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ABSTRACT 

Many o f  t h e  so l ven t  and nonsolvent halogenated o rgan ic  wastes e x h i b i t  h i g h  t o x i c i t y ,  
m o b i l i t y ,  p e r s i s t e n c e  and bioaccumulat ion.  The EPA's O f f i c e  o f  Research and Developnent 
i s  conduct ing  a research  program t o  develop i n f o r m a t i o n  on t h e  a p p l i c a b i l i t y ,  e f f e c t i v e -  
ness, capac i t y ,  c o s t  and environmental  impact of e x i s t i n g  a l t e r n a t i v e  ( t o  l and  d i s p o s a l )  
halogenated waste t rea tment  techno log ies .  Processes eva lua ted  a t  commercial o f f s i t e  
t rea tment  f a c i l i t i e s  i n c l u d e  evaporat ion,  d i s t i l l a t i o n ,  steam s t r i p p i n g  and f u e l  b lending. 

INTRODUCTION 

Large q u a n t i t i e s  of o rgan ic  so l ven t  
and nonsolvent halogenated wastes a r e  
generated and land-disposed annua l l y  i n  t h e  
Un i ted  States.  The Un i ted  S ta tes  Env i ron-  
mental  P r o t e c t i o n  Agency has es t imated  t h a t  
60 m i l l i o n  g a l l o n s  of o rgan ic  s o l v e n t  
wastes and 1.44 m i l l i o n  g a l l o n s  o f  nonhalo- 
genated organ i  c wastes were 1 andf i 1 l e d  
i n  1981. 
wastes were land-d isposed (400 m i l l i o n  
g a l l o n s  s o l v e n t  wastes and 3.1 m i l l i o n  ga l -  
l ons o f  halogenated nonsol vent wastes). 
The da ta  base used t o  es t ima te  t h e  volumes 
o f  these wastes i s  t h e  "Nat iona l  Survey o f  
Hazardous Waste Generators and Treatment, 
Storage, and D isposa l  F a c i l i t i e s  Regulated 
under RCRA" (1981). 

t o x i c i t y ,  m o b i l i t y ,  pe rs i s tence  and b i o -  
accumulation, t h e  c u r r e n t  l and  d i sposa l  
p r a c t i c e s  may n o t  s u f f i c i e n t l y  p r o t e c t  
human h e a l t h  and t h e  environment. The EPA 
p r e v i o u s l y  promulgated r e g u l a t i o n s  under 
t h e  RCRA which r e s t r i c t  t h e  l and  d i sposa l  
o f  i g n i t a b l e ,  r e a c t i v e ,  incompat ib le ,  and 
l i q u i d  wastes, i n c l u d i n g  i g n i t a b l e  s o l -  
vents,  e x p l o s i v e  wastes, and r e a c t i v e  cyna- 
nid-es. The EPA i s  now rev iew ing  e x i s t i n g  
c o n t r o l s  t o  de termine i f  f u r t h e r  r e s t r i c -  
t i o n s  on l a n d  d i sposa l  of hazardous wastes 
a re  warranted and whether a l t e r n a t i v e  waste 

Much l a r g e r  q u a n t i t i e s  o f  these 

As many o f  t hese  wastes e x h i b i t  h i g h  

management methods e x i s t  which a r e  t e c h n i -  
c a l  l y  , env i  ronmental l y  , and economical l y  
p r a c t i c a l .  

WASTE CHARACTERIZATION 

An a n a l y s i s  was made of  t h e  hazardous 
wastes l i s t e d  i n  t h e  f o l l o w i n g  f o u r  RCRA 
Sec t ions  (1) :  -- 

O 261.24 - C h a r a c t e r i s t i c s  o f  EPA 
T o x i c i t y  (DOXX) 

O 261.31 - Non-Speci f ic  Process Wastes 
(FOXX) 

O 261.32 - S p e c i f i c  Process Wastes 

O 261.33 - Discarded Commercial Chemical 

(KXXX) 

Products, O f f - S p e c i f i c a t i o n  
Products, e tc .  (UXXX and PXXX) 

T h i s  a n a l y s i s  i d e n t i f i e s  a t o t a l  o f  142 ha- 
zardous ha1 ogenated wastes (Tab1 e 1). 
There a r e  109 halogenated o rgan ic  compounds 
represented  by t h e  142 waste codes. Two o f  
t h e  more f r e q u e n t l y  generated halogenated 
wastes a r e  Fool and F002: 

Fool - Spent halogenated s o l v e n t s  used i n  
deg reas i ng : 
t r i c h l o r o e t h y l e n e ,  methyl  ene 
c h l o r i d e ,  1,1,1-tri c h l  oroethane, 

t e t  rach l  o r o e t  h y l  ene , 
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TABLE 1. RCRA-LISTED WASTES CONTAINING HALOGENATED ORGANIC COMPOUNDS (HOCs) ( 2 )  

To ta l  To ta l  
Nunber Nunber 

Waste L i s t e d  Conta in ing L i s t i n g  o f  S p e c i f i c  Hazardous Waste Codes 

DOXX 17  6 (35) D012, D013, D014, 0015, D016, DO17 

FOXX 13 2 (15) FOO1, F002 

Category i n  P a r t  261 HOCs (%) Conta in ing One o r  More HOCs 

K X X X  76 27 (36 

P X X X  107 21  (20 

h) 
C. 

uxxx  233 86 (37 

KO0 1, 
KO2 1, 
K043, 

P004, 
P036, 
PO9 5, 

U006, 
U030, 
U042, 
U06 1, 
U074, 
U08 3, 
U132, 
U192, 
U226, 
U240, 

K009, 
K028, 
K073, 

P016, 
P037, 
P118, 

6017, 
U033, 
U043, 
u062, 
U07 5, 
U084, 
U138, 
U20 7, 
U227, 
U242, 

K010, K015, 
K029, K030, 
K085, K095, 

P017, P023, 
P043, POSO, 
P123 

U020, U023, 
U034, U035, 
U044, U045, 
U066, U067, 
U076, U077, 
U097, U121, 
U142, U150, 
U208, U209, 
U228, U230, 
U243, U246, 

K016, 
K032, 
K096, 

P024, 
P051, 

11024, 
U036, 
U046, 
U06 8, 
U078, 
U127, 
U156, 
u210, 
U231, 
U247 

K017, 
K033, 
K097, 

P026, 
P057, 

U025, 
U037, 
U047, 
U07 0, 
U079, 
U128, 
U158, 
u211, 
U232, 

K018, 
K034, 
K098, 

PO2 7, 
P058, 

U026, 
U038, 
U048, 
U07 1, 
U080, 
U129, 
U183, 

U233, 
u212, 

K019, 
KO41, 
K039, 

P028, 
P059, 

U027, 
U039, 
U049, 
U07 2, 
U081, 
U130, 
U184, 
u22 2, 
U235, 

KD20 
KO4 2 
K105 

PO3 3 
p060 

U029 
U04 1 
U060 
U07 3 
U082 
U131 
U185 
U225 
U237 

Tota ls  446 142 (32) 



carbon t e t r a c h l o r i d e ,  and c h l o r i n -  
a ted  f luorocarbons ;  and sludges 
from t h e  recovery o f  these so l -  
vents i n  degreasing operat ions.  

i n i t i  a1 e f f o r t  a t  r e y i  s t e r i  ng f a c i  1 i t i e s  
t h a t  generated and/or managed hazardous 
wastes. 

F002 - Spent halogenated so l ven ts :  t e t -  
rach l  o roe thy l  ene, methylene ch lo -  
r i d e ,  t r i c h l o r o e t h y l e n e ,  l,l, 1- 
t r i ch lo roe thane ,  chlorobenzene, 
l , l , Z - t r i  c h l  o ro-  1,1,2-tri f l u o r o -  
ethane, o r t h o - d i  ch l  orobenzene, and 
t r i  c h l o r o f l  uoromethane; and 1,1,2- 
t r i  ch l  oroethane; t h e  s t i  11 bottoms 
from t h e  recovery  o f  these sol-  
vents,  and c e r t a i n  spent m i x t u r e s  
/blends. 

An example of a ha1 ogenated, nonso l -  
vent waste i s  K001, a wastewater t rea tment  
sludge f rom wood p rese rv ing  
i ng creosote  and/or pentachlorophenol .  
Large q u a n t i t i e s  o f  K O O l  wastes p r e s e n t l y  
a re  s to red  i n  impoundments. C lean ing  up 
these contaminated impoundments i s  r e -  
quir'ed. 
components o f  t h e  K O O l  sludges cou ld  p a r t i -  
a l l y  o f f s e t  c l o s u r e  costs.  
o the r  halogenated process wastes which were 
repo r ted  i n  t h e  P a r t  A d a t a  base a r e  g i ven  
i n  Table 2. The P a r t  A da ta  base was EPA's 

ope ra t i ons  us- 

Recovery o f  t h e  c reosote  and o i l y  

Q u a n t i t i e s  o f  

TREATMENT ALTERNATIVES TO LAND DISPOSAL 

A1 t e r n a t i v e s  such as waste reduc t ion ,  
r e c y c l  i ng, t rea tment  , and i n c i n e r a t i o n  a r e  
u s u a l l y  p r e f e r a b l e  t o  l a n d  d isposa l .  I n  a 

recent  survey, waste management p r a c t i c e s  
f o r  e i g h t  halogenated "K" wastes (Tab le  3) 
were ob ta ined  from manfacturers o f  c h l o r i n -  
a ted  aromat ics.  A t o t a l  of  s i x t y - f i v e  
f a c i l i t i e s  repo r ted  t h e i r  management tech -  
niques. I n c i n e r a t i o n  i s  i n d i c a t e d  t o  be 
t h e  most p r e v a l e n t  form of t rea tment  w i t h  
t h e  excep t ion  o f  KO99 - u n t r e a t e d  waste- 
water. Storage i n  tanks ,  con ta ine rs  and 
p i l e s ,  recyc le l reuse ,  and wastewater t r e a t -  
ment were t h e  o t h e r  major management op- 
t i o n s  repor ted .  A1 t e r n a t i v e  t rea tment  
techno log ies  a p p l i c a b l e  t o  waste so l ven ts  
and o t h e r  halogenated o rgan ic  wastes a re  
d iscussed i n  t h e  f o l l o w i n g  sec t ions .  

ALTERNATIVE SOLVENT WASTE TREATMENT 
TECHNOLOGIE S 

The p r i n c i p a l  a l t e r n a t i v e  t rea tment  
techn iques  w i t h  p o t e n t i a l  a p p l i c a t i o n  t o  

TABLE 2 - WASTE QUANTITY DATA FOR HALOGENATED WASTES 

Waste Code 

Foo l  
F002 
K O O l  
KO09 
KO10 
KO15 
KO16 
KO17 
KO18 
KO19 
KO20 
KO21 
KO28 
KO29 
KO30 
KO32 
KO33 
KO34 

EPA's P a r t  A 
Data Base (MT) 

1,419,310 
392,282 

34,473 
122,933 

1,028,806 
144,429 

1,061,518 
99,625 

169,741 
226,043 
162,546 
43,468 

102,920 
259,815 
55,920 
81,611 
36,083 

57,704 

Waste Code 

KO35 
KO4 1 
KO42 
KO43 
KO7 3 
KO85 
KO95 
KO96 
KO97 
KO98 
KO99 
K105 
DO12 
DO13 
DO14 
DO15 
DO16 
DO17 

EPA's P a r t  A 
Data Base (MT) 

119,385 
68,649 
74,518 
79,125 
25,349 
27,383 
23,597 
9,082 

917 
14,525 
14,979 

918 
120,988 
72,906 
77,898 
69,546 
61,219 
79,617 
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bo th  halogenated and nonhalogenated wastes, batches o f  nonhalogenated so lvents .  Over 
depending upon t h e  phys i ca l  form, are: 90 percent o f  t h e  i n i t i a l  so l ven ts  were 

A i  r S t  r i  p p i  ng Evapora t ion  a p p l i c a t i o n  (Table 4). 
Steam S t r i p p i n g  F i l t r a t i o n  
Wet A i  r O x i d a t i o n  Dryi ny TABLE 4. FATE OF WASTE SOLVENT 
I n c i n e r a t i o n  Carbon Adsomt ion  

recovered f o r  reuse i n  l e s s  c r i t i c a l  

D i  s t  i 11 a t i o n  
Solvent E x t r a c t i o n  B i o l o g i c a l  

Several o f  these techno log ies  a re  used t o  
separate and concen t ra te  d i l u t e  so l ven t  
m ix tu res  be fo re  f u r t h e r  processing. The 
p r e f e r r e d  t rea tment  a l t e r n a t i v e s  f o r  waste 
so l ven ts  i n c l u d e  r e d u c t i o n  o r  e l i m i n a t i o n  
o f  t h e  wastes generated a t  t h e  p o i n t  o f  
use, recyc le / reuse,  and thermal ox ida t i on .  

d i s t i  1 l a t i o n ,  f r e q u e n t l y  r e q u i r e  p r e l  i m i  - 
nary  t rea tment  o f  incoming waste ma te r ia l s .  
Tech'nologies f o r  s o l v e n t  waste " p r e t r e a t -  
ment" i n c l  ude simp1 e s e t t l  i ng and f l  o ta-  
t l o n ,  screening, and f i l t r a t i o n  t o  remove 
s o l i d s .  I n  some t rea tmen t  f a c i l i t i e s ,  
t h i  n - f  i l m  evapora t i on  i s  employed t o  sepa- 
r a t e  s o l i d s  f rom t h e  recoverab le  organics.  
The separated res idues  may then be blended 
i n t o  a c h l o r i n e  s u b s t i t u t e  suspension f o r  
use i n  manufac tur ing  low a l k a l i  cement, a 
f u e l  f o r  use a t  k i l n s  and furnaces per -  
m i t t e d  t o  burn  hazardous wastes, o r  s t a b i -  
l i z e d  f o r  d i sposa l  a t  a secure l a n d f i l l  
s i t e .  
general t ypes  of s o l  vent r e c l  amati on tech -  
no log ies  which a re  cons idered t o  have 
a p p l i c a t i o n  t o  halogenated s o l v e n t  waste 
streams a r e  evapora t ion ,  f r a c t i o n a t i o n ,  and 
steam s t r i p p i n g .  
t hese  techno log ies  fo l l ows .  

Resin Adsorp t ion  

Sol  vent rec lamat ion  techn iques  e.g. 

I n  a d d i t i o n  t o  d i s t i l l a t i o n ,  o t h e r  

A b r i e f  d i scuss ion  o f  

0 IST I  LLATION ( NON-FRACT IONATING) 

Steam d i s t i l l a t i o n  i s  l i k e l y  t h e  most 
commonly used techn ique f o r  recovery o f  
halogenated so lvents .  Steam d i s t i l l a t i o n  
i s  a process i n  which separa t i on  o f  mate- 
r i a l s  i s  achieved by u s i n g  t h e i r  d i f f e r -  
ences i n  b o i l i n g  po in ts .  The two general  
t ypes  o f  s imp le  steam d i s t i l l a t i o n  proc- 
esses d i f f e r  i n  t h e  method o f  steam use, 
th rough c o i l s  o r  d i r e c t  i n j e c t i o n .  S t i l l s  
w i t h  steam c o i l s  ( F i g u r e  1) a r e  w ide ly  used 
o n s i t e  by opera to rs  which do n o t  have h i g h  
s o l v e n t  demands. D i r e c t  i n j e c t i o n  steam 
s t i l l s  ( F i g u r e  2 )  a r e  most e f f e c t i v e l y  used 

-on low b o i l i n g  s o l v e n t s  t h a t  a r e  n o t  mis- 
c i b l e  i n  water. I n  t e s t s  conducted f o r  t h e  
HWERL, a commercial so l ven t  rec la imer  d i s -  
t i l l e d  two batches o f  halogenated and two 

Volume (Percent ) 

I n i t i a l  1540 g a l l o n s  
Recovered as Sol vents 1400 g a l l o n s  (91)  
Recovered as Fuel 60 g a l l o n s  ( 4 )  
S t i  11 Bottoms 60 g a l l o n s  ( 4 )  
Wastewater 20 g a l l o n s  ( 1 )  

About 60  g a l l o n s  o f  s t i l l  bottoms requ i red  
s o l i d i f i c a t i o n  due t o  h igh  c h l o r i d e  con- 
t e n t .  This f a c i l i t y  u s u a l l y  disposes o f  
low c h l o r i d e  d i s t i l l a t i o n  res idues  i n  f u e l  
blends. 

EVAPORATION 

The two types  o f  evapora tors  o r  sepa- 
r a t o r s  u s u a l l y  employed t o  recover  spent 
s o l v e n t s  a re  t h e  scraped su r face  evapora tor  
and t h i n - f i l m  evaporator.  A scraped 
su r face  evapora tor  ( F i g u r e  3 )  i s designed 
t o  f a c i l i t a t e  d e n s i t y  separa t i on  o f  spent 
so l ven t  m a t e r i a l s .  Th is  t ype  o f  separa tor  
i s  s u i t e d  f o r  so l ven t  streams w i t h  a h i g h  
concen t ra t i on  o f  suspended s o l i d s  and 
sludges. The t h i  n - f  i l m  separa to r  ( F i g u r e  
4 )  opera tes  on t h e  same p r i n c i p l e  as t h e  
scraped su r face  separa tor  except t h a t  a 

- f i l m  o f  l i q u i d  m a t e r i a l  i s  spread aga ins t  
t h e  vesse l  w a l l  where i t  i s  exposed t o  
heat. 
s u i t e d  f o r  rec la im ing  low b o i l i n g  p o i n t  
so lvents .  The f i v e  l a r g e s t  r e c y c l i n g  
f a c i l i t i e s  i n  C a l i f o r n i a  use t h i n - f i l m  
evapora t ion  t o  r e c l a i m  so l ven ts  d i r e c t l y  
o r  as p r e l  i m i  nary t rea tment  (3 ) .  

The t h i n - f i l m  evapora tor  may be bes t  

FRACTIONAL DISTILLATION 

Two t ypes  o f  f r a c t i o n a t i o n  processes 
a re  commonly employed by i n d u s t r y  t o  r e -  
c l a i m  spent so lvents :  
packed column. 
( F i g u r e  5 )  i s  used when a h i g h  p u r i t y  prod- 
u c t  i s  des i red .  Pretreatment i s  u s u a l l y  
r e q u i r e d  s ince  s o l i d  m a t e r i a l s  c a r r i e d  over  
tend t o  b u i l d  up on t h e  t r a y s  and reduce 
t h e  con tac t  areas between t h e  vapor and 
l i q u i d  phases, decreas ing  t h e  o v e r a l l  
e f f i c i e n c y .  
t h i n - f i l m  separa t i on  can remove s o l i d s  t o  
improve t h e  p u r i t y  o f  t h e  l i q u i d  feed t o  
t h e  f r a c t i o n a t i o n  column. The packed 

bubb le  t r a y  o r  
The bubble t ray column 

S e t t l i n g  i n  a tank  fo l l owed  by 

26 5 
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TABLE 3. CURRENT MANAGEMENT PRACTICES FOR SPECIFIC HALOGENATED PROCESS WASTES 
ACCORDING TO EPA's INDUSTRY STUDIES PROGRAMa 

Waste Management Techni queb 
Code Waste Stream D e s c r i p t i o n  STR IW LF I N  RR SI BB T o t a l  

KO16 

KO17 

KO18 

KO19 

KO20 
h) 
0 1  m 

KO28 

KO85 

- - Heavy ends o r  d i s t i l l a t i o n  res idues  from 2 1 3 1 7 

Heavy ends ( s t i l l  bot toms) f rom t h e  1 2 1 1 5 

t h e  p roduc t i on  o f  carbon t e t r a c h l o r i d e  

p u r i f i c a t i o n  column i n  t h e  p roduc t i on  o f  
e p i  ch l  orohyd r i  n 

e t h y l  c h l o r i d e  p r o d u c t i o n  

d i c h l o r i d e  i n  e thy lene  d i c h l o r i d e  p roduc t i on  

c h l o r i n e  i n  v i n y l  c h l o r i d e  monomer p roduc t i on  

r e a c t o r  i n  t h e  p roduc t i on  o f  l , l , l - t r i c h l o r o -  
ethane 

- - - 

Heavy ends from t h e  f r a c t i o n a t i o n  column i n  1 - - 2 1 1 - 5 

Heavy ends from t h e  d i s t i l l a t i o n  o f  e thy lene  8 - 9 5 - - 22 

Heavy ends from t h e  d i s t i l l a t i o n  o f  v i n y l  3 - 5 1 9 

Spent c a t a l y s t  from t h e  h y d r o c h l o r i n a t o r  - - 1 1 2 1 5 
1 

D i s t i l l a t i o n  o f  f r a c t i o n a t i o n  column bottoms 2 2 1 5 
f rom t h e  p roduc t i on  o f  chlorobenzene 

- - - - 

KO99 Unt rea ted  wastewater f rom t h e  p roduc t i on  o f  2,4-D 1 6 7 - - - - - 
TOTALS 16 2 0 65 2 24 11 10 

a Source: EPA's I n d u s t r y  S tud ies  Data Base 

b STR: Storage i n  tank ,  con ta ine r ,  o r  p i l e  
LF: L a n d f i l l  
R R : Re cyc 1 e/ reuse 
BB: Burned i n  b o i l e r  

I W :  I n j e c t i o n  w e l l  
I N :  I n c i n e r a t o r  
SI: Wastewater t rea tment  i n  su r face  impoundment 

NOTE: Numbers i n  column r e f e r  t o  t h e  number o f  f a c i l i t i e s  surveyed which repo r ted  t h e  g i ven  management technique. 



column f r a c t i o n a t i o n  system ( F i g u r e  6 )  
d i f f e r s  from t h e  bubb le - t ray  system i n  t h a t  
the  column i s  packed w i t h  r i n g s  t o  i nc rease  
t h e  sur face  con tac t  area and f l o w  res idence 
time. Th is  m o d i f i c a t i o n  can r e s u l t  i n  a 
h igher  q u a l i t y  rec la imed so lvent .  Sepa- 
r a t i o n  o r  removal e f f i c i e n c i e s  o f  99 per -  
cent and g r e a t e r  a r e  p o s s i b l e  f o r  i n d i v i d -  
ual  v o l a t i l e  components v i a  f r a c t i o n a l  
d i  s t i  1 1 a t  i on. 

STEAM S T R I P P I N G  

Steam s t r i p p i n g  by d i r e c t  i n j e c t i o n  o f  
l i v e  steam can be used t o  t r e a t  aqueous 
wastes ( l e s s  t h a n  10 percent  o rgan ics  i n  
water)  and wastes c o n t a i n i n g  over  10 pe r -  
cent o rgan ics .  Th is  ‘process i s  used by 
some waste r e c y c l e r s  f o r  recovery o f  v o l a -  
t i l e  o rgan ics .  However, a d isadvantage i s  
t h a t  a d d i t i o n a l  t rea tmen t  steps may be re -  
qu i red  t o  f u r t h e r  reduce v o l a t i l e s  i n  t h e  
subsequently inc reased aqueous waste stream 
(43. 
ALTERNATIVE NONSOLVENT HALOGENATED ORGANIC - 

As w i t h  t h e  so l ven ts ,  o t h e r  halogena- 
t e d  o rgan ic  wastes u s u a l l y  r e q u i r e  p r e l  i m i  - 
nary t rea tmen t ,  depending on t h e  phys i ca l  
ma t r i x .  Examples o f  some processes which 
cou ld  p r e t r e a t  aqueous o r  non-aqueous 
wastes ( 5 ) :  

Sedimentat i o n / s  kimmi ng 
F i  1 t r a t i  on 
N e u t r a l i z a t i o n  
D isso lved a i r  f l o t a t i o n  
Heavy me ta l  removal 
F l u i d  e x t r a c t i o n  
Vacuum f i l t r a t i o n  
G r i  n d i  ng 
B1 end ing  

I n  general ,  s e t t l i n g ,  f l o t a t i o n  o r  

L i q u i d s  and s o l i d s  
f i l t r a t i o n  w i l l  accompl ish s o l i d s  removal 
f rom l i q u i d  wastes. 
des t i ned  f o r  i n c i n e r a t i o n  may r e q u i r e  
g r i n d i n g  and b l e n d i n g  t o  produce a homo- 
geneous i n j e c t a b l e  m i x t u r e  w i t h  s p e c i f i c  
mo is tu re ,  h a l i d e  and hea t  conten ts .  A t  
one t rea tment  f a c i l i t y  t e s t e d  by a HWERL 
Cont rac tor ,  o rgan ic  m a t e r i a l s  i n c l u d i n g  
p a i n t ,  p a i n t  sludges, v a r n i s h  and spent 
so l ven ts  were ground t o  reduce t h e  s o l i d s  
p a r t i c l e  s i z e  t o  a few microns. 
b lend was s u i t a b l e  f o r  bu rn ing  i n  an i n c i n -  
e r a t o r  o r  cement k i l n  ( t o t a l  o r g a n i c  h a l i d e  

The f i n a l  

l e s s  than  1 percent,  heat va lue  over 10,000 
B t  u/ 1 b) . 

Other t rea tment  methods f o r  non- 
aqueous ha1 oqenated wastes i n c l  ude chemical  
d e c h l o r i n a t i o n  and c h l o r i n o l y s i  

INCINERATION 

For many halogenated organ 
i n c i n e r a t i o n  i s  t h e  d e s i r a b l e  d 
method because e s s e n t i a l l y  comp 

c wastes, 
sposal  
e t e  de- 

s t r u c t i o n  i s  poss ib le .  I n c i n e r a t i o n  can 
be accomplished us ing  a v a r i e t y  o f  methods 
depending on t h e  phys i ca l  c h a r a c t e r i s t i c s  
o f  t h e  waste. 
i n c i n e r a t i o n  se lec ted  may depend upon t h e  
v i s c o s i t y  o f  t h e  l i q u i d  and t h e  amount and 
s i z e  o f  s o l i d s .  A r o t a r y  k i l n  o r  f l u i d -  
i z e d  bed may be chosen f o r  a v iscous, h i g h  
s o l i d s  waste. L i q u i d  i n j e c t i o n  would 
p robab ly  be chosen f o r  a waste w i t h  l ow  
v i s c o s i t y  and low s o l i d s  because o f  t h e  
lower  c o s t  of t h i s  process ( 5 ) .  

For example, t h e  t ype  o f  

AQUEOUS WASTE TREATMENT 

Generic t rea tment  op t i ons  f o r  aqueous 
halogenated o rgan ic  wastes i n c l u d e  b i o l o g -  
i c a l  , chemical  , and phys i ca l  processes. 
General l y  , o n l y  d i l u t e  aqueous wastes w i t h  
an o rgan ic  conten t  o f  l e s s  than 1 percen t  
a r e  amenable t o  b i o l o g i c a l  t rea tment  and/or 
carbon adso rp t i on  (phys i ca l  process). Wet 
a i r  o x i d a t i o n  (chemical  process) i s  u s u a l l y  

“ a p p l i c a b l e  t o  wastes which a re  t o o  d i l u t e  
t o  i n c i  ne ra te  economical l y  and y e t  t o o  
t o x i c  t o  t r e a t  b i o l o g i c a l l y .  S u p e r c r i t i c a l  
water o x i d a t i o n  i s  a newer chemical process 
where l i q u i d  phase o x i d a t i o n  des t roys  
aqueous wastes c o n t a i n i n g  h i g h  o rgan ic  
concen t ra t i ons  (1-20 percent ) .  UV/ozone i s  
another  chemical process i n  which an aque- 
ous waste i s  sub jec ted  t o  u l t r a v i o l e t  
r a d i a t i o n  and ozone. Th is  method i s  a l s o  
u s u a l l y  r e s t r i c t e d  t o  a 1 percent  o r  l ower  
c o n c e n t r a t i o n  o f  organics.  

CONCLUSION 

There a r e  a l t e r n a t i v e  management meth- 
ods a v a i l a b l e  f o r  t r e a t i n g  many waste 
streams c o n t a i n i n g  halogenated o rgan ic  
m a t e r i a l s  sub jec t  t o  t h e  l and  d i s p o s a l  
ban l e g i s l a t i o n .  Commercial hazardous 
waste t rea tment  f a c i  1 i t i e s  employ p r a c t i c a l  
and economical ly v i a b l e  processes f o r  waste 
halogenated so l ven ts  and o t h e r  o rgan ic  
wastes. Because o f  t h e  Congressional  
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mandate t o  p r o t e c t  human h e a l t h  and env i -  
ronment, some o f  these processes now em- 
p l  oyed i n  commerci a1 and onsi  t e  t rea tment  
o f  wastes may need improved equipment 
des ign  and i n s t r u n e n t a t i o n  t o g e t h e r  w i t h  
e f f e c t i v e  opera t i ng  and maintenance proce-  
dures i n  o rde r  t o  comply w i t h  t h i s  pro-  
v i s i o n  o f  t h e  RCRA. 
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