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ABSTRACT 

FRANCIS, C.  W., and M. P. HASKARINEC. 1986. Leaching o f  
metals f rom a l k a l i n e  wastes by mun ic ipa l  waste leachate.  
ORNL/TM-10050. Oak Ridge Na t iona l  Laboratory ,  Oak Ridge, 
Tennessee. 36 pp. 

Four a l k a l i n e  wastes were leached under anoxic cond i t i ons  w i t h  a 
mun ic ipa l  waste leachate (MML) t o  s imu la te  t h e  codisposal  o f  t h e  wastes 
i n  a mun ic ipa l  waste l a n d f i l l .  Two o f  t h e  f o u r  wastes were Wastewater 
t rea tment  p l a n t  sludges f rom e l e c t r o p l a t i n g  processes, and t h e  o t h e r  
two wastes were resource recovery ashes. The e l e c t r o p l a t i n g  wastewater 
sludges conta ined cadmium, and t h e  resource recovery ashes conta ined 
lead a t  l e v e l s  t h a t  were i n  excess o f  t h e  present  r e g u l a t o r y  standards 
es tab l i shed  by t h e  Resource Conservat ion Recovery A c t  (RCRA) e x t r a c t i o n  
t e s t  ( E P ) .  

The f o u r  wastes were ex t rac ted  by t h e  two media ( e x t r a c t i o n  f l u i d s  
No. 1 and No. 2) o f  t h e  T o x i c i t y  C h a r a c t e r i s t i c  Leaching Procedure 
(TCLP) r e c e n t l y  proposed by t h e  U . S .  Environmental P r o t e c t i o n  Agency 
t o  rep lace  t h e  RCRA-EP leach t e s t .  The concent ra t ions  o f  lead, 
cadmium, n i c k e l ,  and z inc  i n  t h e  e x t r a c t s  f rom t h e  l a b o r a t o r y  
e x t r a c t i o n s  (EP, TCLP No. 1, and TCLP No. 2) o f  t h e  four wastes were 
compared w i th  those concent ra t ions  observed i n  t h e  leachates o f  t h e  
wastes a f t e r  leach ing  w i t h  a mun ic ipa l  waste leachate.  Concentrat ions 
o f  lead f rom t h e  two resource recovery ashes were (1 .4  and <0.4 mg/L 
compared w i t h  6 and 12 rng/L, r e s p e c t i v e l y ,  i n  t h e  EP e x t r a c t s .  
Concentrat ions o f  cadmium i n  t h e  leachates o f  t h e  e l e c t r o p l a t i n g  wastes 
were 82 and 1 mg/L compared w i t h  360 and 2.5 mg/L i n  t h e  EP e x t r a c t s .  
Concentrat ions o f  cadmium, lead, n i c k e l ,  and z inc  i n  t h e  TCLP No. 2 

e x t r a c t s  o f  t h e  f o u r  wastes were s i m i l a r  t o  t h e  corresponding 
concent ra t ions  i n  t h e  EP e x t r a c t s .  The concent ra t ions  o f  cadmium, 
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n i c k e l ,  and z inc  e x t r a c t e d  from t h e  f o u r  wastes by mun ic ipa l  waste 
leachate were approximated more c l o s e l y  by t h e  TCLP No. 1 e x t r a c t s  than 
by e i t h e r  t h e  EP o r  TCLP No. 2 e x t r a c t s ,  The da ta  f rom t h i s  s tudy 
suggest t h a t  t h e  TCLP w i t h  e x t r a c t i o n  medium No. 1 i s  much b e t t e r  than 
t h e  a l t e r n a t i v e  procedures t e s t e d  f o r  s i m u l a t i n g  t h e  leach ing  o f  
a l k a l i n e  wastes by munic ipa l  waste leachate.  
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1 .  INTRODUCTION 

The r e c e n t l y  devel  oped Toxi c i - r y  C h a r a c t e r i s t i c  Leaching Procedure 
(TCLP) i s  be ing considered by t h e  U.S .  Environmental P r o t e c t i o n  Agency 
(USEPA) as a replacement f o r  i t s  e x i s t i n g  waste leach t e s t ,  t h e  
e x t r a c t i o n  t e s t  (EP)  procedure (USEPA 1986). The EP i s  being used as 
a r e g u l a t o r y  t o o l  by t h e  USEPA t o  determine the  l e a c h a b i l i t y  o f  
i no rgan ic  c o n s t i t u e n t s  f rom those wastes t h a t  migh t  be codisposed of  
w i t h  mun ic ipa l  wastes i n  a mun ic ipa l  waste l a n d f i l l  (USEPA 1980).  The 
codisposal  o f  an i n d u s t r i a l  waste i n  a s a n i t a r y  l a n d f i l l  {as a model) 
was se lec ted  as a reasonable worst-case mismanagement scenar io  because 
USEPA was concerned t h a t  p o t e n t i a l l y  hazardous waste, i f  n o t  brought 
under r e g u l a t i o n  by t h e  Resource Conservat ion Recovery A c t  (RCRA) ,  

m igh t  be sent  t o  a s a n i t a r y  l a n d f i l l ,  w i t h  a r e s u l t i n g  h igh  degree 
o f  leach ing .  The method used i n  conduct ing t h e  EP (USEPA 1982) 
s imu la tes  leach ing  by a c e t i c  ac id ,  t he  dominant ca rboxy l i c  a c i d  found 
i n  mun ic ipa l  waste leachate (MWL). The major l i m i t a t i o n  of t h e  EP i s  
t h a t  i t s  a b i ? i t y  t o  s imu la te  a rea l -wor ld  d isposa l  environment has 
never been tes ted .  

The purpose f o r  t he  development of t h e  TCLP was t o  des ign a 
l a b o r a t o r y  e x t r a c t i o n  procedure t h a t  accu ra te l y  modeled the  leach ing  
o f  an i n d u s t r i a l  waste, w i t h  respec t  t o  bo th  inorgan ic  and organic  
c o n s t i t u e n t s ,  codisposed of i n  a mun ic ipa l  waste l a n d f i l l .  To s imu la te  
t h e  l each ing  o f  an i n d u s t r i a l  waste codisposed i n  a mun ic ipa l  waste 
l a n d f i l l ,  i n d u s t r i a l  wastes were leached w i t h  MWL generated i n  a f i e l d  
l y s i m e t e r  t e s t  f a c i l i t y  (epoxy- res in - l ined  concrete c y l i n d e r  1.8 m 
i n  d iameter  and 3.6 m i n  h e i g h t )  con ta in ing  mun ic ipa l  wastes. The 

leach ing  o f  t h e  i n d u s t r i a l  wastes was conducted i n  two phases d u r i n g  
t h e  summers o f  1983 and 1984, r e s p e c t i v e l y .  I n  Phase I f o u r  i n d u s t r i a l  
wastes were leached, and i n  Phase I1 seven wastes were leached. Much 
o f  t h e  da ta  used t o  suppor t  t he  use of t h e  TCLP have been based on t h i s  
two-phased study repor ted  by Franc is  e t  a l .  (1984) (Phase I )  and 
Franc is  and Maskarinec (1986) (Phase 1 1 ) .  

1 
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The o b j e c t i v e  o f  t h e  exper imental  work was t o  determine t h e  
concent ra t ions  of  i norgan ic  and organic  c o n s t i t u e n t s  i n  t h e  i n d u s t r i a l  
waste leachates a t  t h e  f i e l d  l y s i m e t e r  s i t e  and then design a 
l a b o r a t o r y  e x t r a c t i o n  procedure whose e x t r a c t  concent ra t ions  s imulated 
those determined a t  t h e  l y s i m e t e r .  A t o t a l  o f  95 t a r g e t  c o n s t i t u e n t s  
( 5 7  organic  and 38 i n o r g a n i c )  were i d e n t i f i e d  i n  t h e  l y s i m e t e r  
leachates.  l h e  l a b o r a t o r y  e x t r a c t i o n  methods examined inc luded two 
e x t r a c t i o n  procedures (a  r o t a r y  batch and an upf low column), f o u r  
e x t r a c t i o n  media E0.1 sodium aceta te  pH 5 b u f f e r ,  carbonic  a c i d  
(carban-dioxide-saturated deionized d i s t i l l e d  water) ,  de ion ized 
d i s t i l l e d  water, and HWL a t  f o u r  l i q u i d - t o - s o l i d  r a t i o s  o f  2.5, 5, 10, 
and 20:1]. 

e x t r a c t  concent ra t ions  w i t h  those t a r g e t  concentrat ions determined i n  
waste leachates a t  t h e  l y s i m e t e r  us ing  t h e  c r i t e r i a  developed by 
Kimmell and Friedman (1986).  The l a b o r a t o r y  e x t r a c t i o n  procedure found 
b e s t  t o  s imu la te  t h e  l y s i m e t e r  t a r g e t  concent ra t ions  was t h e  0.1 fi 
sodium aceta te  pH 5 b u f f e r  conducted i n  a ro ta ry -ba tch  e x t r a c t o r  a t  a 
l i q u i d - t o - s o l i d  r a t i o  o f  2O:l. This  procedure i s  much e a s i e r  t o  
per form than t h e  p r e s e n t l y  used E P ,  because i t  does n o t  r e q u i r e  t h e  
p e r i o d i c  t i t r a t i o n  c a l l e d  f o r  i n  t h e  E P .  

A number o f  s t a t i s t i c a l  approaches were used t o  compare l a b o r a t o r y  



2. BACKGROUND 

Ana lys is  o f  t h e  leach ing  data conducted by Franc is  e t  a l .  (1984) 

and Franc is  and Maskarinec (1986) revealed no s i g n i f i c a n t  d i f f e r e n c e s  
between t h e  TCLP proposed e x t r a c t i o n  medium (a  pH 5, 0.1 pr a c e t a t e  
b u f f e r )  and t h e  EP t o  s imu la te  f i e l d  t a r g e t  concent ra t ions  f o r  t h e  
meta ls  Cd, Hg, N i ,  and Zn. I n  Phase I n i c k e l  and z inc  were leached 
f rom t h e  e l e c t r o p l a t i n g  waste, and i n  Phase I 1  cadmium and mercury 
were leached f rom a s e t t l i n g  s ludge obta ined f rom a waste impoundment, 
b o t h  wastes be ing  g e n e r a l l y  a l k a l i n e  (pH values o f  9.5 and 8.1, 
r e s p e c t i v e l y ,  f o r  100-g suspensions o f  e l e c t r o p l a t i n g  waste and 
s e t t l i n g  s ludge i n  1600 mL o f  d i s t i l l e d  w a t e r ) .  Lead, a t o x i c  metal  o f  
major  concern i n  t h e  environment, bas n o t  inc luded as one o f  t h e  t a r g e t  
meta ls .  I n  o t h e r  s tud ies ,  a l k a l i n e  wastes e x t r a c t e d  w i t h  t h e  proposed 
TCLP a c e t a t e  b u f f e r  have shown e x t r a c t  concent ra t ions  o f  lead  and 
cadmium on t h e  o r d e r  o f  5 t o  10 t imes lower  than those concent ra t ions  
i n  t h e  EP e x t r a c t i o n s  (Franc is  1985). Other a l k a l i n e  wastes, when 
e x t r a c t e d  by t h e  two e x t r a c t i o n  prccedures, showed Concentrat ions o f  
lead  i n  t h e  EP e x t r a c t s  t h a t  were f a c t o r s  o f  IO h i g h e r  than t h a t  
e x t r a c t e d  by t h e  0.1 fl NaOAc b u f f e r  (personal  communication, September 
1985, T.  K imne l l  and 0. Friedman, Z tud ies  and Methods Branch, O f f i c e  o f  
S o l i d  Waste and Emergency Response, USEPA, Washington, D.C . ) .  

f rom a l k a l i n e  wastes by MWL, f o u r  a l k a l i n e  wastes known t o  c o n t a i n  
l e v e l s  o f  meta ls  ( two c o n t a i n i n g  lead and two c o n t a i n i n g  cadmium) i n  
excess o f  p resent  r e g u l a t o r y  standsrds by t h e  EP t e s t  were leached by 
t h e  same #WL used i n  t h e  s t u d i e s  repor ted  i n  Franc is  e t  a l .  1984 and 
Franc is  and Flaskarinec 1986 and compared w i t h  meta l  concent ra t ions  i n  
t h e i r  EP and TCLP e x t r a c t i o n s .  

To eva lua te  i n  more d e t a i l  t h e  leach ing  c h a r a c t e r i s t i c s  o f  meta ls  

3 



3. METHODS AND MATERIALS 

TWO o f  t h e  f o u r  wastes were wastewater t rea tment  p l a n t  sludges 
f rom e l e c t r o p l a t i n g  processes [ p l a n t s  A and B c o l l e c t e d  and sent  t o  
Qak Ridge Nat iona l  Laboratory  (ORNL) by P E I  Associates,  Inc . ,  
C i n c i n n a t i ,  Ohio]. The o t h e r  two wastes were composited resource 
recovery ash samples c o l l e c t e d  by a subcont rac tor  f o r  t h e  C a l i f o r n i a  
Waste Management Board a t  t h e  Sumner County Resource A u t h o r i t y ,  
G a l l a t i n ,  Tennessee ( c a l l e d  "Sumner County resource recovery ash" i n  
t h i s  work) and t h e  (NASA) re fuse  f o r  steam f a c i l i t y  a t  Hampton, 
V i r g i n i a  ( c a l l e d  "Hampton resource recovery ash" i n  t h i s  work).  The 
l a t t e r  two wastes were used i n  t h e  Franc is  (1985) study. A l l  f o u r  
wastes were a l k a l i n e  because pH o f  a 100-9 suspension i n  1600 mL o f  
water  was 8.35, 8.97, 10.3, and 10.0, r e s p e c t i v e l y ,  f o r  t h e  P E I - A ,  
PE I -B ,  Sumner County, and Hamptan wastes. T h e i r  respec t ive  pH values, 
as determined by s tep  7.12 o f  t h e  proposed TCLP leach ing  procedure, 
were 6.12, 6.84, 7.11, and 6.41 (USEPA 1986). Thus, a l l  f o u r  wastes 

o u l d  r e q u i r e  e x t r a c t i o n  w i t h  medium no. 2, an a c e t i c  a c i d  s o l u t i o n  
whose pbl i s  2.88. 

5 .7  mL o f  g l a c i a l  a c i d  t o  1 L as o u t l i n e d  i n  s tep  5.6,2 o f  t h e  proposed 
TCLP procedure (USEPA 1986). 

Each o f  t h e  wastes was leached w i t h  HWL pumped d i r e c t l y  f rom t h e  

Th is  e x t r a c t i o n  s o l u t i o n  was prepared by d i l u t i n g  

f i e l d  l y s i m e t e r  t e s t  f a c i l i t y  t o  t h e  bottom and o u t  t h e  t o p  of  a 
10-cm-diam column c o n t a i n i n g  200 g o f  waste, Flow r a t e  was 
- Q-8 mL/rnln. Leachate was c o l l e c t e d  d a i l y ,  volume and pH were 
recorded, and a 200-mL a l i q u o t  was a c i d i f i e d  t o  pH < 2.0 f rom which 
t h e  meta ls  concent ra t ion  was deterinlned by i n d u c t i v e l y  coupled plasma 
(ICP) spectroscopy. The pH o f  t h e  anoxic MWL ( taken immediately f ro in 
a Ted lar  bag) was 5-24,  w h i l e  t h a t  s t i r r e d  o v e r n i g h t  was - 5.7.  

Organic carbon conten t  o f  t h e  MWL ranged between 4000 and 4300 mg/L. 
and t h e  ca lc ium concent ra t ion  was 790 mg/L, q u i t e  s i m i l a r  t o  t h e  
concent ra t ion  i n  t h e  MWL used i n  Phase I1  o f  t h e  prev ious leach ing  
study repor ted  e a r l i e r .  The sodium conten t  o f  t h e  HWL was 120 rng/l-, 

- 100 my/L  lower than t h a t  used i n  t h e  e a r l i e r  Phase I1 l each ing  

4 
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study; however, t h e  i r o n  conten t  was 450 mg/L, - 200 mg/L more 
concentrated than the  Phase I1 MWL. 

those average maximum concent ra t ions  measured i n  a 20:l l i q u i d - t o - s o l i d  
l each ing  i n t e r v a l  t h a t  bracketed t h e  MLC measured i n  t h e  l y s i m e t e r  
leachates of the i n d u s t r i a l  wastes (see Kimmell and Friedman 1986) .  
The method used t o  determine t h e  ARC20 concent ra t ions  i s  i l l u s t r a t e d  
dn F ig .  1. The p r i n c i p l e  o f  AMC20 concent ra t ions  i s  based on the use 
o f  t h e  l i q u i d - t o - s o l i d  r a t i o  t o  d e f i n e  t h e  q u a n t i t y  o f  leachate 
generated w i t h  respec t  t o  t h e  q u a n t i t y  o f  waste used; t h a t  i s ,  t he  
l i q u i d - t o - s o l i d  r a t i o  i s  t h e  q u a n t i t y  of leachate c o l l e c t e d  i n  l i t e r s  
d i v i d e d  by t h e  q u a n t i t y  o f  waste leached ( l i t e r s  pe r  k i logram) .  For 

The f i e l d  t a r g e t  concent ra t ions  ( c a l l e d  AMC20 concent ra t ions)  a r e  

example, as a waste i s  leached, t h e  leachate i s  c o l l e c t e d ,  and t h e  
exten t  of  l each ing  1s  expressed i n  u n i t s  o f  l i q u i d - t o - s o l i d  r a t i o  

r a t h e r  than t ime o f  leach ing  o r  volume o f  l eachate  c o l l e c t e d .  The 
concept o f  average maximum concen t ra t i on  (AWC) i s  centered around t h e  
l i q u i d - t o - s o l i d  r a t i o  a t  which p o i n t  t h e  MLC i n  t h e  f i e l d  s tud ies  was 

obta ined.  For  example, t he  AMC20 concen t ra t i on  f rom t h e  f i e l d  s tud ies  
was determined f rom the  q u a n t i t y  o f  t a r g e t  c o n s t i t u e n t  leached over  a 

centered on the  MLC ( i . e . ,  a leach ing  
o o f  t e n  on each s i d e  o f  t h e  MLC). 
r e f e r  t o  Kimmell and Friedman (1986) 

20: l  l i q u i d - t o - s o l i d  r a t i o  
i n t e r v a l  a t  a l i q u i d - t o - s o  
For  f u r t h e r  c l a r i f i c a t i o n ,  
o r  Franc is  e t  a l .  (1984). 

i d  r a t  
p lease 
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4.  RESULTS AND DISCUSSION 

4.1 LEACHATE CONCENTRATIONS OF METALS 

The concen t ra t i on  o f  meta ls  i n  each o f  t h e  wastes' leachate 
sampled i s  presented i n  terms o f  t h e  l i q u i d - t o - s o l i d  r a t i o  ( q u a n t i t y  o f  
leachate  c o l l e c t e d  i n  l i t e r s  d i v i d e d  by k i lograms o f  waste leached) i n  
Tables 1-4. Mean concent ra t ions  o f  t h e  meta ls  i n  the  leachate aver  the  
t o t a l  leach ing  p e r i o d  a re  i l l u s t r a t e d  i n  Table 5 r e l a t i v e  t o  the  
concent ra t ions  o f  t h e  metals i n  t h e  MWL. Mean concent ra t ions  were 
determined by d i v i d i n g  t h e  t o t a l  q u a n t i t y  o f  the meta l  measured i n  t h e  
leachate ( i n  m i l l i g r a m s )  by t h e  voiutne o f  leachate generated ( i n  
l i t e r s ) .  Concentrat ions o f  those meta ls  below t h e  ICP d e t e c t i o n  l i m i t  
w e r e  est imated by d i v i d i n g  t h e  d e t e c t i o n  l e v e l  by 2. Using t h i s  
approach, mean concent ra t ions  of  B, Ca, Cd, Co, Cu, Mg, Mn, Mo, Na, N i ,  
Sb, S i ,  S r ,  and Zn i n  t h e  P E I - A  waste leachate were observed t o  be 
g r e a t e r  than t h a t  measured i n  NUL. O f  p r i n c i p a l  concern a r e  the  
leach ing  o f  Cd, N i ,  and Zn, f o r  wh-ich the  mean concent ra t ions  were 
q u i t e  h i g h  (e.g., 74, 38, and 91 mg/L, r e s p e c t i v e l y ) .  Fur the  PEI -B 
waste, mean concent ra t ions  o f  Ca, Cd, Cu, Mg, Mn, Sb, S r ,  V, and Zn 
were observed t o  be h ighe r  than t h a t  measured i n  t h e  MWL used t o  leach 
the waste. The leach ing  o f  z inc  (mean concen t ra t i on  of 229 mg/L) and 
cadmium (mean concen t ra t i on  o f  0.72 mg/L) appear t o  be t h e  major 
environmental  concerns. The leachates f rom t h e  resource recovery ashes 
conta ined low concent ra t ions  o f  Cd, N i ,  and Zn, r e l a t i v e  t o  those 
leachates c o l l e c t e d  from t h e  PEl wastewater t rea tment  sludges. 
concent ra t ions  o f  these elements (Cd, N i ,  and Zn), p l o t t e d  w i th  respec t  
t o  t h e  l i q u i d - t o - s o l i d  r a t i o s  f o r  each o f  t h e  f o u r  wastes, a r e  
i l l u s t r a t e d  i n  f i g s .  2 and 3. 
c o l l e c t e d  from each of t h e  wastes i s  presented i n  F i g .  4. 

The 

The r e s u l t i n g  pH o f  t h e  leachate  

4.1.1 Metal  concent ra t ions  i n  l a b o r a t o r y  e x t r a c t s  

Meta l  concent ra t ions ,  by I C P  spectroscopy, i n  t h e  EP e x t r a c t s  
and t h e  0.1 M, ace ta te  b u f f e r  (TCLP Yo. 1') a r e  presented i n  Table 6.  

Analyses by atomic abso rp t i on  spectroscopy of a s i n g l e  r e p l i c a t e  

7 
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Table 1. Concentrations of metals in leachate frm waste PEI-&? 

Liquid-to-sol id ratio 
(mg/L) Element 

0.8 2.9 7.5 12.0 17.7 25.3 31 .O  36.5 

& I  
A1 
As 
a 
%a 
Be 
ca 
Cd 
co 
C r  
cu 
Fe 
Li 
Hg 
fln 
c\o 
Ma 
Ni 
P 
Pb 
Sb 
Se 
Si 
Sr 
Ti 
V 
Zn 
zr 

<O .30 
<1.20 
<O e 60 
6.3 
0.11 

<o .02 
170 
23 
0.099 
0.32 
2 
63 
c1.20 
320 
c1.20 
<O. 24 

5.8 
8.5 
<1.20 
c1.20 
<1.20 
24 
3.6 
4.12 
0.5 

1 1  
<o. 12 

580 

<Os 30 
C1.20 
<O. 60 

<o. 12 
<o .02 

1200 
40 

6 

0.13 
0.31 
2.8 
60 
C1.20 
350 
6.3 
0.34 

290 
17 
1.7 
<1.20 
<1.20 
c1.20 
31 
4.6 

<o. 12 
0.51 
25 
4.12 

<O .30 
C1.20 
<O .60 
3.9 
0.13 

<o * 02 
1200 

77 
0.26 
0.26 
3.4 

180 
<1.20 
200 
12 

140 
38 
10 
C1.20 
1.6 

c1.20 
41 
3.1 

<o. 12 
0.34 
17 
<o. 12 

1.1 

<O .30 
c1.20 
<O .60 
2.7 
0.19 
<0.02 

1 loo 
87 
0.29 

<O. 24 
3.3 

290 
<1.20 
130 
13 

130 
42 
1 1  
c1.20 
2 
<1.2 
44 
2.2 

<o. 12 
0.26 

110 
<o. 12 

1.5 

<0 * 30 
c1.20 
-4.60 
2.5 
0.21 

<o .02 
1100 
87 
0.28 
4.24 
3.2 

350 
c1.20 
110 
13 

130 
45 
1 1  
C1.2 
1.9 

<1.20 
46 
1.9 

<o. 12 
0.2 

110 
<a. 12 

1.5 

<O. 30 
<1.20 
<O. 60 
1.7 
0.26 
4.02 

1100 
80 
0.29 
0.28 
2.9 

440 
c1.20 
90 
13 

130 
40 
1 1  
e1.2 
2.2 
<1.20 
48 
1.4 

<o. 12 
0.2 

110 
<o. 12 

1.5 

<O. 30 
<1.2 
<O .60 
1.5 
0.25 

<o. 02 
1000 
74 
0.26 
0.27 
2.5 

440 
c1.20 
84 
13 

130 
39 
10 
c1.20 
2 
C1.20 
48 
1.2 

<o. 12 
0.113 
99 
eo. 12 

1.4 

<O .30 
c1.20 
CO.60 
1.4 
0.29 

<o .02 
1100 

59 
0.27 
0.29 
2.3 

480 
<1.20 
86 
13 

140 
38 
1 1  
c1.20 
2 
c1.20 
49 
1.1 

<o. 12 
0.19 
98 
<o. 12 

1.4 

~ T w  hundred grams o f  waste leached in an upflow column with MWL under anoxic 
conditions. 
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Table 2. Concentrations of metals in leachate fran waste PEI-Bg 

Liquid-to-so1 id ratio 
(mg/L) Element 

1.8 7.3 13.7 19.0 24.7 38.1 

Ag 
A1 
As 
B 
Ba 
Be 
ca 
Cd 
Go 
Cr 
CU 
Fe 
Li 
Mg 
Hn 
HO 
Na 
Ni 
P 
Pb 
Sb 
Se 
S i  
Sr 
T i  
v 
Zn 
Zr 

(0.30 
(1.20 
(0. 60 
0.53 
0.17 
(0.02 

0.59 
(0.06 
0.32 
0.6 
41 
(1.20 
470 
5 
0.61 

1100 
(0.36 
4.7 
(1.20 
(1.20 
(1.20 
7.9 
6.8 
(0.12 
0.5 
36 
(0.12 

660 

(0.55 
(2.20 
(1.10 
(0.88 
0.38 
(0.03 

1.1 
(0.11 
(0.44 
0.49 

210 
(2.20 
310 
13 
3.2 

460 
(0.66 
12 
(2.20 
(2.20 
(2.20 
18 
8.5 
(0.22 
0.46 

(0.22 

1300 

230 

(0 .55 
(2.20 
c1.10 
(0.88 
0.39 
(0.03 

1 400 
1 
(0.11 
<O .44 
0.26 

270 
(2.20 
160 
14 
4.9 

2 10 
0.82 
16 
(2.20 
2.9 
<2.20 
21 
7 
(0.22 
0.27 

(0.22 
350 

(0.55 
(2.20 
(1.10 
(0.88 
0.42 
(0.03 

0.95 
0.15 
(0.44 
0.31 

280 
(2.20 
140 
13 
4.9 

170 
0.9 
17 
(2.20 
3.5 
(2.20 
21 
6.4 
(0.22 
0.28 

(0.22 

1300 

350 

(0.55 
(2.20 
(1.10 
(0.88 
0.42 
(0.03 

0.86 
0.12 
(0.44 
0.33 

340 
(2.20 
120 
12 
4.7 

150 
0.79 
16 
(2.20 
3.2 
(2.20 
23 
5.3 
(0.22 
0.24 

(0.22 

1200 

330 

(0.55 
(2.20 
(1.10 
(0.88 
0.39 
<0.03 

0.59 
0.13 
(0.44 
0.25 

450 
(2.20 
97 
1 1  
4.3 

130 
0.8 
14 
(2.20 
3.6 
(2.20 
27 
3.2 
(0.22 
0.21 

(0.22 

lo00 

310 

~ T W  hundred grams of waste leached i n  an upflow column with WL 
under anoxi c condi ti ons. 
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Table 3. Concentrations of metals in leachate ft-an 
Sumner County resource recovery asha 

Liquid-to-solid ratio 
(mg/L) Element 

1.4 5.7 10.0 14.7 20.7 26.2 34.3 

A9 
A1 
As 
€3 
€!a 
Be 
ca 
Cd 
cs 
Cr 
cu 
Fe 
Li 
n9 
Pin 
lvlo 
Na 
i 

P 
Pb 
Sb 
Se 
Si 
Sr 
T i  
Zn 
Zr 

(0.30 
(1.20 
(0.60 
7.9 
(0.12 
(0.02 

0.045 
(0.06 
(0.24 
(0.12 
0.36 
(1.20 
88 
1.3 
(0.24 

(0.36 
(1.20 
(1.20 
(1.20 
(1.20 
2 
5.5 

(0.12 
1.1 
(0.12 

1500 

760 

(0.30 
(1.20 
(0. 60 
7.1 
(0.12 
(0.02 

0.085 
(0.06 
(0.24 
0.36 
54 
(1.20 
130 
15 
(0.24 

1 40 
(0.36 
(1.80 
(1.20 
(1.20 
(1.20 
16 
3.6 
(0.12 
7.9 
(0. 12 

I500 

(0.30 
(1.20 
(0.60 
2.1 
0.23 
(0.02 

0.055 
0.092 
(0.24 
0.43 
55 
(1.20 
93 
22 
(0.24 
130 
0.41 
(1.80 
(1.20 
(1.20 
(1.20 
16 
3.2 
(0.12 
9.4 
(0.12 

1600 

(0. 30 
(1.20 
(0.60 
0.88 
0.45 
(0.02 

0.052 
0 "  1 
(0.24 
0.41 

200 
(1.20 
72 
16 
(0.24 
120 
(0.36 
2 
(1.20 
(1.20 
(1.20 
19 
2.2 
<o. 12 
10 
(0. 12 

1300 

(0.30 
(1.20 
(0.60 
0.83 
0.61 
(0.02 

0.06 
0.095 
(0.24 
0.51 

350 
(1.20 
71 
15 
<0.24 
110 
(0.36 
2.5 
(1.20 
1.4 
(1.20 
22 
1.7 
(0.12 
12 
<0,12 

1100 

(0.30 
(1.20 
(0.60 
0.99 
0.71 
(0 * 02 

0.067 
0.078 
(0.24 
0.42 

400 
(1.20 
74 
13 
(0.24 
120 
(0 + 36 
2.4 
(1.20 
1.3 
(1.2 
23 
1.5 
(0.12 
9.2 
(0. 12 

1100 

(0.30 
(1.20 
(0.60 
0.77 
0.66 
(0.02 

0.049 
0,089 
(0.24 
0.35 

420 
(1.20 
67 
12 
(0 24 
110 
(0.36 
2.4 
(1.20 
1.4 
(1.20 
22 
1.2 
<o. 12 
9.9 
(0.12 

960 

?Two hundred grams of waste leached in an upflow colurnn with WL under 
anoxic conditions. 
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Table 4. Concentrations of metals i n  leachate from Hanpton resource recovery as@ 

Liquid-to-solid ratio 
Img/L) Element - 

3.0 8.9 15.0 20.8 26.5 32.6 38.6 44.7 50.9 
- 

A9 
A1 
As 
B 
Ba 
Be 
Cd 
Cd 
co 
C r  
cu 
Fe 
L i  
fig 
Hn 
Ho 
Ma 
N i  
P 
Pb 
Sb 
Se 
S i  
Sr 
T i  
Zn 
Zr 

(0. 10 
(0.40 
(0.20 
1.3 
0.15 
0.004 

0.11 
0.53 
(0.08 
0.81 

0.14 

1 loo 

260 

170 
10 
(0 .08 
490 
<o. 12 
3.4 
<0.40 
0.5 
(0.40 
20 
1.6 
(0.04 
12 
(0.04 

(0.10 
<0.40 
<0.20 
0.96 
0.25 

(0.004 

0.077 
0.057 
CO. 08 
0.33 

0.55 

lo00 

350 

130 
10 
(0.00 

230 
(0. 12 
2.9 
(0.40 
0.58 
<0.40 
23 
1.3 
(0.04 
8.7 
(0.04 

(0.10 
<O. 40 
<o. 20 
0.72 
0.29 

<0.004 

0.059 
0.058 
<O.@ 
0.13 

0.46 

930 

390 

97 
10 
(0.08 
130 
(0.12 
3.5 

(0.40 
0.6 

CO. 40 
24 

1.1 
<O .04 

I 
<0.04 

(0.10 
(0.40 
<o. 20 
0.69 
0.2 
(0.004 

0.052 
0.064 
0.19 
0.093 

0.45 

910 

400 

89 
10 
(0.09 
110 
0.17 
4.4 
(0.4C 
0.57 
<O. 40 
24 
1 

<O.O? 
7.1 
(0. 04 

(0.10 (0.10 
(0.40 (0.40 
<0.20 <0.20 
0.58 0.54 
0.14 0.12 
(0.004 (0.004 

0.042 0.035 
0.057 0.054 

co.08 <o.m 
0.044 (0.04 

380 380 
<0.40 <0.40 
78 77 
9.3 9.2 

<O.W <0.08 
94 91 
<0.12 (0.12 
5.2 5.6 
(0.40 (0.40 
0.59 0.W 
<0.40 <0.40 
22 22 
0.9 0.85 
(0.04 <0.04 
5.6 5 
(0.04 (0.04 

840 820 

<o. 10 
(0.40 
<o .20 
0.51 
0.11 
CO .004 

0.025 
0.052 
(0.08 
<O .40 
400 
CO.40 
34 
9.2 
(0.08 
91 
(0.12 
6.5 
(0.40 
0.51 
<0.40 
22 
0.8 
<0.04 
4.5 

(0.04 

820 

<0.10 <0.10 
<0.40 (0.40 
(0.20 (0.20 
0.51 0.48 
0.099 0.096 
<0.004 <0.004 

0,023 0.039 
0.049 0.043 

(0.W (0.08 
(0.04 (0.04 
400 350 
(0.40 (0.40 
14 67 
9.1 8 
(0.08 (0.08 
96 91 
(0.12 <0.12 
6.5 5.5 

(0.40 (0.40 
0.53 0.56 
<0.40 <0.40 
22 20 
0.77 0.67 
<0.04 (0.04 
3.9 2.9 
(0.04 (0.04 

820 730 

~ T U O  hundred grams of uaste leached in an upflcw column w i t h  WL under anoxic conditions. 
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Table 5. b a n  concentrations of metals in waste leachate relative 
to those determined in WLa 

Hastes WL 

PEI A PEI B Sunner Co. Hwpton 

As 
A1 
As 
B 
Ba 
Be 
ca 
Cd 
co 
Cr 
CU 
Fe 
li 
@I 
Nn 
pto 

Na 
Ni 
P 
w 
Sb 
Se 
S i  
Sr 
T i  
v 
Zn 
Zr 

0.15 
0.6 
0.3 
2.71 
0.21 
0.01 

1096 
74.1 
0.26 
0.23 
2.89 

0.6 

11.9 

332 

140 

1.27 
162 
37.6 
10.4 
0.6 
1.79 
0.6 
44.2 
2.07 
0.06 
0.26 

0.06 
91.6 

0.22 
0.86 
0.43 
0.31 
0.31 
0.01 

0.72 
0.08 
0.19 
0.3 

0.86 

9.67 
3.23 

0.53 
11.3 
0.86 
2.08 
0.86 
16.7 
5.13 
0.09 
0.26 

0.09 

96 1 

228 

168 

270 

229 

0.15 
0.6 
0.3 
2.35 
0.47 
0.01 

0.06 
0. 08 
0.12 
0.38 

0.6 
81.1 
13.6 

1216 

262 

0.12 

0.2 
1.9 
0.6 
1.03 
0.6 
18.9 
2.27 
0.06 

9.17 
0.06 

165 

b, 

0.05 
0.2 
0,1 
0 . 1  
0.16 
0.01 

0.06 
0.08 
0.12 
0.18 

0.35 

9.41 
0.04 

0.07 
4.85 
0.2 
0.56 
0.2 
22.1 
1 
0.02 

6.26 
0.02 

884 

368 

94.8 

157 

!2 

(0.30 
(1.2 
(0.60 
(0.48 
0.3 
(0.012 

0.031 
0.078 
(0.24 
(0.12 
450 
(1.2 
62 
8.9 
(0.24 
120 
(0.36 
14 
(1.2 
(1.2 
(1.2 
22 
0.6 

(0.12 
0.14 
1.9 
(0.12 

790 

concentrations in waste leachate determined by dividing 
total milligrm of metal leached over the leaching period by the 
1 i ters of leachate 601 lected (concentrations belw detection by ICP 
were estimated by dividing the detection limit by two).  Values of 
metals in WL are determined by ICP on a single sample taken during 
leaching of  the wastes. 

hot determined. 
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F i g .  3 ,  Leaching o f  cadmium from Sumner County resource recovery ash 
by m u n i c i p a l  waste leachate 



1 5  

8.0 

7.5 
w 

le 

W 

w 
I- cn 

2 
3 

5 

7.0 

1l. 
Q 6.5 
I 
Q. 

6.0 

5.5 

- 

I 

““SUMNER CO. R.R. ASH 

I 

- WASTE PEI-B 

HAMPTOM R.R. AS 
WASTE PEI-A 

0 1 20 30 40 50 
LI QUID-TO -SO LID RATIO 

F i g .  4. pH o f  waste leachates 



16 



17 

( r e p l i c a t e  no. 1) a r e  presented i n  Franc is  (1985) f o r  t h e  resource 
recovery ashes. I n  genera l ,  t h e r e  was a very good agreement between 
t h e  two methods o f  a n a l y s l s .  The aceta te  b u f f e r  (TCLP No. 1 )  used f o r  
t h e  resource recovery ashes was made us ing  NaOAc and a c e t i c  a c i d  (mean 
pH o f  4.95 f o r  t h e  Sumner County waste and 4.92 f o r  t h e  Hampton waste) 

w h i l e  t h e  a c e t a t e  b u f f e r  f o r  t h e  P E I  wastes was made as prescr ibed i n  
t h e  proposed TCLP l each ing  procedure (USEPA 1986). The f i n a l  pH o f  t h e  
l a b o r a t o r y  e x t r a c t s  and m i l l i l i t e r s  o f  0.5 N HOAc used i n  t h e  EP 
e x t r a c t i o n s  a r e  presented i n  Table 7 .  From t h e  s tandpo in t  o f  t h e  EP, 
t h e  P E I  wastes A and 8 would be considered hazardous because o f  
e leva ted  cadmium l e v e l s  (>1 .O mg/L), and bo th  o f  t h e  resource 
recovery ashes would be hazardous because o f  e leva ted  l e v e l s  o f  Pb 
( > 5  .O mg/L) . 

4.1.2. Comparison o f  l a b o r a t o r v  e x t r a c t s  w i t h  AMC20 concent ra t ions  

Values f o r  AMC20 were determiqed f o r  Cd, N i ,  and Zn leached f rom 
t h e  P E I - A  waste, as w e l l  as Cd and Zn leached f rom t h e  P E I - 8  waste 
and b o t h  of t h e  resource recovery ashes (Table 8).  Lead AMC20 values 
i n  t h e  leachates o f  t h e  resource recovery ashes would have been 
c a l c u l a t e d  except t h a t  lead concent ra t ions  were below ICP  d e t e c t i o n  

Table 7.  F i n a l  pH o f  l a b o r a t o r y  e x t r a c t s  

Waste EP TCLP TCLP 
mL o f  0.5 N HOAc ptJ No. 1 No. 2 

PEI A 34 5 5,18 6.70 5.02 

P E I  8 400 6.14 7.10 5.87 

Sumner Co. 350 5.08 7.39 5.37 

Hamp t on 215 5.06 6.46 5.18 
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Table 8. m a r i s o n  of metal concentrations in laboratory 
extracts and AMc20 valuesa 

Waste 
Laboratory (w/L) extracts 

&tal AMC203 EP TCLP TCLP 
(mg/L) (mg/L) No. 1 No. 2 

PEI-A 

Cd 82 360 82 430 
N i  40 120 29 150 
Zn 96 330 38 420 

PE I --ea 

Cd 1.01 2.5 0.45 2.8 
Zn 26 7 7 70 77 870 

Sumner Co. resOurcc 
recovery ash 

Cd 0.04 0.18 0.03 0.31 
Zn 8 26 3.0 39 

recovery ash 

Cd 0.05 0.42 0.31 0.73 
Zn 7.5 86 63 150 

balues for MC20 and IwC30 are equivalent except for Cd leached 
frm the PEI  Waste 8; in this case, AM30 value i s  0.72 mg/L using 
the model Y = ,elix. See Table 9 and Figs.  5 and 6, which illustrate 
the cumulative leaching of the metals f r m  the wastes. 
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l e v e l s  ( 4 . 2  and ~ 0 . 4  mg/L f o r  t h e  Sumner County and Hampton ashes, 
r e s p e c t i v e l y ) .  
PEI-B waste and the resource recovery ashes were (1.0 mg/L. 

S i m i l a r l y ,  n i c k e l  concent ra t ions  i n  t h e  leachates of 

Except f o r  cadmium leached f rom t h e  PEI -A  waste, AMC20 and AM30 
Th is  anomaly r e s u l t s  as a consequence o f  smal l  values a re  i d e n t i c a l .  

d i f f e r e n c e s  i n  the  concent ra t ions  o f  meta ls  i n  waste leachates a t  
l i q u i d - t o - s o l i d  r a t i o s  between 10 and 1 5  beyond t h e  l i q u i d - t o - s o l i d  
r a t i o  o f  the MLC. 
f rom these wastes a r e  d i r e c t l y  r e l a t e d  t o  t h e  l i q u i d - t o - s o l i d  r a t i o s .  
For  example, regress ion  analyses showed a s t rong s t a t i s t i c a l  f i t  t o  a 
s imple l i n e a r  model (see Table 9 and F igs.  5-6). Among t h e  f o u r  models 
used t o  f i t  t h e  cumulat ive leach ing  o f  c o n s t i t u e n t s  i n  t h e  wastes 
s tud ied  by Franc is  e t  a l .  (1984), t h e  l i n e a r  model gave the  bes t  f i t ,  
as measured by t h e  c o e f f i c i e n t  o f  de termina t ion  (R-squared) f o r  a l l  
meta ls  except t h e  cadmium leached f rom t h e  PEE-A waste (Table 9 ) .  

Zn i n  EP e x t r a c t s  range f rom about 3 t o  >70 t imes h ighe r  than AMC20 
concent ra t ions .  Ex t rac ts  us ing  t h e  TCLP NO. 2 medium g e n e r a l l y  
conta ined h ighe r  concent ra t ions  0'' these meta ls  than the  EP e x t r a c t s .  
On t h e  o t h e r  hand, concent ra t ions  o f  t h e r e  meta ls  i n  t h e  e x t r a c t s  o f  

t h e  ace ta te  b u f f e r  (TCLP No. 1 )  tended t o  be g e n e r a l l y  c l o s e r  t o  
t h e  AMC20 values. It appears t h a t  t h e  ace ta te  b u f f e r  tends t o  
underest imate AMC20 concent ra t ions  f o r  z inc w h i l e  t h e  EP and the 
TCLP No. 2 e x t r a c t i o n s  tend t o  overest imate the  AM20 concent ra t ions .  
On t h e  o t h e r  hand, t h e  ace ta te  b u f f e r  d i d  n o t  underest imate z inc  
concent ra t ions  f o r  t he  Hampton resource recovery ash no r  f o r  t h e  z inc  
ex t rac ted  from t h e  e l e c t r o p l a t i n g  waste used i n  Phase I o f  t h e  research 
[ i n  Franc is  e t  a l .  (1984), where t h e  AMC20 value f o r  z inc  was 85 mg/L 
and t h e  z inc  concen t ra t i on  i n  t h e  ace ta te  e x t r a c t  was 215 mg/L compared 
w i t h  430 mg/L f o r  t h e  EP] .  

procedures a re  o v e r l y  aggress ive i n  t h e i r  s i m u l a t i o n  o f  metal  AMC20 
values i s  t h e  "h igh"  l ead  concent ra t ions  i n  t h e  e x t r a c t s  o f  t h e  
resource recovery ashes r e l a t i v e  t o  t h e  lead concent ra t ions  i n  the  
leachates o f  these ashes on leach ing  w i t h  HWL. For  example, l ead  

O r  more s imply ,  t h e  cumulat ive leach ing  o f  meta ls  

Examinat ion o f  Table 8 revea ls  t h a t  concent ra t ions  o f  Cd, Ni, and 

Another i n d i c a t i o n  t h a t  t he  EP and t h e  TCLP No. 2 e x t r a c t i o n  
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Table 9. 1s to simulate the c 
of mtals fran alkaline wastes by MwL 

Waste tal 

No. 1 No. 2 No. 3 Ma. 4 

PEI-A 

Cd 
Ni 
Zn 

Cd 
M i  
Zn 

resource recovery ash 

Cd 
N i  
Zn 

0.991 
0.992 
0.993 

0.923 
0.973 
0 s 968 

0.993 
0,994 
0.995 

0.815 
0.846 
0 * 809 

0.954 
0.872 
0.965 

0.903 
0,846 
0 * 935 

0.166 
0.736 
0.761 

0.695 
0 I 790 
0.674 

0.778 
0 826 
0.724 

0.821 
0.810 
Q. la0 

0.948 
0.828 
0.878 

0.858 
0.856 
0.787 

recovery ash 

Cd 0.964 0.856 0 958 
M i  0.983 0.797 0.872 0.882 
Zn 0.977 0.838 0.875 0.939 

where Y = cumulative leaching of the tal in milligrams and 
X = liquid--to-solid rat io,  and a and b are constants. 



21 

600 

500 

400 - 
-1 

300 

200 

100 

0 

300 

250 

200 

150 

100 

50 

0 

,.. ........ ~ 

900 

BOO 

700 

600 

500 

400 

300 

200 

100 

0 

-4 zmc 

0 10 20 30 40 0 10 20 10 20 30 40 30 40 0 

WASTE PEI-A 
7 

6 

5 

- 
P 4  

$ e 3  
-1 

2 

1 

0 

- -  -7- 
~ . .  

1800 

1600 

1400 

2.5 1200 

- 1000 2.0 

800 
1.5 

600 

400 

200 

- 

- 

- 

- 

0 10 20 30 40  0 10 20 30 40 0 10 20 30 40 
LIWID-TO-SOLID RATIO LIQUID-TO-SIJLID RATIO LIOWD-TO-SOLID RATIO 

WASTE PEI-E 

Fig. 5. Total cadmium, nickel, and zinc leached from P E I - A  and PEI-B 
by municipal waste ledchate 



22 

0.5 

0.4 

- 
.! 0.3 
-I 

8 
P 

0.2 

0.1 

0 

/ 1.4 1 
1.2 - 

7 1.0 

0.8 

0.6 
- 

0.4 

1 0.2 
-1 

" 
0 10 20 30 40 0 10 

SUMMER 60. RESOURCE RECOVERY ASH 

0.3 

0.2 

E 0.4 / I  
c 

1 0.6 

- 1  0 s  1 0.4 

0.3 1 0.2 

/ 

I 1 
20 30 

I T  

0 10 20 30 40 50 0 10 20 30 40 50 
L l W l D  TO SOLID RATIO LIQUID TO SOLID RATIO 

HAMBTQN RESOURCE RECOVERY ASH 

0 10 20 30 40 50 

LIQUID TO SOLID RATIO 

Fig .  6 .  T o t a l  cadmium, n i c k e l ,  and z inc  leached froin Sumner County and 
Hampton resource recover  ashes by mun ic ipa l  waste leachate 



concentrations in the EP extracts of both ashes were in excess o f  
the S.O-mg/L RCRA limits (mean concentrations from two  replicated 
extractions o f  
ashes, respect 
also I n  excess 
concentrations 
in excess o f  1 
for the Sumner 

5.83 and 12.0 mg/L for the Sumner County and Hampton 
vely). Concentrations o f  lead in the TCLP No 2 were 
o f  5.0 mg/L (see Table  6 ) .  However, maximum 
in the leachates o f  these ashes by the MWL were never 
2 and 0.4 mg/L (the detection levels for lead by I C P )  

County and Hampton ashes, respectively. 



5. SUMMARY AND CONCLUSIONS 

Three l a b o r a t o r y  e x t r a c t i o n s  ( t h e  RCRA; EP and t h e  proposed RCRA- 
TCLP us ing  e x t r a c t i o n  media No. 1 and No. 2 )  were compared w i t h  the  
AMC20 values f o r  n i n e  t a r g e t  meta ls  us ing  t h e  "Comparison by R a t i o "  
method descr ibed by Franc is  and Maskarinec (1986). 
comparison, t h e  l a b o r a t o r y  concent ra t ion  i s  expressed as a r a t i o  o f  t h e  
t a r g e t  concent ra t ion  ( t h e  AMC20 concent ra t ion)  as follows: 

I n  t h i s  method o f  

Rat io  = LC:TC ? 

where LC i s  the  l a b o r a t o r y  e x t r a c t  concent ra t ion  ( i n  m i l l i g r a m s  p e r  
l i t e r ) ,  and TC i s  t h e  AMC20 t a r g e t  concent ra t ion  ( a l s o  i n  m i l l i g r a m s  
pel- l i t e r )  obta ined by leach ing  t h e  a l k a l i n e  klastes w i t h  t h e  mun ic ipa l  
waste leachate.  A r a t i o  o f  1.08 would i n d i c a t e  t h a t  t h e  concent ra t ion  
i n  t h e  l a b o r a t o r y  e x t r a c t  was i d e n t i c a l  t o  t h e  AM620 value. Rat ios  
>1.00 would represent  l a b o r a t o r y  concent ra t ions  i n  excess o f  t h e  
t a r g e t  concent ra t ion ,  and r a t i o s  < l . O O  would represent  l a b o r a t o r y  
concent ra t ions  t h a t  underest imate t a r g e t  concentrat ions.  Th is  r a t i o  
was then transformed t o  a l o g  base t o  represent  a lognormal p o p u l a t i o n  
(Tornqerist e t  a l .  1985). Median r a t i o s  o f  0.93, 4.25, and 5.89 were 
c a l c u l a t e d  f o r  TCLP No, 1, EQ, and TCLP No. 2, r e s p e c t i v e l y .  'These 
data s t r o n g l y  i n d i c a t e  t h a t  t h e  TCLP w i t h  e x t r a c t i o n  medium No. 1 
s imulates t h e  leach ing  o f  a l k a l i n e  wastes by l4WL much b e t t e r  than 
e i t h e r  o f  t h e  a l t e r n a t i v e s  t e s t e d .  
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