disposal of waste. 

5 4 3 2 I 

17. Documenting waste minimization in  your annual 5 4 3 2 1 
report increases the significance of the 
Waste Minimiration Regulations. 

company to better understand the variety of 
waste streams and their source? 

18. The Waste Minimizalion Regularions force your 5 4 3 2 1 

19. The Waste Minimization Regulations encourage 
your company to reduce waste volume and/or 
toxicity. 

5 4 3 2 1 

20. The Waste Minimization Rsgulation-,’ certification 5 4 3 2 I 
rcquirernent is an important factor in  increasing 
waste minimization practicc(s). 

your company to develop baseline information 
on the volumri and toxicity of wastes generated. 

21. The Waste Minimization Regulations encourage 5 4 3 2 1 

22. Waste Minimization Regulations encourage 5 4 3 2 I 

23. ’Haste Minimization Regulations encourage 5 4 3 2 I 

24. The land disposal restrictions of the 1984 5 4 3 2 1 

your company to conduct waste audits. 

your company ta increase recycling of wastes 

Hazardous and Solid Waste Amendments are a 
major reason w h y  wastc minimization practices 
are being implemented. 

B. Eronornir Fortors 

25. The rising cost of hazardous waste treatment/ 
disposal is a major reason why waste 
minimization practice$ are being implemented 

Waste minimization practices are adopted to 
avoid potential litigation and future liability. 

Low-cost waste minimization practices should 
be adopted immediately. 

Managrmerit considers adopting waste minimization 
practiccs only whcn thcy are cost-effective. 

Waste minimization practices are too expensive 
for companies with old facilities. 

Waste minimiz.ation practiccs a ~ t :  likely to 
increase product cmts and thereby makc the 
product less competitive in  the market. 

26. 

27. 

28. 

29. 

30. 

5 4 3 2 1 

5 4 3 2 I 

5 4 3 2 1 

5 4 3 2 1 

5 4 3 2 I 

5 4 3 2 I 
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Strongly 
agrw 

5 

31. 

32. 

33. 

34. 

35. 

36. 

31. 

38. 

39. 

40. 

41. 

Agree 

4 

Undecided 

3 

C. Environmenral Concerns 

Waste minimization practices can conserve raw 
materials. 

Disagree 

2 

Strongly 
disagree 

I 

5 4 3 2 I 

Waste minimization practices decrease the need 5 4 3 2 1 

Some waste minimization practices should be 5 4 3 2 1 

for hazardous waste disposal. 

implemented, even if not cost-effective, in 
order to enhance environmental protection. 

On-site waste minimzation activities are preferred 5 4 3 2 1 
to off-site waste minimization since they decrease 
potential transportation risks. 

Enhancing the public image of the company is 
an important reason for the adoption of waste 
minimization practices. 

The health conszquences of emissions, discharges, 
and accidental releases to the environment are 
major factors in adopting waste minimization 
practices. 

D. Technical Know-How 

The lack of detailed knowledge regarding waste 
streams and their sources prevents the adoption 
of waste minimization practices 

5 4 3 2 1 

5 4 3 2 I 

5 4 3 2 1 

The absence of sufficient technical know-how 5 4 3 2 1 
by the staff prevents the adoption of many 
waste minimization practices. 

would increase the adoption of waste minimization 
practices. 

waste is an important element in designing new 
industrial processes and operations. 

assistance in wastc minimiration practices 
being offered by either the state or federal 
governments. 

Increasing the size of the technical staff 5 4 3 2 1 

Reducing the amount and/or toxicity of hazardous 5 4 3 2 I 

Companies would take advantage of technical 5 4 3 2 I 

42. Would you like to receive a copy of research results? 

Yes -~ No ......... 

Thank you for your help. Your cooperation is greatly appreciated. This completed questionnaire 
should be mailed in  the enclosed postage-paid envelope. If you have questions or comments about this 
study, please contact me: 

R. D. Rarkenbus 
The University of Tennessee 
P.O. Box 8820 
Knoxville, T N  379964800 

5 
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I f  you have any other conimsnls to make about Waste Minimization Regulations, 
your company’s practices, or about this survey. please use the space below. 

6 
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THE UNIVERSITY OF TENNESSEE 
KNOXVILLE 

N h t c  M;tnagemcnt 
Research nnci 

Wucation Institute 

Dear Hazardous Waste Manager: 

W e  would like to  ask for  your help. 
is part of the  doctoral  d i sser ta t ion  of Belgin Barkenbus, de- 
signed to gain a better understanding of waste minimization 
e f f o r t s  undertaken by Tennessee canpanies. 
tance, she hopes to be able to d o c a n t  waste minimization 
p r q r e s s  i n  general, and to  assess the impact to date  of the 
Hazardous Waste Minimization provision of the Resource Conserva- 
t i o n  and Recovery A c t  (=€?A). 

Ccmpletion of t h i s  form should take approximately ten minutes and 
this s w e y  form can be carplet& by mre than one person. 
person(s) ccmpleting the form should be familiar with your 
ccxnpmy's waste minimization pract ices  and the decision-making 
process that influenced these practices.  
form a s  c q l e t e l y  as possible. 
en t i re ly  confidential .  
in  any report  or publication resul t ing from this research. 
responses w i l l  be evaluated i n  groups. 

M s .  Barkenbus needs your responses as soon as possible. 
would l i k e  t o  receive a copy of the  findings, please indicate 
so on the last question. 
enclosed for your response. 
615/574-6605. 

The enclosed questionnaire 

Through your assis-  

The 

Please f i l l  out the 
Be sssured that the answers are 

Y o u r  f a c i l i t y ' s  ident i ty  w i l l  not be used 
A l l  

If you 

A stamped self-addressed envelope is 
She m y  be contacted a t  

Thank you for your assistance.  

Sincerely, 

Doctoral Candidate Waste Manag&nt Y n s t i t u t e  
University of TeMeSSee University of Tennessee , 

A - , , I  n ,.e- 
Ernie Blankenship / i 
Tennessee Assmiatid o f  i / 
Business v 

Office of the Director: 327 South Stadium Hall/Knoxville, Tennessee 37990-OilO: i615) 974-4251 
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c 

________I. ___ ~ 

THE LJNIVERSITY OF TENNESSEE 
KNOXVILLE 

Dear Hazardous Waste Manager: 

About two weeks ago we wrote to you seeking your knowledge of your 
company's waste minimization efforts and your evaluation of the 
reasons for their implementation. A s  of today, we have not received 
your completed questionnaire. 

\&"ibte Management This study seeks information from selected Tennessee companies. Your 
Reesearch'ind company was randomly chosen from a list of Tennessee large waste 

Education Insticure generators who file an annual report with the Tennessee Department of 
Health and Environment. For research results to be meaningful, it is 
important that each questionnaire be completed and returned. 

This survey form can be completed by more than one Derson. The 
person(s) completing the form should be familiar with your company's 
waste minimization practices and the decision-making process that 
influenced these practices. Please fill out the form as completely 
as possible. Be assured that the answers are entirely confidential. 
Your facility's identity will not be used in any report or 
publication resulting from this research. All responses will be 
evaluated in groups 

We need your responses as soon as possible. Completion of this form 
should take approximately 10 minutes. If you would like to receive a 
copy of the findings, please indicate so on the last question. A 
stamped self-addressed envelope is enclosed for your response. 
B. D. Barkenbus may be contacted at 6 1 5 / 5 7 4 - 6 6 0 5 .  

~- - -- 

Thank you for your assistance. 

Sincerely, 

A -  

B. D.vBarkenbus, 
Doctoral Candidate 
University of Tennessee 

I 

University of Tennessee 

Off ice of the Direcror: 3.27 South Stadium Hall / Kiiimille, Tennessee 37996~@710/(615) 974-4251 
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Appendix E 

POSTCARD MESSAGE FOR FIRST AND 
SECOND MAILING OF SURVEY 

P 

FIRST POSTCARD REMINDER 

About a week ago I mailed a q u e s t i o n n a i r e  "Hazardous Waste Minimi- 

z a t i o n  S t r a t e g i e s  i n  Tennessee" t o  you. I f  you have completed t h e  form 

and p u t  i t  i n  t he  mail, you have my s i n c e r e  g r a t i t u d e .  I f  n o t ,  I would 

a p p r e c i a t e  your do ing  s o  as soon as p o s s i b l e ,  

Your company w a s  s e l e c t e d  as one f i r m  i n  a sample of hazardous 

w a s t e  gene ra  t o r s ,  S ince  t h e  sample i s  q u i t e  small, e v e r y  ques t i o n n a i r e  

i s  i m p o r t a n t  t o  producing a c c u r a t e  r e s u l t s .  

S i n c e r e l y  your s ,  

B. D. Barkenbus 
D o c t o r a l  Candidate  
U n i v e r s i t y  of Tennessee 

SECOND POSTCARD REMINDER 

About a week ago I mailed a q u e s t i o n n a i r e  "Hazardous GJaste Minimi- 

z a t i o n  S t r a t e g i e s  i n  Tennessee" t o  you f o r  the second time. Some com- 

pan ies  a l r e a d y  responded,  b u t  I would l i k e  t o  h e a r  from you. If  you 

have r e t u r n e d  your form, I thank you ve ry  much. I f  you have n o t  com- 

p l e t e d  i t ,  I would a g a i n  a s k  you t o  complete  and r e t u r n  i t .  

S i n c e r e l y  your s ,  

B. D. Barkenbus 
D o c t o r a l  Candidate  
U n i v e r s i t y  of Tennessee 
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Appendix F 

LIST OF COMMENTS FROM RESPONDENTS 

ADDITIONAL COMMENTS 

Group One 

"It i s  more of an a t t i t u d e  and approach" ( f o r  s t a t e m e n t  39)  

"Bureaucracy" ( f o r  s t a t e m e n t  41)  

"Economic & L i a b i l i t y  are t h e  d r i v i n g  f a c t o r s  f o r  waste minimiza- 

t i o n  n o t  t h e  cumbersome r e g u l a t i o n s  which o f t e n  work a g a i n s t  minimiza- 

t i o n  p r a c t i c e s . "  

"I would l i k e  t o  see the s t a t e  be a g g r e s s i v e  i n  b r i n g i n g  new tech-  

nology i n  waste min imiza t ion  t o  i ndus t ry . "  

"Hazardous waste r e g u l a t i o n s  r e l a t i n g  t o  waste a c t i v i t i e s ,  i n h i h i  t 

development of o n - s i t e  waste r e d u c t i o n  p r o c e s s e s s  i.e. t r e a t m e n t ,  

i n c  i n e  r a t i  on. I' 

"Waste min imiza t ion  p r e s e n t l y  i s  a cos t - d r i v e n ,  r e g u l a t i o n -  

c o n t r o l l e d  program." 

" S t a t e  and F e d e r a l  government do n o t  know enough" ( s t a t e m e n t  4 1 )  

"Business economjcs canno t  be l e g i s l a t e d .  Hazardous waste n o t i f  i- 

c a t i o n s  f o r  NPDES & POW p e r m i t t e d  systems confuse the  d a t a  and f a l s e l y  

i n f l a t e  t h e  data ."  

"Regu la t ions  on top of r e g u l a t i o n s  cause  many peop le  t o  r e s e n t  and 

resist  government i n t e r v e n t i o n  i n t o  p r i v a t e  e n t e r p r i s e s .  W e  need 

s t r e a m l i n e d  r e g u l a t i o n s  t h a t  are n o t  t h r e a t e n i n g  and cumbersome o r  

c o s t l y  t o  comply." 

"Waste min imiza t ion  is most e f f e c t i v e  when done fo r  economic bene- 

f i t s  of the company." 

Group Two 

"It does n o t  p r e v e n t  i t ,  i t  mires t h i n g s  down." ( f o r  s t a t e m e n t  38)  

"I b e l i e v e  companies would u s e  them as a w o r s t  case - l a s t  r e s o r t . "  

( f o r  s t a t e m e n t  41 ) . 
139 
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"A major r e s t r i c t i o n  t o  the  use  of S t a t e  o r  F e d c r a l  Techn ica l  

a s s i s t a n c e  would be the  f e a r  of p u n i t i v e  a c t i o n s . "  ( f o r  s t a t e m e n t  41 ) .  

Ex tens ive  r e s e a r c h  needed t o  improve r a w  m a t e r i a l s  and at the  same 

ti.me improve the  p roduc t  through t h e i r  u se  i n  o r d e r  t o  be c o s t  e f f e c -  

t i v e .  R e l a t i v e  t o  p roduc t  c o s t  i n c r e a s e . "  

11 

"We a r e  a l r e a d y  r e c y c l i n g  t h e  on ly  waste s t r eams  p o s s i b l e .  Regard- 

less of t he  a d d i t i o n a l  r e g u l a t i o n s  t h a t  may f o l l o w ,  we w i l l  have two 

waste s t r e a n s  . ' I  

"It i s  kind of t i resome when t h ~ ?  s t a t e  keeps poundi-ng you w i t h  new 

r e g u l a t i o n s  t r y i n g  t o  f o r c e  you t o  do t h i n g s  t h a t  a r e  n o t  poss ib l e . "  

"Raw mater ia l  changes d i c t a t e d  by customer n o t   internal^ decisj .on." 

( f o r  s t a t e m e n t  9 )  

Group Three 

" Inc reas i i i g  s t a f f  would do no th ing ,  i n c r e a s i n g  t echn i - ca l  knowledge, 

t h a t  wou.ld do  the  job"  ( f o r  s t a t e m e n t  39) 

Questi.ons 6 and 9 are mi.sl.eading. We changed t o  a water based ink  

t o  reduce the t o x i - c i t y  of our  waste and lower  ou r  ai.r q u a l i t y  problem, 

b u t  a f t e r  s e v e r a l  months of t r i a l  and e r r o r  w e  had to change back to  

a l c o h o l  i n k  on most ope ra t ions . "  

II 

"The s t a t e  red- tape and i n s u r a n c e  f o r  v a r i a n c e s ,  o n - s i t e  r ecove ry  

i s  d e v a s t a t i n g  t o  the  program across  t h e  board." 

"Bottom l i a e  i s  c o s t .  Wastes are minimized when i t  i s  p r o f i t a b l e  

t o  do so.'' 

"Company can use c o n s u l t a n t s . "  ( f o r  s t a t e m e n t  39) 

"Usage and methods of some chemicals  do n o t  lend themselves t o  

mini-miza t i o n . "  

" In  1985 12 (55 g a l )  waste  p e r  4 ino., now 3 (55 g a l )  waste  p e r  6 

moil ths  . I' 
"In 1986 99 d i ~ r ~ s ,  i n  1987 30 drums." 

s'Nost companies do  no t  t r u s t  s t a t e  a g e n c i e s .  S t a t e  a g e n c i e s  do n o t  

have a r e p u t a t i o n  f o r  be ing  c o s t  e f f e c t i v e . "  ( f o r  s ta ternent  4 1 ) .  

There i s  too much goverriment ' h e l p '  fo l lowed  by f o r c e d  r e q u i r e -  ! I  

ments." ( f o r  s t a t e m e n t  4 1 )  

. . . . has an  a g g r e s s i v e  waste  min imiza t ion  prograrri i n  a d d i t i o n  t o  

the l e g i s l a t i v e  r e g u l a t i o n s "  
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