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I. In t roduct ion  

S u b t i t l e  C of the  Sol id  Waste Disposal Act, as amended by 

t h e  Resource Conservation and Recovery F r t  of 1976 c rea t e s  a 

comprehensive "cradle-to-grave" management con t ro l  system f o r  -
the d i sposa l  of hazardous waste designed t o  p r o t e c t  publ ic  

h e a l t h  and t h e  environment from t he  improper d isposa l  of 

such waste. Sect ion 3001 of t h a t  S u b t i t l e  requi res  EPA t o  

i d e n t i f y  the  c h a r a c t e r i s t i c s  of and l i s t  hazardous wastes. 

Wastes i d e n t i f i e d  o r  l i s t e d  as hazardous w i l l  be included i n  

the management cont ro l  system crea ted  by Sect ions 3002-3006 

and 3010. Wastes no t  i d e n t i f i e d  or  l i s t e d  w i l l  be subjec t  t o  

the requirements f o r  non-hazardous waste imposed by t h e  S ta tes  

under S u b t i t l e  De The Agency has  determined t h a t  corrosiveness ,  

t h e  proper ty  t h a t  makes a substance capable of d isso lv ing_-. 

mate r i a l  w i t h  which it comes i n  contac t ,  is a hazardous 

c h a r a c t e r i s t i c  because improperly managed cor ros ive  wastes 

pose a s u b s t a n t i a l  p resent  or p o t e n t i a l  danger t o  human hea l th  

and t h e  environment. The purpose of t h i s  document is  t o  

expla in  t h e  Agency's d e f i n i t i o n  of cor ros ive  waste, t o  d i scuss  

the comments received on the  Agency's proposed d e f i n i t i o n  of 

cor ros ive  w a s t e  and t o  d i scuss  the changes made i n  response 

to those  comments. 



31. 	 Proposed Regulation 

$250.13(b) Corrosive waste. 

( I )  Definition - A solid waste is a hazardous waste 

if a representative sample of the w a s t e :  

(i) Is aqueous and has a pH less t han  or equal 

to 3 or greater than or equal to 12 as determined 

by the method c i t ed  below or an equivalent method. 

(ii) Corrodes steel (SAE 1020) a t  a rate greater 

than 0 . 2 5 0  inch per year at a t e s t  temperature of 

130'F as determined by the method c i t ed  below or an 

equivalent method. 

(2) Identification method. 

(i) pH shall be determined using a p�i meter, following 

the protocol-specif ied in the "Manual of Methods for 

Chemical Analysis of Water and Wastes" (EPA 

625-16-74 003). 

(ii) Rate of metal corrosion shall be determined 

using the protocol specif ied in NACE (National 

Association of Corrosion Engineers) Standard 

TM-61-69 
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111 	 Rationale  for t h e  Proposed Regulation 

A. Rationale f o r  Proposing a Corrosiveness Characteristic 

Corrosiveness w a s  chosen as a characterist ic of 

hazardous w a s t e  because improperly managed corrosive wastes 

present  a danger t o  human health and the environment. 

Corrosion involves the des t ruc t ion  of both animate and inanimate 

su r faces  . For regula tory  purposes , the  Agency be l i eves  t h a t  

hazards  associated with each m u s t  be considered. Wastes 

capable of des t roying  animate sur faces  may i n j u r e  human 

t i s s u e  w h i l e  wastes capable of corroding inanimate surfaces 

m a y  des t roy  conta iners  holding hazardous substances,  thereby 

enhancing the in t roduct ion  of contaminants i n t o  the environment. 

In  add i t ion ,  cor ros ive  wastes can r e a c t  with other  w a s t e s  t o  

generate a d d i t i o n a l  hazardous substances o r  dangerous amounts of 
-L. 

heat. A number of States i d e n t i f y  corrosiveness as  a hazardous 

w a s t e  p rope r ty  i n  t h e i r  hazardous waste regula t ions .  These 

State r egu la t ions  are indexed i n  Appendix A. 

B. 	 Rationale  for Proposed Def in i t i on  of Corrosiveness 

1 Introduct ion 

The Agency has chosen pH as one i n d i c a t o r  of 

cor ros iveness  because t h e  hydrogen i o n  concentrat ion,  which 

pH measures, is causally related to  many of the  hazards  

associated w i t h  corrosiveness  (a thorough d iscuss ion  of the  con

cept of pH may be found i n  Reference 1). Application of a character

i s t ic  based on pH encompasses the following hazards: 

o H a r m  t o  human t i s s u e .  Wastes exh ib i t i ng  very 

high or l o w  pH l e v e l s  may cause harm to t ranspor te rs  



and other persons coming i n t o  contac t  wit31 the 

w a s t e  

o So lub i l i za t ion  of t o x i c  c o n s t i t u e n t s  of 

solid w a s t e  r e s u l t i n g  i n  migrat ion t o  groun6water. 

Unregulated disposal of wastes w i t h  very h igh  

or low pEI l e v e l s  may con t r ibu te  to the so lub i l i za 

t i o n  and migration of t o x i c  cons t i t uen t s  to 

groundwater, thereby th rea ten ing  the h e a l t h  of 

, 	 those who use groundwater as a source of dr inking 

water. 

o Dangerous chemical reactions. Co-disposal of 

wastes with high o r  low pH levels may produce 

r eac t ions  r e s u l t i n g  i n  dangerous heat production 

or  gene ra t ion  of t o x i c  fmes,. 
aL. 

o Ham t o  aquat ic  life. Improper disposal of 

wastes exhib i t ing  either high or low pa l e v e l s  

may a l t e r  the pH of s u r f a c e  waters to the 

detriment of aquatic organisms. 

The Agency has chosen metal corros ion  rate as another  

expression of cor ros iveness  because the m e t a l  cor ros ion  ra te  

i n d i c a t e s  the a b i l i t y  of a corrosive baste to eat  through its 

con ta ine r  and escape t o  the surrounding area where it may . 

react with nearby wastes t o  release hazardous substances 

o r  corrode other c o n t a i n e r s  holding hazardous wastes. Available 

information r e v e a l s  t h a t  hazardous wastes are f r equen t ly  

stored, transported; or  disposed i n  metal  containers .  

Applicat ion of a c h a r a c t e r i s t i c  based on metal cor ros ion  rate 



encompasses hazards associated with the escape of corrosive 


wastes from their containers to the surrounding area. 


The various hazards covered by the proposed corrosiveness 


characteristic are discussed below in greater detail. 


2 .  Effects of Improper Disposal of Wastes Exhibiting 

High or Low pH Values 

(a) Injury to Humans 

Wastes exhibiting very high or low pH levels may cause 

harm to persons who come into contact with the waste. Acids 

cause tissue damage by coagulating skin proteins and forming 

acid albuminates. Strong bases or alkalis, on the other 

hand, exert chemical action by dissolving skin proteins, 

combining with cutaneous fats and severely damaging kerati?. 

Alkali burns tend to be progressive due to the formation of 

soluble alkaline proteinates and are therefore more dangerous 

than acid burns which may be limited by the insolubility of 

acid albuminates. In each type of burn, the hydrogen ion 

and hydroxyl ion concentration is a factor related to injury.(Z) 

Studies indicate that pH extremes above 11.5 and below 2 . 5  

generally are not tolerated by human corneal (eye) tissue ( 3 ) .  

Substances most frequently implicated in damage to human 

tissue in occupational settings are sulfuric, hydrochloric, 

hydrofluoric, nitric, acetic, carbolic, formic and oxalic 

acids and ammonia, caustic soda, and caustic potash (4,511. 

EPA files contain descriptions of several incidents in which 

contact with corrosive wastes resulted in tissue damage ( 6 ) .  

Three incidents are described in Appendix B. 
?"d' =' 



(b) S o l u b i l i z a t i o n  of Toxic Contaminasts 

Low or high pH levels signifLCanfly promote the solubili

z a t i o n  of c e r t a i n  toxic substances such as heavy metals. 

Once s o l u b i l i z e d ,  these hazardous s u b s ' a c e s  can migrate  to 

a groundwater body where, under proper condi t ions ,  t3ey can 

move g r e a t  distances without s i g n i f  icaat a t t enua t ion  of 

t o x i c i t y .  


U n i t e d  States depends on groundwater as a source of dr inking 


I 

Since a p p r o x h a t e l y  half the population of the 

. 

water, t h i s  enhanced migrat ion of to:ic c o n s t i t u e n t s  warrants 

s e r i o u s  concern (7). A study of 5 0  l a d  disposal sites in 

which i n d u s t r i a l  wastes had been placed revealed t h a t  sub-sarface 

migrat ion of hazardous substances is prevalent.  Migra t ion  

of t o x i c  heavy metals was confirined at 3 0  of the s i t e s ;  at 

26 of the sites l e v e l s  i n  excess  of'EPA drinking water s tandards  

were discovered ( 8 )  e Damage resulting from contamination of 

groundwater by t o x i c  inorganic  subs tances  i s  well documented. 

Reference 6 con ta ins  many examples of i n j u r y  to human 3ealt3 

and the environment a t t r i b u t a b l e  to contaminated groundwater . 
The tendency of t o x i c  waste c o n s t i t u e n t s  to s o l u b i l i z e  

i n  response to increased  o r  decreased pa l e v e l s  is i l l u s t r a t e d  

by the theoretical so lubi l i t i es  of heavy metal compounds i n  

aqueous solutions at various pH values. For ins tance ,  

c a l c u l a t i o n s  demonstrate that a drop i n  pH from 4.0 to 2.0 

should i n c r e a s e  the s o l u b i l i t y  of red mercury oxide  (Ego) 

or  of chromium hydroxide (Cr(OS)3 1 i n  vzter approximately 

one hundred t i m e s  (9 ). In  genera l ;  co=-munds of  mercury tend 

t o  s o l u b i l i z e  i n  an acidic environment while chromium, caMuTL1, 

!g LT 



isad and s i l v e r  compounds may be so luble  i n  e i t h e r  a c i d i c  or 

a l k a l i n e  media. Compounds of a r s e n i c  and selenium s o l u b i l i z e  

m o r e  r e a d i l y  i n  an a l k a l i n e  environment. (9,10811) 

Because the s o l u b i l i z a t i o n  of waste stream components i s  

a complex phenomenon dependent upon f a c t o r s  such  as the ion ic  

s t r e n g t h  of the medium, the oxida t ion  p o t e n t i a l ,  and the presence 

of complexing and che la t ing  agents and a v a i l a b l e  anions,  the  

above theoretical solubilities--which are appl icable  t o  pure 

compounds i n  simple systems--cannot r e a d i l y  be extrapolated 

t o  complex waste systems. However, t hese  f i g u r e s  c l e a r l y  

reveal t r e n d s  i n  the  r e l a t ionsh ip  between pR and s o l u b i l i t y .  

Thus, although l i m i t s  which p r e c i s e l y  de f ine  t he  low or high 

pH values  a t  which s o l u b i l i z a t i o n  of the var ious heavy metal 

compounds occurs i n  a l l  wastes cannot 5e e s t ab l i shed  i n  r e l i a n c e  

on these f i g u r e s ,  i n  general ,  there i s  g r e a t e r  p o t e n t i a l  f o r  

s o l u b i l i z a t i o n  as  pH values  approach t h e  lower and upper ends 

of the scale. 

(c) Dangerous chemical reactions 

Co-disposal of incompatible wastes may lead t o  the  

following harmful reac t ions :  1. heat genera t ion ,  2. f i r e ,  

3. explosion, 4. formation of flammable gases,  5 .  v o l a t i l i 

z a t i o n  of t o x i c  or flammable substances,  6. formation of 

Substances of g r e a t e r  t o x i c i t y ,  7. formation of compounds 

s e n s i t i v e  t o  shock and f r i c t i o n ,  8 .  pres su r i za t ion  i n  closed 

vesse l s ,  9. formation of t o x i c  fumes, 10. d i s p e r s a l  of 

toxic dusts, m i s t s  and particles,  and 11. v i o l e n t  p O l p @ r i 

z a t i o n  (12) .  Improper d i sposa l  of w a s t e s  exh ib i t i ng  h igh  or 

7' ' 
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low pH l e v e l s  i s  often assoc ia ted  w i t h  these adverse conse

quences. Toxic and flammable gases, f o r  ins tance ,  may 

be generated when cyanides or s u l f i d e s  a r e  mixed w i t h  acids 

(13). Violent  chemical r eac t ions  can occur when s t rong  acids  

are mixed w i t h  s t rong  bases. Appendix C: conta ins  case 

h i s tor ies  documenting damage t o  human health, the environment 

and proper ty  caused by mixing a c i d i c  or c a u s t i c  wastes w i t h  

o t h a r  wastes.  Appendix D l i s t s  poss ib le  adverse consequences 

r e s u l t i n g  from reac t ions  between a c i d s  o r  bases and o ther  

classes of compounds. 

I t  i s  d i f f i c u l t  t o  e s t a b l i s h  an exact pH value a t  w h i c h  

wastes of varying composition pose a hazard,  b u t  c e r t a i n l y  

the tendency to cause h a r m f u l  chemical r eac t ions  becomes more 

pronounced a t  the extremes of t he  p R  sca le .  By any estimation, 

h igh ly  a c i d i c  or h igh ly  a l k a l i n e  l i q u i d  w a s t e s  have the  p o t e n t i a l  

to cause chemical r eac t ions  w h i c h  can  have an adverse e f f e c t  on 

human health and the environment. 

(d )  I n j u r y  t o  aqua t i c  l i f e  

Improper d i sposa l  of wastes exh ib i t i ng  h igh  or l o w  pH 

may a l t e r  t h e  pH levels of surface waters,  r e s u l t i n g  i n  harm 

t o  a q u a t i c  l i fe .  Studies i n d i c a t e  that  t h e  optimum p H  range 

for freshwater f i s h  i s  6.5  - 9.0: an inc rease  o r  decrease of 

2 pH u n i t s  beyond the optimum causes severe e f f e c t s .  Bioassays 

conducted on the fa thead  minnow revealed t ha t  a generation 

maintained i n  environments with pH values  of 4.5  and 5 . 2  

were deformed and exh ib i t ed  abnormal behavior. As T a b l e  1 

shows, pH levels of 11.0 or 3.5 a r e  f a t z l  to a l l  species of 



f i sh .  A t  pB l e v e l s  b e l o w  3 and above 52,  very few organisms 

are capable of s u r v i v a l  (14). 

Addit ion of wastes e x h i b i t i n g  l o w  o r  h igh  pH l e v e l s  t o  

surface waters can also i nc rease  the t o x i c i t y  of subs tances  

i n  the  w a t e r .  A c i d i f i c a t i o n  of the w a t e r  can r e s u l t  i n  the 

release of free carbon d iox ide  i n  t o x i c  q u a n t i t i e s r  and a 

drop of about  1 .5  p H  u n i t s  can cause  a thousand-fold i n c r e a s e  

i n  the acute t o x i c i t y  of a metal locyanide complex (14). I n  

a d d i t i o n ,  alteration of the s u r f a c e  water pH is capable  of 

a f f e c t i n g  the p r o d u c t i v i t y  of food orgurisms which fish and 

w i l d l i f e  need to surv ive .  Appendix E lists i nc iden t s  of 

damage t o  aquatic life caused by w a s t e s  exhibiting high or  

l o w  pH va lues  ( 6 ) .  

(e) EPA'S f i n a l  p~ limits 

As noted above, t h e  Agency has chosen pR as one measure 

of cor ros iveness  because pH p r o v i d e s  &a easily-measurable, 

multi-purpose i n d i c a t o r  of s e v e r a l  potential ly  hazardous 

condi t ions .  I n  i t s  proposed regulation, t h e  Agency de f ined  

aqueous w a s t e s  with pH levels below 3.0 and above 1 2 . 0  as 

being hazardous.  These limits were chosen i n  an attempt t o  

balance the following cons ide ra t ions :  s e n s i t i v e  human t i s s u e  

may be damaged when contac ted  w i t h  substances e x h i b i t i n g  pH 

l e v e l s  below 2.5 or above 11.5: s t r o n g l y  acidic or  basic 

c o n d i t i o n s  s i g n i f i c a n t l y  enhance the s o l u b i l i z a t i o n  of toxic 

contaminants and are an i n t e g r a l  cause of dangerous chemical 

r e a c t i o n s :  aqua t ic  life is a d v e r s e l y  a f f e c t e d  w h e r e  the pH 

of the w a t e r  is  below 6 . 5  or above 9.0 and is v i r t u a l l y ,  



non-existent in media with pH values below 3.0 and above 


12.0. 


In response to the proposed PH limits, a great many 

comments were received advocating the extension of the 

accpetable pH range. A number of commenters argued that the 

proposed upper pH limit of 12.0 would include w7ste lime and 

many Lime treated wastes and sludges which generally have a 

pH between 12.0 and 12.5 and which can be put to agricultural 

and other beneficial uses. Many o f  these conmenters suggested 

raising the upper pH limit to 12.5 while others suggested 

raising the limit to 13.0. A number of comnenters argued 

that the proposed lower pH limit of 3.0 would include many 

common and innocuous substances such as cola drinks which 
__.L_.. 

exhibit pH levels of between 2.0 and 3.0 and many industrial 


wastewaters prior to neutralization which also exhibit low 


pH levels. Many of these commenters suggested Lowering the 


pH limit to 2.0; others suggested lowering the limit to 1.5. 


Upon consideration of these comments and after further 

deliberation, the Agency has decided to extend the range of 

acceptable pH levels by decreasing the lower limit from pH 

3.0 to 2.0 and increasing the upper limit from pH 12.0 to 

12.5. With respect to the upper limit, the Agency agrees 

with the commenters that otherwise non-hazardous lime stabilized 

sludges and wastes s h o u l d  not be designated as hazardous. 

Accordingly, the Agency has adjusted the upper limit to pH 

12.5 to exclude such wastes from the system. Raising the 



TABLE -1.-A Summary of Some Effecisof pH on 
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u p p e r  l i m i t  t o  pH 1 2 . 5  s h o u l d  n o t  c o m ? r o m i s e  p r o t e c t i o n  o f  

human h e a l t h .  A l t h o u g h  e y e  t i s s u e  i s  dzmaged  when t h e  pH i s  

a b o v e  1 1 . 5 ,  n o r m a l  s k i n  t i s s u e  i s  c l e a r l y  l e s s  s e n s i t i v e  t h a n  

e y e  t i s s u e .  C o n s e q u e n t l y ,  i n c r e a s i n g  t i e  u p p e r  pK l i m i t  t o  

1 2 . 5  s h o u l d  n o t  s i g n i f i c a n t l y  i n c r e a s z  :he l i k e l i h o o d  o f  

damage  t o  s k i n .  A l s o ,  t a k i n g  i n t o  a c c o u n t  t h e  many f a c t o r s  

t h a t  m i g h t  i n f l u e n c e  h e a v y  m e t a l  s o l u j i l i t p  and  c a u s a t i o n  o f  

h a r m f u l  c h e m i c a l  r e a c t i o n s ,  a n  i n c r e a s e  o f  0 . 5  pH u n i t  i s  n o t  

e x p e c t e d  t o  s i g n i f i c a n t l y  c o m p r o m i s e  ? r ~ t e c t i o na g a i n s t  t h e s e  

two h a z a r d s .  

W i t h  r e s p e c t  t o  t h e  l o w e r  L i m i t ,  t 3 e  Agency  i s  n o t  

n e c e s s a r i l y  i n  a g r e e m e n t  w i t h  t h e  c o m z e i t s  t h a t  s u c h  " i n n o c u o u s "  

s u b s t a n c e s  as  c o l a  d r i n k s ,  i f  d i s p o s e d  a f  i n  a l a n d f i l l ,  v i 1 1  

h a v e  o n l y  b e n i g n  c o n s e q u e n c e s .  N e v e r t h t l e s s ,  i t  a g r e e s  w i t h  

t h e  comments  t h a t  2 . 0  i s  a b e t t e r  j u s : i l i e d  l o w e r  ?H l i m i t  

t h a n  3 . 0 .  T h e  Agency  o r i g i n a l l y  c h o s e  3 . 0  as  i t s  Lower l i m i t  

b a s e d  on t i s s u e  damage  a n d  h e a v y  m e t a l  s o l u b i l i z a t i o n .  

A l t h o u g h  s t u d i e s  on  c o r n e a l  t i s s u e  d e n o z s t r a t e d  t h a t  i n j u r y  

was s u s t a i n e d  on c o n t a c t  w i t h  s u b s t a n c e s  e x h i b i t i n g  pH L e v e l s  

b e l o w  2 . 5 ,  t h e  p r o p o s e d  pH l i m i t  w a s  s e t  a t  3.0 t o  p r o v i d e  an 

e x t r a  m a r g i n  o f  p r o t e c t i o n  a g a i n s t  h e a v y  m e t a l  s o l u b i l i z a t i o n .  

C o r n e a l  t i s s u e ,  h o w e v e r ,  i s  more  s e n s i t i v e  t h a n  s k i n  t i s s u e  

s o  r e d u c i n g  t h e  l o w e r  pH l i m i t  t o  2 . 0  s i o u l d  s t i l l  allow 

a d e q u a t e  p r o t e c t i o n  a g a i n s t  s k i n  i n j u r y .  S i m i l i a r l y ,  l o w e r i n g  

t h e  pH l i m i t  t o  t h e  a v o w e d l y  h i g h l y  a c i d i c  l e v e l  o f  2 . 0  

e n s u r e s  t h a t  t h e  l i m i t  i s  m o r e  l i k e l y  t 3  e n c o m p a s s  t h o s e  

w a s t e s  w h i c h  t e n d  t o  s o l u b i l i z e  t o x i c  s u b s t a n c e s  a n d  c a u s e  

h a r m f u l  r e a c t i o n s .  



3. E f f e c t s  of Improper Disposal of Wastes Capable of 

Corroding Metal. 

Wastes which have the capac i ty  t o  corrode metals 

can corrode the i r  con ta ine r s  dur ing  t r anspor t a t ion ,  s to rage  

or d i s p o s a l  and escape i n t o  the surrounding area.  If such 

cor ros ive  w a s t e s  are t o x i c ,  the i r  escape can cause direct  

injury t o  persons handl ing  t h e  waste and can contaminate the 

anvironment. I f  such wastes exhib i t  l ov  o r  high pB, the i r  

escape can result i n  all the  hazards assoc ia ted  w i t h  low o r  

h igh  pEI, as discussed  above. Wastes capable of corroding 

metals can also cause the cor ros ion  of other conta iners  i n  

which hazardous wastes a re  s t o r e d ,  r e s u l t i n g  i n  the leakage 

of those w a s t e s  i n t o  the environment. This unplanned leakage 

can r e s u l t  i n  i n j u r y  t o  persons handling the wastes and the 

contamination of the environment. 

Metal cor ros ion  is a complex process: a more detailed 

d i scuss ion  of i t s  mechanisms m a y  be found i n  Reference 15.  

Factors which in f luence  the rate of corrosion include tempera

ture, the metal(s)  involved and ae ra t ion ,  composition and p R  

of the c o r r o s i v e  medium. For example, a cor ros ive  material 

w i t h  a p B  less than 4.0 will cause iron to d i s so lve  r a p i d l y  

accompanied by evolu t ion  of hydrogen. A t  pH 4.0-9.5 t h e  

&ate of attack is usually low and f a i r l y  cons tan t  t hen  de

creases to a minimum at pH 12.0. 


accelerate d i s s o l u t i o n  of the m e t a l  but the corrosion rate is 


Increases  i n  p R  above 12.0 

g e n e r a l l y  much less than tha t  occurr ing under a c i d i c  conditions.  

I n  practice, a l k a l i n e  s o l u t i o n s  do not s e v e r e l y  damage steel. 



The presence of d isso lved  s a l t s  may a l s o  a c c e l e r a t e  o r  i n h i b i t  

corrosion;  ch lo r ide  and s u l f a t e  i o n s  i n t e r f e re  w i t h  development 

of p r o t e c t i v e  f i l m s  and con t r ibu te  t o  the breakdown of passive 

f i l m s  a l ready  i n  ex i s t ence  while calcium and bicarbonate ions 

tend t o  l i m i t  a t t ack .  The amount of dissolved oxygen i s  another 

important element because oxygen s t imula tes  the corrosion 

process. Temperature affects  corrosion by inf luencing the 

chemical composition and physical  p rope r t i e s  of the corrosive 

so lu t ion ,  the n a t u r e  of deposits and the behavior of the 

metal. 

The Department of Transportat ion has defined a corrosive 

material as one that  corrodes a low carbon s t e e l  (SAE 1020) 

at a severe ra te ,  i .e . ,  greater than  0.250 inch p e r  year  a t  a 

t e s t  temperature of 130' F (49 CFR 173.240.). The rate  of 

0.250 inch per  year  was selected by DOT because experience 

indicated tha t  it r e p r e s e n t s  a severe r a t e  of corrosion. SAE 

1020 steel  w a s  chosen as  a t e s t  mater ia l  by DOT because it i s  

used f requent ly  i n  the manufacture of steel  drums u t i l i z e d  i n  

t r a n s p o r t a t i o n ,  and the 130' t es t  temperature was selected 

because tha t  level may be encountered d u r i n g  t r anspor t a t ion  

of hazardous materials. 

EPA f i les  conta in  numerous desc r ip t ions  of damage 

i 'ncidents involving the use of s teel  drums t o  s t o r e ,  t ranspor t  

and d ispose  of hazardous w a s t e .  The Agency belfev'es tha t  the  

rate a t  which a waste corrodes a mcterial commonly used i n  

conta iner  cons t ruc t ion  is a su i tab le  measure of the hazardous

ness  of the w a s t e .  The DOT m e t a l  cor ros ion  s tandard w a s  



adopted because it represents an appropriately severe rate of 


corrosion, and the required test conditions adequately reflect 


conditions likely to be encountered during transportation, 


storage and disposal of wastes. An additional consideration 


is the desire of the Agency to maintain consistency vith 


other regulations whenever practicable. 


4 .  Additional Considerations for Development of a 

Corrosiveness Characteristic. 

(a) 

The Agency considered proposing a corrosive character


istic which would directly address tissue damage. A standard 


technique referenced by Federal agencies and several States 


employs the application of’the suspected corrosive to the 


bare, intact skin of albino rabbits. The animals are exposed 


for a specified period of time after which an assessnent of 


tissue damage is made (16, 17, 18). Conduction of the test 


requires maintenance of special facilities and the use of 


skilled personnel to evaluate the extent of injury. The 


Agency believes that performing this tyve of testing on each 

waste stream would add little to the scope of the corrosivity 

definition and be unnecessarily burdensome to many members 

of the regu la ted  community. For waste disposal purposes, 

relating tissue damage to an easily measurable characteristic 

such as pH is the more practical approach because the hydrogen 

ion or hydroxyl ion concentration is related to the degree of 

injury. The pH provision will not encompass all substances 

that damage tissue, but corrosive substances often display 

443 I x ”  



o t h e r  h a z a r d o u s  c h a r a c t e r i s t i c s  t h a t  w i l l  b r i n g  them i n t o  

t h e  h a z a r d o u s  w a s t e  n e t .  For i n s t a n c e ,  c o r r o s i v e  m e t a l  

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

b l y  w i l l  b e  c o v e r e d  by 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 .  

( b )  A c i d i t y  and  A l k a l i n i t y  

D u r i n g  t h e  d e v e l o p m e n t  o f  t h e s e  r e g u l a t i o n s ,  i t  w a s  

s u g g e s t e d  t h a t  t h e  c o r r o s i v e n e s s  c h a r a c t e r i s t i c  s h o u l d  

a d d r e s s  t h e  p e r c e n t  a c i d i t y  o r  a l k a l i n i t y  o f  t h e  w a s t e s  

i n  a d d i t i o n  t o  t h e  pH. P e r c e n t  a c i d i t y  o r  a l k a l i n i t y  

p r o v i d e s  a n  i n d i c a t i o n  o f  t h e  c a p a c i t y  o f  a l i q u i d  w a s t e  t o  

r e s i s t  a c h a n g e  i n  pH ( b u f f e r i n g  c a p a c i t y ) .  B e c a u s e  t h e  

Agency  d i d  n o t  h a v e  a d e q u a t e  i n f o r m a i i o n  c o n c e r n i n g  t h e  

n e c e s s i t y  o f  a d d r e s s i n g  a c i d i t y  a n d  a l k a l i n i t y  a s  a c o m p o n e n t  

o f  i t s  h a z a r d o u s  w a s t e  d e f i n i t i o n  and  3 a d  no t e c h n i c a l  b a s i s  

u p o n  w h i c h  t o  e s t a b l i s h  l e v e l s  o f  h a z a r d ,  comments o n  t h i s  

i s s u e  w e r e  s o l i c i t e d  i n  t h e  p r e a m b l e  t o  t h e  p r o p o s e d  r e g u l a 

t i o n s .  A f e w  comments  f a v o r e d  a d d i n g  a a c i d i t y l a l k a l i n i t p  

p r o v i s i o n  t o  t h e  pH c h a r a c t e r i s t i c  b e c a u s e  i t  wou ld  p r o v i d e  

u s e f u l  i n f o r m a t i o n  f o r  d i s p o s a l  p u r p o s e s .  Mos t  c o m m e n t s ,  

h o w e v e r ,  s t a t e d  t h a t  a d d r e s s i n g  a c i d i t y  and a l k a l i n i t y  w o u l d  

n o t  a d d  s i g n i f i c a n t l y  t o  t h e  d e t e r m i n a t i o n  o f  h a z a r d  a n d  

w o u l d  n e c e s s i t a t e  t h e  u s e  o f  somewhat  = o r e  c o s t l y  a n d  c o m p l i 

c a t e d  m e a s u r e m e n t  t e c h n i q u e s  t h a n  pH a l o n e .  

T h e  Agency  a g r e e s  t h a t  t h e  a d d i t i o n  o f  a n  a c i d i t y l a l k a l i n i t y  

d e t e r m i n a t i o n  t o  t h e  pH p r o v i s i o n  o f  t h e  c o r r o s i v i t y  d e f i n i t i o n  

i s  n o t  n e c e s s a r y .  A l t h o u g h  a c i d i t y  a n d  a l k a l i n i t y  h a v e  same 

,-.. 



bearing on the manner in which these wastes are disposed, 

they add little to the assessment of the hazard posed during 

transportation, storage and initial disposal. Additionally, 

because the ability of a waste to retain low or high pH is as 

much a function of its disposal environment as of its percent 

aciditylalkalinity the Agency knows of no scientifically 

valid basis upon which to establish hazardous threshold levels 

of percent aciditylalkalinity. Therefore the Agency has 

elected not to include percent acidity/alkalinity in the 

definition. 

( c )  Corrosiveness of Solids 

The Agency considered making the pH provision of &he 

corrosiveness characteristic applicable to wastes in solid 

form which are capable of forming aqueous solutions of l o w  

or high pH once disposed. Estimates in the Agency’s possession, 

however, indicate that approximately 9 0 %  of all hazardous 

wastes are in liquid or in semi-liquid form (19). The Agency 

therefore solicited comments in the preamble to the proposed 

regulations on the desirability of including solids in the 

pH provision of the corrosiveness characteristic. The few 

comments that were received in response to this inquiry 

favored the inclusion of solids in the corrosiveness definition, 

but did not describe situations where damage would be likely 

to occur as a r e s u l t  of improper disposal of such’ wastes. 

Upon consideration of these comments, the Agency has 


concluded that there is no demonstrated need to address 




solids which may become corrosive in its corrosiveness definition 

at this time. Liquid wastes constitute by far the greater 

percentage of hazardous wastes and have a more immediate 

potential to effect mobilization of toxic substances in the 

environment. Furthermore, corrosive solids are not as likely 

to cause problems as liquid wastes because the ability of a 

solid to form an aqueous solution of high or low pH varies 

vith its physical and chemical characteristics and the manage

ment conditions. The RCRA prohibition against open dumping 

coupled with the requirements for proper management of both 

hazardous and non-hazardous wastes under the Section 3 0 0 4  

and 4 0 0 4  regulations will reduce the risk of damage to the 

environment from these wastes. Additionally, some corrosive 

solids will probably be subject to the regulations because 

they exhibit other hazardous characteristics, e.g., toxicity. 

E P A  will continue to seek additional information on the 

hazards posed by wastes in solid form capable of generating 

solutions with high or low pH and will consider specific 

regulatory measures if the need for more control becomes 

apparent. 

IV. 	 .Test Methods 

A .  pH 

pR is measured by colorimetric or electrometric 

means. Colorimetric techniques have severe limitations which 

make them inappropriate for the pH determination of wastes. 

They are subject to severe interference from turbidity, color, 

high saline content, colloidal matter, free chlorine and 

C' 



various oxidants and reductants. In addition, a single 


indicator is often limited to a relatively narrow pH range. 


An acceptable method of pH measurement by electrometric 

technique is described in Methods for Analpsis of Water and 

Wastes (EPA-600/4-79-020). pH is determined using either a 

glass electrode with a reference potential or a combintion 

electrode, The glass electrode is relatively free from most 

types of interference, but may display impaired response 

under certain conditions. The alkaline error encountered at 

pH values above 10 can be diminished by using " l o w  sodium 

error" electrodes. Ambient temperature and the temperature 

of the sample a l s o  influence electrometric measurement. 

The effect caused by the alteration in electrode output at 

various temperatures can be controlled by using instruments 

with a temperature compensation feature. The variation in 

temperature of the individual samples cannot 5e controlled; 

therefore, sample temperature and pH should be recorded as 

each sample is measured. Other sources of interference include 

coatings of oily material or particulate matter on the elec

trode and reduction of electrode life due to attack by solu

tions which corrode glass. These can be minimized by proper 

cleaning of t h e  electrode. 

The form of the substance to be measured should be taken 


into account during a determination of pH. Blockage of the 


liquid junction between the salt bridge and the test solution 


must be prevented when measuring the pH of suspensions, sols 



o r  g e l s ,  S u s p e n s i o n s  o f  h i g h l y  c h a r g e d  s e d i m e n t s  s u c h  a s  

s o i l s  o r  i o n  e x c h a n g e  r e s i n s  m a y  n o t  g i v e  a t r u e  p A  r e a d i n g ;  

t h e  s o l u t i o n  s h o u l d  b e  a l l o w e d  t o  s e t t l e  a n d  t h e  pH o f  t h e  

s u p e r n a t a n t  m e a s u r e d  ( 2 0 ) .  

H e a s u r e m e n t  o f  pH is a r o u t i n e  l a b o r a t o r y  t e c h n i q u e  f o r  

w h i c h  a w i d e  v a r i e t y  o f  i n s t r u m e n t s  i s  a v a i l a b l e .  A p r e c i s i o n  

o f  -+ 0 . 0 2  pH u n i t  a n d  a n  a c c u r a c y  o f  -+ 0 . 0 5  pH u n i t  c a n  b e  

a c h i e v e d ,  b u t  -+ 0 . 1  pH u n i t  r e p r e s e n t s  t h e  l i m i t  o f  a c c u r a c y  

u n d e r  n o r m a l  c o n d i t i o n s .  T h e r e f o r e ,  p R  v a l u e s  s h o u l d  b e  

r e p o r t e d  t o  t h e  n e a r e s t  0 . 1  pH u n i t  (21). 

3.  M e t a l  C o r r o s i o n  

F o r  p u r p o s e s  o f  h a z a r d o u s  v a s t e  d e f i n i t i o n ,  E P A  

b e l i e v e s  t h a t  i t  s h o u l d  e m p l o y  a m e t a l  c o r r o s i o n  t e s t  w h i c h  

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

t h e  m a n u f a c t u r e  o f  h a z a r d o u s  w a s t e  c o n t a i n e r s .  Coupon 

c o r r o s i o n  t e s t i n g  i s  d e s i g n e d  for t h i s  p u r p o s e .  O t h e r  

p r o c e d u r e s  a r e  a v a i l a b l e  t o  t e s t  f o r  s p e c i a l  m e t a l l u r g i c a l  

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

s p e c i f i c  c o n t a i n e r  s t a n d a r d s .  

N A C E  S t a n d a r d  TM-01-69 d e s c r i b e s  a s i m p l e  i m m e r s i o n  t e s t  

to d e t e r m i n e  r a t e  o f  c o r r o s i o n .  The p r o c e d u r e  i s  n o t  . c o m p l e t e l y  

s t a n d a r d i z e d  b e c a u s e  i t  w a s  d e s i g n e d  t o  t e s t  t h e  s u i t . a b i l i t y  

o f  m e t a l s  for a v a r i e t y  o f  u s e s ,  A l t h o u g h  t h e  s t a n d a r d  i s  

commonly e m p l o y e d  a s  a m e t h o d  t o  d e t e c t  t h e  c o r r o s i v e n e s s  o f  

a s o l u t i o n  o f  known c o m p o s i t i o n  o n  a c e r t a i n  m e t a l ,  i t s  f l e x i 

b i l i t y  m a k e s  i t  s u i t a b l e  f o r  d e t e r m i n i n g  t h e  c o r r o s i v e n e s s  

o f  a m i x t u r e  o f  unknown c o m p o s i t i o n  s u c h  a s  a w a s t e .  



The N A C E  standard gives recommended practices for 

sample preparation, type of equipment, and test conditions. 

Duplicate metal coupons are first cleaned and weighed. The 

solution is placed in an apparatus consisting of a flask, a 

reflux condenser, a thermowell, a heating device and an 

appropriate specimen support system. The preferred minimum 

volume to area ratio is 40 millimeters of solution per square 

centimeter of specimen. The specimens are exposed to &he 

test solution at a temperature o f  55°C (130" F). Corrosion 

should not be allowed to proceed to a point where the original 

specimen size or exposed area is drastically reduced or the 

metal is perforated. Aeration is unnecessary, and corrosive 


constituents do not need to be replenished because metal 


waste containers are likely to be in contact with a limited 


amount of solution. 


At the end of the exposure period, the coupons are 

removed f r o m  the test environment, then cleaned and weighed. 

The corrosion rate can be calculated by the following equation: 

millimeters per year (rnmpy) - weight loss x (0.268)
(area) ( time1 

Weight, l o s s  is in milligrams, area is square inches of exposed 

metal surface and time is hours exposed 

V. Comments on the Proposed Regulations 


Generally, comments on the proposed regulation can be 

placed i n  several broad categaries. The greatest number of 

responses concerned the proposed pH limits. Others addressed 



the establishment of a characteristic that would encompass 

acidity and alkalinity, solids which form aqueous solutions 

of high or low pH or a direct measure of tissue damage. A 

few comments suggested that neither pH or the metal corrosion 

provision is appropriate for defining corrosion. 

A .  pH Limits 

o 	 The proposed pH limits are unnecessarily 
restrictive. 

A great many comments advocated extending the acceptable 

pH range. These comments have been fully addressed above and 


need not be further addressed here. 


o The Agency should define the term "aqueous" waste. 


The pH characteristic is applicable o n l y  to aqueous waste 

because pH relates to -the hydrogen ion activity in a solution. 

A few comments suggested that E P A  specifically define "aqueous" 

in terms of viscosity or percent water. The Agency has not 

developed a specific definition because of the widely varying 

physical and chemical properties which influence the form of 

wastes. Those who generate, treat, store or dispose of a 

waste can best determine whether it is in a suitable form for 

pH measurement. 

o 	 Corrosiveness is not typically defined in 
terms of pH. 

A few comments stated that, in the correct technical 

sense, corrosion is an electrochemical reaction between the 


environment and a metal surface; pH is not, therefore, a 

standard measure of corrosiveness. The Agency does not agree 


that the concept of corrosiveness is s o  limited. As stated 



p r e v i o u s l y ,  t h e  Agency  b e l i e v e s  t h a t  t h e  d e f i n i t i o n  o f  a 

c o r r o s i v e  w a s t e  s h o u l d  e m b r a c e  b o t h  h a z a r d s  a s s o c i a t e d  w i t h  

m e t a l  c o r r o s i o n  and h a z a r d s  a s s o c i a t e d  w i t h  h i g h  and  low pH. 

A w a s t e  e x h i b i t i n g  e i t h e r  a v e r y  h i g h  o r  v e r y  low pH may 

c o r r o d e  t h e  s k i n  t i s s u e  o f  w a s t e  h a n d l e r s .  pK i s  a l s o  a 

s i g n i f i c a n t  f a c t o r  i n  s o l u b i l i z a t i o n  of h e a v y  m e t a l  s a l t s  

w h i c h  r e s u l t s  i n  i n c r e a s e d  m o b i l i t y  o f  t o x i c  s u b s t a n c e s  in 

t h e  e n v i r o n m e n t .  I n  a d d i t i o n  i m p r o p e r  d i s p o s a l  o f  w a s t e s  ex

h i b i t i n g  v e r y  h i g h  o r  low pH v a l u e s  c a n  c a u s e  d a n g e r o u s  c h e m i c a l  

r e a c t i o n s  i n  l a n d f i l l s .  E s t a b l i s h i n g  DR l i m i t s  a p p e a r s  t o  b e  

t h e  m o s t  e f f e c t i v e  way t o  a d d r e s s  t h e  v a r i o u s  c o n c e r n s .  

o pH l i m i t s  s h o u l d  a d d r e s s  o r g a n i c  w a s t e s .  

Some comment s  s u g g e s t e d  t h a t  t h e  pH l i m i t  s h o u l d  a d d r e s s  o r g a n i c  

w a s t e s .  I f  a n  o r g a n i c  w a s t e  is i n  a n  a q u e o u s  s o l u t i o n  i t  w i l t  

b e  s u b j e c t  t o  t h e  pH p r o v i s i o n .  

8 .  T i s s u e  Damage 

o 	 The r e g u l a t i o n s  s h o u l d  a d d r e s s  t i s s u e  damage  
i n  a more  d i r e c t  m a n n e r .  

Some comment s  s t a t e d  t h a t  t h e  c o r r o s i v e n e s s  o f  some  

s u b s t a n c e s  w h i c h  d a m a g e  human t i s s u e  w i l l  n o t  b e  a d e q u a t e l y  

i n d i c a t e d  b y  a pH m e a s u r e m e n t .  As d i s c u s s e d  p r e v i o u s l y ,  t h e  

A g e n c y  c o n s i d e r e d  a d o p t i n g  t h e  s k i n  c o r r o s i o n  t e s t  r e f e r e n c e d  

b y  t h e  Food a n d  D r u g  A d m i n i s t r a t i o n  a n d  t h e  D e p a r t m e n t  o f  

T r a n s p o r t a t i o n ,  b u t  c o n c l u d e d  t h a t  r e l a t i n g  t i s s u e  d a m a g e  t o  

a n  e a s i l y  m e a s u r a b l e  c h a r a c t e r i s t i c  s u c h  a s  pH i s  a m o r e  

r e a s o n a b l e  a p p r o a c h  f o r  was te  d i s p o s a l  p u r p o s e s .  Not a l l  



substances capable of damaging human tissue will be encompassed 

by the pH provision. However, wastes may display one or 

more of the other hazardous characteristics or possess 

qualities which cause them to be listed as hazardous wastes. 

Several comments mentioned the Consumer Product Safety Coomission 

detergent toxicity survey which found a relationship between 

pH and corrosiveness to tissue, but d i d  not find a correlation 

strong enough to use for regulation of detergent products. 

The Agency believes that inasmuch as its pH provision addresses 

not just tissue damage but also such things as the solubilization 

of toxic materials and the causation of dangerous chemicaL 

reactions, use o f  pH as a barometer o f  tissue damage is both 

reasonable and justified. 

C. Acidity/ALkalinity 


o 	 The regulations should address acidity and 

alkalinity. 


Several comments addressed the addition of acidity and 


alkalinity to the pH criterion. These comments have been. 

fully addressed above and need not be further addressed 


here. 


D. Corrosiveness o f  Solids 

o 	 The regulations should address solids which may
form aqueous solutions of high or lov pH and solids 

. which are corrosive to metal and human tissue. 

A number of comments addressed the desirability of naking 


the pH provision of the corrosiveness characteristic applicable 


to solid wastes as well as liquid wastes. These comments 


hav,e been fully addressed above and need not be further addressed 




h e r e .  

E. M e t a l  C o r r o s i o n  P r o v i s i o n  

T h e  Agency  r e c e i v e d  a number  o f  comments  o n  t h e  

m e t a l  c o r r o s i o n  p r o v i s i o n ,  many o f  w h i c h  w a n t e d  t o  i n j e c t  

m a n a g e m e n t  p r a c t i c e s  i n t o  t h e  m e t a l  c o r r o s i o n  s t a n d a r d .  Some 

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

o n l y  t o  c o n t a i n e r i z e d  w a s t e .  O t h e r s  b e l i e v e d  t h a t  t h e  t e s t  

s h o u l d  b e  p e r f o r m e d  o n  c o n t a i n e r i z e d  m a t e r i a l s  u s i n g  t h e  

s p e c i f i c  m a t e r i a l  f r o m  w h i c h  t h e  c o n t a i n e r  i s  made a s  t h e  

t e s t  m a t e r i a l .  

T h e  A g e n c y  h a s  made t h e  m e t a l  c o r r o s i o n  p r o v i s i o n  

a p p l i c a b l e  e o  n o n - c o n t a i n e r i z e d  w a s t e s  b e c a u s e  s u c h  w a s t e s  

a r e  c a p a b l e  o f  c o r r o d i n g  t h e  c o n t a i n e r s  o f  c o - d i s p o s e d  w a s t e s .  

T h e  A g e n c y  h a s  c h o s e n  s t e e l  as  a t e s t  = a t e r i a l  b e c a u s e  s t e e l  

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

s t e e l  d r u m s  a r e  f r e q u e n t l y  u s e d  t o  s t o r e  a n d  d i s p o s e  o f  

h a z a r d o u s  w a s t e .  U s i n g  t h e  s p e c i f i c  m a t e r i a l - f r o m  w h i c h  a 

g e n e r a t o r ' s  c o n t a i n e r s  a r e  made as  t h e  t e s t  m a t e r i a l  f o r  t h e  

m e t a l  c o r r o s i o n  t e s t  w o u l d  make t h e  b a z a r d o u s n e s s  o f  t h e  

w a s t e  t o o  d e p e n d e n t  u p o n  t h e  a c t u a l  xarzagement  p r a c t i c e s  

e m p l o y e d  by the g e n e r a t o r .  I t  m u s t  5 e  e m p h a s i z e d  t h a t  t h e  

m e t a l  c o r r o s i o n  p r o v i s i o n  c o n s t i t u t e s  a n  a t t e m p t  t o  d e f i n e  

w h i c h  was te s  a r e  h a z a r d o u s  i f  i m p r o p s r l y  m a n a g e d ,  t h a t  i s ,  

w h i c h  was te s  a r e  h a z a r d o u s  u n d e r  somo, l i k e l y  m i s m a n a g e m e n t  

s c e n a r i o .  T h e  d e f i n i t i o n  i s  n o t  a n  a t t e m p t  to s e t  o u t  s t a n d a r d s  

f o r  p r o p e r  m a n a g e m e n t ;  t h i s  i s  a c c o m ? l i s h e d  b y  t h e  S e c t i o n  

3004 r e g u l a t i o n s .  

-28' 2' 



One cornrnenter r e m a r k e d  t h a t  t h e  1 3 0 '  t e s t  t e m p e r a t u r e  

s p e c i f i e d  b y  t h e  m e t a l  c o r r o s i o n  p r o v i s i o n  i s  t o o  h i g h .  

T h e  Agency  p i c k e d  t h a t  t e m p e r a t u r e  t o  r e f l e c t  c o n d i t i o n s  

e n c o u n t e r e d  d u r i n g  t r a n s p o r t a t i o n  o f  h a z a r d o u s  w a s t e s  and i n  

l a n d f i l l s .  S t u d i e s  show t h a t  t e m p e r a t u r e s  in t h a t  r a n g e  a r e  

e n c o u n t e r e d  i n  l a n d f i l l s .  ( 2 2 ,  2 3 ) .  

S e v e r a l  comment s  were made c o n c e r n i n g  t h e  c h o i c e  o f  

s t e e l  a s  a t e s t  m a t e r i a l .  One comment s t a t e d  t h a t  t h e  

c o r r o s i o n  r a t e  o f  s t e e l  i s  i n f l u e n c e d  b y  many f a c t o r s .  The  

Agency  i s  a w a r e  t h a t  c o r r o s i o n  i s  a c o m p l e x  phenomenon  and  

h a s  c h o s e n  t h e  N A C E  t e s t  b e c a u s e  t h a t  t e s t ,  b y  g i v i n g  a 

g e n e r a l  i n d i c a t i o n  o f  t h e  a b i l i t y  o f  a w z s t e  t o  c o r r o d e  m e t a l ,  

a b l y  a c c o m o d a t e s  t h e  many f a c t o r s  i n f l u e a t i n g  c o r r o s i o n .  One 

comment s t a t e s  t h a t  o t h e r w i s e  h a r m l e s s  w a s t e s  s u c h  as s a l t  

w a t e r  w i l l  c o r r o d e  s t e e l  b u t  p r o v i d e s  n o  i n f o r m a t i o n  o n  t h e  

c o r r o s i o n  r a t e  o f  s u c h  h a r m l e s s  w a s t e s .  L a c k i n g  s u c h  

i n f o r m a t i o n ,  t h e  Agency  i s  u n a b l e  t o  e v a l u a t e  t h e  m e r i t  o f  

t h i s  c o n t e n t i o n .  I n  a n y  e v e n t ,  t h e  Agency  i s  c o n v i n c e d  t h a t  

a n y  w a s t e  w h i c h  e x h i b i t s  a s  s e v e r e  a c o r r o s i o n  r a t e  a s  6 . 3 5  

m m / y e a r  m u s t  b e  s e g r e g a t e d  f r o m  c o n t a i n e r s  h o l d i n g  o t h e r  

h a z a r d o u s  w a s t e s  d u r i n g  t r a n s p o r t a t i o n ,  s t o r a . g e  a n d  d i s p o s a l .  

One comment s u g g e s t e d  t h a t  t h e  m e t a l  c o r r o s i o n  t e s t  i s  

u n n e c e s s a r y  b e c a u s e  s t e e l  d rums  w i l l  i n v a r i a b l y  c o r r o d e  i n  a 

l a n d f i l l  e n v i r o n m e n t .  T h e  Agency  d i s a g r e e s .  The  m e t a l  

c o r r o s i o n  p r o v i s i o n  i s  d e s i g n e d  t o  a d d r e s s  h a z a r d s  a s s o c i a t e d  

w i t h  t r a n s p o r t a t i o n ,  s t o r a g e  u r  d i s p o s a l  as w e l l  as h a z a r d s  



a s s o c i a t e d  w i t h  p l a c i n g  c o n t a i n e r i z e d  w a s t e s  i n  l a n d f i l l s .  

F u r t h e r m o r e ,  t h e  Agency  d o u b t s  t h a t  t h e  c o r r o s i v e  i n f l u e n c e s  

f o u n d  i n  a l a n d f i l l  e x e r t  a n y t h i n g  c l o s e  t o  t h e  c o r r o s i v e  

e f f e c t  e x e r t e d  b y  w a s t e s  e x h i b i t i n g  a c o r r o s i o n  r a t e  o f  0 . 2 5 0  

i n c h  p e r  y e a r .  

9 	 When a n  a q u e o u s  w a s t e  i s  e x t r e m e l y  t h i c k  o r  
i s  n o t  a m e n a b l e  t o  s t i r r i n g  t o  o b t a i n  homo
g e n e i t y ,  t h e  s o l i d s  s h o u l d  b e  a l l o w e d  t o  
s e t t l e  a n d  t h e  pH o f  t h e  s u p e r n a t a n t  n e a s u r e d .  

Some comment s  s u g g e s t e d  t h a t  when a n  a q u e o u s  w a s t e  is 

e x t r e m e l y  t h i c k  o r  i s  n o t  a m e n a b l e  t o  s t i r r i n g  t o  o b t a i n  

homogeneity ( a s  i n  t h e  c a s e  o f  a s l u r r y ) ,  t h e  s o l i d s  s h o u l d  

b e  a l l o w e d  t o  s e t t l e  a n d  t h e  pH t e s t  a p p l i e d  t o  t h e  s u p e r n a t a n t  

L i q u i d .  The  A g e n c y  f i n d s  t h i s  a n  a c c e p t a b l e  p r a c t i c e  t o  

p r e v e n t  i n t e r f e r e n c e  c a u s e d  b y  b l o c k i n g  o f  t h e  e l e c t r o d e .  

' G .  G e n e r a l  Comments 

o 	 P e r m i t  w r i t e r s  s h o u l d  j u d g e  t h e  h a z a r d  
a s s o c i a t e d  w i t h  w a s t e s  e x h i b i t i n g  h i g h  o r  
low .pH l e v e l s  o n  a c a s e - b y - c a s e  b a s i s .  

One comment s u g g e s t e d  t h a t  p e r m i t  w r i t e r s  s h o u L d  j u d g e  

t h e  h a z a r d  a s s o c i a t e d  w i t h  pH o n  a c a s e - b y - c a s e  b a s i s .  T h e  

p u r p o s e  o f  RCRA S e c t i o n  3 0 0 1  i s  t o  d e f i n e  a h a z a r d o u s  v a s t e  

i n  t e r m s  o f  p h y s i c a l ,  c h e m i c a l  a n d  b i o l o g i c a l  p r o p e r t i e s .  

A c t u a l  m a n a g e m e n t  s t a n d a r d s  w i L L  b e  e s t a b l i s h e d  u n d e r  S e c t i o n  

3 0 0 4 .  R e g u l a t i o n s  p r o m u l g a t e d  p u r s u a n t  t o  S e c t i o n  3005  w i l l  , 

p r o v i d e  s u f f i c i e n t  f l e x i b i l i t y  i n  t h e  p e r m i t t i n g  p r o c e s s  t o  

a c c o m m o d a t e  v a r i o u s  managemen t  m e t h o d s  f o r  h a z a r d o u s  w a s t e s  

as  l o n g  as t h o s e  m e t h o d s  p r o t e c t  human h e a l t h  a n d  t h e  e n v i r o n m e n t  



-- 

O 	 C o r r o s i v e  w a s t e s  s h o u l d  not b e  c l a s s i f i e d  a s  
h a z a r d o u s  i f  p r o p e r l y  m a n a g e d .  

S e v e r a l  comment s  a r g u e d ,  i n  e f f e c t ,  t h a t  c o r r o s i v e  w a s t e s  

w h i c h  a r e  p r o p e r l y  managed  o r  w h i c h  d o  n o t  o t h e r w i s e  f i t  t h e  

m i s m a n a g e m e n t  s c e n a r i o  e n v i s i o n e d  b y  t h e  c o r r o s i v e n e s s  

d e f i n i t i o n  s h o u l d  n o t  b e  c l a s s i f i e d  a s  h a z a r d o u s .  One comment 

s t a t e d  t h a t  c o r r o s i v e  w a s t e s  s h o u l d  b e  c l a s s i f i e d  as h a z a r d o u s  

d e p e n d i n g  o n  t h e  c o n t a i n e r s  u s e d .  O t h e r  comment s  a r g u e d  t h a t  

t h e  d e f i n i t i o n  s h o u l d  b e  r e v i s e d  t o  e x c l u d e  w a s t e s  v h i c h  a r e  

n o t  t r a n s p o r t e d ,  s t o r e d  o r  d i s p o s e d  w i t h  o t h e r  w a s t e s .  A s  

n o t e d  a b o v e ,  i n  d e f i n i n g  h a z a r d o u s  c o r r o s i v e  w a s t e ,  t h e  Agency 

h a s  a t t e m p t e d  t o  r e a c h  t h o s e  w a s t e s  w h i c h  a r e  h a z a r d o u s  i f  

m i s m a n a g e d  u n d e r  some l i k e l y  m i s m a n a g e m e n t  s c e n a r i o .  . T h e  

p u r p o s e  o f  t h e  d e f i n i t i o n  i s  t o  b r i n g  s u c h  w a s t e s  i n t o  

t h e  h a z a r d o u s  w a s t e  managemen t  s y s t e m  s e t  u p  b y  S e c t i o n s  

3 0 0 2 ,  3 0 0 3 ,  3 0 0 4 ,  a n d  3005 o f  t h e  Ac t  not t o  s p e c i f y  

m a n a g e m e n t  p r a c t i c e s .  I f  managemen t  p r a c t i c e s  w e r e  s a d e  p a r t  

o f  t h e  d e f i n i t i o n  s o  t h a t  p r o p e r l y  managed  w a s t e s  were e x c l u d e d  

f r o m  t h e  d e f i n i t i o n ,  t h e  e f f e c t i v e n e s s  o f  t h e  m a n a g e m e n t  

s y s t e m  c r e a t e d  u n d e r  S e c t i o n s  3 0 0 2 ,  3 0 0 3 ,  3 0 0 4 ,  and  3 0 0 5  

m i g h t  w e l l  b e  v i t i a t e d ,  s i n c e  p r o p e r l y  managed  w a s t e s  w o u l d  

b e  e x c l u d e d  a t  t h e  o u t s e t  f r o m  t h e  c o n t i n u i n g  s u p e r v i s i o n  a n d  

c o n t r o l  p r o v i d e d  b y  t h e  managemen t  s y s t e m  t h u s  p r e j u d i c i n g  

t b e  A g e n c y ' s  a b i l i t y  t o  e n s u r e  c o n t i n u e d  c o m p l i a n c e  w i t h  

t h e s e  p r o p e r  managemen t  p r a c t i c e s .  T h e  r e g u l a t i o n s  

u n d e r  S e c t i o n  3004 a n d  3005  w i l l  b e  s u f f i c i e n t l y  f l e x i b l e  t o  



accomodate wastes which are properly managed or which otherwise 


don’t fit the mismanagement scenario envisioned by the 


corrosiveness definition. 


In a closely related comment, one commenter stated that 

since disposal of liquids in landfills is not permitted, 

liquid corrosives do not really present a hazard. This 

argument is largely circular because if liquid corrosives 

were not classed as hazardous, they c o u l d  readily be disposed 

of in landfill environments. 

o Specify measurement of p H  within -+ 0 . 5  pH units. 

One comment suggested that the A g e n c y  should specify 

measurement of pH within -+ 0 . 5  pH units. Under normal 

conditions, pH should be measured to the nearest 0.1 of a 

unit. Measurement can be made more precisely if necessary. 

The Agency sees no reason to permit measurement within -+ 0 . 5  

pH units. 

Metal Corrosion 


o 	 NACE Standard TM-01-69 is not completely
standardized and permits variation in a 
number of test conditions. 

One comment argued that the NACE Standard TM-01-69 permits 


variation in a number of test conditions and’that therefore 

the test is not clearly enough defined. The Agency recognizes 


that this is the case and, to correct the problem, h a s  more 

clearly defined the appropriate test conditions. A description 

of these conditions is found in ”Test Methods f o r  Evaluating 

Solid Waste’’ SW-846. 




o 	 The g e n e r a t o r  s h o u l d  b e  a l l o w e d  t o  u s e  a 
c o r r o s i o n  r a t e  g i v e n  i n  t h e  C o r r o s i o n  D a t a  
S u r v e y  a s  a s u b s t i t u t e  f o r  e m p l o y i n g  t h e  
N A C E  t e s t .  

One comment a r g u e d  t h a t  t h e  g e n e r a t o r  s h o u l d  b e  a l l o w e d  

t o  u s e  a c o r r o s i o n  r a t e  g i v e n  i n  t h e  C o r r o s i o n  D a t a  S u r v e y  a s  

a s u b s t i t u t e  f o r  t h e  N A C E  t e s t .  The Agency d o e s  n o t  a g r e e .  

The  C o r r o s i o n  D a t a  S u r v e y  g i v e s  c o r r o s i o n  r a t e s  f o r  w a t e r  

d i l u t i o n s  o f  p u r e  compounds  ( 2 4 ) .  C o n t a m i n a n t s ,  h o w e v e r ,  may 

e x e r t  a s i g n i f i c a n t  e f f e c t  on c o r r o s i o n  r a t e .  B e c a u s e  w a s t e s  

a r e  o f t e n  c o m p l e x  m i x t u r e s  r a t h e r  t h a n  s i m p l e  a q u e o u s  s o l u t i o n s ,  

t h e  Agency b e l i e v e s  t h a t  a c t u a l l y  p e r f o r m i n g  t h e  N A C E  t e s t  

p r o v i d e s  a m o r e  a p p r o p r i a t e  i n d i c a t i o n  o f  h a z a r d .  

o 	 T h e  c o r r o s i v e n e s s  o f  t h e  w a s t e  i s  t o  b e  
d e t e r m i n e d  a t  t h e  p o i n t :  o f  g e n e r a t i o n .  
The  c o r r o s i v e n e s s  c h a r a c t e r i s t i c  s h o u l d  n o t  
a p p l y  t o  w a s t e s  w h i c h  l o s e  t h e i r  c o r r o s i v e  
n a t u r e  a f t e r  a c e r t a i n  p e r i o d  o f  t i m e .  

One comment a s k e d  w h e t h e r  t h e  c o r r o s i v e n e s s  o f  t h e  w a s t e  

i s  t o  b e  d e t e r m i n e d  a t  t h e  i m m e d i a t e  p o i n t  a t  w h i c h  i t  b e c o m e s  

a w a s t e  o r  i n  t h e  f o r m  i n  w h i c h  t h e  g e n e r a t o r  d i s p o s e s  o f  i t .  

A n o t h e r  comment s u g g e s t e d  t h a t  t h e  c o r r o s i v e n e s s  c h a r a c t e r i s t i c  

s h o u l d  n o t  a p p l y  t o  was t e s  w h i c h  lose t h e i r  c o r r o s i v e  n a t u r e  

a f t e r  a c e r t a i n  p e r i o d  o f  t i m e .  A w a s t e  i s  d e f i n e d  a s  

h a z a r d o u s  a t  t h e  p o i n t  o f  g e n e r a t i o n  u n l e s s  i t  i s  p i p e d  

d i r e c t l y  t o  a t r e a t m e n t  f a c i l i t y .  Where w a s t e s  a r e  s t o r e d  

b e f o r e  t r e a t m e n t  o r  t r a n s p o r t e d  i n  o t h e r  t h a n  a c l o s e d  p i p e  

s y s t e m ,  t h e  Agency b e l i e v e s  t h . a t  t h e  h a z a r d o u s  w a s t e  

c h a r a c t e r i s t i c s  m u s t  a p p l y  i n  o r d e r  t o  p r o t e c t  human h e a l t h  

a n d  t h e  e n v i r o n m e n t .  T h e  Agency  h a s  n o t  e x e m p t e d  f r o m  t h e  



corrosiveness characteristic wastes which lose their corrosive 

nature after a period of time because ( a )  such wastes present 

a hazard, at least initially ( b )  the Agency has no criteria 

for determining which corrosives will persist and whi.ch will 

not. 

o 	 The corrosiveness characteristic should not 

be applicable to certain wastes. 


Several comments stated that the corrosiveness Characteristic 


should not be applicable to certain wastes. Some comments 


stated that the corrosivenness characteristic should not 


apply to fly ash since it i s  not containerized and its disposal 


does not involve human contact. A s  discussed previously, 

for the purpose of hazard definition the corrosiveness charac


teristic applies whether a waste is containerized or not or 


whether waste handlers are involved. If fly ash does not 


corrode steel, and exhibits a pH less than 1 2 . 5  then it is 

not a hazard within the meaning of the corrosiveness character


istic. 


It was suggested that organic acids be exempted from 


application of the corrosiveness characteristic because they 


tend to degrade under landfill conditions. Even if degra


dation does occur the Agency is concerned with storage and 


transportation as  well as disposal. Furthermore, Appendix D 

illustrates that unregulated co-disposal of organic acids 


and other substances can result in harrnful consequences such 


as generation of heat or toxic gases, fire and explosion. 


Some comments suggested exempting drilling fluid because 




t h e  pH o f  t h e  m a t e r i a l  d e c r e a s e s  when i t  L s  p l a c e d  i n  a r e s e r v e  

p i t .  No d a t a  w e r e  g i v e n  on t h e  pH o f  l r i l l n g  f l u i d  b e f o r e  

d i s c h a r g e  t o  t h e  p i t .  The  comment c o n Z e n 3 s  t h a t  t h i s  i s  a 

t r e a t m e n t  p r o c e d u r e .  A s  s u c h ,  i t  map 5 e  a c c e p t a b l e  u n d e r  

S e c t i o n  3 0 0 4  s t a n d a r d s .  H a z a r d o u s  w a s t e  d e f i n i t i o n  s t a n d a r d s  

u n d e r  S e c t i o n  3 0 0 1 ,  h o w e v e r ,  a r e  a p p l i c a b l e  a t  t h e  p o i n t  a t  

w h i c h  a w a s t e  i s  g e n e r a t e d .  The  Agency  s 3 e s  no r e a s o n  whv 

t h e  c o r r o s i v e n e s s  c h a r a c t e r i s t i c  s h o u l d  n o t  b e  a p p l i c a b l e  t o  

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

.. o 	 S e p a r a t e  t h e  pH a n d  m e t a l  c o r r o s i o n  p r o v i s i o n  
i n  t h e  r e g u l a t i o n s  b e c a u s e  t h e y  n e a s u r e  d i f f e r 
e n t  e f f e c t s .  

One comment s u g g e s t e d  s e p a r a t i n g  z h e  pR a n d  n e t a l  

c o r r o s i o n  p r o v i s i o n s  i n  t h e  r e g u l a t i o n s  b e c a u s e  t h e y  m e a s u r e  

d i f f e r e n t  e f f e c t s .  The Agency s e e s  a o  r e a s o n  f o r  d o i n g  t h i s .  

E a c h  p r o v i s i o n  c o v e r s  a t y p e  o f  c o r r o s l o n ,  i . e .  c o r r o s i o n  t o  

l i v i n g  t i s s u e  o r  c o r r o s i o n  t o  m e t a l  s u r f a c e s  a n d  b o t h  t y p e s  

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

o 	 D e t e r m i n e  t h e  o v e r l a p  b e t w e e n  t h e  pH p r o v i s i o n  
a n d  t h e  m e t a l  c o r r o s i o n  p r o v i s i o n  t o  s e e  
w h e t h e r  t h e  m e t a l  c o r r o s i o n  p r o v i s i o n  c a n  
b e  e l i m i n a t e d .  

One comment s u g g e s t e d  t h a t  t h e  Agency d e t e r m i n e  t h e  

o v e r l a p  b e t w e e n  t h e  pH p r o v i s i o n  a n d  t ' n e  a e t a l  c o r r o s i o n  

p r o v i s i o n  t o  d e t e r m i n e  w h e t h e r  t h e  m e t a l  c o r r o s i o n  p r o v i s i o n  

c a n  b e  e l i m i n a t e d .  The  Agency  s e e s  ao j u s t i f i c a t i o n  f o r  

t h i s  a p p r o a c h .  W h i l e  pH is a n  i m p o r t a x t  f a c t o r  i n  ruetal  

c o r r o s i o n ,  t h e  two p r o v i s i o n s  a d d r e s s  C i f f e r e n t  e f f e c t s  and 

a r e  not n e c e s s a r i l y  m u t u a l l y  i n c l u s i v e .  



H .  	 Summary o f  D a t a  on t h e  ? f e t a l  C o r r o s i o n  T e s t  P u b l i s h e d  
i n  t h e  N U S  R e p o r t *  a n d  R e s p o n s e  t o  Comments R e c e i v e d  
o n  t h a t  N o t i c e d  R e p o r t  

A s  p a r t  o f  t h e  t e s t i n g  p r o g r a m  c a r r i e d  o u t  u n d e r  t h i s  

c o n t r a c t ,  EPA h a d  a s a m p l e  o f  s p e n t  p i c k l e  L i q u o r  a n d  a s a m p l e  

o f  s p e n t  c a u s t i c  t e s t e d  by two l a b o r a t o r i e s  t o  d e t e r m i n e  t h e  

r a t e  a t  w h i c h  t h e s e  w a s t e s  c o r r o d e  S A E  1 0 2 0  s t e e l .  A s  

e x p e c t e d ,  t h e  c o u p o n s  e x p o s e d  t o  t h e  s p e n t  c a u s t i c  showed  n o  

a p p r e c i a b l e  c o r r o s i o n .  ( A l k a l i n e  w a s t e s  a r e  n o t  e s p e c i a l l y  

c o r r o s i v e  t o  s t e e l . )  T h e  c o u p o n s  e x p o s e d  t o  t h e  s p e n t  p i c k l e  

l i q u o r  c o r r o d e d  a t  r a t e s  o f  509 i n c h e s  p e r  y e a r  in Lab J a n d  

2 2 0  i n c h e s  p e r  y e a r  i n  Lab  K .  T h e  d i f f e r e n c e  i n  c o r r o s i o n  

r a t e s  i s  a t t r i b u t e d  t o  v a r i a t i o n s  i n  t e s t  c o n d i t i o n ' s  a n d  t h e  

e x t r e m e  c o r r o s i v e n e s s  o f  t h e  t e s t  medium. T h e  c o r r o s i v e n e s s  

c h a r a c t e r i s t i c  p r o v i d e s  t h a t  a l i q u i d  w a s t e  i s  h a z a r d o u s  i f  

i t  h a s  a c o r r o s i o n  r a t e  g r e a t e r  t h a n  0 . 2 5  i n c h  p e r  y e a r .  

One c o m m e n t e r  s t a t e d  t h a t  t h e  d i f f e r e n c e  b e t w e e n  t h e  

c o r r o s i o n  r a t e  o f  t he  s p e n t  p i c k l e  l i q u o r  s a m p l e s  i n d i c a t e d  

t h a t  t h e  N A C E  t e s t  i s  n o t  r e p r o d u c i b l e .  The A g e n c y  d o e s  n o t  

a g r e e .  T h e  r e p t o d u c i b i i t y  o f  t h i s  t e s t  c a n n o t  b e  d e t e r m i n e d  

o n  t h e  b a s i s  of t h e  N U S  t e s t  p e r f o r m a n c e  s i n c e  v a r i a b i l i t y  

i s  t o  be e x p e c t e d  a t  t h e  e x t r e m e l y  h i g h  c o r r o s i o n  r a t e s  

f o u n d  by t h e  two  l a b o r a t o r i e s .  T h e  i m p o r t a n t  p o i n t  i s  t h a t  

t h e  s p e n t  p i c k l e  L i q u o r  i n  b o t h  s a m p l e s  f l u n k e d  t h e  c o r r o s i v i t y  

* " E v a l u t i o n  o f  S o l i d  Waste E x t r a c t i o n  P r o c e d u r e s  a n d  v a r i o u s  
H a z a r d  I d e n t i f i c a t i o n  T e s t s  ( F i n a l  R e p o r t ) " ,  N U S  C o r p o r a t i o n ,  
S e p t e m b e r ,  1 9 7 9 .  



characteristic by three orders of magnitude and thus would 


be considered a hazardous waste. 


VI. Promulgated Regulation 


The Agency has reviewed the comments on the proposed 

regulations and agrees that the pH limits should be lovered 

from 3.0 to 2.0 and increased from 12.0 to 12.5. The 

corrosiveness characteristic is now defined as follows: 

J261.22 Characteristic of corrosivity 

( a )  A solid waste exhibits the characteristic of 

cortosivity if a representative sample o f  the waste has either 

of the following properties: 

(1) It is aqueous and has a pH less than or 

equal to 2 or greater than or equal to 12.5, as determined by 

a pH meter using either the test method specified in the 

"Test Methods for the Evaluation of Solid Waste, Physical/ 

Chemical Methods"* (also described in "Hethods for Analysis 

of Water and Wastes" EPA 600/4-79-020, March 19791, or an 

equivalent test method approved by the Administrator under 

the procedures set forth in 55260.20 and 260.21. 

( 2 )  It is a liquid and corrodes steel (SAE 

1020) at a r a t e  greater than 6.35 mm ( 0 . 2 5 0  inch) per pear at 

a test temperature of 55'C (130'F) as determined by the test 

method specified in NACE (National Association o f  Corrosion 

Engineers) Standard TM-01-69** as standarized in "Test Hethods 

*This document is available from Solid Waste Information, 
U . S .  Environmental Protection Agency, 2 6  W. St. Clair Street, 
Cincinnati, Ohio 45268. 



f o r  t h e  E v a l u a t i o n  o f  S o l i d  Waste,  P h y s i c a l / C h e m i c a l  M e t h o d s , "  

o r  an  e q u i v a l e n t  t e s t  m e t h o d  a p p r o v e d  by t h e  A d m i n i s t r a t o r  

u n d e r  t h e  p r o c e d u r e s  s e t  f o r t h  i n  § § 2 6 0 . 2 0  a n d  2 6 0 . 2 1 .  

(b) A s o l i d  was t e  t h a t  e x h i b i t s  t h e  c h a r a c t e r i s t i c  o f  

c o r r o s i v i t y ,  b u t  i s  n o t  l i s t e d  as a h a z a r d o u s  w a s t e  i n  S u b p a r t  

D ,  h a s  t h e  EPA H a z a r d o u s  Waste Number o f  D002. 
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A p p e n d i x  A 

CORROSIVENESS - S T A T E  IDSS2IFICATION CRITERIA 

T e s t  f o r  T e s t  
C o r r o s i o n  o f  f o r  X e t a l  

S t a t e  PH L i m i t s  L i v i n g  T i s s u e  C o r r o s i o n  
- .-


I - ---I -7

I 1 1 

I I I 


C a l i f o r n i a  - I
I 

pH < 2 o r  > 1 2  
I
I Yes 

I
I 


H a z a r d o u s  Waste 

C r i t e r i a  a n d  I I I 

D e f i n i t i o n s  1 I 1 6  CFR 1 5 0 0 . 4 1  I 


I l l i n o i s  - T e n t a - 1  w h e r e  pH i s  < 3 I I 

t i v e  Land D i s p o - I o r  > 10 p e r c e n t  I 

s a l  C r i t e r i a  1 a c i d i t y  o r  a l k a - 1 

I
I 


I l i n i t y  m u s t  b e  I I 

1 d e t e r m i n e d  I 1 


K e n t u c k y  - D r a f t  I pH -< 3 o r  -> 12 I I Yes 

H a z a r d o u s  Waste I I . I 
. .  

R e g u l a t i o n s  I I I 


I I I 


M a i n e  - H a z a r d o u s !  pH -< 3 o r  > 1 2  I I Yes. 

Waste M a n a g e m e n t  I I I 

R u l e s  I I I 


M i c h i g a n  - P r o  

p o s e d  H a z a r d o u s  

II 1 
I 

Yes 
I 
I Yes 


Waste R e g u l a t i o n s /  1 4 9  C F R  173.240 I 

I - - - . - - - I I 


--T I 

M i n n e s o t a  - Haz- 1 pH < 3 o r  > 1 2  I Yes I Yes 

a r d o u s  Waste I I I 

R e g u l a t i o n s  I I 1 6  CFR 1 5 0 0 . 4 1  I . 


I I I 

- -I-7
- . --

O r e g o n  - D r a f t  I pH -< 3 o r  -> 1 2  I 49  CFB 173.240 I Yes 
H a z a r d o u s  Waste I I I 

R e g u l a t i o n s  1 I I 


I
1 . _  .--- I 
I


7-

Rhode  I s l a n d  - 1 pH < 3 o r  > 1 2  I 1 Yes 

P r o p o s e d  H a z a r d - I ( h a s  p r o v i s i o n s  1 

o u s  Waste Gen- I f o r  l i q u i d s ,  I 

I
I 


e r a t o r  R u l e s  1 s o l i d s  a n d  g a s e s )  I I 

a n d  R e g u l a t i o n s  I l I 

- I - I 1 
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CORROSIVENESS - IDENTIFICATION CRITERIA 

Corrosion of M e  t a l  
State PH L i m i t s  Living  Tissue . Corrosion 

Tennessee - Pro- 1 pB f 3 or -> 12 I I Ye s 

posed Hazardous I 1 I 

Waste Regulations I 1 1


I I I 

1 1 


Texas - Hazardous1 pR < 2 . 5  or > 12 1 I Y e s  

Waste Guide l ines  :1 I 1 

Waste Evaluation I I 1 

and Classifica- I 1 1 

t i o n  I i I 


1 1 I 

I 1 I 


Washington - Haz-1I pH < 3.0 or > l l . . O i  
1 
I Yes 


ardous Waste (substances which 1 

Regulations 	 I yield those pH I 1 


1 levels when mixed I I

I w i t h  an equal I I

I weight of water) 1 t 

I I I 




-- 
I .  

7 
! 
1 

Af)PC!.T=IX B 
i 
J EXhYPLES I?I WHICH CO?JQOSIVE: WASTES G i U S E D  TISSUE DAMAGE 

:?ew J e r s e y  is74 

During tXs f i r s t  t e x  months of the y e a r ,  s e v e n  c h e n i c a l  

waste disposal i n j u r i e s  were n o t e d  i n  t 5 e  logs of a l z n d f i l l .  

I n j u r i e s  i n c l u d e d  e y e  i r r i - c a t i o n  a n d  che?Acal b u r n s  f r c x  

e x p o s u r e  t o  c o r r o s i v e  wastes. 

'i 
i 

i l  
6 



-- 

1 

1. V i o l e n t  i i sact ion,  Presscre C-eEeraticn in Tank T r u c k-

In Fcichmond, California, a hazardous waste hacler nixed,  i n  

his 3U-barrel tarik tzdck, 2 l i r ; l t id ~ ? c t pc a n t a i n i n s  b u t y l  

a c e t z t e  in x y l e n e  w i t h  an ctchinr; ~zlsstc  c n n t a i n i n s  

sulfuric acid, n i t r i c  ac id  and hydro f luo r i c  acid. 

A hydrolys is  r eac t ion  took p i a c e .  m e  r e a c z i v n  y e f i e r a t e d  

pressure i n  t5c 522): z.n3 b l e w  the s a f e t y  relief value 

while the truck w a s  t r a v e l l f n g  throueh a resi? % n t i a l  

area.  A pr i* :atc r e s i d e n c e  was sprayed wit3 the :?azardous 

m i x t u r e .  	 N o  one was i n j u r e d ,  but considerable  clean-up 

and r e p a i n t i n g  oi: c . ~ c *house= w o s  i ~ ~ ~ ~ ~ ~ Z . 

2. 	 Formaeicn of Toxic Gas in S a n i t a r y  ',Z;dfill 

I R  Los Angeles County, a tank t r u c k  emptied several  

thausand ga i lons  G: t y ~ n i c ? ew i c ; t . e  onco f e Z G s i z  a t  G sx-iit2z-y 

Landf i l l .  ,Another t ruck subsequeat ly  deposited s e v e r a i  

thousand g a l l o n s  of acid waste a t  t h e  sane l o c a t i o n .  

R e a c t i o n  between the ac id  and t h e  cyanide evolved large 

= - n l r n t c-...- -..-- +orjc h?r?!roocn cyanide gas. A p o t e n t i a l  

disaster w a s  aver ted  when a local ch lo r ine  dea ler  was 

quick ly  c a l l e d  t o  o x i d i z e  t he  cya:iide with chlorine 

s o l u t i o n .  

3.  -Formation of Toxic Gas in E x c a v a t e d  Site 

A load of a c i d i c  a lui i inum sulfate w a s t e  was i n a d v e r t e n t l y  

. i 
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cac rz t9 rs  were b r i e f l y  a f f e c t e d  b y  t h e  gas. There 

was a l s o  an explosion i n  the  tazk. 

5 - 	 ’%matior, of Tox ic  Gas a t  a L a n d f i l l  

A t  a sanitary lanjfill n e a r  D u n l a l k ,  EIarylanB, a 2 ,000  

gallo:: l i qu id  i n d u s t r i a l  k-aste lozci containing i r o n  

s u l f i d e ,  sodium s u l f i d e ,  soiiium carSonate and sodiu iu  

t h i o s u l f a t e  along w i t h  smal ler  q u a n t i t i e s  of o r g a n i c  

conpounds was discharged i n t o  a z=a?ressior: ztop an earth

covercii ares cf t h o  f i l l . .  men it reached eight to t e n  

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

to b u b j i a  an5 fume 51ue smoke. 9 , e  srzok,e c l o u d  qrii.rkly 

enc ju l fed  the t ruck  d r i v e r  and Cfsablec! k i x e  Seversl. 

nearby workers rushed t o  his aid and were  also felieii .  

During t h e  clean-c? operation, one  of t h e  c c u n t y  f i r e - .  

’ fighters also c o l l a p s e d ,  A l l  six of the  injured were . 

kospitalized and t r e a t e d  fo r  hydrogen s u l f i d e  poisoning. 

It -;:== 205 7etorminsd - d i e t h e r  t b e  c e n e i a t i c c  cf hyclroqen 
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above t h e  g r o u n d ,  Shortly a f t e r  t 3 e  unloading operat i o n  

comrienced, yellowish-brown c l o u d s  of nitrogen d i o x i d e  

appeared to have suSsFled when the d i s c h a r g i n g  of the 

wgst3e~.ceased. However, an hour  later more NO2 s t a r t ed  

t o  spew from the s t a c k .  The emission was hal ted by 

filling t h e  stack with s o i l .  There were no injuries, 
YUL t h z  Lz=i?er.t c r z s t e c l  B significant a i r  pollution 

y o b l e m .  ComDlaints from nearby business were received 


and a f a c t o r y  wa3 e v a c u a t e d .  


Fire, Cispersal of Toxic DUSKS Zroiii Zezk.y C m t a i n e r s  


pAt 2 i!cnp i n  C o n t r a  Costa County, Czlifornia, a large 


=umber of drums c o n t a i n i n g  solvents  were deposited in a 


l a n d f i l l .  I n  t h e  irmediata area were l eaky  ccii taineis 


of c o n c e n t r a t e d  mineral aciris and several bags containing 


b e r y l l i m  w a s t e s  in d u s t  form. Tine operatois failed 


to cover the w a s t e  at t ? i~ 
2nd of th5 day. %e ac ids  

r e a c t e d  w i t h  the solveats  during t he  ~ f g h t ,ignited 

1 



-- 

them a n d  starteii 3 l a r g e  chemical f i r e .  ?'here w-s p ~ s s i ~ l e  

d i s p e r s i o n  or'b e r y l l i c x  d u s t  into Lbe environment. 

I n h a l a t i o n ,  i n g e s t i o n  cr c o n t a c t  w i t h  b e r y l l i m  d u s t  by 

. . Iu e r s o n n e i  c ~ n l dhzvtt L P ~tij s a r i z u s  he= l th  consequences ,  

8 .  Vioient Z r i ; o t i n n  in waste L?~-LT 
F 

At ZT?e n y i n e e r i n q  worksI  ;-~tefirciit a-i3 \V.ZE+P w z s  i n 

a d v e r t e n t l y  a d d e d  t o  a Zrum c o n t a i n i n g  me thy lene  c h l o r i d e  

was te  f ron 5egrea35nq c?eratioas. 3,er r?  1-12s .r v i o l e n t  

u r u p t i o n  r e s u l t i n g  i n  chemicals b e i n g  s p r a y e d  i o c a i i y  

i n  t h e  workshop h;ot r?n o n e  was harmed.  

9. 	 SLtrogen  G x i l e  Sencrztion a t  a S a n i t z r v  & a i d E i L l  

A t r u c k  d r i v e r  pickez up a loa6 of * n i t r i c  acid" f ron  a n  

r,G.GkG 2 i;'d Ia1itIe i l i a  L I  uE act ii r ing cuirip=ii y ITI e S. z 13-

J u l y  1976 a n d  d e l i v e r e d  i t  t o  il s i t e  i n  S o u t h e r n  C a l i f o r n i a  

for w e l l  d i s p o s a l .  The w e l l  a c c e p t e d  a?proxirnately 50 
, g = l l c c s  3nd t h e n  " p r e s s u r i z e d " .  The d r i v e r  t h e n  took 

the renaincier of t h e  load t o  another i e n d f i l l  i n  S o u t h e r 2  
'1. 

I C a l i f o r n i a  for t r e n c h  d i s p o s a l .  L'_mr.u n l o a d i n g ,  a reasciurl 
1 

took p l a c e  w h i c h  generated bioim ni' lrcgen dioxide fumes 

which were car r ied  by t he  wind and i n t e r f e r e d  w i t h  t r a f f i c  

5 C O  yards away. Towards t h e  end of t h e  nonth t h e  s a m e  

d r i v e r  s icked up a n o t h e r  l o a d  of the  sarne type  frorn the  

. .  same company and d e l i v e r e d  it d i r e c t l y  t o  the  s e c o n d  

landfill sF+,e. Upon a r r i v a l  a t  tfie weigh s t a t i o n ,  he 

was i n s t r u c t e d  t o  t e l l  the c a t a p i l l a r  d r i v e r  t o  " d i g  a 

deep hole". me catapillar c2erz ts r  629 a hole approxi-. 



previously F i l l e d  area. 2 ' 2  trzck ir i- ter s a i d  that h e  

cbservnd dam? yraund and decomposing =*fuse i n  the 

'! 

i 
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13. 
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i 

a i i t i e s  were regsrte' .  


Vatu*;:: T x c k  Rr?Ftuta Caused by F o r z a t i o n  of Hydrogen G a s  


- - _ _.--. 1 - r ~ m ~ t ~ i m 
L i A  -3 .-.y----, +riick c o n t a i n i n g  a n  unknown 

q-zr?tlty of  r e s i d u a l  w a s t e s  p icked-c?  a s p e n t  s u l f u r i c  

a c i d  n e t a l  s t r i p p i n g  s o l u t i o n .  On the way to t h e  tiispasal 

.-.--&..-<-e_.._vj.olczt e x z l n s i a n  ocurred,  kuyLuAA..3 +ha +>?I'C ?ni! 

injuria9 t h e  d r i v e r .  Subsequent i n v e s t i g z t i o n  r e v e a l e d  

t l l z t  t he  r e s i d u e  i n  the  t a n k  p r i o r  t o  the p ick -up  of the 

&~f.;! ss!.:.:C,Fnn c o n t a i n e d  aluminum and nagnes ium t u r n i n g s  and  

f i n e s .  The a c t i o n  of the  a c i d  on t h e s e  m e t a l  p a r t i c l e s  

p roduced  h y d r o g e n  gas a n d  h e a t .  ZxkreKie SreSC"2Le buii.3

up resiiltei? in the  v i o l e n t  r u p t u r e  of the  t a n k .  



XPPP-WIX D 

R E A C T I O N S  BETdEEN A C I D S  OR BASES AND 

OTHER SUBSTANCES-PCSSISLE ADVEXSE CCSSEQUENCES ( 1 2 )  

and o the r  unsaturated aldehydes p o l p e r i z e  r ead i ly .  


MINERAL A C I X  $. AMIDE 


Hydrolysis of amide to the correspondin; carboxylic 


ac id  results in a n  exothern. 

MINERiUI ACIDS -t- AEIXES 

The acid base reaction Szkween t h e s e  tss 

c c z r p u n d s  forming t h e  anrnonium s a l t s  ray  

exot'nerzic t o  cause a hazard.  

MINERAL A C I D S  + AZO COMFOUNDS. _ -

types  of 

5 a  sufficiently 

Amyl azo and dizzo compounds decompose exothermical ly  

upon mixing with st ronr ;  rnirzezal azids to yieici  ~ - i i t r o g e i ~  

gas and the corresponding amyl c a t i o n .  A l ipha t i c  azo ant 

diazo compounds, p a r t i c u l a r l y  d i a z o a l k a s e s ,  can polymerize 

violently w i t h  heat generat ion.  Organa  azides can also 

decorqose excthermical ly  with strong x i d  to form nit rogen 

I 

i 

I 
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e x o t h e r n i c  a n d  t h e  latter can  g e n e r a t e  7ress"re  lf  it o c c u r s  

z t r n z g  c-*.:-~,!.rs is cz:tczaIy G X G L ~ ~ ~ L ~ La n d  c a n  b e  v i o l e n t .  

F i r e s  c a n  r a s ~ i l t  i f  t h e  c ~ n s r i cs u b s ~ ~ z l c ei s  a n  a l k o x i d e .  

!<iNExA' i .  A C z z s  f ~ ~ ~ p . ! < T _ ~ ~  

4 I n o r g a n i c  c y a n i d e s  r a p i d l y  f o r m  e x t r e = e l ~t o x i c  a n d  f l a r n 

m a b l e  h y d r o g e n  c y a n i d e  g a s  u p o n  c o n t a c ~u i t h  s i n e y a i  a c i d s .  

M I N E R A L  ACIDS + DI?HIOCARBAMATSS 

A c i d  h y d r o l y s i s  o f  d i t h i o c a r b a m a t e  h e z v y  i z e r a i  s a l f s  v:Ch 

s c r u 1 ~ #LLLc::~ z c l . ' ~  y f  ~ l d se x r r e m e l y  f l a z m a b l e  a n d  t o x i c  

c a r b o n  d i s u l f i d e  g a s .  An exothern c a =  b e  e x p d c t c d  f t o n  t h e  

r e a c t i o n .  


. . T \ ' C u a T  * I ' : r , <  + ES-iEZS 

1-i L ilk I\ II - ..- - - _. 

Strong m i n e r a l  a c i d s  i n  e x c e s s  w i l l  c z u s e  h y d r o l y s i s  a n d  


d e c o m p o s i t i o n  o f  e s t z r s  w i t h  h e a t  g e c z r a t i o n .  


KINERAL A C I D S  iETHERS 


E t h e r  n a y  u n d e r g o  h y d r o l y s i s  w i t h  s c r a n g  a c i d s  e x o t h e z n i  


c a l l y .  




-- 

sition c a n  ocszr mixing of isocyanates with strrocg 

x i n a r a l  a c i d s .  

MINEIVlJI A C I D  + KETONE 

Acid cataiyzsc? grdal condensation occurs exothermically. 

MINERAL ACIDS C tCRC.9PTA.NS 

Alkyl mercaptans a r e  p a r t i c u l a r l y  reactive with minerax  a c i d s  

y ie ld ing  extremely t o x i c  arrd f lam,able hy3rogen s u l f i d e  gas. 
-> 

Other mercaptans can  yiclc? hyClzogen s u l f i d e  with excess s t rong  

acids. k c e s s  s t rong aci: zz;; :Lz= r ~ s u l ti n  decomposition 

n ~ d-,.anerst‘.:= cf toxic f*.nes of sulfur o x i d e s .  

MINERAL A C I D S  9 ALKALI A N D  ALKALINE EX3”i’ METFJ-IS 

me r eac t ion  of strong mineral acids w i t h  alkali and a i s & i i n e :  

earth metals in any form will resrilt I? z vigorous exotherrnic 

generat ion of flammable hydrogen gas and poss ib l e  f i r e .  

XINEXX, A C I D S  + XET.U POWEES, VAPORS, OR SPONGES 

P.-oect inns of s t ronc l  m i n e r a l  acids wit3 finely divided 

netals or metals in a form with high s ~ r f z c ecrea w i l l  resiiit 

I 

. ... ...-
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i? v i g o r o u s  g e n e r a t i o n  o f  f l a m m a b l e  h y d r o g e n  g a s  a n d  p o s s i b l e  
1 

e x p l o s i a n  c a u s e &  L y  t l ~ ckza: cf tesction. 

HI?!CY?.AT, A C L D S  + METAL S U Z Z T S ,  R O D S ,  D R O P S ,  ETC. 

S t r o n g  m i n e r a l  a c i d s  w i l l  f o r m  f l a m m a b l e  h y d r o g e n  g a s  u p o n  

g a s  :orzed. 

Y I N E R A L  ACIDS + NITRIDES 
~ .-

T h e  a q u e o u s  f r a c t i o n  of  s t r o n g  n i n e i a :  ~ , = i d swtll r e a c t  v i t h  


n i t r i d e s  e v o l v i n g  c a u s t i c  a n d  f l a n m a b l e  a n n o n i a  g a s .  T h e  


acid-base r e a c t i o n  o f  n i n e r a l  a c i d s  a n d  n i t r i d e s  c a n  a l s o  


e v o l v e  n u c h  h e a t  a n d  anacnfa. 


M L N E K A L  A L ? ~Ii i i i Z Z L Z Z  


F x o t h e r o i c  h p d t o l y s f s  o f  n i t r i l e s  t o  t h e  c o r r e s p o n d i n g  


c a r b o x y l i c  a c i d  and a n n o c i u n  ion i s  k n o v n  t o  o c c u r  w i t h  


m i n e r a l  a c i d s .  E x t r e m e l y  t o x i c  a n d  f l a n a a b l e  h y d r o g e n  


c y ~ z i . ' e  g z s  2 s : ~  h r  e v o l v e d  w i t h  s u c h  c o m p o u n d s  a s  a c e t o n e ,  


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


X.',T::ERAL i'.CI3S + U N S A T U R A T E D  XLIPHATICS 

3; 

-.-A d a f t i o n  o f  z i i n e r a l  a c i d s  t o  a l k e n e s  u s u a l l y  r e s u l t s  i n  

e x o t h e r n i c  a c i d  c a t a l y z e d  h y d r a t i o n  a n d  p a r E i a l  z < l i t F e n _  n f  

t h e  h y d r o g e n  h a l i d e  o r  s u l f a t e s .  A c e t y l e n e s  a r e  a l s o  sus'

c e ? t i b l e  t o  e x o t h e r n i c  a c i d  c a t a l y z e d  h y d r a t i o n ,  f o r n f n g  :he  

c o r r e s p o n d i n g  a l d e h y d e  ct k e t o n e  with p o s s i b l e  a d d i t i o n  o f  

)I - . _  
c t h e  h y d r o g e n  h a l i d e  i n  t h e  c a s e  o r  n a l o g e i i  c i ~ - - ~ -

M i N E i i A L  A C I D S  + O R G A N I C  P E P . O X I D E S  


- .  

Z L Z G G ;  ~ ' " c T z ~ 
a c i d s  c a l l  r e a c t  w i t h  organic p e r o x i d e 6  and 

, 
i
1 
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h y d r o p e r o x i d e s  w i t h  e n o u g h  h e a t  g e n e r a t e d  t o  c a u s e  e x p l o s i v e  

d e c c m p o s i t l o n  i n  t h c  u u r e  u n s t n t l i  f a ~ ' j 3 ~ 1 l d s .  i )xpgen  c a n  

a l s o  b e  g e n e r a t e d .  

s u l f o n i c  a c i d  t~ phenols and c r e c o l ~ .  Substitutioa of :he 

h y d r o x y l  v i t h  h a l i d e  czii occui ~ F t ha d d i f l c l n  of t h e  h a l o g r i i  

a c i d s .  E x c e s s  s t r o n g  a c i d  c a n  d e c o n p o s e  p h e n o l s  a n d  cresols 

v i t h  h e z t  g e n e r a t i o n .  

:.:I::E nn AL 1,r,I3 t 0?. C,-4!4 0 PH0S P Ii-4TE S-
Excess  s+_rnn_o,a i n e r a l  a c i d  c a n  c a u s e  d e c o m p o s i t i o n  o f  o r g a n o 

p h o s p h a t e s ,  p h o s p h o t h i o a : e  a n d  p h o s p h o d i t h i o a t e s  with h e a t  

g e n e r a t i o a  a n d  p o s s i b l e  t o x i c  g a s  f o r r a ~ i o n .  

MINERAL A C I D S  + S U L F I D f S  

Z x t r e n e l y  t o x i c  a n d  f l a n a a b l e  h y d r o g e n  sulfide g a s  r e s u l t s  

f r o m  t h e  c o s b i n a t i o n  o f  a i n e r a l  a c i d s  a n d  s u l f i d e s .  

M T N E R X L  ACIDS + EPOXIDES~- -..- _--

Acid c a t a l y z e d  c l e a v a g e  c a n  o c c u r ,  i n i : i a t i n g  p o l y z e r  i z a t l o n  

v i t h  n u c n  h e a t  g e n e r a t e d .  

-M I N E R A L  ACIDS f COHBUSTIBLE MATERIALS 


D e h y d r a t i o n  a n d  d e c o n p o s i t i a n  o n  a d d i t i o n  of excess  s t r o n g  


mineral a c i d  can c a u s e  h e a t  a n d  p o s s i b l e  t o x i c  gas g e n e r a t i o n .  


* 	 M I N E R A L  ACIDS 4- EXPLOSIVZS 

Xzny exp10sives a r e  e x t r e n e l y  h e z t  s e n s i t i v e  a n d  c a n  b e  

d e t ~ a a r c dby PIC_ g e n e r a t e d  f r o m  t h e  a c t i o n  of s c r o u g  

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



-- 

X I N Z R A L  ACIDS + BOLYMERZZ.IELE COXpQUfil>s 

Strong ~ i n ~ r a la r i d s  c a n  z r t  a s  i r ~ i t i a t o r stn the pa1::

n e r i z a t i o n  o f  t h e s e  c o n p o u n d s .  T h e  r e a c t i o n s  a r e  e x o t h e r n i c  

and t z i l  ac;zr rtolentiy. 

?fIPERA.l, A C T O S_ - + S T R O N G  O X I D I Z I N G  A G E N T S  
.~.-

t i a n y  ~ ~ n b i i i ~ : i c n ~s r t 3 n - g  rnineral  ac ic i s  and s i ; r u ' - - ~ ~  
- U L & i  a g  cf Le 
1 J - 4 

a g e n l t s  a r e  s e n s i t i v e  t o  h e a t  a n d  s h o c k  a n d  may d e c o m p o s e  

r i ' o l e z t l y .  The h a l o g e n  a c i d s  nay 5s o x i d i z e d  y l ~ I Z . i r . ~  

h i g h l y  t o x i c  a n d  c o r r o s i v e  h a l o g e n  g a s e s ,  a c c o m p a n i e d  b y  

h e a t  g e n e t  a t  i 9 n .  

-EINZRAL A C I 3 S  + S T R O N G  R E D U C I N G  A G E N T S  


Xany  r e d u c i n g  a g e n t s  f o r =  f l a ~ n s b l eh y d r o g e n  g a s  o n  c o n t a c t  


wit:, u i i , c z ~ L= c i l z .  T k z  E e z +  n n n e t a t e d  can c a u s e  s p o n t a n e o u s 
u 


i g n i r i o n .  Sone r e d u c i n y  h g a i i c s  s i i ch  3 s  r ' ? n s p h i d e s  a n d  

i n o r g a n i c  s u l f i d e s  e v o l v e  e x t r e m e l y  t o x i c  a n d  f l a m m a b l e  

. 	 f unes o f  p h o s p h i n e  a.nd h y d r o g e n  s u l f i d e s ,  r e s p e c c i v e i y .  

M I N E R A L  ACIDS -I-WASTE .%XU ZLSCELLAKEOGS A q U a o u s  XIXTURES 

Much h e a t  c a o  b e  e v o l v e d  u ~ o ns o l u b i l i z a t i o n  a n d  h y d r o l y s i s  

o f  t h e s e  a c i d s .  

OXIDIZING H T N E R A L  A C I D S  + -ORGANIC ACIDS 

T h e s e  n i n e r a l  a c i d s  c a n  o x i d i z e  t h e  h y d r o c a r b o n  m o e i t y  of 

o r g a n i c  a c i d s  w i t h  r e s u l t i n g  h e a t  aad g 2 s  f o r n a t i o n .  

* 	 O X I D I Z I N G  X I S E R A L  ACICS iALCOHOLS k S D  GLYCOLS 

O x i d a t i o n  o f  t h s  h y d r o c a r b o n  m o e i r y  c a n  occur r e s u i t i n g  iz 

heat and. g a s  fc;-=t: icz.  y f t r a t f a n  w i t h  n i c r i c  a c i d  C i i L  - - ' - -L e , . =  

p l a c e  i n  t h e  p r e s e n c e  o f  s u l f u r  i c  a c i d  f o r m i n g  e x t r e n e l y  

c ~ s t a S 1 ~n i t r o  c o n p o u n d s .  

.. . 



I 

A P T n s  

OXIDIZING MINERAL ACIDS + ALDEHYDES 
-. -_ -

O x i d a t i o n  of the  h y d r o c a r b o n  mceity 

L heat and gas f o r n a t i o n .  
1 

u X I D I Z i : i i ;  : : ~ : : ~ ~ w * ~.".CzEC A .Ak\fnFS 

f o r n a t i o n  of t o x i c  fumes o f  n i t r o g e n  gxides.  

O X I D I Z I N G  M X E a  ACIDS- + AMINZS 

z=irl-k:s +=esqt-o~ sroiiuces m ~ z hh e a t  and e x h a u s t i v e  

o x i d a t i o n  resL;!.ts i n  g e n e r a t i o n  of heat and t o x i c  fumes of 

n i t r q e r ?  n x i e e .  

CXIi31Zi:TG XI?:E?-Tit A C I Z S-C AZO COt.lPCUXDS 
.-, 

Azo com?ounds and diazo ccnpounds are  e a s i l y  ciecviiip35& Zy 

s t r o n g  aciCIs e v o l v i n g  much heat and n i t r o g e n  gas. 'i'ney are 

v e r y  susceptible to ox ida$ iv i i  and can cq?zl~et o x i c  fumes 

of n i t r o g e n  oxides upon e x s a u s t i v e  o x i d a t i o n .  FIydrazines are 

e x p e c i a l l y  susceptible t o  o x i d a t i o n  and inflame upon contact 

with o x i d i z i n g  a g e n t s .  Many of t h e  conpr'.;nCs iz t? is  \~?t>;;;: ..I ) -

s u c h  a s  d i a z o n e t h a n e  and the azides are very u n s t a b l e  and 

can decompose e x p l o s i v e l y  u p n  heating. 

- - * r r - v ~ - w f l  UT1TPV1'LJA~UILLIILIU*.A+.---->.---- C CARBAMATES 
I 

Carbamates can undergo exothermic hydrolysis a n d  d e c a r b o x y l a 

tion upon m i x i n g  with these acids. Exht tus t ive  oxidation can  

also result in f o r m a t i o n  of t o x i c  fumes of n i t r o g e n  o x i d e s ,  

i 



a r . - 4 - , .  

___ C Y A N I D E SO X Z C I Z I X C  XI:X2AL A C I D S  + -

E v o l u t ' o o  o f  e x t r e = e l y  toric a n d  f l a E m a b l e  h y d r o g e n  c y a n i d e  


I 

O X I D I Z I N G  X I N E R A L  A C I E S  0:- D I T H I O C A R E A ? I A T E S  


A c i d s  will c a u s e  d e c o m p o s i t i o n  of d i t h i o c a r b a m a t e s  w i t h  


h e a t  n a y  b e  g e n e r a t e d  by  t h e  o x i d a t i o n  a n d  d e c o m p o s i t l o n  t o  


_ " _ _ _ _  :??e :-rhn?? E i C l l l f l d P .  


O X Z D I Z T N C  Y I X E R A S  A C I D S  i- ESTERS 

E x h a u s t i v e  o x i d a t i o n  o f  e s t e r s  c a n  c a u s e  d e c o m p o s i t i o n  w i t h  

'nears a n d  pusji5le L b Y i : i t =  z f  t h e  - n r o  L l a n n a b l e  e s t e r s .  

C o n v e r s i o n  t o  t h e  o r g a n i c  a c i d  arid d e c a r b o x y l a t i o n  c a n  a l s o  

<' 	 o c c u r .  

O X I D I Z I N G  Y I N E R A L  ACIDS.+ STEERS 

Heat  g e n e t a ~ e d  f r o =  t h e  e x h a u s t i v e  o x i d a : i o c  o f  e t h e r s  car !  

i g n i t e  t h e  P o r e  f l a n n a b l e  e t h e r s .  T h e s e  c o n p o u n d s  car !  a l s o  

u n d e r g o  e x o t h e r m i c  a c i d  c a t a l y z e d  c l e a v a g e .  

-_-_____.._
U A ~ U L L L ~ C Ic ; ~ n ~ n n b

.,_,._",. o u I I u S  + T;T,OC!?.I3ES 

G a s e o u s  h y d r o g e n  f i u o r i a e  c a n  r e s u i i  Z i o n  ii coa5ination o f  

i n o r g a n i c  f l u o r i d e s  azd t h e s e  a c i u s .  Z y d r o g e n  fluoride is 

e x t r e m e l y  c o r r o s i v e  a n d  t o x i c .  S o n e  h e a t  c a n  also be e v o l v e d .  

O X I D I Z I N G  H I S E R A L  + H A L O G E S A T E D  ORGXSZCS 

. m~ ' n e s ea c i d s  CBL?. c a u s e  o x i d a t i o n  a n d  d e c o m p o s i t i o n  o f  

halogesazcd c r ~ z r ? F c sr e c ~ l t i n gi n  heat  a n d  g e n e r a t i o n  o f  

e x t r e n e l y  t o x i c  f u s e s  o f  h y d r o g e n  c h l o r i d e ,  p h o s g e n e ,  a n d  



- - - & - -  - - - - - * - - - * - A  

. , .. r-, 
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OX:IEIIzI!:C- MIYERAL ACIDS + LSOC?.4NJaTES 

1 b y  *.. c " u l r u . I . A - c ul s v c y a u a c e s  b-2  1u e  ; , y ~ ~ c i y ~ c ~  - . I C = .  J 

a c i d s  t o  y i e l d  h e a t  a n d  c a r b o n  d i o x i d e .  They n a g  a l s o  b e  


o x i d i a ~ 6b y  t h e s e  a c i d s  t o  y i e l d  h e a t  a n d  t o x i c  n i t r o g e z  


oxides. 


O X I E ' l Z I E j G  HIXERAZ A C I D S  f FETONES 


K e t o n e s  c a n  u n d e r g o  e x o t h e r m i c  a l d o l  c o n d e n s a t i o n s  u n d e r  


a c i d i c  c o n d i t i o n s .  Oxldlzing a c i d 5  s a 3  c l e a v e  zhe 'v,et?:-e t o  


"+ : - < e  z iiiix:xzc c f  z r i d c .  K a r ~ s sa c i d  can c a u s e  c o m p i e t e  


d e c o m p o s i t i o n  j;:ald:zg ~ u c hh e a t  a n d  g n s .  F i r e  c a n  a l s o  


rec1-11r .  


O X I D I Z I N G  X i 9 E : R A L  A C I D S  f X E k c ' X P T A N S  


E x t r e m e l y  t o x i c  a n d  f l n m n a b l e  hydrogen s u l f i d e  g a s  c a a  b e  


f o r m e d  by  r h e  a c t i o n  o f  . t h e  acid o n  n e r c a p t a r s .  U x i c a t i o n  


o f  m e r c a p t a n s  a n d  o t h e r  s u l f u r  c o n p o u n d s  can  r e s u l t  i n  f o r m a t i o n  


of t o x i c  s u i f u r  C i c x i d e  and h e a t .  


C X I B I Z I ) ! C  VI?!F?.?.L 3.CIPS + A ? , Y A T , T  AND- .A L K A L I N E  EARTH YETALS 


. E x t r e m e l y  f l a n m a b l e  h y d r o g e n  g a s  c a n  b e  g e n e r a t e d  u p o a  c o n t a c t  


o f  icids and t h e s e  n e c s l s .  T h e  r e a c t i o n  o f  sac11 a s t r o n g  


oxidizine a e e n t  and s t r o s g  r e d u c i n g  a g e n t s  c d n  b e  S O  T i c L e n t  


as t o  cause  a f i r e  a n d  possibly a n  e x p l c s i o n .  


O X I D I Z I N G  Hitu'ZRAL ACIDS f KETAL P O W D E R S ,  V A P O R S ,  A P D  SPONGES 


. T h e  a c t i o n  of a c i d  o n  t h e s e  m e t a l s  p r o d u c e s  h y d r o g e n  g a s  

and heat. Due to t h e  l a r g e  s u r f a c e  a r e a  o f  t h e s e  f o r n u  u f  

me:als, t h e  r e a c : i o n  c a n  o c c u r  uith a ~ ; l ~ s i ~ ev i ~ l e n c e -

O X I D I Z I N G  YISZRAL ACIDS + METAL S H E E T S ,  R O D S ,  D X O P S ,  ETC, 

7 ; , *  - - - - - IA n  cf ids o n  a e t a l s  a s  s h e e t s ,  p l a t e s ,  i z d  o t h e r  



, 

'.*~1'. f:rz?a CZII n \ , r r Iv - h y d r o g e n  E a s  a n d  s o n e  h e a t .  Al though 

ne r c a c c i o n  p r u c r r d a  u u < h  ~ l ~ i i e i~ h a ki~ i h i  c a s e  G Z  ~ Q ~ ~ I ~ L ~ 

a d e f i n i t e  f i r e  h a z a r d  e x i s t s .  Hazy m e t a l s  a r e  a t t a c k e d  

toy n i t r i c  t i c i d .  

O X I D i Z I N C  Y X S E R A L  ACIDS + H1TF.IDES 
_I_ 

.., G Z Y ; ~ ~; b l t r i r i r u  : t ~ r  c ~ i r ~ m c l 7  S n s c s  zn_d w ~ l . 1  p a r c l c i p a c p  i q  

a n  a c l d - b a s e  r e a c t i o n  e v o l v i n g  m u c h  Lea;. T h i s  r e a c c i e r  CIE p r c 

c e e d  w i t h  e x p l o s i v e  v i o l e n c e  G u ~t s  :ky2 i a o t a b i l i t y  n f  m e t a l  

. -n i t r i d e s  a n d  t h e  g e n e r a r i o n  oi flam=an~:: c z i = ~ r i i zg a s 

, O X I D I Z I N G  UI!:ERAL ACIDS + NITRILES--. 
The p r  i a a r y  h a z a r d  i n  n i x i n g  t h e s e  t y p e s  o f  conpour,ds a p p s a r  s 

t a  Sc o x i d i t i o n  o f  t h e  n i t r i l e s  w i t h  g e n e r a t i o n  o f  h e a t  

and t o x i c  f u a e s  o f  n i t r o g e n  o x i d e s .  I n  sone  c a s e s  s u c h  a s  
3 


a c e t o n e  c y a n o h y d r i n  a n d  p r o p i o n i c r  iir, 6x;; ~2s:: ts-; ic k : : 2 r ~ g c z  

c y a n i d e  g a s  is known t o  r e s u l t  f r o m  n i x i n g  w i t h  s t r o n g  a c i d s .  

These  fuc;es  a r e  a l s o  f l t o n a b l e .  M i x t u r e s  o f  n i t r i c  a c i d  and  

z c c t o n f t r i l e  a r e  h i g h  e x p l o s i v e s .r; 
7 O X I D I Z I K G  M I N E R A L  Ail55 ii<ZTZG ,"2?<?2L";"s 

T h e s e  a c i d s  c a n  deconpose  n i t r o  compounds t o  p roduce  h e a t  

and  t o x l c  funes o f  nitrogen s x i . ' e ,  T h i s  o x i d a t i o n  can  Se  

e x t r e m e l y  v i o l e n t .  H i s t u r e s  of n i r r r i c  e i i d  . i a d  r ; f t r o 

a r o m a t i c s  a r e  kncwn t o  e x h i b i t  e x p l o s i v e  p r o p e r  t i e s .  

M i x t u r e s  o f  some n i t r o a l k a n e s  ( n i t r o n e t h a n e )  w i t h  n i t r i c  

acid c a n  also b e  d e t o n a t e d .  

O X I D I Z I K G  HINZRAL A C I D S  C UNSATURATED ALIPHATICS 

X l i p h a t  i c  unsz  t u r  a t  ed h y d r o c a r b o n s  are e x t r  eael j .  s i ; s c e p t  i5I.e 

t o  o x i d a t i o n  r e s u l t i n g  i n  h e a t  g e n e r a t i o n  and  f i r e .  



OXIDIZING HINERAL ACIDS + SATURATED ALIPSATICS 


A l i p h a t i c  s a t u r a t e d  k y 6 r o c a r b c n s  are e z s i i y  o x i d i z e d  by 


t h e s e  a c i d s  y i e i d i n g  h e a t  a n d  t i i r b o n  d ' o x i d e .  


OXIDIZING M I S E U L  AClDS iORGANIC ? E i i O X I 2 Z S  


F 
? T h e  l o w e r  ~ o l e c u l a tw e i g h t  o r g a n l c  p e r o x i c i e a  aud : L j - d i G 

c a n  : a u s e  e x p l o s i v e  d e c o m p o s i t i o n .  

Phenols a n d  c r e s o l s  a r e  e a s f l y  o x i d i z e d  z n d  e x c e s s  o x i d i z i n g  

a c i d s  c a n  r e s u l t  i n  much h e a t  g e n e r a : i o n .  

E x c e s s  oxidizing a c i d  c a n  d e c o n p o s e  : h e s e  c c n p o u n d s  t o  y i e l d  

h e a t  a n d  t o x i c  fumes o f  

p h o s p h o r  oca u x i d e ; .  

O X I D I Z I N G  XISERAL AClDS 

Huch kaa: czr :  b o  evnLved 

a c i d s  b y  v a t e r .  

n i t r o g e n  o x i i e s ,  s u l f u r  o x i d e s ,  a n d  

-t W A I L R  AK'u YhYZ?. >:Z,".T!!?.ES 

f r o m  t h e  d f s s o l 2 t i o n  o f  t h e s e  

O X I D I Z I N G  H I N E B . 4 2  ACIDS + S i i L P I C E S  


Toxic 2nd flammable h y d r o g e n  s u l f i d e  g a s  c3n b e  g e n e r a t e d  b y  


t h e  a c t i o n  of these a c i d s  o n  i n o r g a r i c  s u l f i d e s .  T h e s e  


sulfides c a n  also b e  o x i d i z e d  e x o t h e r z i c a l l y  t o  s u l f u r  d i o x i d e ,  


also a t o x i c  g a s .  T h i s  r e a c t i o n  car. c c c u r  v e r y  v i o l e n t l y .  


O X I D I Z I N G  H I N E R A L  A C I D S  +- e Y u X i D E S  


E p o x i d e ;  :re ~ e r ye a s i l y  c l e a v e d  b y  acids w i t h  h e a t  g e n e r a t i o n .  


t 
1 
1 



- -  

-- -- 

Tqis r i n g  oDening can be t h e  initiating s t e p  in the formation 

of epoxy resiix; .ZRZ uncontrolled polymerization can r e s u l t  in 

extreme heat  generation. The oxidation capacity of these 

1 .-I7 i.\,,La can C Z G S ~5 g x L t 5 3 ~c?f the eFoxides. 

OXIDIZING NINER4.L ACIDS f C U G G S T i Z L Z  i .'AYZ>Z.?~S~. .- -
OziZizFnq m f  neral acids can Cecozpse some substances w i t h  hezk 

genera t ion  and 2~ssFblef i r e .  T o x i c  gases nay a l s o  be �oned  

li.l cczLustis:. ::??-*???; hiit. the type  of gas wiil depend ii-~cn 

the composition of these miscellaneous substances. 


OXTDIZIKG MIKEY&
_ - ACIDS + EXPL_OSIVES 

Such strong acids can e a s i l y  detopate cCz;pc;cnds in t h i s  sr3up 

of expiosives due to the heat generated upon d x i i i j .  The 

oxidizinq character of these acids merely enhances the 

2assibility of detonation. 

OXIDIZING XIhZEZuI A C I D S  f POLWRIZMLE COMPOUNDS 

3 . n ~ ~a c i d s  c a n  acc as i n i t i a t t r s  in tku polymerization of 
d 
.I. 

r c / i c t i n n s  are exotherixic and canmany compoi~,i<.i3. ' 2 . 2 ~ ~  


occur violently. In addition, these acids  can oxidize 


certain cornpoc,ds arcl ' -ucing more heat and pcssibie toxic 


fumes. 


OXIDIZING HIhZ2.A-L ACIDS f STRONG REDUCING AGEYTS 


Xixing of com_oounZs in these t w o  groups can result i n  very 


violent, extremely exothermic reactions. Fires and explosions 


can result. 


ORGAXIC ACIDS + ALDETxUES 


Exothemic condensation reactions can occur between these 


two t y p e s  p :cnpounds. The acidic character of t h e  GZgaiiic 




a c i d s  may be s u f f i c i e n t  t o  ca t a lyze  the reaction. Polybasic and 

cnszturztea acids a r e  suscept ib ie  to poiymerizatiun ur:G.er t h e s e  

can generate SCZB heat.  Dicarboxylic a c i d s  and diamiiieo 

can copolymerize witn heat genesaticn. 

Hydrazine az ize  i s  extremely s e n s i t i v e  t.0 hea t  o r  shock. A n  

x i Z - ? ? z c p  r o ~ r t ion w i t h  hydrazine can produce. some hea t .  

ORGANIC ACIDS i C k G S T ' i C S  

>.cid-base reactions produce heat. 

ORGANIC ACIDS + C'TASIDES 

Hydrogen cyanide , an ex trerneiy toxic and f l m m a b i e  gas, is 

generated upon mixing. 

ORGANIC ACIDS + D I T H I O C M k E S-I__-

Toxic and f l m a b l e  carbon d i s u l f i d e  can be formed upon 

contac t  of dithiocarbamate with t he  stronger organic acids.. 

Although CS2 is a l i q u i d  a t  room temperature, it has a very 

high vapor pressure. Some h e a t  can  be generated from t he  

hydrolysis of t h e  di thiocarbamate salts .  

ORGANIC ACIDS + FLUORIDES 
Toxic and cor ros ive  hydrogen fluoride fumes can be gencrated 

by the action of s t rong  organic a c i d s  upon nc-kal f l u o r i d e  

i 



I . .  
i
i 

s a l t s .  A l k a l i  m e t a l  f l u o r i d e s  a r e  e i p e c i a L l p  s u s c e p t i b l e  
i 


$ t o  decompositlon i n  t h i s  m a n n e r .  
t 

O R G A N I C  A C I D S  4- XSOCYkNATES 

c 
4 O R G A N I C  ACIDS + ALKALI A N D  ALKALINE E A R T H  XETALS 

F - e a c t i o n  o f  o r g a n i c  acids v i t h  t h e s e  m e t a l s  i n  a n y  fain; 

7 g a s  ccnd p o s s i b l e  f i r e .  

O R G A N I C  A C I D S  t XETAL P @ U D E R S ,  VAPC'RS, AS3 S P O N G E S  

T h e  s t r o n g e r  o r g a n i c  a c i d s  c a n  l i b e r a t e  f l a n m a b l e  h y d r o s e n  

g a s  u p o n  c o n z a c ~w i r h  :L,c;: C ~ Z = E .  The h e a t  o f  

r e a c t i o n  c a n  c a u s e  c x p l o s i o a s .  

O R G A N I C  ACIDS + SITRIDES 

g A n  a c i d - b a s e  r e a c t i o r l  c a n  o c c u r  r e s u l t i n g  in h e a t  a n d  p o s s i b l e  


y

i e v o l u t i o n  of f l a m m a b l e  a m n o n i a  gas. Many o f  t h e s e  n i t r i d e s  

'r 

a r e  e x p l o s i v e l y  u n s t a b l e  a n d  c a u  be d e t o n a t e d  b y  r;ne h e d i  o f  

li. ' -O R G A N I C  ACIDS + SULFIDES 

;34 ' E x t r e m e l y  t o x i c  a n d  flammable h y d r o g e n  s u l f i d e  a'nd some h e a t  
i 
4 

.-



-- 
v i o l e n t  polymerization Hi.th r.iiic>* kca t  r; tnerated 

CP,rJrnIC ACIDS -L EXPLOSIVES 


Strong organic  acids can decompase compounds i n  t h i s  groap 


resulting in ennuoh h p a t  tn pal:?" d o t n n a t i a n .  

ORGANIC ACIDS + P O L W R I Z A E L E  COMPOUhmS
____ - -

Strong o q a n i c  acids  can initiate cacionic po ip ia r i za t i cn .  


Diccrboxylic ac ids  can c o p o l p e r i z e  with dia?Lr;es as in the 


reaction of adiDic  ecid and hex~r ,c tk - , - lez j  d i a m i n e  to form 


Nylon 6,6. 


fi=r-nw.rrl a C T m  OX'PDTXTFJG AGENTS 


The hydrocarbon noeity of the  organic  acids are suscept ib le  


to decomposition by strong oxidizing agents r e l eas ing  heat  a n d  


gas. The gas prnducsd can 3 s  t o x i c  if the acid conta ins  


halogens such as dichlorophenoxy a c e t i c  ac id ,  or i f  it contains  


cther h e t e r o  atoms. 


z.;'nI;a;1\7 ACIDS + E Z ' J C I R G  A;;?:l""I'S 


Czrboxylic ac ids  are e a s i l y  reduced by lithium aluminum 

:qydriile t o  the  corresponding alcchol s with some heat  genera

t ion.  Other reducing a g e n t s  7 - q t y f r - m n r e  vizornus r e a c t i o n  

conditions. Flammable hydrogen gas can be produced from the 

e x t r a c t i o n s  of t h e  hydroxyl proton and the 8 -hydrogens 

CAUSTICS + ESTERS 
Esters are e a s i l y  hydrolyzed by caustics t o  a salt and 

alcohol with heat genera t ion .  

CAUSTICS + HALOGENATED 0F.GFJICS 

S l i p h a t i c  ha l ides  can undergo s u b s t i t u t i o n  or dehydro

halogenat ion .:?on t r e a t m e n t  ;;it>. z t r s n g  caustics. Sot3 



- -  

3rocesses involve:  s o i i , ~kzzt : x c r a t i c r !  ubi 1 e kine second 

evolves f l a m a b i e  o i e f i n s  and acstylzr;cs G p e ~ i a l l yw i t h  


the lower molecular w e i g h t  com_munds. Halosenated aromatics,  


however, a r e  r e i a t i v e l y  s t t 5 l . c  t o  s t r o n g  causcics. 


rb9SSTICS A TSnCYANATES 


C i c s t F e s  ca ta lyze  tZle polymerization of di isocyanates  


A 

CAUSTICS + ALKp.LI kPjD ZFLKALIX EARTH tC?.FLS 

Sez t  and  flam-nable h y d r o g e n  gas can be Generated due t o  the 

aqieou:: nitrcrs of most c z z s t i c s .  

CAUSTICS + !%TAL PCWDERS, VAPORS, M.sD SPONGES 

----Aniac arzir f l a m a b l e  hydrooen cjas nay be generated with some 

xletals such a s  aluminum, magnesium, zinct acd beryll ium. 

Sxplos ions  nay also o c c u r  due t o  the his?, surfzce area of 

STitro alkanes and caustics form sa l ts  i n  the presence of 

water. The dry s a l t s  are e x p l o s i v e .  

- sosPSATESCAUST ICs + O R G ~ T O P  

Alkaline hydrolys is  of phosphorothioates c a n  generace 

enough h e a t  to c a u s e  e x p l o s i v e  rearrangement from the  

t-hiono t o  t h e  t h i o l o  f o m .  i iydrolysis of o the r  o rgano

--hh.=n-"atrs - G . L  yF:,*FilV.-.- hPz t ;
C I I I  --__ ---e-.&* 
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APPENDIX E 

Examples of Cotiosive Waste? Caus ing  Canage to A q i a t i c  L i f e  

i 
I
i 
I 

Pennsylvania 197 2  

ALLear then  dfkc a t  E refinery waste  lagoon ruptured, 

r e l e a s i n g  s l u d g e  with a pH of 1.7 i n t o  t h e  Allegheny River. 

A h o i l +  4 5 0 ,  m n  f i sh  w o r 2  till-2 z l c r , ~9 r?F1e stretch ef the 

r i v e r .  

Pennsylvania 1973 

A former tannery s i t e  with 2-4 n i l l i o n  ga l lons  of sulfuric 

zzf?. tznzfn zci.3, firno and s o d i u m  hydroxide stored in lagoons-..-- e----.&:and tanks was SgstrQye,J .uy fire. -U U L A l l y  . L G V G & A b & y  VyG'LUCI3ns 

20,000 ga l lons  of waste l i q u i d  s p i l l e d  and drained i n t o  the  

"-"-I."- -l-~ ; w n ~ ,-n..r5-ssrr.la ~~~~~n~ everything f o r  7 miles. 

V i r g i n i a  1971 

A d i k e  c o n t a i n i n g  a n  a l k a l i n e  w a s t e  lagoon for a steur i  

genzratizg plant collapsed azd re leased 400 acre feat of f l y  

ash i n t o  the C l i n c h  River. The waste t r a v e l e d  down r i v e r  

f o r  severai days, u n t i l  it reached Borris Lake where approximateiy 

216,000 fish w e r e  k i l l e d .  411 food organisms i n  tfie four-mile 

srzetciz of iivez be; C E Z ~ Qwere coiiipletely eliminated. 

~ ..,-
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-.* - - ~ T P @  + r ~ n y t n o q
b A U J  A &VI.) 1-------
3 a s e  catalyzed c l e a v a g e  can r e s u l t  in polymerization with 

n u c h  h e a t .  

enoll:.gh h e a t  t o  detonate t h e s e  compounds .  

C A U S T I C S  + P O L P Y S R I Z A B L E  COXPOUNDS 

L L l r Y r  c c ~ p ~ i ; ~ ; ? ;-. c z =  n-rAnron a n i o n i c  p o l y a e r i z a t i o a  with 
0 

c a u s t i c s  as initiators y i e l d i n g  much h e a t .  


