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ABSTRACT 

1 

a 
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I 

A c h a r a c t e r i z a t i o n  and  chemical   use  patterns  study  of   the  paints 
and coa t ings   i ndus t r y  was undertaken  by  the  Environmental  Protection  Service 
i n   B r i t i s h  Columbia i n  1984-1985. The s u r v e y   i d e n t i f i e d  43 f i rms  which were 
c l a s s i f i e d   i n t o   f i v e  groups; l a t e x  and alkyd,  base  resin  manufacturers,  
p igment  and  addi t ive  importers and d i s t r i bu te rs ,   who lesa le  warehouse p a i n t  
d i s t r i b u t e r s ,   p a i n t  and coat ings  manufacturers and r e t a i l   s a l e s   d i s t r i -  
buters .  It was determined  tha t   there  were no f i rms  producing  pigments.  

Responses t o  t h e   q u e s t i o n n a i r e   i d e n t i f i e d   t h a t   s i x   o r g a n i c  
p r i o r i t y   c h e m i c a l s  were  being  used i n   p a i n t s  and coat ing  manufactur ing 
inc lud ing,   d i -n-buty l   phthalate,   d i -n-octy l   phthalate,   d ich loromethanes 
( m e t h y l e n e   c h l o r i d e ) ,   t r i b u t y l   t i n   o x i d e ,   t r i b u t y l   t i n   f l u o r i d e ,  and a c r y l i c  

t r i b u t y l   t i n .  F o u r   a d d i t i o n a l   o r g a n i c   p r i o r i t y   c h e m i c a l s   d e t e c t e d   i n   t h e  
s ludges  o f  t w o  p lan ts   wh ich   were   no t   i den t i f i ed   i n   t he   ques t i onna i re  

responses of any p l a n t  were d imethy l   ph tha la te ,   d ie thy l   ph tha la te ,   bu ty l  
benzy l   phthalate and b i   s (2 -e thy l   hexy l   ph tha la te ) .  

Chemicals  used i n   t h e   p a i n t  and coat ings  product ion  which  are 

considered  environmental l y  s ign i f i can t   inc lude  pheny l   mercur ic   ace ta te ,  
copper   an t i fou l ing   agents ,   lead  based  pigments  and d r i e r s .  

The t o t a l  annual  volume o f  process  wastewater  generated i n  the 
i n d u s t r y  i s  e s t i m a t e d   a t  615-1000 cubic   meters  wi th  a maximum o f  3.0-6.0% 

(28-56 cubic   meters)   s ludge  content .   Spoi led  batches  o f  up t o  568 cubic  
meters  have been recorded and d isposal   o f   spec ia l   wastes was t o  secure  land- 
fill i n   t h e   U n i t e d   S t a t e s .  Waste reduc t i on  and  product   loss  prevent ion 
techniques  which were  observed i n   o p e r a t i o n   a t   v a r i o u s   p l a n t s   a r e   i n c l u d e d  
i n   t h i s   r e p o r t .  

It i s  suspec ted   tha t   sh ipbu i ld ing  and r e p a i n t i n g   c o n t r i b u t e   s i g -  

n i f i c a n t   q u a n t i t i e s   o f   o r g a n o t i n s  and  copper   based  ant i fou lants   to   the 

marine  environment. The e f f e c t i v e n e s s   o f   i m m o b i l i z i n g   p r i o r i t y   p o l l u t a n t s  
and  heavy  metals  contained i n   p a i n t   s l u d g e s  by f i x i n g  them i n  a cement 

m a t r i x  and  disposing them t o  1 andf i 11 has t o  be  determined. A da ta   repo r t  

wh ich   inc ludes   p lan t   e f f luen t ,   s ludge,   s ludge  leachate ,   mar ine   water  and 
sediment  analysis i s  at tached as  Appendix 11. 



Une etude des c a r a c t e r i s t i q u e s   e t  des patrons  d'usage  chimique 
des i n d u s t r i e s  de p e i n t u r e s   e t  de revgtements, a e t 6   e n t r e p r i s   p a r   l e  
Serv ice   Pro tec t ion  de 1 'Environnement  en  Colombie  Britanique  en  1984-1985. 
L ' e n q u g t e   i d e n t i f i e  43 f i r m e s   c l a s s i f i g e s  en c i n q   c a t e g o r i e s ;   l a t e x   e t  
a lkyde,  manufactur ieurs de res ines  de base, d i s t r i b u t e u r s   e t   i m p o r t a t e u r s  
de pigments e t  a d d i t i f s ,   d i s t r i b u t e u r s  de peinture  en  gros,   manufactur iers 
de p e i   n t u r e s   e t  de revg tements ,   d is t r i   bu teurs  de vente au d 6 t a i l .   I 1  fijt 
d e t e r m i n e   q u ' i l   n ' y   a v a i t  pas de f i rmes  produisant  des pigments. 

c h i m i q u e s   o r g a n i q u e s   p r i o r i t a i r e s   6 t a i e n t   u t i l i s e s  dans 1 ' i n d u s t r i e  
manufactur i6re de pe in tu re   e t   revg tement  comprenant l e s  composes su ivants :  
p h l a t a t e  de d i - b u t y l e ,   p h l a t a t e  de d i - o c t y l e ,   c h l o r u r e  de mGthylgne,  oxide 
de t r i - b u t y l   e t a i n ,   f l u o r u r e  de t r i - b u t y l   e t a i n ,   f l u o r u r e  de t r i - b u t y l  
e ta in ,  acrylate de tri-butyl Gtain. 

Quat re  composiis organi  ques p r i o r i   t a i   r e s   a d d i   t i o n n e l  s, d6tectGs 
dans l e s  boues de deux i n d u s t r i e s ,   q u i  ne f u r e n t  pas i d e n t i f i e s  dans l e s  
reponses du ques t i onna i re   d 'aucune   i ndus t r i e ,   e ta ien t   l e   ph la ta te  de 
di-methyle, l e   p h l a t a t e  de d i - e t h y l e ,   l e   p h l a t a t e  de benzyle e t  de b u t y l e  
e t   l e   p h l a t a t e  de b i s - ( 6 t h y l   d ' h e x y l e ) .  

Les p r o d u i t s   c h i m i q u e s   u t i l i s e s  dans l a  product ion de pe in tu res  
e t  revgtements  qu i   sont   cons ideres  s ign i f icat i fs   env i ronmenta l lement  
comprennent, de 1 ' ace ta te  de phenyl  mercure,  des  peintures  anti  sal 1 i ssure b 
base de cu i v re ,  des pigments 5 base de plomb, e t  des s i c c a t i f s .  

Le  volume  annual t o t a l   d ' e a u  usee p r o d u i t   p a r  1 ' i n d u s t r i e   e s t  
est im6 5 615-1000 metres  cube  avec  un  contenu maximum de 3.0-6.0% (28-56 
metres  cube) de boue. Des l o t s   g h t e s ,   j u s q u ' 5  568 &res cube, o n t  e t 6  
e n r e g i   s t r e s   e t   l e s   d 6 c h e t s   s p e c i a u x   f u r e n t   d i  sposes  dans l e s   s i t e s  
d 'en fou issement   secur i ta i res  aux Etats  Unis.   Les  techniques de p reven t ion  
d'gchappement  des p r o d u i t s   e t  de reduc t i on  des  dechets  qui  furent  observges 
du ran t   l es   op6 ra t i ons  L d i v e r s e s   i n s t a l l a t i o n s   s o n t   i n c l u s  dans l e  
rappor t .  

c o n t r i b u e  L i nco rpo re r  des q u a n t i t e s   s i g n i f i c a t i v e s   d ' g t a i n   o r g a n i q u e   e t  de 
p e i n t u r e   a n t i   s a l  1 i s s u r e  2 base  de c u i v r e  dans 1 'environment  marin. 
L ' e f f i c a c i t e   d ' i m m o b i l i s a t i o n ,   p a r   f i x a t i o n  L une m a t r i c e  de ciment, des 
p r o d u i   t s   p o l  1 u a n t s   p r i o r i   t a i r e s   e t  des  metaux lourds  contenu dans 1 es 
boues, r e s t e  L 6tre  determinee une f o i  s disposee dans l e s   s i t e s  
d'enfouissement. Un r a p p o r t  de  donnges  comprenant 1 'analyse des e f f l uen ts  
i n d u s t r i e l s ,  boues, less ivages des  boues,  eaux marines e t  sediments  est  
attache  en  appendice #2. 

Les  reponses au q u e s t i o n n a i r e s   i d e n t i f i g r e n t  que s i x   p r o d u i t s  

I 1   e s t  soupqonne  que l a   c o n s t r u c t i o n   n a v a l e   e t   l e   r e p e i n t u r a g e  
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SUMMARY AND CONCLUSIONS 

The Environmental  Contaminants Act ( E C A )  l i s t  of pr ior i ty  
chemical s i ncl udes pol ychl ori  nated biphenyl s ( PCB s ) , chl  orof 1 uorocarbons 
(CFC's),  chlorobenzenes,  phthalic  acid  esters,  chlorinated  paraffins, 
chloroethanes,  chloroethylenes  chloromethanes and organotins. The candi- 
date 1 i s t  i ncl udes aromati c ami nes,  ethyl  enethi  ourea, ha1 ogenated  diphenyl 
ethers,  halogenated  toluenes,  nitrophenols, and  organophosphorus compounds 
(see Appendix I ) . Some of these chemical s are used as  preservatives,  
fungicides and p las t ic i sers  i n  the  paints and coatings  industry. A survey 
involving a questionnaire and s i te   inspect ions  to   character ize   the firms i n  
this industry was  made t o  determine  use  patterns  for  these  chemicals. 

Pr ior i ty  Chemicals 
S i x  priority  chemicals and five  other groups of chemicals which 

are  environmentally  significant were identified  as  being used and they 
i ncl ude: 

1) di-n-butyl  phthal  ate 
2 )  di-n-octyl  phthalate 
3 )  dichloromethanes  (methylene  chloride) 
4 )  t r i b u t y l  t i n  oxide 
5 )  t r ibutyl  t i n  f luoride 
6) acryl ic  t r i b u t y l  t i n  

Other Chemicals  of Concern 

1) Phenyl mercuric  acetate 
2 )  Lead based  pigments 
3)  Chromium base pigments 
4 )  Lead based dr ie rs  
5) Copper based antifouling  agents 

a 
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F ive  types of f i r m s  were i d e n t i   f e d   i n   t h e   s u r v e y  and they 
inc lude:  

1) Latex and a l kyd  base res in   manufac turers  
2 )  Pigment  and a d d i t i v e   i m p o r t e r s  and d i s t r i b u t o r s  
3) Wholesale  warehouse p a i n t   d i s t r i b u t o r s  
4 )  P a i n t  and coat ings  manufacturers 
5) R e t a i l   s a l e s   d i s t r i b u t o r s  

O f  these, 24 f i r m s  were p r imar i l y   i nvo l ved   w i th   t he   manu fac tu re  
o f   p a i n t s  and coat ings and 19 f i r m s  were p r i m a r i l y   i n v o l v e d   i n   o p e r a t i n g  
d i s t r i b u t i o n  warehouses  which  would  account fo r   a lmos t  100% o f   t h e   q u a n t i t y  
o f   coat ings  used i n  B.C. 

Most   add i t i ves   and   a l l   p igmen ts   a re   impor ted   i n to   B r i t i sh  
Columbia  and t h e   d i s t r i b u t o r s   s t o r e   t h e s e   m a t e r i a l s   i n   t a n k  farms  which may 

be s p e c i f i c a l l y   d e s i g n e d   f o r  such  products  (as i n  the  case o f   l i q u i d s )   o r  
i n  genera l   mu l t i -p roduc t  warehouse  complexes  (as  for  pigments). 

So lvent   s to rage  tanks   a re   in te r io r  and e x t e r i o r ,  above and below 
ground. The major i t y   a re   ex te r io r   be low  g round  tanks   w i th  no leak 
de tec t ion   dev ices .  None o f   the   tanks   inspec ted  had leak   de tec t ion   dev ices  

o r   g round   wa te r   mon i to r i ng   we l l s  and a re   ven ted   t o   t he   amb ien t   a i r .   Du r ing  
produc t   m ix ing   the   vapours   a re   ven ted   to   the  atmosphere  under a i r   p e r m i t s  

but   are  rare ly   moni tored  for   compl iance,   wi th   odour   be ing  the  pr imary 

concern. The major   impact   o f   so lvents  i s  expected t o  be from  vapour izat ion 
a f t e r   a p p l i c a t i o n   t o   s u b s t r a t e s .  

The indust ry   survey  determined  that   there  are  twenty- four   f i rms 

p r i m a r i l y   i n v o l v e d   i n   t h e   p r o d u c t i o n   o f   p a i n t s  and  coatings i n   B r i t i s h  
Columbia. The products  produced  include a wide  range o f  app l   i ca t ions   f rom 
t h i c k   a s p h a l t i c   c o a t i n g s  and  household and s p e c i a l t y   p a i n t s   f o r   c h e m i c a l  
co r ros ion   res i s tance  and  mar ine   app l i ca t ions ,   to   decora t ive  cement and 

f i l l e r  based  wall   coverings. An est imated volume o f  31 506 000 1 o f   l i q u i d  
p a i n t s  and coa t ings  and i n  excess o f  15 500 000 k g   o f   p u t t i e s ,   f i l l e r s  and 

L 
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a 

I 

cementous coat ings  are  produced  annual ly  (see  Table 1). An est imated 83 m3 

o f   s ludges  and sol   ids  are  d isposed  annual ly t o  t he   Po r t  Mann and o the r  
l a n d f i l l s .   S p e c i a l  was tes   a re   s to red   o r   sh ipped   to   secu re   l and f i l l   i n   t he  

Uni ted  States.  A c u r r e n t   i n v e n t o r y   o f  178 m3 o f  a1 kyd and 1 atex  sludge i s  
s to red  on s i t e   f o r   r e u s e   o r   ( i f   c o s t   e f f e c t i v e )   f o r   d i s p o s a l   t o   s e c u r e  
l a n d f i l l .  615-1000 m3 o f  combined t r e a t e d  and untreated  waste  water (wash 
water and  waste p a i n t )   c o n t a i n i n g  2.0-20.0% (45-90 m3) s o l i d s   i s   d i s c h a r g e d  

t o   s a n i t a r y  sewer. ( A  was te   charac ter iza t ion   s tudy   o f   severa l   t yp ica l  
p l a n t   e f f l u e n t s   i s   i n c l u d e d  as  Appendix 11.) An a d d i t i o n a l  4 800 m3/y of 

miscel laneous  waste  which  contains an undetermined amount o f  waste  paint ,  
p a i n t   s k i n s  and  pigment i n   t h e   f o r m  o f  res idue on  empty conta iners and 

packaging  mater ia ls  i s  disposed t o   l a n d f i l l .   S p o i l e d   b a t c h  volumes o f  up 
t o  568 m3 have requi red  d isposal   o f   over  a pe r iod   o f   seve ra l   yea rs   t o  
l a n d f i l l   s i t e s   i n   t h e   U n i t e d   S t a t e s .  

P r i o r i t y   A d d i t i v e s :   D i - n - b u t y l   p h t h a l a t e  and d i - n - o c t y l   p h t h a l a t e  were 
two ECA p r i o r i t y   p l a s t i c i s e r s   i d e n t i f i e d   i n   t h e   s u r v e y   ( A p p e n d i x  I ) .  A 

major   por t ion   o f   the   es t imated  16 000 1 o f   d i - n - b u t y l   p h t h a l a t e   i s  used as 
p l a s t i c i s e r   i n   f i l l e r  and g rou t i ng   ma te r ia l .   Quan t i t i es   re leased   a re   no t  
known  and p re l   im ina ry  sampl i n g   i s  planned to   de te rm ine  i f  it i s  present  i n  

the   env i ronment   near   the   coa t ings   p lan ts  where i t  i s  used. 
An est imated  61 400 kg/y   o f   p reserva t ives   a re   used  inc lud ing  

copper  oxides,  mercur ia ls,   organochlor ines and o rgano t in  compounds.  Copper 
oxides  are  used as p rese rva t i ves  and a n t i   f o u l i n g   a g e n t s   i n   m a r i n e   p a i n t s .  
Phenyl  mercuric  acetate i s  used  as a mi ldewicide  and  fungic ide i n  f i l l e r  
and g rou t i ng   ma te r ia l  and accounts   fo r  44% o f   t h e   t o t a l  used. 
Organochlorines  such  as  Dowici l  75 (l-(3-chloroallyl)-3,5,7-triazo-1- 
azoniaadamantane c h l o r i d e )  and  pentachlorophenol  are  used  as  paint and wood 
preservat ives.   Organot ins  are  used as a n t i f o u l i n g   a g e n t s  i n  mar ine   pa in ts  
and a n t i f u n g i c i d e s   i n   i n t e r i o r   p a i n t  where m o i s t u r e   i s   s i g n i f i c a n t  such  as 
i n s t i t u t i o n a l   k i t c h e n s  and d a i r i e s .  (1) 

The major  environmental  impact o f  t h e s e   m a t e r i a l s   i s   e x p e c t e d   t o  

occur   dur ing   c lean ing  and r e a p p l i c a t i o n  when surfaces  are  c leaned by 

scraping  or  sandbl  as ti ng . 
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Shipyards  and  s tee l   fabr icat ion  yards have  been c i t e d   f o r   a i r  
p o l l u t i o n ,  odour  and dust   problems  dur ing sand b l a s t i n g   o f   t h e s e   c o a t i n g s  
f o r   s u r f a c e   p r e p a r a t i o n  and r e f i n i s h i n g   ( 1 2 ) .  The e x t e n t   o f   t h i s   p r o b l e m  

i n   B r i t i s h  Columbia  has n o t  been  documented  however there   a re  34 sh ipbu i l d -  
i n g  and r e p a i r   s t a t i o n s   i n   B u r r a r d   I n l e t ,   t h e   l o w e r   F r a s e r   R i v e r  and 
V i c t o r i a  and Esquimalt  harbours. 

Other   Addi t ives:  An estimated  140 393 k g   o f   d r y i n g   a c c e l e r a t o r s  

inc lud ing  ca lc ium,  cobal t ,   copper ,   lead,  manganese, z i n c  and z i rconium 
napthenates  are used. Approximately 30% of  these  being  lead  napthenates.  

Waste Product ion  and  Treatment :   Product ion  o f   so l id  and l i q u i d  wastes 
v a r i e s   f r o m   p l a n t   t o   p l a n t  and  volumes o f   l a t e x   s l u d g e s   r a n g e   f r o m   n i l   t o  
14.4  m3/y (70 b a r r e l s / y r ) .   L i q u i d  waste   s ludge  f rom  la tex   pa in t   p roduc t ion  
i s  es t ima ted   a t  83 m3/y f o r  1984. 

Some companies a r e   a b l e   t o   r e c y c l e   a l l   t h e   l a t e x  wastes i n t o  new 
product  which may be a lower  grade  paint.  Another  method i s   d i l u t i o n   w i t h  
coo l ing   water  and d i s c h a r g e   t o   s a n i t a r y  sewer.  (The  volume o f  waste i s  
small i n   t h i s  case.)  This i s   n o t   p e r m i t t e d   i n   a l l   d i s t r i c t s .  The l a c k   o f  

a d i s p o s a l   s i t e   i n  B.C. and   t he   h igh   cos t   o f   d i sposa l   t o   t he   Un i ted   S ta tes  
has forced some companies t o   r e c y c l e  wastes in to   use fu l   p roduc ts .   Severa l  
companies  have t r i e d   t o   f l o c c u l a t e   l a t e x  wash water however d i f f i c u l t y   i n  
s o l i d i f i c a t i o n  has fo rced  them t o   r e v e r t   t o   r e c y c l e   p r o c e d u r e s .  Some  com- 

panies  use a second f l o c c u l a t i o n   t o   o b t a i n  a product  which will s o l i d i f y .  

Organ ic   was te   l iqu ids   a re   recyc led  i f  possible.   Solvents  which 
a r e   n o t   r e c y c l e d   i n t o   s t a i n   a r e   s o l d  as d i l u e n t   i n  heavy . f u e l   o i l   f o r  use 
i n   s h i p  and h e a t i n g   b o i l e r s .  The q u a n t i t y   o f   w a s t e   r e s i n ,   l a t e x ,  and a l k y d  

sludges  which  cannot  be  recycled i s   n o t  expected t o  be l a r g e  and i n s u f f i -  
c i e n t   i n f o r m a t i o n  was p rov ided   t o   es t ima te   t he  volume. Some companies a r e  
s t o c k p i l i n g   s l u d g e s   i n   p r e p a r a t i o n   f o r   r e c y c l e   o r   i n   a n t i c i p a t i o n   o f  a 
waste  d isposal   s i te  becoming  operat ive i n  B.C. 
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An est imated 615-1000 m3/y o f  process  waste  water i s  discharged 
t o   s a n i t a r y  sewer.  35% ( o r  326 m3) i s   c o l  1 ected  by  the  Annaci s I s l a n d  
sewage t rea tmen t   p lan t .  The waste  water i s  a combination o f   superna tan t  
f rom  p rec ip i ta t ion   p rocesses  and wash w a t e r   d i l u t e d   w i t h   c o o l i n g   w a t e r .  

There  were a number o f   s a f e t y   f e a t u r e s   f o r   t h e   p r o t e c t i o n   o f  
workers and the  environment and waste  reduction  techniques  which  were 
observed a t  var ious   p lan ts  i n  B.C. They inc lude  d ry   tank   c lean ing   tech-  

n iques ,   sp r ink le r  systems and fused   va l ves ,   e leva ted   f l oo r   d ra ins ,   sp i l l  
r e t e n t i o n   s i l l s  and d r i p   c o l l e c t i o n   t r a y s .  Raw ma te r ia l  and product  
storage  areas  wi th  adequate  fencing  and/or berms f o r   p r o t e c t i o n   f r o m  
acc ident   or   vandel ism.  

Three  accidental  re1  eases  during 1984 caused  shor t   te rm  f i sh  and 
b i r d  k i l l  s and  undetermined  long  term  af fects.  A1 1 o f   t hese   cou ld   be  

a t t r i b u t e d   i n   p a r t   t o   i m p r o p e r   s p i l l   p r e v e n t i o n  and containment  planning. 
Examples o f  good planning  which  were  observed a t   v a r i o u s   f a c i l i t i e s   a r e  
i n c l u d e d   i n   t h i s   r e p o r t   t o   p r o v i d e   i n f o r m a t i o n   t o   t h o s e   r e s p o n s i b l e   f o r  
p l a n t   s e c u r i t y .  
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1 .o INTRODUCTION: ENVIRONMENTAL CONTAMINANTS ACT, PRIORITY AND 

CANDIDATE CHEMICALS 

The Environmental  Contaminants  Act, l i s t   o f   p r i o r i t y  and candi-  

da te   chemica ls   i nc ludes   ce r ta in   ch lo r i na ted   hyd roca rbons ,   ph tha l i c   ac id  

esters,   organot ins,   aromat ic amines,  halogenated  diphenyl  ethers,  halo- 
genated  toluenes,  nitrophenols and  organophosphorous compounds (see 
Appendix I ) .  Chemicals l i s t e d   a r e   t h o s e   o f   p a r t i c u l a r   i n t e r e s t   t o   t h e  

departments of   the  Envi ronment  and Nat ional   Heal th   and  Wel fare  for   spec ia l  
i n v e s t i g a t i o n  t o  determine  commercial/ industr ial  use  patterns, 
concentrat ions i n   t h e   e n v i r o n m e n t  and h e a l t h   e f f e c t s .  Some o f  these 
chemicals were i d e n t i f i e d  a s  being  used i n   t h e   p a i n t s  and coa t ings   i ndus t r y  

and t h i s   r e p o r t  examines t h e i r  use i n   B r i t i s h  Columbia. 

1.1 C h a r a c t e r i z a t i o n   o f   t h e   P a i n t s  and  Coat ings  Industry 
C h a r a c t e r i z a t i o n   o f   t h e   f i r m s   i n v o l v e d   i n   t h e   P a i n t s  and Coatings 

Indus t ry   requ i red   the   conso l  i d a t i o n  o f  t he   ava i l ab le   p roduc t i on  and 
env i ronmenta l   in fo rmat ion   ava i lab le .  The documenting o f  companies s t i l l   i n  
ope ra t i on  was done  by r e f e r r i n g   t o  such  sources as: 

a)   Mun ic ipa l   te lephone  d i rec to r ies  
b)   Trade  ind ices 
c)   Federal   envi   ronmental  f i 1 es 
d )   P rov i   nc i  a1 envi  ronmental f i 1 es 
e )   P rov ince   o f  B.C. Bus iness  Oppor tun i t ies  Sourc ing System (BOSS 
f) M u n i c i p a l   b u s i n e s s   l i c e n c e   f i l e s  

The companies i d e n t i f i e d  were  then  grouped i n t o   t h r e e   d i f f e r e n t  

c lasses: 

) Index 

1) P igment   and  Add i t i ve   D is t r ibu t ion   (Supp ly ing   the   Pa in ts  and  Coatings 

I n d u s t r y )  
2 )  Pa in ts  and C o a t i n g s   D i s t r i b u t i o n  

3 )  Pa in ts  and  Coatings  Manufacturers 



- 2 -  

A computer f i l e  was c rea ted ,   con ta in ing   the  company's name, 
address,  telephone numbers, drainage  basin  codes,  and  municipal i ty.  Each 

m u n i c i p a l i t y   o r   c i t y  was ma i led  a p r i n t o u t   o f   t h e  companies b e l i e v e d   t o  be 
o p e r a t i n g   i n   t h e i r   j u r i s d i c t i o n   f o r   c o n f i r m a t i o n ,   a d d i t i o n s   o r   d e l e t i o n s  
a n d   r e q u e s t   f o r   e n v i r o n m e n t a l   d a t a   r e l a t i v e   t o   t h e   o p e r a t i o n .   I n   m o s t  
cases  the l i s t  was r e f e r r e d   t o   t h e   b u s i n e s s   l i c e n s e   o f f i c e  and  very l i t t l e  
env i ronmenta l   in format ion was avai lable.   Several   lower  mainland  municipal  

o f f i c e s   a r e   c o n v e r t i n g   t o  a computer  data  base w i t h   t h e   c a p a c i t y   t o   s t o r e  
s i m i l a r   i n f o r m a t i o n .  It was a l so   f ound   tha t  some m u n i c i p a l   f i r e   d e p a r t -  
ments are  per forming  chemical   inventor ies  f rom a f i r e   p r e v e n t i o n  and sa fe ty  
perspect ive.   Future  inventor ies  should  cons ider   th is   source  o f  

i n fo rma t ion .  

1.2 Indus t r y   Ques t ionna i re  
I n   c o - o p e r a t i o n   w i t h   t h e   I n d u s t r i a l  Programs  Branch EPS, i n  

Ottawa an indus t r y   ques t i onna i re  was developed  and  tested  by  submission  to 
several  companies t o  fill o u t  and comment.  The I n d u s t r i a l  Programs  Branch 
was a l s o   r e s p o n s i b l e   f o r   c o n t a c t i n g   i n d u s t r y  and t rade  assoc ia t ions  such as 
t h e  Canadian Pa in ts  and  Coatings  Manufacturers  Associat ion  regarding  the 
survey o f   t h e i r  members i n   t h e   P a c i f i c  Region  and  were  provided  with a copy 
o f   t he   ques t i onna i re .   A f te r   seve ra l   rev i s ions   o f   t he   ques t i onna i re  company 
o f f i c i a l s  were contacted  by phone to   determine;  

a )  i f  they   were   ac t i ve ly   invo lved i n  manu fac tu r ing ,   us ing   p r i o r i t y   o r  
candidate  chemicals. 

b )   the   con tac t   person  to   rece ive   the   ques t ionna i re .   Th is  was very  impor- 

t a n t   t o   a s s u r e   t h a t   t h e   q u e s t i o n n a i r e  was d e a l t   w i t h   q u i c k l y  by  the 
most   qua l i f ied   person and  reduce  chances o f  it being lost. 

c )  an  appointment t o  examine t h e   f a c i l i t y   f i r s t  hand, observe  handl ing 

procedures,   answer  inqui r ies  regard ing  the  quest ionnai re.  

1.3 S i t e   I n s p e c t i o n  

Approximately 115 companies  were  contacted  and 90 were v i s i t e d  

over a seven  month  period. These included: 63 - General P l a s t i c s   f i r m s  
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(see Ref. 15); 4 - General  Resin firms  (see Ref. 15); 24 - P a i n t  a n d  Ink 
firms. The large number o f  v i s i t s  were made t o  ensure  that most variations 
i n  production were included and tha t  none of the companies would feel t h a t  
they were sing1 ed o u t  and t h a t  a f a i r  assessment would  be  made o f  the 
industry . 

Five of these companies were selected  for a prel iminary sampl i n g  
program t o  characterize  wastes and  determine  possible  routes o f  transport 
o f  priority  chemicals t o  the environment. Two p a i n t  and coatings p lan ts ,  
two resin pl  ants and  one p las t ics  p l a n t  were selected on the basis o f ;  

a )  s ize  
b )  process  operations being typical for the  industry 
c )  use of p r ior i ty  or candidate chemical s as defined i n  the Environmental 

Contaminants Act (7) 

1.4 Types o f  Firms Operating i n  British Columbia 
Five  types o f  firms were ident i f ied i n  the p a i n t  and coatings 

survey o f  the  Pacific Region a n d  include: 

1) Latex a n d  a1 kyd base resin  manufacturers  (see Ref. 15) 
2 )  Pigment and additive  importers and d i s t r ibu ters  
3 )  Wholesale  warehouse p a i n t  d i s t r ibu ters  
4 )  P a i n t  a n d  coatings  manufacturers 
5 )  Retail  sales distri buters 

1.4.1 Retail Sales Distribution. Retail d i  stri buters of paints ,  
coatings and stains include  factory  sales  offices,   manufacturers  retail  
s tores ,  lumberyards and some supermarkets. These f a c i l i t i e s   r e s e l l  manu- 
factured  products and custom t i n t  or pigment small volumes according t o  
customer requests. The wastes produced are small i n  volume  and are  
res t r ic ted  t o  empty cans and minor spill s. 
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1.4.2 Wholesale Warehouse Distr ibuters .  Who1 esal e di  s t r i   bu te r s  may 
do  some speci a1 t y  blending o 
(Approximately 200 1 batches 
and dis t r ibut ion of finished 
repackaging may produce smal 1 

small batches of paints  or  coatings. 
. The majori ty of activity  involves warehouse 
product.  Specialty t i n t i n g ,  pigmenting or  

volumes of waste p a i n t  and  empty containers. 

1.4.3 Pigment Importers and Distributers. Pigment importers and 
d i s t r ibu ters  ship b u l k  pigments and additives t o  the  manufacturers.  There 
are no pigment manufacturers  located i n  Bri t ish Columbia and almost a l l  
pigments are  imported from eastern Canada or  the United States.  Material 
h a n d l i n g  involves shipment of  powdered additives i n  p las t ic   or  paper  bags, 
cardboard or metal containers. Some companies ship from rented warehouses 
which  can contain a wide variety of goods from food t o  chemicals and 
consumer goods.  There are v i r t u a l l y  no wastes from these   f ac i l i t i e s .  

1.4.4 Resin Manufacturers. Resin manufacturers produce  a wide 
variety of l i q u i d  ca r r i e r s  which range from water based t o  polymer based 
compounds. There are  el even  major resin groups and they  include: 

01 eoresi nous binders 
A1 kyd resins 
Amino resins 
Vinyl res i  ns 
Acryl i c   r e s i  ns 
Epoxy resins 
Polyurethane  resins 
Chlorinated  rubbers 
Cellulosic polymers 
Phenol ic   res ins  
Asphal t i c  resins 

The precise  definit ion of  a resin i s  d i f f i c u l t  as each group has 
mu1 t ip le   var ia t ion  ranging from t h i n ,  l i q u i d  emulsions t o  t h i c k  non pour- 

It 
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ab le  compounds used fo r   mo ld ing  and p l a s t i c   a p p l i c a t i o n s   ( 6 ) .  Waste pro- 
d u c t i o n   i s   h i g h e r  due t o  hand1 i n g   o f   b u l k   q u a n t i   t i e s   o f   r e a c t a n t s ,   c l e a n i n g  
o f   r e a c t o r s  and tanks and f i l t r a t i o n   o f   p r o d u c t s .   T h i s   r e p o r t  will 
r e s t r i c t   i t s e l f   t o   p r o d u c t s   s p e c i f i c a l l y   f o r m u l a t e d   f o r   t h e   p a i n t s  and 
coat ings   indus t ry   (see   Sec t ion  3). 

1.4.5 Pa in ts  and  Coatings  Manufacturers. The indust ry   survey 
de te rm ined   tha t   t he re   a re   twen ty - fou r   f i rms   p r imar i l y   i nvo l ved   i n   t he   p ro -  
d u c t i o n   o f   p a i n t s  and c o a t i n g s   i n   B r i t i s h  Columbia. The products  produced 
were a wide  range o f   app l i ca t i ons   f rom  th i ck   aspha l t i c   coa t i ngs ,   t o  house- 
h o l d  and spec ia l t y   pa in ts   f o r   chemica l   co r ros ion   res i s tance  and marine 
a p p l i c a t i o n s ,   t o   d e c o r a t i v e  cement and f i l l e r  based  wall   coverings. An 

est imated volume o f  31 506 000 1 o f   l i q u i d   p a i n t s  and  coat ings and i n  

excess o f  15 500 000 k g   o f   p u t t i e s ,   f i l l e r s  and  cementous coat ings  are 
produced  annually  (see Tab1 e 1 1. An est imated maximum volume o f  83 m3 o f  
waste  sludge i s  produced  annually. A f u r t h e r  4 800 m3 o f  misc'ellaneous 
waste  which  contains  waste  packaging,  general  refuse, and  an undetermined 

amount o f  was te   pa in t  and pigment i n   t h e   f o r m   o f   r e s i d u e  on empty 
conta iners  and  packaging  materials i s  disposed t o   l a n d f i l l .  15-20 m3 o f  

special   wastes  resul t ing  f rom  spoi led  batches  are  d isposed  each  year i n  
vary ing  amounts  and 178 m3 i s   s t o c k p i l e d   u n t i l   d i s p o s a l   i s   a v a i l a b l e .  
Spo i led   ba tch   vo l  umes o f  up t o  568 m3 have  been i nvol  ved  (see  Table 5 .O) . 
This  i s  disposed o f  over a p e r i o d   o f   s e v e r a l   y e a r s   a t   l a n d f i l l   s i t e s   i n   t h e  

Uni ted  States.  
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2 .o PAINT AND COATINGS  PRODUCTION 

P a i n t  and coat ings   p roduc t ion   can  be  broken i n t o  two  categories, 

phys ica l   p roduc t ion  and  chemical  production. The phys ica l   p roduc t ion  gen- 
e r a l  l y  r e f e r s   t o   t h e   p r o d u c t i o n   o f   l a t e x   ( w a t e r  based)   pa in ts ,   d ry ing   o i l  
(o leores inous)   pa in ts  and s t a i n s  i n  mixing  tanks.  Chemical  production 
re fe rs   t o   p r imary   o r   secondary   reac t i ons   ca r r i ed   ou t  i n  reac tors   to   p roduce 
a1 kyd  (po lyester   based) ,  amino, v i n y l ,   a c r y l i c ,  epoxy,  polyurethane,  chlor- 

i n a t e d  and pheno l ic   res ins .  The base r e s i n   p l a n t s  produce  chemicals  for 

t h e   p l a s t i c s  and t h e   c o a t i n g s   i n d u s t r y  and r e a c t i o n s   a r e   d e t a i l e d   i n  
references 1, 2, 6. The base res ins  are  sh ipped i n   b u l k   v i a   r a i l   t a n k e r ,  
t r u c k   t a n k e r   o r   i n   b a r r e l s   t o   p a i n t   m a n u f a c t u r e r s  where a d d i t i v e s   a r e  
b l e n d e d   i n t o   t h e   r e s i n  and p r o d u c t i o n   i s   e s s e n t i a l l y  a phys ica l   m ix ing  
process. The six  general   stages o f  pa in t   p roduc t i on   i nc lude :  

1) Dry a d d i t i v e   b l e n d i n g  
2 )  Pigment  and a d d i t i v e   w e t t i n g  
3 )   Bu lk ing   w i th   so l ven ts  

4 1 Packaging 
5 )  Equipment c lean ing  
6 )  Sh ipp ing   and   d i s t r i bu t i on  

2.1 B1 e n d i n g   o f  Dry A d d i t i v e s  
Dry addi t ives  such as f i l l e r s ,   p i g m e n t s  and v i s c o s i t y   m o d i f i e r s  

a r e   l o a d e d   i n t o   b l e n d i n g   m i l l s .  Mill des ign   var ies  however the  most common 
i s  a ro ta t i ng   me ta l   cy1   i nde r  fill ed  w i th   me ta l   ba l l  s o f   v a r i o u s   s i z e s   t h a t  

a r e   d e s i g n e d   t o   p u l v e r i z e  and  promote  in t imate  mix ing o f  the  pigment. 
Powders a re  added through a l o a d i n g   p o r t   o r   c h u t e  and dusts  generated  by 
t h e   d i s p l a c e d   a i r   a r e   u s u a l  l y  c o l  1 ected by a  vacuum hood  and f i l t e r e d   o r  i n  
some cases   d i scha rged   d i rec t l y   t o   t he  atmosphere. M i x i n g  may  a1 so be done 

by   pour ing   reac tan ts   s imu l taneous ly   in to  a t u r b i n e   m i x e r  where a r o t a t i n g  
b lade   ag i ta tes  and dispenses  the  streams  of  powder  as they  fa1 1 
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i n t o   t h e  cy1  inder .   Bal l  mil 1 s are  the  most common f o r   d r y   b l e n d i n g  and 
af ter   the  products   are  loaded  the mill i s  sealed and a l l o w e d   t o   r o t a t e   f o r  
up t o  8 t o  10 hours. The heat  generated by f r i c t i o n   i s  removed  by c o o l i n g  
water  which i s  d ischarged  to   s torm sewer i n  most  cases. None o f   t h e   p l a n t s  
v i s i t ed   recyc led   t he   coo l i ng   wa te r .   H igh  speed d ispers ion   b lenders   a re  
r e p l a c i n g   b a l l   m i l l s   f o r   p i g m e n t   m i x i n g   o p e r a t i o n s .  The pigment  storage 
and/or  blending  areas o f  all b u t  one p l a n t   v i s i t e d   i n   B r i t i s h  Columbia  were 
s u b j e c t   t o   e x t e n s i v e   s p i l l a g e  and dust.  Most o f   t h i s   s p i l l e d   m a t e r i a l   i s  
carr ied  throughout   the  process  area by personne l   and  veh icu la r   t ra f f i c .  
The one p l a n t  where no dust  was ev iden t  was a new f a c i l i t y  which had  been 
o p e r a t i n g   f o r  over four   years  and  had  several   dust   control   features.  These 
inc luded a d u s t   c o l l e c t i o n  hood over  the  pigment  weigh  area  which was 
connected  to  a c e n t r a l   d u s t  and fume c o l l e c t i o n  system. A t  a l l   l o c a t i o n s  
where  pigments o r   dus ts  were  handled  there  were brooms  and c o l l e c t i o n  
equipment   s ta t ioned  to  be used i f  any s p i l l  were to   occur .  

Wet m i l l s   a r e   s i m i l a r   t o   d r y   m i l l s   w i t h   t h e   e x c e p t i o n   t h a t   t h e  
pigments  are  blended i n  a r e s i n   s l u r r y   b e f o r e   b e i n g   f i l t e r e d ,   b u l k e d   w i t h  

res in   and/or   so lvent .   Acc identa l   sp i l lage   o f   the   p igment   m ix tu res  and 
screenings  containing  miscel laneous  wastes and par t i c le   cong lomera tes   a re  
the  waste  produced i n   t h i s  area. Volume o f  waste  mater ia l  i s   u s u a l l y   v e r y  
smal 1 i f  proper  procedures  are  fol lowed. 

2.2 Slurry and B u l k i n g  Tanks 
Pa in t   b lend ing  may be a  one o r  two  stage  process. A two  stage 

p r o c e s s   i n v o l v e s   t h e   b l e n d i n g   o f   a l l   t h e   b a s i c   i n g r e d i e n t s   w i t h   t h e   r e s i n  
c a r r i e r   b e f o r e   t h e   m i x t u r e   i s  pumped t o  a l a r g e r   t a n k   t o  be th inned   w i th  
so lvent .  A c a r r i e r   r e s i n   ( o r   b i n d e r )  i s  f i l l e d   i n t o  a b lend ing   tank   v ia  a 
pump and  header  system  which  feeds l i q u i d s   f r o m   i n t e r i o r   o r   e x t e r i o r ,  above 

o r  below  ground  storage  tanks. None o f   t he   underg round   tanks   a t  any o f   t h e  

p l a n t s   v i s i t e d  had  leak  detect ion  dev ices on the  tank  works.  There  were  no 
g roundwate r   we l l s   f o r   l eak   t es t i ng .  The g e n e r a l   a t t i t u d e  was tha t   t ank  
leakage  would be n o t i c e d   b y   u n a c c o u n t a b l e   m a t e r i a l   l o s s   o r   t h a t   i n f i l t r a -  

t i o n  by  groundwater may r e s u l  t i n  c loudiness  o f   the  res in .  
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Some r e s i n  components are added manually  from  metal drums and 
others  are measured  by  volume or   we igh t   in to   smal l   con ta iners   be fore   be ing  

added t o   t h e   b a t c h .   A d d i t i v e  drum s to rage   va r ied   g rea t l y  from p l a n t   t o  
p l a n t .  Some f a c i l i t i e s   s t o r e d   t h e   b a r r e l s   i n  a h o r i z o n t a l   p o s i t i o n   w i t h  no 
co l l ec t i on   t rays   o r   bucke ts   under   t he   sp igo ts .   Th i s   resu l ted   i n   l eakage  
and contaminat ion   o f   the  work  area  (see  Section 7 . 4 ) .  

Mixing  tanks  range  f rom 1000 1 t o  22000 1 o r   l a r g e r .   I n   m o s t  
cases l i q u i d   a d d i t i v e s  and r e s i n  components are added p r i o r   t o   b u l k i n g   t h e  
p a i n t   t o   t h e   d e s i r e d  volume. Fumes and dusts  are  produced when a d d i t i v e s  
a re   pou red   i n to   t he   t anks   and   mos t   f ac i l i t i es  had fume hoods over  the 

mix ing   tanks   to   ven t  fumes d i r e c t l y   t o   t h e  atmosphere. 
The high  sheer  forces  imposed  by  the  b lending  blades  also 

generate  heat  which may requ i re   coo l i ng   wa te r   t o   p reven t   po l ymer i za t i on  o f  
c e r t a i n   a l k y d s .   I n   a l l   c a s e s   t h e   c o o l i n g   w a t e r  was d ischarged  to   s torm 
sewers. 

A f t e r   t h e   s l u r r y   i s  mixed, add i t i ona l   res in   and /o r   so l   ven t  may be 

added.  Depending on the   sca le   o f   t he   ope ra t i on ,   t he   s lu r r y  may be t rans -  
f e r r e d  t o  b u l k   l i q u i f i c a t i o n   t a n k s   f o r   f i n a l   a d d i t i o n   o f   r e s i n s ,   a n d / o r  
so l ven t  and a d d i t i v e s .   M o s t   o f   t h e   p l a n t s   i n   B r i t i s h  Columbia  use  mobile 

t a n k s   t o   w h i c h   a l l   t h e   i n g r e d i e n t s   a r e  added  and b l e n d e d   t o   s p e c i f i c a t i o n s  
be fo re   t ranspor t   t o   t he   packag ing   l i nes .  

2.3 Packaging 
F i l l   i n g  1 i nes vary  f rom manual systems  where  valves  are hand 

operated  and  cans  are  sealed  by  hand  to  ful ly  automated  systems i n  which 
cans  are  machine f i l l e d  and  p ressure   sea led .   Sp i l lage   o f   pa in t  due t o  
carelessness  or  machine mal f u n c t i o n   i s  a p o s s i   b i  1 i ty wi th  a1 1 systems  and 

most   p lan ts  had  cleanup  equipment  and  absorbants  on hand. The used  absor- 
bants  are  d isposed i n   t h e   g e n e r a l   r e f u s e  and quan t i t i es   canno t   be   es t i -  
mated. Some f a c i l i t i e s  use   p ressur ised   equ ipment   w i th   p ro tec t ive   sh ie lds  
t o  g u a r d   a g a i n s t   o v e r f i l l i n g  and  can  explosion.  Spi l l   containment i s  
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simple,  consisting of waste  cardboard packaging or drip  collection  buckets 
stationed a t  s t ra teg ic  points. Wastes collected  are  intermittent,  o f  low 
volume  and are  disposed t o  l a n d f i l l .  

2.4 Plant  Equipment Cleanup 
All p a i n t  production fac i l i t i es   requi re  equipment washing and 

cleanup t o  remove residual  blends and prevent  cross  contamination o f  
products. Alkyd paints and production  lines  are washed w i t h  alkyd or min-  
e ra l   sp i r i t   so lvents  and  latex p a i n t  product ion l ines   are  washed w i t h  water 
r inses and/or dry cleanup methods. The a1 kyd washings are  reused, 
red is t i l l ed   o r  shipped t o  recyclers for blending i n t o  bunker fuel .  Latex 
washings are  reused,  treated or disposed t o  sanitary sewer (see 
Section 6 ) .  

I 

I 
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3.0 RESIN  MANUFACTURING 

Base res in   manufactur ing  genera l ly   requi res  reactor   equipment   for  
t he   p roduc t i on   o f   aspha l t i c ,   o leo res inous ,   rubber ,   p las t i c  and 1 a tex   res ins  
o r  emu1 sions. The r e a c t o r s   u s u a l l y   c o n s i s t   o f  a large  sealab le  tank  equip-  
ped w i t h  access   po r t s ,   ag i ta to r ,   con t ro l  s ,  pressure  re lease mechanisms, 
heat ing   and/or   coo l   ing  systems,  and  condensor  apparatus i f  r e q u i r e d .   I n  
most  cases  the  reactants  are  preweighed and  charged t o   t h e   r e a c t o r .  The 
contents   are  ag i ta ted  by a h i g h  powered m i x i n g   p r o p e l l e r   t o   c o n t r o l  

react ions  by  promot ing  in t imate  contact ,   avo id ing  hotspots  and ma in ta in ing  
hea t ing  and coo l   i ng  systems. 

Hot  compressed a i r  may be i n j e c t e d   t o   o x i d i s e   a s p h a l t   o r   o l e o -  
res inous  o i l s  t o  produce h igher  v i s c o s i t y   o i l s .  Rubber o r   p l a s t i c / w a t e r  
emuls ions   a re   p roduced  by   spec i f i c   con t ro l   o f   reac t ion   cond i t ions  where 
microscopic beads o f   po l ymer   a re   f o rmed   i n  a water  suspension  with  polymer- 
i z a t i o n   c o n t r o l l e d  by   tempera ture ,   ca ta lys ts ,   f ree   rad ica l   genera tors  and 
absorbers,   sur factants   and  react ion  t ime.   Polymer izat ion  can  cont inue even 

a f t e r  removal  from  the  reactor and d u r i n g   t r a n s p o r t  so t h a t   r e a c t i o n   i n h i -  
b i   t o r s   a r e  added  and s to rage  t ime  be fore   f ina l   p rocess ing  i s   k e p t   t o  a 
minimum. 

3.1 Oleores inous   O i ls  
01 eoresinous o i l  s are   the  01 des t   used  coat ing   mater ia l  and 

i n c l u d e   n a t u r a l   v e g e t a b l e   o i l s   w h i c h   a r e   l o n g   c h a i n   f a t t y   a c i d s .   L i n s e e d  
o i l  ( raw,  boi  1 e d   o r   o x i   d i  sed),  tung o i l  , and  soya o i  1 are  used i n   B r i t i s h  

Columbia  (see  Table 2).  O t h e r   o i l s   w h i c h  may be  used  inc lude  o l ive,  

soybean, dehydra ted   cas tor ,   ta l  1 o i  1 ( 2  1, castor,  coconut,  cottonseed  and 
o i t i c i c a   o i l s  (1). The act ive  agents   are  the  unsaturated  double bonds o f  
l i n o l e n i c ,   l i n o l e i c  and o l e i c   a c i d .  

The re   a re   t h ree   t ypes   o f   o i l  s: dry ing,  semi dry ing,  and 
non-dryi  ng. D r y i n g   o i  1 s have a high  degree o f  unsa tu ra t i on  and  cross1  ink 

I 
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t o  a hard film by reac t ion   w i th   a tmospher ic  oxygen.  Semi-drying o i l s  have 
lower  degree of   unsaturated  double bonds which  takes  longer t o   c r o s s l i n k  

and  forms a s o f t e r  film. Nondrying o i l s   a r e  composed o f   s a t u r a t e d   f a t t y  

ac ids   wh ich   fo rm  f i lms  by dehydra t ion   ra ther   than  ox ida t ion .  
All oleores inous   o i l s   a re   s low  d ry ing  and may be b lended  w i th  

m e t a l l i c  soaps  such  as calcium,  cobalt,   copper,  lead, manganese, z inc   o r  
zirconium  napthenates  (see  Table 3 and Sect ion 4 . 1 ) .  The  maximum m e t a l l i c  
content  i n  t h e   s a l t   i s  36% and film a d d i t i o n   r a t e s   a r e  0.25% t o  0.5% based 

on s o l i d   c o n t e n t  (1). 

3.2 A1 kyd  Resins 
Alkyd  res ins  are  formed by a condensation  between a po lyhyd r i c  

alchohol  and a carboxy l i c   ac id   o r   anhydr ide  (1, 2 ) .  This i s  a t y p i c a l  
po lyes ter   fo rmat ion .  The r e s i n  can be m o d i f i e d   w i t h   d r y i n g   o r  non d r y i n g  
o i l s .  Those blends  which use h ighe r   concen t ra t i ons   o f   o i l s   a re   no rma l l y  
used f o r   t r a d e  and r e t a i l   a l k y d   p a i n t s .  The l o w   o i l   c o n t e n t ,   m o d i f i e d  

a1 kyds  are  used i n   i n d u s t r i a l   f i n i s h e s  and laquers  which  are  baked on. The 
baking i s   r e q u i r e d   t o  promote film format ion   th rough  c ross l ink ing  and pro- 
duces a harder   g lossy   f in ish .   A lkyd   res ins  can  be  combined w i th   u rea  and 
melamine r e s i n s   t o   p r o d u c e   h i g h   g r a d e   f i n i s h e s .   I n   B r i t i s h  Columbia  the 

base a l k y d   r e s i n   p r o d u c t i o n   i s   p r o d u c e d   a t  one l o c a t i o n   i n   t h e   G r e a t e r  

Vancouver  Regional D i s t r i c t  and d is t r ibuted  to   producers.   Other   producers 
impor t   and  d is t r ibu te   th rough warehouse operat ions.  

3.3 Amino and  Urea  Resins 

a1  dehyde ( R-CC'ti ) and an amine ( R-Ntla ) o r  amide ( R- C *-olur,) (1  ) . 
Melamine i s  reacted  wi th   formaldehyde  to   produce a r e s i n   s u i t a b l e   f o r  a 

heat   s tab le ,   h igh   g loss  baked f i n i shed .  Urea  formaldehyde  resins  are 
b r i t t l e  and  can  be m o d i f i e d   w i t h  a1 kyd   res ins  and p l a s t i c i s e r s  and are  used 
f o r   m e t a l   f i n i s h e s .  

Amino resins  are  formed  by a condensation  reaction  between an 
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l i ne ,  d i  
resins . 

and  are 
respecti 

3.4 

Chemicals  used i n  British Columbia include  urea, di-methyl ani- 
-ethyl -ani 1 i ne, me1  ami ne, formaldehyde and urea formal dehyde 

Both dimethyl and di-ethyl ani 1 i ne are ECA candidate chemical s 
used a t  an estimated  rate of 1000 kg/yr and 10 000 kg/yr 
vely.  Anilines  are known t o  be tox ic   (8) .  

Vinyl Resi ns 
Vinyl resins can be formulated from polyvinyl  chloride ( P V C ) ,  

polyvinyl acetate (PVA) or copolymers o f  both. The coatings  are produced 
by solvating  the prepolymer i n  es te r   o r  ketone  solvents ( 2 ) .  The PVC 
res ins   are  more d i f f icu l t   to   d i sso lve  and provide  better  corrosion  resis- 
tance.  Solubility  increases w i t h  an increase i n  P V A  content of the 
co-polymer (2 ) .  A small volume o f  vinyl  resins (28 400 1 ) are  produced i n  
British Columbia (see Tab1 e 1) .  

3.5 Acrylic Resins 
Acrylic  resins  are  thermoplastic  resins which are polymerized 

using  acrylic and methacrylic  esters (2 ) .  (Methyl methacrylate has  a vinyl 
and methyl e s t e r  bond and can completely  polymerize t o  produce  a hard 
thermoplastic  clear  structure which can be used t o  produce glasses such as 
"Luci  tell or "P1 exigl  ass" (1). These  can be combined w i t h  me1 amine, epoxy 
a1  kyd resins t o  produce corrosion  resistant  coatings ( 2 ) .  The vol ume of 
acryl ic   res ins  produced i n  B.C. are  estimated a t  21 500 1. 

3.6 Epoxy Resins 
Epoxy resins  are based on epichlorohydrin  bisphenol  resins. 

H 
H - -H 1;1r 
H - C - H  0 A 

H O P  - i - D O H  + H&-,C - C - C 1  + OH- - Epoxy Cement ( 7 )  

H 

2,2-Bi s (p-hydroxyphenyl 1 
propane ( B i  sphenol A )  

Epi chl  orohydri n 
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These are chain structured w i t h  aromatic groups and are jo ined  by 
ether groups (R-0-R' ) ( 2 ) .  Approxi,mately 28 000 1 /yr of epoxy resin based 
coatings  are produced i n  Brit ish Columbia as a base for marine pa in t  (see 
Table 1).  Epoxy res in   i s  imported and blended for use as a decorative 
clear   f inish  for   furni ture  such as wood burl table   tops,   craf ts ,  hobby k i t s  
and  counter  tops  or  formulated i n t o  industrial  maintenance  coatings  for  the 
protection o f  s t ee l .  

3.7 Polyurethane  Resins 
Polyurethane  coatings  are  formulated t o  produce protective  inter-  

ior  and  exterior  coatings. The properties range from t h i n  rubber l ike  
coatings t o  c lear   in te r ior  and exterior  f inishes  for wood. The general 
classes of urethane  resins are:  

1) amine catalysed two container system 
2 )  moisture  cured  urethane 
3)  urethane ( a l i p h a t i c )  o i l s  and alkyds 

The f i r s t  group i s  cured by an amine ca ta lys t ,  i n  the second 
group moisture i n  the  air cures  the p a i n t  ( 2 ) .  

An estimated 18 260 1 of two component urethane  insulating  resin 
systems and 600 000 1 o f  moisture  cured  urethane  coatings  are produced 
annually i n  B.C.  Approximately 60 000 1 of a1 iphatic  urethane based coat-  
ings  are imported i n t o  the  region and small volumes of a l iphat ic   res ins   are  
custom blended for  specific  applications. 

3.8 Chlorinated Rubber Coatings 
Specialty  anticorrosion  chlorinated  rubber  coatings  are 

formulated i n  B.C. Chlorinated compounds such as  chloro-ethylene, 
monochloro-undecane and polychloroprene  are  handled in estimated amounts of 
1300 k g ,  ( t r a c e ) ,  and 6600 kg respectively. An estimated 15 200 kg of 
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m i  scel 1 aneous rubber  coatings  are  blended  annual l y  . Ch lo r ina ted  compounds 
are ECA p r i o r i t y   c h e m i c a l s  however the amounts  used are  small  and mono- 
ch l   o r0  undecane i s   o n l y  used i n   t r a c e   q u a n t i   t i e s .  

3.9 Cel l   u los ic   Po lymers  
C e l l u l o s e   n i t r a t e  was previously  used i n   l a r g e   q u a n t i   t i e s   i n   f a s t  

d ry ing   l aquers   bu t  has  been replaced  by  synthet ic  polymers (1). 
N i t r o c e l l u l o s e   i s   p r o d u c e d   b y   n i t r a t i n g   c o t t o n   f i b e r  i n  n i t r i c   a c i d  and i s  
produced i n  RS (Regular  soluble)  and SS ( s p i r i t   s o l u b l e )  grades ( 2 ) .  It 

forms a c l e a r  film and i s  used  commercially  as a p l a s t i c i s e d   m a t e r i a l   i n  
aromatic and a l iphat ic   hydrocarbons .   F i lm  fo rmat ion   i s   by   evapora t ion  and 
approximately 4750 1 o f   n i t r o c e l l u l o s e   d i s s o l v e d   i n   e t h y l   a c e t a t e ,   m e t h y l  
i sobuty l   ke tone i s  used i n   c o a t i n g s   p r o d u c t i o n   i n   B r i t i s h  Columbia. 

3.10 Phenolic  Resins 
There  are two  t ypes   o f   pheno l i c   res ins   wh ich  can  be  used as coat-  

ings.  Pure  phenolics  are  phenol  formaldehyde  resins  which  are used most ly  
as  g lue  for   p lywood  product ion.  It can a l s o  be  used for   chemical ,  a1 k a l  i 
and a l choho l   res i s tan t   coa t i ngs   f o r   t anks ,   pa t i os  and f u r n i t u r e  ( 2 ) .  

Mod i f i ed   pheno l i cs   a re   es te r   l i nked   res ins .  An est imated 
22 500 1 are  produced i n  B.C. f o r   coa t i ngs .   Pheno l i c   res ins  may be com- 
b i n e d   w i t h   d r y i n g   o i l s  such  as l i n s e e d   o r   t u n g   o i l   t o   p r o d u c e   v a r n i s h e s .  

3.11 Asphal t ic   Coat ings 
Asphal t   based  coat ings  are  produced  for   use i n  outdoor  appl ica- 

t i o n s  such  as t e n n i s   c o u r t s  and pa t i o   su r faces  as wel l   as  waterproof ing,  
wood preserva t ion ,   road  sur fac ing  and p i p e 1   i n e   a n t i c o r r o s i o n   a p p l i c a t i o n s .  
The coa t ings  may be   so l ven t   o r   emu ls i f i ed   l a tex   b lends .  The c o l o r s  used 

f o r   a s p h a l t i c   c o a t i n g s   a r e   l i m i t e d   t o  chrome ox ide  greens,   i ron  ox ide  reds 

o r   t i t a n i u m   d i o x i d e   g r e y s  and a s p h a l t i c   b l a c k .   F i l l e r s  of powdered c l a y  

and g r i t   m a t e r i a l  such  as  sand  and  mica  are  used t o   p r o v i d e   s u r f a c e  
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texture.  An estimated 1 173 000 1 o f  asphaltic  coatings and 1 365 000 1 o f  
emulsion coatings  are produced i n  B.C. 

3.12 Silicone Based Resins 
Silicone  resins  are  crosslinked networks  derived from the hydro- 

lys i  s o f  t r i  chl orosi 1 anes and dichl  orosi 1 anes . Surface  coating  resins 
generally  contain methyl or phenyl radicals.  None of the f a c i l i t i e s  
surveyed i n  B.C. indicated  the  production o f  si l icone based coatings and i t  
is  believed t h a t  a l l  such products  are imported in to  the region. 
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TABLE 1 ESTIMATED  ANNUAL  PRODUCTION IN THE  PAINTS  AND  COATINGS 

INDUSTRY OF BRITISH  COLUMBIA* 

COMPOUND 

L a t e x   P a i n t  

A1  kyd P a i n t  

C1 ear   Coat ings 

Laquers 

Emu1 s i  on Resins 

Asphalt ic   Coat ings 

Rubber  Based Coatings 

P a i n t  and  Varnish Removers 

P u t t i  es ,  F i  11 e r s  

ESTIMATED AMOUNT 

( l i t e r s )  

9 152  300 1 

17 683 700 1 

727 000 1 

464 200 1 

1 365 000 1 

1 713 000 1 

79 900 1 

320 760 1 

> 15 500 000 kg 

*Tota ls  do n o t   i n c l u d e   p a i n t   i m p o r t e d   f o r   d i s t r i b u t i o n .  
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TABLE 2 ESTIMATED  CONSUMPTION OF RESINS  USED  IN THE PAINTS AND 
COATINGS  INDUSTRY OF BRITISH  COLUMBIA 

~ 

RESIN 

Raw Linseed Oil 

Boiled  linseed  oil 

Oxi  d i  sed 1 i nseed o i  1 

Soya Oil 

Tung Oil 

A1 kyd res 

Vi nyl res 
Epoxy res  

ins 

ins 
ins 

Polyurethane  resins 

Phenol formaldehyde res ins  

Acrylic resins 

Urea 
Me1 ami ne Formal dehyde 

Dimethyl anal i ne 

Diethyl  anal i ne 
Poly  methylmethacryl a te  

CONSUMPTION 

3 943 000 1 

64 000 1 

52 400 1 

11 550 1 

10 300 1 

3 044 000 1 

62 000 1 

< 30 000 1 

15 300 1 

34 000 1 

209 000 1 

4 000 000 kg 

< 15 000 k g  

1 000 kg 

10 000 k g  

3 000 kg 
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4.0 ADDITIVES 

A mix tu re   o f   res in ,   p igmen t  and s o l v e n t   i s   n o t   l i k e l y   t o  have the 
p r o p e r t i e s   r e q u i r e d   t o  make it a  good coat ing  which i s  easy to   apply ,   dur-  
a b l e   o r  has the   appropr ia te   sur face   charac ter is t i cs .   There   a re  more than 
17 c lasses   o f   add i t i ves   wh ich  may be inc luded i n   t h e   f o r m u l a t i o n   t o   c o n t r o l  
co lou r ,   co lou r   f as tness ,   u l t rav io le t   deg rada t ion ,  and rheo log ica l   p roper -  
t i e s .   O t h e r   a d d i t i v e s   i n c l u d e   p l a s t i c i s e r s ,   p r e s e r v a t i v e s ,   b i o c i d e s ,  
f ung ic ides ,   an t i f ou l i ng   agen ts  and  combust ion  inh ib i tors .  A wide   va r ie t y  
o f   tox ic   subs tances  such  as  heavy me ta l s ,   ch lo r i na ted   o rgan ics ,   ph tha l i c  

a c i d   e s t e r s  and o rgano t in  compounds are  used i n  these  add i t i ves  and  have 
been detected i n   t h e  waste  streams  of some p lan ts .  The types and est imated 

q u a n t i t i e s   o f   t h e   c h e m i c a l s   u s e d   i n  B . C .  a r e   o u t l i n e d  as fo l l ows .  

4.1 D r i e r s  
D r i e r s   a r e   m e t a l l i c   s a l t s   t h a t   a i d   i n   t h e   c r o s s l i n k i n g  o f  unsat-  

u ra ted  bonds i n   o l e o r i s i n o u s   b i n d e r s   b y   a c t i n g  as oxidat ion  agents.   Table 
3 l i s t s  seven organo-meta l l ic  compounds which  were i d e n t i f i e d  as being  used 
i n   t h e   P a c i f i c  Region.  They include  calc ium,  cobal t ,   copper,   lead, 
manganese, z i n c  and  zirconium  napthenates. 

C o b a l t   d r i e r   i s   f o r m u l a t e d  as 6% t o  12% coba l t   me ta l  and i s  used 
as a sur face film d r i e r .  Lead  napthenate i s  f o r m u l a t e d   a t  24% t o  36% l e a d  
metal  and  acts  as a p o l y m e r i z a t i o n   c a t a l y s t   f o r   d r y i n g   t h e  film crossec- 

t i o n .  Manganese i s  a film d r i e r   w i t h  6 t o  12%  metal  content.  Calcium 
possesses s i m i l a r  film d r y i n g   p r o p e r t i e s  as l e a d  and  enhances the   pe r fo r -  
mance o f   l e a d  when used i n  combination (1). Calc ium  dr iers   are  used i n  4 

t o  6% meta l   concentrat ions and are  being  used t o  rep1 ace 1 ead f o r   t h e  manu- 
f a c t u r e   o f   l e a d   f r e e   p a i n t s .   Z i r c o n i u m   i s  used  as a l e a d   s u b s t i t u t e  and i s  

s o l d   i n  6 t o  18% metal   concentrat ions (2). 
The c o n c e n t r a t i o n   o f   d r i e r s   i n   t h e   p a i n t   b l e n d   i s   c r i t i c a l  and 

ranges  from 0.025% f o r   c o b a l t   t o  0.5% for   lead ,   based on t h e   s o l i d   c o n t e n t  

o f   t h e   b i n d e r  (1). S o l i d   c o n t e n t   i n  a p a i n t   b l e n d  may be ve ry   l ow   fo r  

s t a i n s   t o  55-60% f o r  some p a i n t s  (10). 

IL 

L 
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4.2 F i l l  e r s  
Extenders and f i l l e r s   a r e  re1 at ively  iner t   mater ia ls   that  do not 

contribute  significantly  to  the  color  or  opacity of the  paint film. Table 
5 l i s t s  the  eight types of f i l l e r s  identified i n  the Pacif ic  Region. They 
are  added to  provide b u l k ,  modify rheology and mechanical properties such 
as  surface  texture,  gloss,  abrasion  resistance and permeability of the 
film. Various  clays form the b u l k  of t h e   f i l l e r  consumed. Other f i l l e r s  
include  barytes,  calcium  carbonate,  mica,  polystyrene,  silica,  talc and 
miscellaneous  materials. The finely powdered dusts create  a problem dur ing  
hand1 i n g  and blending  into  the  paint  formulation. These dusts are  usually 
controlled by a variety  of vacuum  fume heads, f i l t e r s  and baghouse 
systems. 

4.3 Preservatives 
Preservatives  are used as  antifungal,   antibacterial  and ant i -  

fouling  agents  to  protect  the  paint  while i t  i s  being  formulated,  stored 
and after  application  (see  also  Section 4.17 Marine Paints) .  The very 
function o f  these  chemicals require tha t  they are   toxic   to  l i v i n g  orga- 
nisms. Fungicides used include  organotin compounds, mercury,  copper, lead, 
pentachlorophenol, N-(  t r ich l  oromethyl ) thiophthal  imide, and organo 
chlorides  (such  as Dowacil 75). The quant i t ies  used i n  the  Pacific Region 
are  l isted i n  Table 3 .  

Latex  paints  use  water  as a major ingredient and require  the 
addition of biocides  and/or  fungicides  to prevent contamination.  Bacteria 
i n  the paint produce enzymes  which degrade the macromolecules into  products 
which can be assimilated by the  bacteria (1). Thickners  such  as  cellulose 
ether a re   par t icu lar ly   suscept ib le   to   bac te r ia l   a t tack .  Raw materials must 
not be contaminated by enzymes  which can  cause  paint  degradation even i n  
the absence of bacteria. Fungi  may grow i n  paint  stored i n  cans and cause 
gas b u i l d  up and putrefaction. They can grow i n  painted  interior and 
exterior  surfaces,   particularly when re1  ative humidity exceeds 70%. Wall s 
and surfaces i n  dairies,   kitchens and  washrooms are   par t icular ly  
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suscept ih le  and p a i n t s   a r e   s p e c i f i c a l l y   f o r m u l a t e d   f o r   t h e s e   a r e a s .  
Biocides a r e  added a t  a r a t e   o f  0.05% t o  0.3% o f   t h e   w e i a h t   o f   t h e   p a i n t  

(1). 
Organomercurial s such  as  phenyl  mercurial  acetate (PMA) are  used 

i n  mar ine  pa ints  as a n t i f o u l i n g   a g e n t s .  The coat ings  are  designed so t h a t  
the  pr imer  layer o f  the  paint   contains  the  organo  mercury compound which 
leaches   th rough  the   p ipvented   sur face   layer   over   the   serv ice   l i fe   o f   the  
p a i n t  ( I . ,  11). The cons tan t   leach ing  o f  mercury,   copper  oxide,  metal l ic  
c o p p e r ,   o r   t r i b u t y l   t i n   o x i d e  a t  t h e   p a i n t   s u r f a c e   i s   t o x i c   t o  organisms 

such a s  a1 aae or   barnac les.  These mater ia ls   a re   des igned  to   s lowly  escape 
t o  the  environment and i n   t h e  case o f  mercury   a re   tox ic   to   h igher   o rgan isms 
and t h e i r  use i s   r e s t r i c t e d   t o   e x t e r i o r   a p p l i c a t i o n s .  

Orpanotin compounds a r e   l e s s   t o x i c   t o   h i g h e r  organisms  than 
orpanomercurials and a r e   u s e d   f o r   i n t e r i o r   a p p l i c a t i o n s  (1). Compounds 
such as d i b u t y l  and t r i b u t y l   t , i n   o x i d e   a r e  used a t  a r a t e   o f  8 800 k g l y r .  

Dosage i s  approximately 1% o f   t o t a l   s o l   i d s  (1). 
Zinc  oxide i s  a f u n g i c i d e   t h a t  has p igment in9   p roper t ies  and 

consumption i s   e s t i v a t e d  a t  e6 750 ka/yr  (see  Table 3, Inorganic  Pigments 
4 . 9 ) .  E f f e c t i v e  dosage i s  30% t o  40% o f  s o l i d s  (1) and c u r r e n t  use i s  as a 
p igment   w i th   an t i funga l   s ide   benef i t s .  

P. 1 i s t   o f   a n t i m i c r o b i a l   p a i n t   a d d i t i v e s   f o r  use i n  Canada i s  
found i n  Appendix 111. Bar ium  metaborate,   d i th iocarbamates  and  dichloro- 
f luamides may a l so  be used.  Barium  metaborate i s  used a t  15% t o  20% 

a d d i t i o n   f o r   e x t e r n a l  use (1 1. Di th iocarbamates  and  dichlorof luamides  are 
used i n   i n t e r i o r  and e x t e r i o r   a p p l i c a t i o n s   a t   a p p l i c a t i o n   r a t e s   o f  1.5 t o  

2% of  t o t a l   s o l   i d s .  

4.4 Wetting  Agents  and  Defoamers 
Wet t ing  agents   are  requi red  to   evenly   d isperse  the  p igment  i n   t h e  

r e s i n   c a r r i e r  and  produce a un i fo rm film. The wet t ing  agent   must  remove 
water and exclude gases  from t h e   p a r t i c l e   t o   a l l o w   t h e   c a r r i e r   s o l v e n t   ( o r  

r e s i n )  t o  adhere t o   t h e   p a r t i c l e .  The sur face   ac t i ve   agent   (sur fac tan t )  i s  
e i t h e r   h y d r o p h i l   i c   ( w a t e r   s o l u b l e )   o r   o l   e o p h i l   i c   ( . o i l   s o l u b l e )   o r   b o t h   i n  

li 
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246 000 

o f  promoting an oi l  i n  water  emulsion p a i n t .  Approximately 
1 of surfactants and defoamers are consumed i n  B.C.  (see Table 3 

Chemicals which may be used include: 

hydrophilic - long  chain  condensation  products of fa t ty   acids  (1) 
- sulfonated  oils  (1) 
- metallic  soaps of carboxylic  acids (1) 

oleophilic - short  chain  condensation  products of ethylene (1) 
- oxides of  fa t ty   acids  and  amine or amnonium  compounds (1) 

Concentrations o f  these compounds are  typically from 0.1 to  0.5% 
of p a i n t  so l ids  (1). 

4.5 Rubber Based Polymers for Specialty  Paints 
Corrosion  resi  stant  seal i ng pai nts are  usual ly  chl ori  nated rubber 

emulsions. Crepe rubber i s  masticated and solubilized i n  carbon te t ra -  
chloride  or  chloroform a t  80°C t o  100°C (1). This yields  a s table  compound 
w i t h  60-652 chloride  content.  Material s used i n  the  Pacific Region include 
polychl  oroprene,  chl  orethyl  ene, monochl oro-undecane and other m i  scel 1 aneous 
rubber compounds (see  Table 3 ) .  

4.6 Plasticizers 
P las t ic izers   a re  added to  increase  or  maintain film f l ex ib i l i t y  

and are  usually low vo la t i l i t y   o i ly  compounds. Two plas t ic izers   ident i f ied  
i n  the  Pacific Region are  di-n-butyl-phthalate and di-octyl-phthalate which 
are ECA pr ior i ty  chemical s .  

di-n-butyl-phthalate, DBP, C6H4(COOC4Hg)2 
C.A.S. NO: 84-74-2 

Used as a p las t i c i se r  i n  nitrocellulose  lacquers 
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di-n-octyl-phthalate, LOP, CgH4(COOCgH17)2 
C.A.S. NO: 117-84-0 

Used as a p l a s t i c i se r  i n  vinyl compounds 

Estimated maximum consumption i s  15 400 1  and 3 790 1 respec- 
t ively.   Plasticiser  concentrations can range from a few percent t o  a major 
portion o f  the  resin  binder and can react w i t h  i t .  Secondary p las t ic i sers  
are  limited i n  solvent  capacity o f  the  resin and are  generally  not  reactive 
w i t h  the  resin.  They act   as   lubricants   for   the macromolecular film by 
separating  the  molecular  chains w i t h i n  the  fused  structure. 

D i  -n-butyl - p h t h a l  a t e  is  a p l  a s t i c i   s e r  used i n  n i  t rocel l  u l  ose 
resins  and polyvinyl  acetate  emulsions.  Addition  rates  are 10-20% for  
emulsions and 20-50% (by  weight)  of  the  nitrocellulose resins (1).  Dioctyl 
phthalate ( D O P )  i s  used i n  n i t rocel lulose and polyvinyl  chloride  systems. 
Other p l a s t i c i se r s  which may be used b u t  were not  indicated i n  question- 
naire  responses  are triphenyl phosphate,  tricresyl  phosphate,  trichloro- 
ethyl  phosphate,  butyl  stearate and chlorinated  paraffins (1). All of 
these  are ECA priority  or  candidate chemical s .  

4.7 Organic Pigments 
Organic  pigments are manufactured in to  fine,  h i g h  purity powders 

which produce clean, intense colors b u t  have low opacity (1). There are no 
pigment manufacturing  plants i n  the   Pacif ic  Region however a wide range  of 
pigments are  imported and used (see Table 3 1. The response by paint com- 
panies to  quantity  information  regarding pigments was poor. Most companies 
stock a small amount of a  wide variety of  pigments and d i d  not  indicate the 
usage. Some responses were very comprehensive and consumption estimates 
were based on these  responses and other 1 i terature.   Total  annual 
consumption o f  organic pigments is  estimated a t  104 300 kg. 

I- 
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4.7.1 Carbazole  Violet.  Carbazole  violets have good heat 
resistance  are non-bleeding a n d  h i g h  t i n t i n g  ( 2 ) .  

4.7.2 Carbon B1 ack. Carbon blacks  are produced by incomplete com- 
bustion o f  mineral,  veaetable and animal matter (1). Only 15 t o  30 kg/m3 
are  used t o  pioment p a i n t  ( 2 )  a n d  i t  i s  n o t  known t o  be toxic. 

4.7.3 Hansa Red-Ye1 1 ow. Hanza pigments belong to   the  azo group and 

range i n  color from red t o  y e e n .  The typical  structure is :  

NH 

4.7.4 Permea Cal Orange. No d a t a  available. 

4.7.5 Phthal  ocyani de B1 ue. P h t h a l  ocyani de pigment shades vary from 
red  shade  blue t o  green  shade  yellow. A typical pigment i s  made from heat- 
i n ?  an intimate  mixture of phthalic  anhydride,  urea and cupric  chloride 
( 1 ) .  

A typical  structure is  given below (1). 
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4.8 Toners 
Toners are  organometallic complexes which are  ionic sa l t  l i k e  

compounds derived from a reaction between a metal or a meta l l ic   sa l t  and a 
dyestuff  containing an acid group (1). Very l i t t l e  toner i s  used i n  the 
region. 

4.9 Inorganic Pigments 
Inorganic  pigments  include metal f lake,  metal oxides 

and mu1 timetal complexes  such as  blue and green  pigments. Tab1 
t h a t  to ta l  consumption i s  estimated a t  3 504 000 kg/yr. 

4.9 .1  Aluminum Based Pigments. A l u m i n u m  paste i s  used 

and sul f i des 
e 5 shows 

as a 
protective coa t ing  f o r  metal structures and as ref lect ive metal f lake i n  
paints. Consumption i s  estimated t o  be 8 000 kg/yr. Antimony oxide (SbO3) 
i s  almost  exclusively used i n  f i re   re tardant   paint  (1). I t  i s  white i n  
color and m i n i m u m  consumption i s  estimated a t  600 kg/yr b u t  i s  expected t o  
be higher. 

4.9.2 Chrome Based Pigments. Chrome green has the formula PbCrO4 + 
Fe(NH4)Fe(NC)6 w i t h  the  toxic  ingredients  being  lead, chromate and cyanide. 
Annual  consumption i s  estimated a t  1 800 kg.  The color  shades  range from 
1 i g h t  ye1 1 ow green t o  dark blue  green.  This pigment was used i n  1 arge 
quant i t ies  however consumption has declined due t o  r e s t r i c t ions  on leaded 
paints ( 2 ) .  Chrome oxide  green  has  the  formula CrzO3 w i t h  the  toxic 
component being CrzO3. Annual consumption i s  estimated a t  4 700 kg.  The 
color i s  a d u l l  green w i t h  h i g h  in f ra red   re f lec t iv i ty  which f inds 
application i n  camouflage paints.  Chrome yellow  has  the  formula PbCrOq 
w i t h  lead and chromate  being the  toxic components. Annual consumption i s  
estimated a t  174 000 kg w i t h  80% (140 000 k g )  i n  road marking paint and 20% 
(34 000 kg)  for marine and machine enamel s. The color  range i s  from green 
yellow t o  red ye1 low ( 2 ) .  Lead conten t   res t r ic t s  consumption  of this 
pigment t o  exterior  applications.  
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4.9.3 Cobal t. Cobalt  has  a b l u e   t o   v i o l e t   c o l   o u r  range, 1 ow t i n t -  
i n g   p r o p e r t i e s  and  can  be  used  as a fungicide.  Consumption i s  e s t i m a t e d   a t  
1700 kg/yr.  

4.9.4 Cyanide  I ron B1 ue. I r o n   b l  ue  pigments  are  cyanide  complexes 
having  the  formula  KFe(Fe(CNl6)  (Prussion  blue)  or Fe(NH4)Fe(CN)6 ( I r o n  
B lue ) .  These are   h igh   t in t ing   p igments   w i th   cyan ide  as t h e   t o x i c  
component.  Annual consumption i s  es t ima ted   a t  73 000 kg. 

4.9.5 I r o n  Oxide. I ron   ox ides   a re   red  brown  pigments  with  the 
formula Fe2O3. This  pigment i s  used  as c o l o r   f o r   t i m b e r   s t a i n s ,   l o w   c o s t  
m e t a l   p r i m e r s ,   f i l l e r s   f o r  cement  and concrete (1) and as pigment f o r  
a s p h a l t i c   p a i n t s  used i n   t e n n i s   c o u r t s .  An est imated 170 500 kg  are  con- 
sumed a n n u a l l y   w i t h   t y p i c a l   l o a d i n g   r a t e s   o f  240 k g / d   o f   p a i n t  ( 2 ) .  

4.9.6 Lead  Based  Pigments.  Basic  lead s i l i c a t e  (or bas ic   lead  
s i l i c a   c h r o m a t e )   i s  a synthet ic   inorganic   p igment   wi th   the  chemical   formula 
PbO:Cr03:SiOz (1). This  pigment has  a d u l l  orange c o l o r   w i t h   l o w   t i n t i n g  

power  and i s  used i n  pr imers and p ro tec t i ve   coa t ings   f o r   s tee lworks .  The 
estimated  consumption i s  18 000 kg /y r  and t h e   t o x i c  components are PbO and 

CrO3. Whi te   lead has the  chemical   formula 2PbC03Pb(OH)2 and i s  
s y n t h e t i c a l l y  produced. The basic  nature  of   the  p igment  causes i t  t o   r e a c t  
w i th   o leores inous   mater ia l  such  as o i l s  found i n  wood. Consumption i s  
e s t i m a t e d   a t  3 000 kg/yr  and t h e   t o x i c  component i s  lead. Red l e a d  

1 i t h a r g e  has the  formula PbO2-2PbO and i s   s y n t h e t i c a l l y   p r o d u c e d  (1). It 
i s   b a s i c  and will r e a c t   w i t h   o l e o p h i n i c   o i l s  such  as l i n s e e d   o i l  i n  a 
s a p o n i f i c a t i o n   r e a c t i o n   p r o d u c i n g   l e a d  soap.  The h i g h e r   t h e  PbO con ten t  
the  greater   the  tendency  to   cause  th ickening  dur ing  s torage.  The main  use 

i s  i n  pro tec t ive   p r imers   fo r   meta l   works .  Lead i s   t h e   t o x i c  component o f  
the  pigment  and  consumption i s  e s t i m a t e d   a t  13 500 kg /y r   (Fo r   l ead  
c h l o r i n a t e  see 4.9.2 Chrome Based  Pigments). 
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4.9.7 Molybdenum Whi te.   Moly  whi te i s   s y n t h e t i c a l l y  produced  and 
the  annual  consumption i s  e s t i m a t e d   a t  24 000 kg. 

4.9.8 T i  t a n i  um Diox ide.   T i tan ium  d iox ide i s  a syn the t i c   i no rgan ic  
pigment  which a t  an  est imated  consumption  of  2 894 000 kg /y r   accounts   fo r  
almost 75% of   the  to ta l   p igment   consumpt ion i n  t h e   P a c i f i c  Region.  Ti02 
has  rep1  aced  white  lead  pigments  which  were  used  for  their 1 ow c o s t  and 
e x c e p t i o n a l   d u r a b i l i t y   ( e s p e c i a l l y   i n  wood p a i n t s )   b u t  have  been  banned f o r  
most. uses due t o   t o x i c i t y .  

An e x c e p t i o n a l l y  h igh  r e f r a c t i v e   i n d e x  of 2.5 t o  2.7 (1) accounts 
f o r  good o p a c i t y   i n   p a i n t   f i l m s  and l o a d i n g   r a t e s   a r e  240 t o  359  kg/m3 ( 2 )  
i n  most app l i ca t ions .   Most   pa in ts   a re   p igmented  w i th   t i tan ium  d iox ide  and 
t h e n   t i n t e d  t o  t h e   c o r r e c t   c o l o r   p r i o r   t o  use. It i s  considered  nontoxic 
(1) and i s  used in   t he   f ood   packag ing   i ndus t r y ,   ch i l d rens   t oys  and d a i r i e s  
as w e l l  as domestic  and  commercial  applications. 

4.9.9 Zinc Based  Pigments.  Depending on the   p repatory  method z inc  
chromate  yel lows  can  have  di f ferent  formulat ions.  

1) Z inc  ox ide + Potassium  dichromate + Hydroch lo r i c   ac id  

ZnO + K2Cr04 + HC! - 4ZnCr04-K20-H20 
which i s  used f o r   c o l   o u r i  ng except i n   a n t i c o r r o s i v e   p a i n t s  (1). 

2) Chlor ide  f ree  p igment  i s  produced  by  s t r ipp ing  f rom  the  p igment   or  

us ing   chromic   ac id   to   p roduce K2CrOq*3ZnCrOq*Zn(OH)2 (1). This  pigment 

i s  used i n   a n t i - c o r r o s i o n   a p p l   i c a t i o n .  

3)   Zinc  tetroxy  chromate has the  formula  ZnCrOq*4Zn(@H)p (1) and i s  used 
i n   a n t i c o r r o s i o n   a p p l i c a t i o n s  

Estimated  consumption i s  8 850 k g / y r  and  chromium i s   t h e   m a j o r  
and z i n c   i s   t h e   m i n o r   t o x i c  compound. 
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Zinc  oxide i s  a synthetic  white  pigment  which i s  bas ic  and  can 

r e a c t   w i t h   o l e o p h i n i c   r e s i n s .   R e a c t i v i t y   i s   h i g h  and  can  cause 

b r i t t l e n e s s .  It has an t i f unga l   p roper t i es  and r e q u i r e s   l o a d i n g   r a t e s   o f  
30% by w e i g h t   o f  film for   e f fec t i veness  (1). It i s  used  as a mi ldewic ide 
i n   e x t e r i o r   p a i n t s  and  consumption i s  e s t i m a t e d   a t  75 750 kg/yr.   Zinc 

y e l l o w  has the  chemical  formula  of  4Zn0*K20*4CrOqo3H20  with CrO4 as the 
t o x i c  component.  Consumption i s  est imated a t  19 550 kg. 

4.9.10 Miscellaneous  Pigments.  Most  paints and coatings  producers 

stock  small  amounts o f  a wide va r ie t y   o f   p igmen ts   t ha t   a re  used s p o r a t i -  
c a l l y  depending on seasons o r   s p e c i a l   o r d e r s   f o r   s p e c i f i c   a p p l i c a t i o n s .  A 

more  comprehensive i n v e n t o r y   i s   r e q u i r e d   t o   d e t e r m i n e   t h e  hundreds o f  
possible  pigments  which may be  used. The types  suspected as being  used 
inc lude:  

1) Toluidene  reds 
2)  Benzi dene ye1 1 ows, oranges 
3 )  Basic   lead  su lphates 
4 )  Cadmium yellows,  oranges,  reds 

5 )  Aryl ami  de reds 

4.10 Freeze-Thaw S t a b i l i z e r s  
Freeze- thaw  s tab i l i zers   o r   an t i f reeze  agents   a re   chemica ls   tha t  

lower   the   f reez ing   tempera tures   o f   the   fo rmula ted   coa t ing .  These i n c l u d e  

g l y c o l  s such as ethylene,  propylene ( 2 )  or   hexa l  ene g l yco l  . These  chemi- 
c a l  s can a1 so be  used  as r e s i n  components t o   f o r m   p o l y e s t e r  1 inked  
macromolecu la r   f i lms .   Other   s tab i l i zers   inc lude soaps which  prevent 
s e p a r a t i o n   o f  phases i n  an emu1 sion. 

4.11 Yf scosf t y  Modf f f ers 
The v i s c o s i t y   o f  a p a i n t   ( i t s  tendency t o  f low)  can be mod i f i ed  

to   t he   requ i remen ts   d i c ta ted   by   t he  methods o f   a p p l i c a t i o n .  Spray a p p l i e d  

I 
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TABLE 3 ESTIMATED  CONSUMPTION OF ADDITIVES  USED  IN THE PAINTS AND 
COATINGS  INDUSTRY OF BRITISH  COLUMBIA 

ADDITIVE 

Driers (Metal 1 i c Soaps I 

Calci um Napthenate - 
Cobalt  Napthenate Trend i s  t o  
Copper Napthenate synthetic  acid 
Lead Napthenate based complexes 

Zinc  Napthenate 
Zirconium  Napthenate 

Manganese Napthenate 

F i l l e r s  

Barytes (Bas041 
Calcium Carbonate (CaC03) 
Clays (A1203 2SiO2 - 2H20) 
Mica (K20 2Al2O3 6SiO2 2H20) 
Polystyrene 
S i l i ca  (Si021 
Talc  (HzMg3(Si03)4) 
Mi scel  1 aneou s 

Preservatives 

Dowicil 75 
Organoti ns 
Mercury ( a s  PMA) 
Mercury (as  PMO) 
Pentachlorophenol 
Mi scel  1 aneous  Fungicides 

Defoamers and Detergents 

Polymers 

Chl  oroethyl ene 
Monochl oro-undecane 
Polychl  oroprene 

ESTIMATED  CONSUMPTION 

37 500 kg 
25 700 kg 

2 800 kg 
44 000 kg 
8 800 kg 
13 593 kg 
8 000 kg 

N/A 
1 482 000 kg 

17 530 000 kg 
56 600 kg 
5 000 kg 

217 400 kg 
> 426 000 kg 

5 000 kg 

3 300 kg 
8 800 kg* 
24 700 kg 
NO DATA 

3 600 kg 
22 700 kg 

246 000 1 

1 300 kg 
N/A 

6 600 kg 

I 
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* expected t o  be higher  as  several major users d i d  not  report  values 

CONTINUED ... 
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TABLE 3 ESTIMATED CONSUMPTION OF ADDITIVES USED I N  THE PAINTS AND 
COATINGS INDUSTRY OF BRITISH COLUMBIA 

( Con ti nued) 

I A D D I T I V E  

Polymers  (Continued) 

Potassium Tri Poly* 
Miscel laneous Rubber Compounds 

P1 a s t i c i   s e r s  

Di -n-buty l   phthalate 
D i -n -oc ty l   -ph tha la te  
Triphenyl  phosphate 
T r i c r e s y l  phosphate 
Others 

Caust ic 

Caust ic  potash 
Ami nes 
Ammon i a 
NaOH 

Wetting  Agents 

Soya 1 e c i   t h i  n 
Sodium s a l t s  
Containing  phenol 

Organic  Pigments 

C a r b a z o l e   v i o l   e t  
Carbon B1 ack 
Hansa Red 
Hansa Ye1 1 ow 
Permea Cal  Orange 
Phthal  ocyanide B1 ue 
Phthal  ocyanide  Green  (copper) 
Miscellaneous  Pigments 
Organic  dyes 
To1 u i  dene r e d  

*Trade Name 

ESTIMATED CONSUMPTION 

< 500 kg 
15 200 kg 

16 000 1 
3 790 1 
1 760 kg 

80 kg 
7 896 kg 

100 kg 
90 kg 

5 500 k g  
33 900 kg 

50 000 k g  
10 000 kg 
3 600 kg 

1 960 kg 
-32 600 k g  

7 400 kg 
7 500 k g  
1 500 kg 
5 100 k g  
2 400 kg 

35 000 k g  
140 kg 

10 700 k g  

CONTINUED... 
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TABLE 3 ESTIMATED  CONSUMPTION OF ADDITIVES USED I N  THE PAINTS AND 
COATINGS INDUSTRY OF BRITISH COLUMBIA 

(Continued) 

ADDITIVE 

Inorganic  Pigments 

A1 umi num Paste 
Antimony  Oxide 
Burnt  Umber 
Chrome green PbCrOq + Fe(NH4)Fe(NC)6 
Chrome oxide CrO3 
Chrome ye1 1 ow PbCrOq 
Cobalt  
Cyanide i r o n   b l  ue 
I ron   ox ide  
Lead ( B a s i c )   s i l i c a t e  
Lead  White 
Lead  (Red) L i t h a r g e  
Molybdenum wh i te  
T i  t a n i  um d i  o x i  de 
Z i  nc chromate 
Zinc  oxide 
Zinc  ye1 1 ow 
Miscel laneous  pigments 

Ant i   Skinning  Agents 

Methyl   ethyl   ketoxime 

Acids 

Hydroc h l   o r i  c a c i  d 
Oxal i c   a c i  d 
Others 

Freeze Thaw S tab i  1 i zers 

Ethylene  Glycol  
Propylene  Glycol 
Hexal ene Glycol  

-~ ~ 

ESTIMATED CONSUMPTION 

8 000 kg 
600 kg 

6 600 kg 
1 800 kg 
4  700 kg 

174 000 kg 
1 700 kg 

73 000 kg 
170 500 kg 
18 000 kg 

3 000 kg 
13 500 k g  
24 000 kg 

2 894 000 k g  
8 850 kg 

86  750 k g  
19 550 kg 
84 000 kg 

14 000 1 

1 320 k g  
< 1 500 kg 

150 700 1 
46 400 1 

900 1 

1 

IC 

Ir 
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coa t ings   requ i re   l ower   v i scos i t y  whereas h igh   bu i l d   b rush   app l i ed   coa t ings  
may be e x t r e m e l y   t h i c k   w i t h  1 i t t l e  tendency t o   f l o w .  The three  main  modi- 
f i e r s  used   a re   na tu ra l   c l ays ,   t h i xo t rop i c   res ins  and c e l l u l o s e   e t h e r s   ( 1 ) .  

Natura l   co l l   o ida l   s i1   i ca tes   (Benton i te   c lays)   can  be t r e a t e d   w i t h  

organic  amines  and  used  as  thickners i n   s o l v e n t  systems. The r e s u l t i n g  
po la r   mo lecu la r   s t ruc tu re  causes t h i c k e n i n g   o f   t h e   p a i n t .   A d d i t i o n   l e v e l s  
a re  2-4%  by w e i g h t   o f   p a i n t  (1) and  consumption i s  e s t i m a t e d   a t  
17 530 000 k g l y r .  

Th i xo t rop i c   res ins   dec rease   i n   v i scos i t y   w i th   i nc reased   app l i ed  
sheer  force and  can  be  formed  by r e a c t i o n  between an a l k y d   r e s i n   o r   o i l  and 

a polyamide ( 1 ) . 
Cel l   u lose   e thers  have s w e l l   i n g   c h a r a c t e r i s t i c s  when d i s s o l v e d   i n  

water and  can be used t o   i n c r e a s e   t h e   v i s c o s i t y  o f  1 a tex   pa in ts  and  emul- 

sions. The most common ones  used a re   e thy l   hyd roxy   e thy l   ce l l u lose  and 
sod ium  carboxy   methy l   ce l lu lose .   Th icken ing   charac ter is t i cs   occur   a t  
a d d i t i o n   l e v e l s  o f  greater   than 0.25-1.0% by   we igh t   o f   t he   pa in t  (1). 

4.12 A n t i s e t t l i n g  Agents 
Pigments  are  subject t o  s e t t l i n g   d u r i n g   s t o r a g e  and resuspension 

r e q u i r e s   a d d i t i o n a l  t i m e  and energy  input  and may n o t   r e s u l t   i n  even 
d i spe rs ion .   An t i se t t l i ng   agen ts  may be  used t o   c o n t r o l   t h i s  phenomenon. 

Soya l e c i t h i n   i s  a surface  act ive  agent  which  absorbs  to  the 
pigment  surface,  increases i t s  volume  and  decreases i t s   d e n s i t y .   A d d i t i o n  
l e v e l s   a r e   a t  1% of   t he   p igmen t   con ten t  (1) and  consumption i s  e s t i m a t e d   a t  
3850 l /yr .  Cer ta in   grades  o f   ca lc ium  carbonate powders coated i n  an 
organic  film may be  used  as  an ant i   packing  agent.  The l a r g e r   p a r t i c l e s  
r e s u l t  i n  loose  set t lement  which i s   e a s i e r  t o  red i spe rse  (1).  To ta l  

consumption o f  CaC03 i s  1 482 000 k g / y r   f o r   t h i s  and other  purposes. 

4.13 Skinning  and  Ant iskinning  Agents 
Ant i  sk inn ing   agen ts   a re   vo la t i l e   an t i ox idan ts   wh ich   ac t   by   p re -  

v e n t i n g   s u r f a c e   o x i d a t i o n   o f  an a p p l i e d   p a i n t  film. I f  they   a re   no t  used a 
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surface fi lm would form by reaction w i t h  atmospheric oxygen slowing or 
preventing  volatilization of the  solvent. This would r e su l t  i n  excessive 
drying times, and a s o f t  subsurface  layer. The volati le  anti   skinning 
agents  continuously  migrate  to  the  surface u n t i l  the  entire  layer has 
dried. The most common ones  are methyl ethyl ketoxime (CH3N(OH)CzH5) i n  
a lkyds and butyraldoxime (C4HgN(OH)H) i n  oleoresinous l i q u i d s  ( 2 ) .  

Phenolics may be used however they impart excessive  drying  times ( 2 ) .  

4.14 Flat t ing Agents 
F1 a t t i n g  agents  control  the gloss level of a dried  coating. In 

pigmented paints ,   f la tness  i s  eas ie r  t o  control  than i n  clear  varnishes or 
1 aquers. Amorphorus s i  1 ica can be used t o  produce this e f f e c t  ( 2 ) .  
Consumption o f  si1  ica   for  this and other  purposes i s  166 000 kg/yr. 

4.15 Defoamers 
Defoaming agents  are used t o  decrease  occlusion of a i r  d u r i n g  

mix ing  and application. Foaming i s  a problem i n  latex  paints and resu l t s  
i n  insuff ic ient  volumes i n  cans d u r i n g  f i l l i n g  and bubble  formation i n  
f i 1 ms dur ing  brush appl  icat ion.  There are  three  types of  defoamers and 
they  include  solubilized  surfactants, soft par t ic le  and hard par t ic le  ( 2 ) .  
Solubilized  surfactants  include  fatty  acid and f a t t y  alcohol  surfactants 
which modify surface  tensions and may impart a physical shock factor d u r i n g  
bubble collapse.   Soft   particle defoamers include  paraffinic waxes  and 
f a t t y  amides which may operate by physical  action. Hard par t ic le  defoamers 
include  silica  or  silicon  coated  minerals and ac t  by physical  breaking of 
bubbles. None of the companies specifically  indicated  the  type of 
materials  they use and they  are  not  expected  to be ECA p r ior i ty   o r  
candidate chemi cal s . 
4.16 Ant i f loa t ing   Agents  

Pain ts  are  general  ly blended w i t h  a white  base  color and then 
pigmented or   t in ted  w i t h  a mixture of colors t o  a desired  endpoint. 
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Variation i n  pigment densit ies may cause  separation of colors d u r i n g  
storage which can be altered by the  addition of si l icons  or  other  anti  
separation  agents. None of  the companies surveyed indicated  the use o f  
such compounds. 

4.17 Marine Paf nts 
Anticorrosion and antifouling p a i n t s  are  the two major types of 

marine coatings.  Variations of these can be formulated which serve bo th  
purposes. 

Anticorrosion  paints  protect by bo th  physical and chemical 
actions. The high s a l t  and mineral  content o f  s a l t  water  accelerates 
corrosion by improving conductivity i n  electrochemical  reactions. (The 
same reactions b u t  a t  slower ra tes  can occur i n  freshwater).  Physical 
protection of a coating results from sealing  the  surface from  oxygen and 
from abrasive wave action  carrying suspended sediment and sand. Chemical 
protection involves the use of sacr i f ic ia l  anodes for galvanic  type 
corrosion. 

A n t i  fouling  paints i n h i b i t  the growth of aquatic organisms such 
as  slimes,  algae and barnacles which can cause  structural damage through 
increased  drag,  reduced  freeboard and clogging of water  intakes and 
f i l t e rs .  Marine growths  can cause a galvanic type of corrosion  through the 
formulation of oxygen concentration  cells. Areas covered by the growth 
have less oxygen than exposed areas and a small electrical  voltage  created 
by differences i n  oxygen concentration can cause  corrosion. 

Marine paints  (except  for two  component systems)  are  formulated 
from the three  basic components found i n  most paints. 

1) Sol vent: Oil or  water  based, used to   disperse  the resin binder and 
pigment a lso  faci l i ta tes   appl icat ion and film formation. With 
increasing  concerns  over photochemical smog and worker health  concerns 
i n  both  manufacturing and application  sectors the market for  water 
based paints i s  increasing. 
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2 )  Resin: For b i n d i n g  the pigment and  f i lm formation after  the  solvent 
has evaporated. 

3 )  Pigment: Provides  color and opacity t o  protect  the  resin  binder from 
u l  t ravi 01 e t  degradation. 

Two component formulations cure by chemical reaction  rather than 
by dehydration  or  atmospheric  oxidation. These paints  include  epoxies, 
coal tar  epoxies,  urethanes and  polyesters. Sone of these formulations can 
be applied under water t o  perform repair  work over small areas which 
extends  the  service  life of a coating  before  the  structure must be dry 
docked  and cleaned. The two coating  formulations most often used fo r  
underwater surfaces  are  urethanes and epoxies  because of their   superior  
resistence  to  degradation. The other major types of marine coatings  are  as 
f 01 1 ows : 

Vinyl s: These are  durable  coatings  that  require an organic sol vent. They 
can be repaired or recoated, however the  solvents  are known t o  contribute 
t o  photochemical smog (12). 

Chlorinated Rubbers: Are extremely  durable  coatings which use strong 
sol vents (xylene,  Toluene), They are h i g h  b u i l d  coatings ( i  .e. form thick 
1 ayers w i t h  one appl i ca t ion)  (12) 

Epoxies: Are durable  coatings a1 though some have a problem w i t h  c h a l k i n g  
(formation of a surface d u s t ) .  This chalking must be  removed before 
recoating i s  performed (12) .  

Coal Tar  Epoxies: Coal tar  epoxies  are 1 imited t o  black or shades of grey. 
They are  subject  to  chalking and ultraviolet  degradation (12) .  

Urethanes:  Polyester,  polyether, and acryl ic  cured urethane complexes have 
good l i g h t  s t a b i l i t y  and  low temperature  curing  properties. 

n 
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Polyesters :   Polyesters  have a wide  ranging  appl   icat ion as a p a i n t  and as a 

s t r u c t u r a l   m a t e r i a l  when combined w i t h  f i  1 le rs ,   g lass   o r   carbon  f ibers .  
Many b o a t   h u l l s ,  and  marine  works  are  constructed  of   polyester/glass  or  
f i l l e r  compos i tes   and  coated   w i th   po lyes ter   pa in ts   ca l led   ge l   coa ts  (12) .  

Inorganic  Zincs:   Zinc  coat ings  are  used as a n t i c o r r o s i o n   f i l m s .  The z i n c  
i s  powdered  and dispersed i n   t h e   b i n d e r   f o r   a p p l i c a t i o n  as  a mid   layer .  
The z i n c   p a r t i c l e   a c t s  as a s a c r i f i c i a l  anode wh ich   p re fe ren t i a l l y   co r rodes  
ra the r   t han   t he   s tee l   o r   me ta l   s t ruc tu re .  The o x i d a t i o n   r a t e   i s   v e r y   h i g h  
when i n   c o n t a c t   w i t h   t h e   s t e e l   s t r u c t u r e  so t h a t   z i n c   i s   a p p l i e d  as a mid 
l a y e r  film. A pr imary film i s  used t o   s e a l   t h e   s t r u c t u r e ,   t h e  second l a y e r  
con ta ins   t he   z inc  and  an o u t e r   l a y e r   p r o v i d e s   p r o t e c t i o n  and c o l o r .  The 

outer   layers  are  genera l ly   v iny ls ,   epoxies  or   urethanes.  

4.17.1 I n d u s t r i a l   A n t i m i c r o b i a l  Agents i n  Marine  Paints.  There  are 
two  types   o f   an t im ic rob ia l  systems  used i n  mar ine   pa in t   fo rmula t ion .  One 
operates  using  low  surface  energy and the   o ther  by l e a c h i n g   o f   t o x i c  
components a t   t h e   s u r f a c e   o f   t h e  film. 

The low  surface  energy  paints  are  "s l ippery"  coat ings  which  act  
by reducing  the  surface  area  which i s   s u i t a b l e   f o r   m i c r o b i a l   a t t a c h m e n t  
(11). Te t ra - f l uo roe thy lene  may be  one example.  These formulat ions  are i n  
an experimental  stage and no t   w ide l y  used. 

The most common a n t i m i c r o b i a l   c o a t i n g   i n v o l v e s   t h e   l e a c h i n g   o f  
t o x i n s   f r o m   t h e   p a i n t  film. A h i g h   c o n c e n t r a t i o n   o f   t o x i n  i s  a p p l i e d  as  an 

undercoat   o r   in te rmed ia te  film. A semi permeable  top  coat i s   a p p l i e d   o v e r  
t h e   p r e s e r v a t i v e  film. I n   s e r v i c e ,   t h e   c o n c e n t r a t i o n   d i f f e r e n c e   o f   t o x i n  
i n  t h e   p a i n t  film o v e r   t h a t   i n   t h e   w a t e r   c r e a t e s  an  osmotic  pressure  which 
a1 l o w s   t h e   t o x i n   t o   l e a c h   i n t o   t h e   w a t e r .  The cons tan t   leach ing   c rea tes  a 
film which i s   t o x i c   t o  organisms  and  prevents  marine  growth. The se rv i ce  

l i f e  o f  t h e  film i s   l i m i t e d   t o   p h y s i c a l   a b r a s i o n  and the   concen t ra t i on  o f  
t o x i n   r e m a i n i n g   i n   t h e  film. 
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Organo  mercury  such as phenylmercuric acetate  (PMA) , 
phenylmercuric ol eate  ( P M O )  , organo 1 eads, and arsenics were widely used as 
antimicrobials and ' ' i n  can" presentations. These are be ing  replaced due t o  
their t o x i c i t y  during  production, handl ing ,  appl ica t ion  and resultant 
bioaccumulation and biomagnification properties once introduced i n t o  the 
food chain.  PMA, lead  primers and arsines  are  still  used i n  p a i n t  
production i n  British Columbia. 

The two major  compounds  used are  organotins  andlor copper  based 
antimicrobials. Organotins w h i c h  may be used included tributyl t i n  
fluoride ( l o ) ,  tributyl t i n  oxide and acrylic  tributyl t i n .  They are  sold 
as 12-100% ac t ive  ingredients and are added a t  concentrations of 520% 
(10) .  B1 ack , neoprene  rubber  impregnated w i t h  tributyl t i n  i s  used as a 
covering for  marine structures (13). A h i g h  b u i l d  layer ( u p  t o  2 mm) can 
be impregnated w i t h  a h i g h  concentration of organotin. (The  use i n  B.C.  
has n o t  been determined). 

Cuprous oxide is  widely  used as an a n t i f o u l i n g  agent (10) and i s  
incorporated i n t o  the p a i n t  f i lm as a leaching agent .  Annual consumption 
could n o t  be estimated due t o  lack of d a t a  from questionnaire responses. 
Due t o  ga lvan ic  corrosion w i t h  s teel ,  an insulating undercoat i s   f i r s t  
a p p l i e d  t o  the strccture before  the copper layer. Galvanic corrosion 
prevents the use of copper  based paints on a luminum structures. 
Formulations require  concentrations of copper of 30-70% based on the weight 
of the p a i n t  (11). 

Rosin ( w h i c h  i s  mainly a mixture of C2o and fused r ing  
monocarboxylic acids (11)) i s  used as a leaching film for CuO ( 1 2 ) .  
A complete l i s t  of registered  antimicrobial p a i n t  additives  for use  in 
Canada i s  included i n  Appendix 111 (16) .  

Shipyards and steel  fabrication  yards have been cited  for  air 
p o l l u t i o n ,  odour and d u s t  problems during sand b l a s t i n g  of these  coatings 
for surface  preparation and refinishing (12) .  The extent of this problem 
i n  British Columbia has n o t  been  documented  however there  are 34 shipbuil d- 
i n g  and repair  stations i n  Burrard Inlet, the lower Fraser River and 
Victoria and Esquimalt  Harbour. The  number i n  other  centers has not  been 

Y 
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determined. Some pre l iminary  sampl ing  o f   benth ic   sediments has  been done 
fo r   meta ls ,   po lych lo r ina ted   b ipheny ls  and d iox ins.  These ana lys i s  have n o t  

been  completed  and  the  data i s  u n a v a i l a b l e   a t   p u b l i c a t i o n .   P o t e n t i a l  
sources o f  m a r i n e   p o l l u t i o n  were  observed  dur ing  the  sampl ing  t r ip.  
P l a t e  1 shows  a p a i n t   r o l l e r   r e t r i e v e d  i n  t h e   f i r s t  sediment  grab  sample 
taken  near a d ry  dock i n  Esquimal t harbour .   P la te 2 shows seepage  and wash 
water   suspec ted   o f   be ing   con taminated   w i th   t racer  dyes  and/or   ant i fou l ing 

pa in ts ,   d i scha rg ing   d i rec t l y   i n to   mar ine   wa te rs .   Ca re less   d i sposa l  
p r a c t i c e s  and t h e   r e l e a s e   o f   s a n d b l a s t i n g   g r i t   m a t e r i a l s   c o n t a i n i n g   f r a g -  
mented p a i n t   c h i p s  and  heavy me ta l s   a re   po ten t i a l   sou rces   o f   po l l u t i on   f rom 
th i s   i ndus t r y .   Examina t ion  o f  t h e   m a t e r i a l   h a n d l i n g  and  waste  disposal 
procedures of   the  major  shipyards  should  include  comprehensive  sampl ing  of  
res idues from sandblast ing  operat ions  and  benthic  sediments  near them. 
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PLATE 2: WASTEWATER SUSPECTED OF BEING  CONTAMINATED WITH DYES AND/OR 
ANTIFOULING  PAINT  D ISCHARGING  D IRECTLY TO A  HARBOUR FROM A 
MARINE DRY DOCK 
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5.0 SOLVENTS 

The basic f u n c t i o n  of the sol vent i s  t o  disperse the resin 
carrier and pigments i n  a homogenous mixture and deposit them i n  an even 
f i lm  on a substrate. There are  three  types, a true  solvent, 1 atent sol - 
vent,  diluent a n d  an  undefined class t h a t  can a c t  as a solvent or resin. H 
true sol vent tends t o  dissolve  the fi lm forming resin while a 1 a t e n t  
solvent  acts  as a true sol vent when  mixed w i t h  a true  solvent. A d i l  uent 
does n o t  react w i t h  the  resin b u t  i s  to1  erated by i t .  

5.1 Hydrocarbon Sol vents 
Hydrocarbon solvents  are  often  referred t o  i n  the  industry as 

spir i ts ,  mineral spir i ts ,  and  white spiri ts  (1 , 2, 3 ) .  They consist of a 
blend of distillate  fractions from petroleum crude oils and are  generally 
broken up  i n t o  b o i l i n g  p o i n t  ranges. The fast evaporating types are used 
i n  laquers and specialty  industrial  paints ( 2 1 ,  intermediate grades are  for 
trade and commercial sales (1 , 21, and the heavy grades are used for 
protective  anticorrosion  applications ( 3 ) .  

5.1.1 Whi t e  Spi  ri t s  . White spirits  are the  intermediate grades of 
hydrocarbon sol vents conta in ing  approximately 82% t o  85% a1 i p h a t i c  hydro- 
carbons and 15% t o  18% aromatic hydrocarbons (1). I t  i s  the main sol vent 
for a major f r ac t ion  o f  all  coatings produced. Consumption i s  estimated a t  
9 435 000 1 /yr. (May a1 so be c a l l  ed  Kerosol , Varsol or She1 1 sol  depending 
on the  suppliers  trade name. Kerosol i s  the  slowest  evaporating mineral 
spir i t .  1 

5.1.2 Aromatic  Hydrocarbons.  Phenol , to1 uene, to1 u i  dene, xylene 
and naptha were the  five aromatic hydrocarbons identified i n  the survey. 
To1 uene (CgHgCH3, may  be call ed To1 uol i n  industry) i s  used as a 
for a i r  drying copolymer  formul ations  for vinyl and chlorinated 
paints. Consumption i s  estimated a t  365 000 l/yr. 

Xylene (CgH,q(CH3)2, may be called Xylol in industry) i 
evaporating  solvent used for some laquers and industrial  paints 

sol vent 
rubber 

s a slower 
t o  



- 40 - 

TABLE 4 ESTIMATED  CONSUMPTION OF SOLVENTS  USED  IN  THE  PAINTS  AND 
COATINGS  INDUSTRY OF BRITISH  COLUMBIA 

SOLVENT 

Mineral spir i ts  ( i n  product) 
Mineral spir i ts  ( fo r   r e sa l e )  
Acetone 
Methanol 
Anhydrous Ethanol  

n-propyl A1 cohol 
I so-propyl A1 cohol 
n-propyl Acetate 
Ethylene  glycol monoethyl ether* 
Phenol 
To1 uene 
To1 ui dene 
Xylene 
Rubber sol vent 
Methylene Chloride 
Naptha 
Sol vated Ni trocel 1 u l  ose** 
Mi scel  1 aneous Naptha ' s 
Pa in t  and Varnish removers 

*Cell os01 ve 
**Likely dissolved i n  ethyl  acetate 

9 509 000 1 
159 000 1 
25 750 1 
81 000 1 
49 600 1 

3 500 

13 700 

4 50 

160 000 
11 000 

563 000 1 
900 1 

326 000 1 
230 1 

52 800 1 
< 20 000 1 

18 000 1 
100 1 

11 600 1 

5 

I 
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solublize  polyurethanes,  chlorinated  rubber, vinyl copolymers,  alkyds and 
modified  alkyds. I t  i s   a l s o  used for stove  cured  formulations and 
consumption i s  estimated a t  304 000 l / y r .  

To1 uidene (C6H4CH3NH2 or amino to1  uene or methyl ani1 ine)  i s  used 
i n  small quant i t ies  i n  specialty  industrial  formulations. Consumption i s  
estimated a t  900 l / y r .  This compound i s  an ECA candidate chemical and was 
used i n  1 imi ted  quantit ies.  

Phenol (C6H50H) i s  a t o x i c  substance ( 9 )  t h a t  i s  used as a wet- 
t i n g  agent  in  proprietary  formulations and i s  a raw material i n  phenolic 
resin  films. Consumption as a direct   additive ( n o t  as a r e s i n )   i s  
estimated a t  11 000 l / y r .  

Nap tha '  s are a blend of faster  evaporating  aromatics which are 
used for  spray  applied  industrial pa in t s  and laquers. Consumption was l e s s  
t h a n  20 000 1 /yr. 

5.2 Oxygenated Sol vents 
Oxygenated solvents  are a variety of low density, h i g h  vapour 

pressure 1 i q u i  ds comprising  ketones , alcohol s ,  es t e r s  , ethers and glycol 
e thers .  The chemicals  indicated  as  being used i n  British Columbia are  
l isted  as  follows. 

5.2.1 Acetone.  Acetone ( C H 3 C O C H 3 )  i s  a ketone  solvent which i s  
extremely vola t i le  w i t h  h i g h  solvation power. I t  i s  used in vinyl co- 
polymers and nitrocellulose  paints (1). Consumption i s  estimated a t  
25 750 l / y r .  

5.2.2 A1 coho1 s. Methyl alcohol (CH30H) , ethyl  alcohol ( C H ~ C H Z O H ) ,  
n-propyl (CH3CH2CH20H) and isopropyl  alcohol were all  indicated  as  being 
used i n  the  paints and coatings  industry. These a re   vo la t i le  i n  laquers 
and industrial  coatings ( 2 ) .  Consumption is  estimated a t  27 000 l /y r ,  
49 600 1 /yr ,  3 550 1 /yr and  2 700 1 /yr,   respectively.  

a 



- 42 - 

5.2.3 Acetates.  N-propyl  acetate (CH3COOC3H7) i s  a medium b o i l i n g  
solvent  which i s  used i n   i n d u s t r i a l s  and  laquers.  Consumption i s  est imated 
a t  450 l / y r .  Buty l   ace ta te  (CH3COOC4Hg)  may be used as a s o l v e n t   b u t  was 

no t   i nd i ca ted   i n   t he   su rvey .   Bo th   can   be   used   as   so l ven ts   f o r   n i t roce l l u -  

l o s e   r e s i n s  ( 2 ) .  

5.2.4 Ethers .   G lyco l   e the r   o r   ce l   l oso l  ve a r e   i n d u s t r y  names f o r  
e thy lene  g lyco l  - monoethyl  ether  (CH~CH~OCH~CHZOH). It has a low  vapour 
pressure  and i s  used as a s o l v e n t   f o r   b r u s h   a p p l i e d  systems  which  cannot 
t o l e r a t e  a1 iphatic  hydrocarbons.  Consumption i s  e s t i m a t e d   a t  

160 050 1 /yr. 

5.3 Terpene  Sol  vents 
Terpene  so lvents   are  der ived  f rom  the sap o f   t h e   p i n e   t r e e  and 

inc ludes  turpent ine,   d ipentene  and  p ine  o i l  (20) .  None o f   t hese   p roduc ts  

were i d e n t i f i e d  by  any  companies i n   t h e   s u r v e y  however t u r p e n t i n e   i s  
b e l i e v e d   t o  be d i s t r i b u t e d   i n   t h e   r e g i o n .  

5.4 P a i n t  and  Varnish Removers 

Sol  vents  such as varso l  s and  methylene  chloride  are  repackaged as 
p a i n t  and va rn i sh   s t r i ppe rs   f o r   sa les   t o   t he   genera l   pub l i c .   Approx ima te l y  

32 500 1 of methy lene  ch lor ide,  11 600 1 o f   u n s p e c i f i e d   d r y   p a i n t ,  and 
varnish  removers  and 159 000 1 o f   ( v a r s o l   t y p e )   w e t   b r u s h ,   r o l l e r  and p a i n t  

c leaners  are  sold  annual  ly .  
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6.0 WASTE  PRODUCTION AND TREATMENT 

Waste produc t ion   by   pa in ts  and coat ings  manufacturers   var ies  f rom 

p l a n t   t o   p l a n t  and depends  on the  nature  o f   the  products   which  they 
produce. Volumes o f  s ludges  or   e f f luents   f rom  product ion  p lants   range  f rom 
n i l   t o   o v e r  100 m3/yr and they may o r  may no t   rece ive   t rea tment .  

6.1 Treatment o f   L a t e x  Wastes 
Waste l i qu ids   a re   genera ted   du r ing   so l ven t  and l a t e x   p a i n t   p r o -  

duc t ions  and depending on p l a n t   p o l i c y   t h e   r e s i d u a l s  may o r  may n o t  be 
recycled.  Latex  washwater  f requent ly  contains  hydroxy-ethyl   or   methyl  
c e l l   u l  ose tha t   suppor t s   t he   g rowth   o f   ce l l   u lose  decomposing bac ter ia   wh ich  
depend  on enzymes t o   c o n v e r t   t h e   c e l l u l o s e   i n t o   d i g e s t i b l e   p r o d u c t s .   P a i n t  
decomposition  can  occur  even i f  the   bac ter ia   a re   absent  and t h e  enzymes are  
l e f t   i n   t h e   w a t e r   c a u s i n g   p a i n t   s p o i l a g e  and p u t r i f a c t i o n   i n   t h e  can. 
Latex wash water i s   t h e r e f o r e   h a n d l e d   i n   t h r e e  ways depending on the 

company. 
Immediate  disposal o f   l a t e x  wash water  occurs i f  t h e   r i s k   o f  

contaminat ion i s  high.  This  can  occur due t o  contaminated  water  supply, 
poor   hand l ing   p rac t ices ,   p roduc t ion   schedu l ing   requ i r ing   leng thy   s to rage 

t i m e s   o r   l a c k   o f   s t o r a g e  space.  Immediate  dumping i s   u s u a l l y   r e s t r i c t e d   t o  
o l d e r   p l a n t s  where the   p roduc t ion  systems  were no t   des igned  fo r   recyc le .  
In   these  cases   the  wash water i s  d i s c h a r g e d   t o  a f l o o r  sewer and/or sump 
and may o r  may no t   rece ive   t rea tment   be fore   d ischarge.   Th is  i s   r e s t r i c t e d  

t o  a f e w   s m a l l   f l o w s   o f   r e l a t i v e l y   i n e r t   m a t e r i a l s   u n d e r   s u p e r v i s i o n   o f  
munic ipa l   permi ts .  

I n   a t   l e a s t  one case  the  waste  discharge has  been t o  an 
underground f i e ld   d ra inage   sys tem  wh ich   resu l ted   i n   con tamina t ion  o f  t h e  
soil  with  lead,  mercury,  chromium  and  other  heavy  metals  which  were  added 
t o   p a i n t   f o r m u l a t i o n s  as  pigments  and  preservatives. The poss ib le   spread 

o f   t hese   me ta l s   i n   t he   g round   wa te r  has n o t  been  determined. These 

d i  scharges  have  been d i   s c o n t i  nued. 

Plants  which  produce a w ide   var ie ty   o f   cus tom  la tex   fo rmula t ions  
c l a i m   t h a t   t h e   s m a l l   q u a n t i t i e s   o f   m u l t i p l e   f o r m u l a t i o n s  make it d i f f i c u l t  
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TABLE 5 ESTIMATED ANNUAL WATER CONSUMPTION AND WASTE PRODUCTION  IN THE 

PAINTS AND COATINGS  INDUSTRY OF BRITISH COLUMBIA 

COMPONENT 

Water i n  Product 

Cool  i ng  Water 

Sanitary Water 

L i q u i d  Waste ( a n d  Sol id i f ied)  Sludge 

Special Wastes Stored on S i t e  

Sol id Mi scel 1 aneous Waste 

Speci a1 Waste ( spoi 1 ed batches) 

QUANTITY 

9 030 m3/y 

23 800 m3/y 

5 835 m3/y 

83 m3/y 

178 m3 

4 800 m3/y 

568 m3* 

*This waste  resulted from a product  recall and could n o t  be reformulated 

therefore i t  i s  being  disposed i n  small batches t o  secure l andf i l l  i n  the 

United States. 



- 45  - 

I t o  store  the washings and produce a low grade p a i n t  w i t h i n  economic con- 
s t r a in t s  a n d  a v o i d i n g  bacterial  contamination.  Plants which produce stan- 
dard formulations f i n d  scheduling of product ion and recycling  easier due t o  
the fewer variables in the  waste. 

In Brit ish Columbia the  treatment which i s  applied t o  waste 1 atex 
includes h o l d i n g  i n  sett l ing  tanks and discharge t o  sanitary sewer or floc- 
cul a t i o n  a n d  so l id i f ica t ion  w i t h  discharge of the  supernatant t o  sanitary 
sewer. Flocculation  involves  the  storage of waste la tex washwater i n  a 
m i x i n g  t a n k .  A l u m  flocculant i s  blended i n  the  water and allowed t o  preci- 
p i  tate  the sol ids.  The supernatant i s  withdrawn and discharged t o  sekler 
w i t h  no further  treatment.  Flocculation may be repeated t o  o b t a i n  a sludge 
sui table for sol i d i  f ication.  Several companies have attempted t o  f l  occu- 
la te   the  waste however poor separation and excessive  solidification  times 
for the  flocculant/cement  binder have prevented t h i s .  In several  cases  the 
companies f o u n d  t h a t  they were able t o  recycle  the  wastes when other dispo- 
sal methods fai led.   Sol idif icat ion i s  achieved by the a d d i t i o n  of a  cement 
binder which i s  mixed i n t o  the  sludge i n  waste  metal drums. After  the 
cement i s  cured  the drums are  disposed t o  1 a n d f i  11 . Curing  may take up  t o  
one month  or more. Approximately 16 m3/yr of sol i d i  fied  sludge i s  disposed 
t o  the Fort Mann L a n d f i l l  i n  Surrey. The analysis of the  latex  waste 
water,  flocculant,  supernatant  discharge and solidified  matrix i s  currently 
underway and the resu l t s  will be pub1 ished i n  a supplemental report .  

Some plants will s tore   la tex washwater for a maximum of 24 t o  72 
hours before i t  i s  discharged.  Bacteria  tests  are made  on a l l  la tex 
products a t   t he  beginning, mid ,  and f i n a l  blending  stages and a t   se lec ted  
periods d u r i n g  packaging and storage. I f  the  latex washings are unpre- 
served  they can be recycled i n t o  new interior  latex  batches.  Higher 
concentrations of preservatives  are used i n  exter ior  p a i n t s  and scheduling 
of production i s  often done w i t h  only 24 hours of 1 ead  time  depending on 
market conditions. I f  the washings are n o t  heavily  preserved  then  the  use 
i s  more flexible.   If   the wash cannot be used i n  the  specified time  period 
i t  i s  discharged t o  sanitary sewer w i t h  1 ower chemical concentrations 

Q 
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requiring  treatment and smaller  loss of raw materials  representing  unre- 
coverable  costs t o  the company. Minimizing the volume of wash water 
produced i s  an important  means of control of wastes which  must be disposed. 
Most paint  production  occurs  in t a n k  s izes  of 900 t o  23000 1 (200 gal t o  
5000 gal ) and one  company has found t h a t  three  r inses of the tank a t  a max- 
i m u m  of  23 1 ( 5  g a l )  per  r inse  is   sufficient  to  clean  the  tanks.  This 
requires a policy of enforcement and co-operation by management  and s t a f f  
b u t  i s  successful i n  reducing  waste  water volumes. 

I n  some cases  the wash water which i s  discharged t o  h o l d i n g  sumps 
i s  flushed t o  the  sanitary sewer by cooling  water from the mixing mills. 
This  prevents  the b u i l d  up  o f  sol ids  which could shock l o a d  the sewer 
system. 

Table 6 l is ts   the   es t imated d i s t r i b u t i o n  volumes  of la tex waste 
t o  the  various sewage treatment  plants i n  the major production  areas. 
Annacis I s l a n d  STP receives  35%, Iona Island STP receives 35% and L u l u  
Is1 and STP receives 25% of the 930 m3 of process  waste  water  discharged 
annually. The sol ids  l o a d i n g  i s  estimated a t  28-56 m3/yr. Effluent sam- 
pling a t  se lected  s i tes  has been  done t o  determine chemical components and 
l o a d i n g  characterist ics  are  included i n  Appendix 11. 

6.2 Treatment o f  Solvent Wastes 
Waste solvent  production  occurs d u r i n g  the  solvent wash of mixing 

tanks,  caustic wash emulsions, steam cleaning of tanks and solvent wash of 
mix ing  equipment, pumps and machine parts. Solvent w h i c h  i s  used for  
equipment cleaning  consists of cleaning  oi 1 s (varsol s )  for  wet paint  or 
methylene chloride for dry p a i n t  removal. The o i l s   a r e  reused u n t i l  they 
are  highly  contaminated. A t  one location  the oi ls  are  mixed w i t h  
absorbants and packaged in metal barrel s and disposed t o  1 andfi  11 ( the  
volume i s  l e s s  than 0.25 m3/yr).  Other  plants  maintain a stock of 
absorbants  for use d u r i n g  spill cleanup. The volumes of  such  waste are  
smal 1 , not  recorded and disposed a1 ong w i t h  general  refuse  to 1 andfi 11 . 
Plants which produce asphaltic  coatings  generally have no waste  products  as 
the lower  grades of coatings can accept a wide range of waste materials 
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TABLE 6 ESTIMATED ANNUAL VOLUMES OF LATEX WASH  WATER DISCHARGED TO SANITARY 
SEWAGE TREATMENT  PLANT  COLLECTION  SYSTEMS 

SEWAGE TREATMENT PLANT 

Annaci s I s 1  and 

Iona   I s land  

Lu l  u I s l a n d  

Lions  Gate 

Langley 

C a p i t a l   R e g i o n a l   D i s t r i c t  

TOTAL 

~ ~~ 

NUMBER VOLUME OF 

OF WASTE WATER 

COMPANIES" m3/y r 

9 326 

3 < 200 ( E )  

5 350  (E) 

2 

1 

1 I 3. 

21 I 930 ( E )  

~ ~~ ~ 

SOL I us 
(max. 3.0-6.0 % )  

m3/y r 

9.8 - 19.6 

6.0 - 12.0 

10.5 - 21.0 

1.4 - 2.7 

0.2 - 0.4 

0.09 - 0.18 

28 - 56 

*Note :   Inc ludes   on ly   p lan ts   p roduc ing   f in ished  p roduc t .   Not   a l l  

companies  discharge  latex  wastes  and  therefore do n o t   c o n t r i b u t e  
t o  t h i s   t a b l e .  

(E) - Estimated  based on best   ava i lab le  data,   range i s  615-1000 rn3/y. 
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w i t h o u t  compromising quality  standards.  Residuals such as t ank  scrapings, 
t a n k  and barrel bottoms  can be cleaned from the  containers u s i n g  a steam 
heat  recovery  system. Empty barrels  are  inverted on a steam heated  rack 
(see  Figure 1)  where the  heat  softens  the  contents which flow t o  a sump and 
are pumped t o  a h o l d i n g  tank for  reuse.  Certain low grade o i l s   a r e  
collected for use as road binder  sprays which pre-oil  the road bed dusts 
prior t o  the  laying of asphalt  pavement. O f  the companies surveyed 11 
indicated t h a t  solvent  wastes were disposed th rough  recycle, 9 gave 
insuff ic ient  information b u t  are  expected t o  recycle, 1 recycled by 
d i s t i l l a t i o n  and reuse of sludge and d i s t i l l a t e ,  1 combined o i l  with 
absorbant for 1 andfill  disposal and 2 d i d  n o t  use sol  vents  as  oils. 

Most companies which recycle oi ls  co l l ec t  waste oil   supplies 
u n t i l  su f f ic ien t  volume i s   s to red  for the  production of exter ior  o i l  based 
wood s ta ins  and metal primers.  Currently  there i s  no designated  secure 
l a n d f i l l  i n  Brit ish Columbia and contaminated o i l s  which are   c lass i f ied  as  
special  wastes must be sent t o  the USA for disposal. Disposal fees  range 
from $75.00-$200.00/barre1 or higher and economic factors  determine  the 
f a t e  of waste oil.   Currently  only one plant has  a waste o i l  recovery s t i l l  
and i t  i s  being r e f i t t e d  for so lvent   d i s t i l l a t ion   to  handle i t s  own waste 
production. Some plants   sel l  waste oil   to  recyclers which blend them into 
low grade b o i l e r  fuels .  These fuels   are  used i n  steam boi lers  for heat and 
power generation.  Certain  grades  are sold for s h i p p i n g  fuel which can only 
be used once the  ships  are on the h i g h  seas. These fuels  include  waste  oil 
and high sulfur  bunker fuels  from o i l  re f iner ies .  A signif icant  number of 
paint companies are  stock p i l i n g  wastes i n  anticipation of a special  waste 
s i t e  being established i n  B.C.  These wastes  are  being  held  indefinately 
u n t i l  e i t he r  a s i t e  becomes available or storage  space becomes a premium. 

Companies may  a1 so del ay the shipment of wastes  to  the USA due t o  
the high cost  and fear  that   they may become liable  for  cleanup  costs i f  the 
wastes  are n o t  handled  properly (13). Recycle  of  a large  fraction of  the 
oi l  based wastes produced i s  possible   af ter   the   sol ids   are   set t led  out .  
The current h i g h  cost  of disposal and 1 ack of  a regional  facil i ty  encour- 
ages  recycle i n t o  wood s ta in  and metal primer. The stains are formulated 
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w i t h  waste o i l s  and  s ludges  as  the  base  stock  and  are  d i luted  wi th  mineral  
s p i r i t s .  The pa in t   p roducers  do no t   ga in  a s i g n i f i c a n t   p r o f i t   f r o m   t h i s  
k i n d   o f   p r o d u c t i o n .  The p r i c e   o f   t h e   r e c y c l e d   s t a i n s  and pr imers  are  f rom 

$4.00 t o  $8.00 per  4 1 which i s  des igned  to   cover   product ion  costs  such as 
power, labour,  packaging  and  marketing. The increased management e f f o r t ,  
dep rec ia t i on  o f  equipment  and  low prof i t   marg in  would  favour   t reatment  and 
d i s p o s a l   t o  1 a n d f i  11 i f  d isposa l   cos ts  were 1 ower. 

6.3 M i  s c e l l  aneous  and Special  Wastes 
Miscel laneous  wastes  include  general  packaging  wastes such  as 

cardboard, wood, p l a s t i c  and  paper  wraps  etc.  Included i n   t h i s  waste  are 

empty  cans up t o  20 1 s ize  which have contained  pigments and a d d i t i v e s .  
These cans conta in   smal l  amounts o f   res idua l   p igment   wh ich   con ta in  a wide 
v a r i e t y   o f   m e t a l l i c  and  organic compounds. The q u a n t i t y   o f   t h e   p i g m e n t   i s  
not  determined and i s   i n c l u d e d   w i t h   t h e   e s t i m a t e d  4 800 m3 o f   s o l   i d  waste 

produced  by  these  plants. 
Special  wastes  include  spoi led  batches  such as p a i n t s  and coat-  

ings  which do n o t  meet q u a l i t y   o r   p e r f o r m a n c e   s p e c i f i c a t i o n s  and cannot  be 
recyc led  or   corrected.   Problems  wi th   formulat ions  or   contaminat ion  can 
r e s u l t   i n  a p r o d u c t   r e c a l l .   R e c a l l s   o f  up t o  568 m3 (125 000 g a l l o n s )  

wh ich   requ i red   secu re   l and f i l l   d i sposa l  have occurred.   Disposal   costs   for  

such a r e c a l l   c o u l d  be  from $200,000.00 t o  $270,000.00 o r  more depending on 
the  contents .  These h igh  costs   are  spread  over   severa l   years  by  ons i te  

s t o r a g e   w i t h   p e r i o d i c   d i s p o s a l   i n   1 8  m3 t o  20 m3 batches.  There i s  no way 
t o   p r e d i c t  such  volumes o f  waste  except t o  add 
average  annual  waste  production. The c u r r e n t  i 
s t o r e d   o n s i t e   f o r   r e u s e   ( i f   c o s t   e f f e c t i v e )   o r  
178 m3. The c o s t   o f   d i s p o s a l   o f   t h i s  waste a t  

$490-$750 m3 ($427,550.00-$654,400.00). The d i  

an a d d i t i o n a l   f a c t o r   t o   t h e  
nventory   o f   spec ia l   wastes 

d isposal  i s  e s t i m a t e d   a t  
cu r ren t   p r i ces   wou ld  be 
sposal   costs are a major 

concern to   t he   pa in t   manu fac tu re rs  who w o u l d   p r e f e r   t o  have a Regulated 

P r o v i n c i a l   d i s p o s a l   f a c i l i t y   t o :   1 )  Lower costs;  2) reduce l i a b i l i t i e s  
which  might be i n c u r r e d  i f  f o r e i g n   f a c i l i t i e s  were  used; 3 )   ensure   tha t  

wastes  are  proper ly  d isposed  of ;  4 )  re l i eve   conce rns   t ha t   t ransborde r  

shipment  coul d  be stopped on s h o r t   n o t i c e .  
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7.0 SPILL PREVENTION AND WASTE  REDUCTION  TECHNIQUES OBSERVED AT PAINT 
AND COATINGS  PLANTS 

There were a number o f   s a f e t y   f e a t u r e s   f o r   t h e   p r o t e c t i o n   o f  

workers  and  the  environment  and  waste  reduction  techniques  which  were 

observed a t   v a r i o u s   p l a n t s   i n  B.C. They are  noted as fo l lows.  

7.1 Dry Mix ing  Tank Cleanup  Methods 
Cleaning o f  mix ing  tanks i s   r e q u i r e d   p e r i o d i c a l l y   t o  remove scale 

bu i ldup o f  o l d   p a i n t .   ( T h i s  can be avoided i f  the   tanks   a re   c leaned  a f te r  

every  product ion day, which was done a t  one l o c a t i o n . )   S o l v e n t   o r   c a u s t i c  
soaks   l oosen   o r   pa r t i a l l y   d i sso l ve   t he   sca le  on tanks and can be reused 
severa l   t imes  before  d isposal  i s  requi red.  Some companies limit the  volume 
o f  waste and e l im ina te  hand1 i ng o f  1 i q u i d s  by  using  dry  c leanup  techniques. 

A meta l   ch ise l  i s  shaped t o  t he   cu rva tu re   o f   t he   t ank  and us ing  an a i r  

powered hammer the  scale  can be chipped o f f   t h e   t a n k ,   u s u a l l y   i n   l e s s   t i m e  
than i s   r e q u i r e d   f o r  a soaking  method.  This  e l iminates  the use o f   s o l v e n t s  

and  produces  only  sol id  wastes. These  wastes a re  packaged i n  metal drums 
and  disposed t o  a d e s i g n a t e d   l a n d f i l l .   M o s t   p l a n t s  use s p e c i f i c   t a n k s   f o r  
c e r t a i n   b l e n d s   o f   p a i n t   t o   p r e v e n t   c o n t a m i n a t i o n  and therefore  the  ch ipped 
p a i n t  can  be  segregated,  minimizing  the volume which  requi res  spec ia l  
d isposal  due t o   p r e s e r v a t i v e s   o r  heavy  metal  content. 

7.2 S p r i n k l e r  Systems and  Fused  Valves 
M o s t   p a i n t   p l a n t s   h a d   f i r e   s p r i n k l e r  systems i n   t h e   p r o d u c t i o n  

and/or   s torage  area  o f   the  p lants .  These are   usua l ly   requ i red   by   insurance 
underwr i te rs  and b u i l d i n g   f i r e   s a f e t y  codes i n  t h e   m u n i c i p a l i t i e s .  

Several f a c i l i t i e s  were  const ructed  wi th   explos ion  systems  which 
r e q u i r e d   t h a t   c e r t a i n   o u t s i d e   w a l l s  be  designed t o   d i s i n t e g r a t e   o u t w a r d  
a f t e r  a s p e c i f i c   i n t e r i o r   a i r   p r e s s u r e   i s  exceeded. The w a l l   p a n e l l i n g   i s  

connec ted   w i th   w i r i ng   t o   reduce  or preven t   ex tens i ve   sca t te r i ng   o f   deb r i s .  
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Fuse pro tec ted   va lves  were  used  on f l e x i b l e   p r o d u c t   t r a n s f e r  
hos ing  connected  to   meta l   p ip ing.  The valves  are  spr ing  loaded and 

r e s t r a i n e d   i n   t h e  open p o s i t i o n  by a wi re  connected  to  a m e t a l l i c   h e a t  
sens i t i ve   f use   ( see   F igu re   2 ) .   I n   t he   even t  o f  a f i r e   t h e   f u s e   w o u l d   m e l t  
a t  a tempera ture   o f  65°C ( 1 5 O O F )  a n d   s h u t   t h e   l i n e   r e s t r i c t i n g   t h e  
p o t e n t i a l  volume o f  flammable 1 i q u i d   s p i l l  age to   t he   con ten ts  o f  t he  

f l  e x i   b l  e hose. 

7.3 E l  evated F1 oor   Dra ins  
E l e v a t e d   f l o o r   d r a i n s  were a1 so used  on t h e   p r o d u c t i o n   f l o o r s   o f  

p lan ts   to   p revent   acc identa l   d ischarge  o f   sp i l led   was tes   o r   d iscourage 

workers  from dumping  wastes i n to   d ra ins   wh ich  were n o t  on treatment 
systems. The l e v e l   o f   t h e   d r a i n   p i p e  above t h e   f l o o r   i s   s u f f i c i e n t   t o  
conta in   the  volume o f   t h e   p a i n t   o r   r e s i n   t a n k s   c o n t a i n e d   i n   t h e   i n t e r i o r  

product ion  area.  The d ra ins  were  used fo r   the   d ischarge  o f   uncontaminated  
coo l i ng   wa te r   f rom  b lend ing   m i l l s .  Some companies  have  sealed f l o o r   d r a i n s  
w i th   p lugs   to   p revent   acc identa l   o r   in ten t iona l   unauthor ized   d ischarges  

(see  F igure  3 ) .  
A t  some f a c i l i t i e s   t h e r e  was a n o t i c e a b l e   l a c k   o f   m i n o r   s p i l l  

c o n t a i n m e n t .   T h i s   r e s u l t e d   i n   d i r t y   f l o o r s  and  wastage o f  raw m a t e r i a l  s .  
Problem  areas were a t  raw mater ia l   s to rage  racks  where b a r r e l s  were s to red  

i n   h o r i z o n t a l   p o s i t i o n s   w i t h   s p r i n g   l o a d e d   o r  screw  spigots. These  were 
prone t o  1 eakage. F a c i l  i t i e s   w i t h  good c o n t r o l  measures  would  under1  ay 

racks  wi th  cardboard  which  acted as  secondary  absorbants. The p lacement   o f  
empty 4 1 cans o r   r e c t a n g u l a r   f l o o r   t r a y s   w o u l d   c a t c h   t h e   d r i p p i n g s  from 

these  bar re ls   (see   F igure  4 ) .  Absorbant  mater ia ls and mops were s t o r e d   a t  
s t ra teg ic   p laces   fo r   immedia te   c leanup  shou ld  a s p i l l  occur. I n  most  cases 

these  s imple  cont ro l  measures  were s u f f i c i e n t   t o   r e d u c e   s p i l l a g e  and 
subsequent fume p r o d u c t i o n .   I n   p l a n t s  where management s t ressed  c lean work 

procedures  the  product ion  o f   wastes and l o s s  o f  raw  mater ia ls  was reduced. 
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7.4 Spill  Retention Si l ls  and Drip Collection  Trays 
S p i l l  containment measures  observed included  raised s i l l s  on 

mezzanine production  floors. The s i l l s  were 10 cm t o  1 2  cm h i g h  around the 
perimeter of the mezzanine and would contain  spi l ls  from tanks or additive 
barrel s (see  Figures 4 and 5 ) .  Floor  drains were loca ted   a t  stai rwel 1 
ex i t s  and connected t o  sumps or  wastewater  tanks where recovery and recycle 
was possible. Maintenance o f  a clean f loor  would a i d  i n  recycle  potential. 
The proper  containment of spills  prevents  contamination of other equipment 
which workers must handle and reduces  the  surface  area of l i q u i d  which i s  
subject t o  e v a p o r a t i o n  of solvents. One p l a n t  used wood chip board as 
production mezanine f loo r ing .  Such f loo r ing  would absorb  the  spilled  resin 
and make cleanup d i f f i c u l t  i f  n o t  impossible. The f loor  becomes a source 
of recontamination through evaporation and dust production  as i t  was 
subject t o  wear. Sealing of the floor i s  d i f f i c u l t  and leakage o f  resins  
through the  floor on to  lower work areas was observed ( 1 4 ) .  This can be 
prevented by using cement or metal flooring which can be  washed and i s  
impervious t o  solutions and res i s tan t  t o  wear. 

7.5 Raw Material Storage Areas 
Powdered raw materials such a s   f i l l e r s ,  pigments,  fungicides and 

toxic  materials  are  sources of fugit ive  dust .  These materials  are  often 
shipped i n  bags  or cardboard barrels which are scrapped by compression and 
disposal t o  l andf i l l .  The crushing process can generate a s ignif icant  
amount of d u s t  a n d  several  techniques were used to  control this. A t  one 
p l a n t  toxic  materi a1 s such as  lead  pigments,  mercuri a1 fungicides,  penta- 
chloro and tetrachlorophenols were stored i n  a fenced,  locked  containment 
area. All measurements of these  materials were performed i n  the 
containment  area under a vaccuum d u s t  collection hood  which was connected 
t o  a central  dust  collection system. The weighed materials were then 
transported  to  the mixing  s ta t ions.  Crushing o f  the empty containers can 
generate  considerable volumes o f  dust which can contaminate  floor  or 
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park ing l o t  areas. I n   e x t e r i o r   a r e a s  a pro longed  bu i ld-up  can  create a 

shock l oad   o f   con taminan ts   t o  a storm sewer  system du r ing  a  sudden r a i n -  
f a l l .   T h i s  has  been  overcome  by one firm by  moving  the  crusher  indoors and 
connect ing i t  t o  a baghouse f i l t e r  system. The bags  can be s o r t e d   f o r  
those  which  contain  innocuous  mater ia ls such  as f i l l e r s  which  can  be com- 
pressed,  baled and so ld   t o   paper   recyc le rs   o r   f i rms   wh ich   manu fac tu re  

shredded insulat ion  f rom  waste  paper .  

7.6 L i q u i d  Raw M a t e r i a l  and  Product  Storage  Tanks 
Plants  which do n o t   p r o t e c t  above  ground  storage  tanks  with berms 

r u n   t h e   r i s k   o f   h i g h   p r o d u c t   l o s s  and severe   cos ts   fo r   c leanup and p o s s i b l e  
prosecut ion by c i v i l   o r  governmental  agencies. A recen t  raw m a t e r i a l s  

s p i l l  has c o s t   i n  excess o f  $250,000.00 for  cleanup  costs,  chemical  moni- 
t o r i n g ,   c o n s u l t a n t  and lega l   fees .   Th is  does n o t   i n c l u d e   l e g a l   p e n a l   t i e s  
o r   sa les   losses  due to   adverse  pub1 i c i  ty. Safety   precaut ions and con ta in -  

ment  measures  observed a t  some f a c i l i t i e s  t o  reduce  r i sks   inc lude:  

1) E n s u r i n g   t h e   s t r u c t u r a l   i n t e g r i t y   o f   s t o r a g e   t a n k s  by r e g u l a r   ( i n  some 
cases d a i l y )   i n s p e c t i o n s   f o r   l e a k   d e t e c t i o n ,   d e t e r i o r a t i o n  from c o r r o -  

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

2 )  Design  and  const ruct ion  o f   ear thern  or  cement berms wh ich   a re   ab le   to  
con ta in   t he   l i qu id   con ten ts   o f   t he   t anks   wh ich   t hey   p ro tec t .  

3 )  Tank des igns  which  have  in f low  hatches  located on the   t op   o f   t he   t ank  
and no va lves   o r   tank   d ra ins   loca ted  on the  bottom  of  tanks  which  can 
be  tampered w i t h  by unauthorized  persons. 

4 )  The tanks   a re   connec ted   v ia   p ip ing   t o  pumps and  header  systems  which 
a r e   l o c a t e d   i n   t h e   p r o d u c t i o n  areas. Ex ter io r   va lves   wh ich  may be used 
fo r   tank   d ra inage  a re   locked.  

Tank farms  and  work  yards at   severa l   locat ions  are  surrounded  by  fences 

topped  wi th   barbed  wi res  to  hamper or  prevent  unauthor ized  access. 
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Some plants use activated  charcoal  filtering systems for air/fume 
discharges from storage and mixing tanks on the  production  floors.  This 
reduces a i r  p o l l u t i o n  and odour problems a t  the p l a n t  s i t e .  

None of the  plants  visited had leak  detection  devices or ground- 
water  detection  devices or groundwater monitoring wells on underground 
storage  tanks. Only one faci l i ty   regular ly   inspected  i ts  underground tanks 
for corrosion. 

Companies should examine their  production and s torage   fac i l i t i es  
for possible  routes o f  any raw materials or finished  products t o  the 
environment a n d  take  corrective measures where necessary. 
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PRIORITY A N D  CANDIDATE  CHEMICALS 

June 9,1984 

T h i s  fifth review of the List of Priority and Candidate Chemicals is published as an indication of the substances that are of particular 
interes! to the two Departments for the gathering and analysis of information. The mere mention of chemicals in th is  List does not mean 
that they will be proposed for regulation. Rather, this List is intended as information for the public, industry, academia. provincial 
governments and  other federal government departments so that they may be aware of the information gathering activities which are being 
camcd out by the Department of the Environment and the Department of National Health and Welfare. Interested parties who  have 
information which  may be of assistance in evaluating the potential of a chemical to adversely affect the environment or human health are 
invited to communicate this information to either of the officials identified at the end of th is  notice. 

The priority and candidate chemicals lists comprise. principally, chemical substances that  are imported into Canada or manufactured or 
processed in this country. Chemicals that are used solely as drugs, food additives or pest control products may not be included in this List if 
they are already scrutinized or controlled under  other federal legislation. Chemicals that have been included in the List may subsequently 
be removed by adding the substance to the Schedule to the act for regulation, or by a decision that the substance does not pose a  threat to 
human health or the environment and, therefore, does not warrant regulation under the Environment Contaminants Act. In the latter case. 
for some substances, the two departments may still have a continuing concern under other federal mandates. Those substances that 
appeared on the previous (1982) version of the List and that are not included in this version are mentioned in a  separate section of this notice 
with a brief explanation of why they have been  removed from the List. 

The same three criteria announced in the December I ,  1979, Canado Gazette notice that pertain to the hazards posed by a chemical 
substance to human health or the environment were applied to the selection of chemicals for this version of the List. These criteria 
encompass the several properties of a chemical substance, e.g., carcinogenicity, mutagenicity. reproductive and other forms of toxicity. 
volatility. solubility. routes of entry into the environment, dispersion and distribution throughout the environment, nature of 
transformation products, impurities, persistence, accumulation in tissues and  amounts  imported, manufactured or processed. The three 
criteria are: 

(1) Toxic effects  crirerion. Evaluation of scientific data leads to the conclusion that  the chemical substance could cause or causes adverse 

(2) Persistence  criterion. Evaluation of scientific data leads to the conclusion that  the chemical substance accumulates or could 

(3) Quanriry and  use  crirerion. Evaluation of available data on the importation, manufacture, processing or use of a chemical substance 

effects on human health or the environment. 

accumulate to significant concentrations in air, water, soil, sediment or tissue. 

leads to the conclusion that the substance is in commerce and could enter or has entered the environment in significant quantities. 

LIST OF PRIORITY CHEMICALS 

The current List of Priority Chemicals, which supercades previous lists, is presented below with a  description of each category. 

Category 1: Those substances for which regulations or specific control strategies are being developed under  the Environmenral 
Conraminan:s Act. 

Polychlorinared  Biphenyls (PCBs) 
Chlorobiphenyl Regulations No. 1 under  the Environmental Conraminanrs Act came into effect in 1977, restricting use of PCBs in new 

non-electrical equipment. An amendment which extended the prohibition to new electrical equipment  and which further restricted the use 
of PCBs in existing equipment came into effect in July 1980. Two funher regulations on PCBs were proposed in the Canada Gazette Purr I 
on January 21,1984. Proposed Chlorobiphenyl Regulations No. 2(Product) will control commercial activities involving productsdesigned 
to use PCBs that contain  more than 50 parts per million of PCBs. Proposed Chlorobiphenyl Regulations No. 3 (Release) will establish 
limits on quantities and concentrations of PCBs that may be wilfully released into the environment. Also, a strategy is being developed to 
achieve an orderly and accelerated phase-out of PCBs currently in use. 

Chlorofluorocarbons (CFCs) 
A regulation under the €nvironmen:al  Contaminants Act, restricting the use of chlorofluorocarbons as aerosol propellants in hair sprays. 

underarm  deodorants and antiperspirants came into effect on May 1, 1980. An amendment to this regulation, extending the restriction to 
all deodorants,  came into effect on May 7, 1981. The need for controls on the non-aerosol uses of CFCs is being reviewed. 

Category 11: Those substances which are being investigated to determine the  nature  and the extent of the  danger to human health or the 
environment and  the  appropriate means to alleviate that danger. 
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Chlorobenzenes 
Many of the chlorinated benzenes have bem identified in the tissue of fish or herring gulls from the Great Lakes, indicating the preseAce 

of these chemicals in the environment and their persistence and accumulation. Tbe use of mixtures of tri- and tetrachlorobenzene as 
replacements for PCBs could lead to an increase in their consumption and thus an increase in environmental exposure. Hexachlorobemne 
(HCB).  a waste-product of several industrial processes, is persistent and can be bioaccumulated. Review of the national situation shows 
that HCB occurs throughout the environment. There is recent evidence that some chlorobenzenes are toxic. especially HCB, and while 
environmental levels are not of immediate concern. there is a need to investigate the pathways of exposure through the environment and the 
potential effects on health and environmental biota. 

Phtholic Acid Esters 
Large quantities of phthalic acid esters are used in Canada and are released into the environment during processing and as a result of the 

usc and disposal of products  containing them. Their g r e a t e s t  use is as plasticizers although they have numerous other uses such as 
replacement for polychlorinated biphenyls. Several, including diethyl phthalate, dibutyl phthalate (DBP), and di-(2cthylhexyl)  phthalate 
(DEHP). have  been studied in detail. Residues of DEHP  and DBP in air ,  sediment, water, fish, and herring gull  eggs have been detected. 
indicating their presence in the environment. DEHP has been reported to be carcinogenic in the rat and the significance of this with respect 
to human health has yet to be determined. A number of phthalates  are currently undergoing long-term toxicological testing. Sublethal 
toxicity testing and environmental masurcments for the aquatic medium are needed. 

C a t e g o r y  111: Those substances which  may pose a significant danger to health or the environment and about which further detailed study or 
information (for example toxicology, amounts used or concentrations in the environment) is necessary. 

Chlorinored Porojjins (CAS No. 63449-39-8) 
For the purposes of this List, chlorinated paraffins are defined as complex mixtures of compounds having more than 10 carbon  atoms 

and 35-708 chlorine by weight. These chemicals are produced in large quantities  and are used as lubricants and cutting oil additives, 
plasticizers and, in particular, as flame retardants. They are considered to be stable and to have a high potential to contaminate the 
environment. There is a paucity of data concerning the concentrations of these chemicals in environmental media and their toxicity. 
although some of these substances are currently undergoing tests for mammalian and aquatic toxicity. 

Chloroethones 
13-Dichloroethane, l,l,l-trichloroethane and 1,1,2,2-tctrachloroethane are produced and used in high volume; their loss into the 

environment and their potential toxic and environmental effects are cause for concern. Information is being collected on the use patterns of 
these three chemicals. Data are needed on environmental levels and the possible resultant effects on humans  and  other organisms. 

Chloroerhylenes 
Trichloroethylene and tetrachloroethylene exhibit a variety of toxic effects and  are employed in large quantities for essentially dispersive 

uses  such as cleaning solvents. Information is being collected on the use patterns of these chemicals. Data  are needed on environmental 
levels and  the possible resultant effects on humans and other organisms. 

Chloromethones 
Carbon tetrachloride, chloroform and  dichloromethane are used in high volume and have high potential for release to the environment. 

They have  been observed in Great Lakes waters and some have been found in finished drinking water as a result of environmental 
contamination and the use of chlorine as  a disinfection agent. Tbere is concern over the chronic toxicity of these compounds,  and the tri- 
and tetrachloromethanes have been reported to be carcinogenic based on animal studies. Information is being collected on the use patterns 
of these chemicals. Data  are needed on environmental levels and the possible resultant effects on humans and other organisms. 

Orgonotins 
Organotin compounds are incorporated (as antioxidants, stabilizers, biocides. etc.) into a variety of synthetic materials. The widespread 

use of thex substances, coupled with their stable chemical nature suggests that  organotins may be widely distributed  and  persistent; these 
aspects  are under investigation. A brief  review of these chemicals ("Organotins in the Canadian Environment - A Synopsis", Environment 
Canada Report EPS 3-EC-82-1. 1982) has been published which identified the lack of data  on environmental concentrations  and 
acotoxicity. 

LIST OF CANDIDATE CHEMlCALs 

The List of Candidate Chemicals includes chemicals which  may pose environmental contamination problems and for which the concern 
is insufficient to warrant placement in the List of Priority Chemicals. For some Candidate Chemicals the available data are  inadequate and 
must be supplemented where appropriate by information on commercial use-patterns, biological effects, other properties, or 
environmental occurrences. This information will be sought, but at  a lower level of effort that for Priority Chemicals. As the information is 
accumulated, some of the substances may warrant  more detailed study  and be placed on the List of Priority Chemicals or may not warrant 
continued investigation and be deleted from the List of Candidate Chemicals. 

Aromotic Amines 
For the purpose of this List, aromatic amines comprise: 
(a) diphenylamine and derivatives 
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(b) aminobiphenyls and derivatives 
(c) aniline, its methyl or ethyl derivatives whether these groups arc substituents on carbon or nitrogen, and those derivatives of a l l  t hee  

compounds that carry chloro, bromo or nitro substituents in the ring. 

Some of these chemicals are produced in large quantities and arc put to a variety of uses including dyes, antioxidants. explosives,  plastics. 
stabilizers, and precursors for the manufacture of herbicides and fungicides. Some have been detected in the  Great Lakes and some are 
believed to be carcinogenic or otherwise toxic. 

Ethylenethiowea (2-imidarolidinethione) 
T h i s  chemical is used in the rubber, dyestuff and pharmaceutical industries. It also occurs as a  degradation product of ethylene 

bis-dithiocarbamate fungicides which are used in agriculture. Literature reports indicate this chemical is mutagenic and  has produced 
tumorigenic and teratological effects in laboratory animals .  

Halogenated  Diphenyl  Ethers 

in fish. Chlorodiphenyl ethers have been detected in sediments. 
These compounds  are used principally as flame retardants. Some are persistent and in laboratory studies have been found to accumulate 

Halogenated Toluenes 

agents, gasoline gum inhibitors and flame retardants.  Tetra- and pentachlorotoluene have been found in fish from the Great Lakes. 

Nitrophenols f 
For the purpose of this List, nitrophenols comprise those chemicals which contain one or more nitro  substituents on the aromatic ring of 

a m o n e  or polyhydroxybenzene. These compounds  are widely used as intermediates in the chemical industry. They are moderately 
persistent in the environment and are reported to be toxic. 

Organophosphorus Compounds 

Almost all the chemicals in this class are used as intermediates; some are used as solvents. Specialized product uses include frothing 

For the purpose of this List. organophosphorus compounds comprise: 
(a) phosphines 
(b) phosphine oxides and derivatives 
(c)  phosphinic acids and derivatives 
(d) phosphonic acids  and derivatives 
(e) phosphites and derivatives 
(f) phosphates  and derivatives 
(g) phosphoranes  and derivatives 
Some of these compounds  are used as plasticizers, flame retardants, lubricants and fuel additives. Many are very stable and mag persist in 

the environment. The triarylphosphates were included in the preceding List of Candidate Chemicals and have been retained on this List as 
part of this group of chemicals. 

DELETIONS FROM THE LIST  OF  PRIORITY CHEMICALS 

The following chemicals were on the previous (1982) List and do not appear on this version for the reasons indicated below. 

Cadmium 
Investigation by the two Departments has shown that at the present time there is insufficient evidence to warrrant the  addition of 

cadmium to the Schedule to the Act for regulation. Cadmium and its cornpounds continue to be of concern to other high-priority programs 
of both  Departments which are designed to control specific contamination problems. 

Details of the investigation which  served as the basis for deleting cadmium from the List of priority Chemicals are contained in the 
publication entitled “Environmental Contaminants Act: Hazard Assessment Report on Cadmium”  (December 1983); copies of this report 
may  be obtained by contacting either of the officials identified at the end of this notice. 

Chlorqvhenols 
Commercial formulations of these compounds have been of concern because of their widespread use, toxicity and the presence of various 

impurities such as chlorodibenzodioxins and chlorodibenzofurans. These compounds have been under review for some time now and have 
been the subject of three reports (“Chlorophenols and Their Impurities in the Canadian Environment”, Environment Canada Report EPS 
3-EC-81-2, 1981; “Chlorophenols and Their Impurities in the  Canadian  Environment; 1983 Supplement”, Environment Canada Report 
EPS 3-EP-84-3; “Chlorophenols and Their Impurities: A Health Hazard Evaluation” Health and Welfare Canada Report 84-EHD-110 (in 
press)). 

Chlorodibenzodioxins have been the subject of two separate  reports released in December 1983 and entitled  “Report of the Ministers’ 
Expert Advisory Committee on Dioxins” and “Dioxins in Canada: The Federal Approach”. Both documents  provide an overview of the 
potential problems posed by chlorodibentodioxins  and  enumerate  actions to be taken by the federal government, often in collaboration 
with provincial agencies, to reduce the exposure of Canadians to dioxins. 

Some of the major uses of chlorophenols are controlled by the Pest ControlProdurts Act administered by Agriculture Canada. and recent 
changes in the permitted uses will reduce the potential for releases into the environment. Another change has set lower limits for the dioxin 
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content of some chlorophenols. Fwthennore, measures have ban initiated to implement a code of good practice for the ux & 
chlorophenols in  wood treatment  and preservation which should further m i s t  in reducing human exposure and releases to the 
environment. 

With the measures which have b a n  taken and  are proposed, the two Departments have concluded that  there is not sufficient caux to 
warrant the addition of chlorophenols to the Schedule to the Act for regulation at the present time. Chlorophenols and their contaminants 
will continue to be of concern to other high priority programs of both Departments. 

Dodecachloropentacyclmcmdecadiene (CAS No. 13560-89.9) and Hexachlorobutadiene (HCBD) 

humans  and the ecosystem was not sufficient to merit further in-depth investigation at this time. 
Evaluation of the commercial use patterns  and  data on environmental concentrations led to the conclusion that  the potential exposure of 

Anyone who has comments or seeks clarification regarding the present document, or  has hninent  information on these chemical 
substances, should contact either of the following officials. 

J.E. BRYDON 
Director 
Commercial Chemicals Branch 
Environmental Protection Programs Directorate 
Department of the Environment 
Ottawa, Ontario KIA IC8 

J.R. HICKMAN 
Director 
Bureau of Cbcmical Hazards 
Environmental Health Directorate 
Department of National Health and Welfare 
Ottawa, Ontario KIA O U  
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2. APPROACH 

2.1 GENERAL 

The general approach to  the s t u d y  involved process review, s i te  
v i s i t s ,  sample site  selection, sample collection, conventional 
anaylses,  organic parameter analytical schedule preparation,  organic 
analyses and finally  analytical  results review and report prepara- 
t ion. The objective of the s tudy  was to generate  data on types and 
quantities of organic chemicals present in the discharges from the 
selected  plants with special emphasis  on Priority and Candidate 
Chemicals identified by the Environmental  Contaminants  Act. 

2.2 SAMPLE'.COLLECTION APPROACH 

Wastewater and sludge samples  were collected a t  each plant with the 
intent of characterizing and quantifying a l l  major  waste  components 
and pr ior i t y  chemicals. Prior to  the s i te  v i s i t s ,  internal EPS plant 
dossiers were  reviewed t o  provide background informat  ion on the 
manufacturing process involved, plus  related wastewater and sludge 
production a t  each subject  plant. Plant v i s i t s  then  involved  review 
of manufacturing processes and waste generation w i t h  company 
representatives so as t o  determine  waste sample collection  sites, 
flowrates and discharge frequency  of a l l  wastewater and solid 
discharges. The  major  emphasis of sample collection w a s  in obtaining 
sanples which  were as  representative as possible. All samples  except 
final  effluent  at P lan t  D were grab. The final l iquid eff luent  a t  
Plants A & E were collected i n  holding t a n k s ,  mixed and then 
discharged on a batch basis. These ef f luent  grab samples were 
therefore  representative of a significant number of  days plant opera- 
tion. Raw l iquid effluent from Plant B discharges to a mixed 14 day 
equalization pond prior t o  treatment i n  an activated sludge u n i t .  
Therefore the intermediate sample (Table 1-2, 3-2) would be repre- 
sentat ive of a reasonable number  of days of operation a t  Plant B and 
obviously the discharge from the  activated sludge u n i t  would be 
fairly  representative of treated  effluent. The final  effluent  at 
Plant C is excess cooling water bled from a  cooling water circuit. A 

forced air cool inq tower is u t i 1  ized t o  reduce  water temperature 
p r i o r   t o   r e c y c l e .   E x c e s s  
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cooling  water  would  represent  only a small  percentage  of  the  recycle  flowrate, 

therefore  the  effluent  sample  would  be  representative  of  several weeks of 

operation. Plant D is a relatively  small  paint  manufacturer. Waste  discharges 

at  this  plant  are  highly dependent  on the  type  of  paint  being  manufactured  at 

any given  time.  Recycle  of  solvent  and  water washes can  virtually  eliminate a 

discharge. Therefore a composite  sample was collected  during a period when 

some discharge was  expected. This  sample  therefore did not  represent  "typical" 

or average  conditions. All sludge  and  solids  samples  collected  during  the  study 

were grabs due to  the  extreme  dif f iculty  involved in obtaining  representative 

sludge samples. However,  sludge  samples AS-2 and CS-14 would  be  relatively 

represented  since  they  were  mixed and accumulated  over a  reasonable t ime 

period. 

2.3 ANALYTICAL APPROACH 

The  twenty samples  obtained  from  the  Plants  consisted  of  two  major types: 

liquid  effluents and solid wastes. The  solid  wastes  could  be  further  subdivided 

in to  sludges  (process and  treatment wastes) and  dry  solids (baghouse and 

cyclone  collection dusts). Due  to  the  different  types  of  plants under study; that  

is  type  of  product  produced  and  raw  materials used, the samples collected  were 

very diverse. 

A number of  factors  were  taken  into  consideration in choosing  an  approach t o  

the analyses of  the samples for  organic  parameters.  Firstly,  information 

obtained  from  the  plant dossiers supplied  by  the  Scientific  Authority and 

information  from tCle manufacturers, was  used to  determine  the  raw  materials 

and type  of process utilized. This, in conjunction  with  technical  l i terature on 

production  techniques  aIlowed for some insight  into  the possible  presence of 

some chemical compounds. 

Secondly, the  Priority  and  Candidate  Chemicals  of  the  Environmental 

Contaminants  Act  were  taken  into  consideration.  Based on raw  material usage, 

finished  product  and  by-product  production,  the  potential  presence  of  the 

regulated compounds  were examined. 
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Finally,  general  physical  observation  and  conventional  chemical  analyses, as 
well as a  "crude"  organic  extraction  and  analyses,  yielded  information  on  the 
chemical  complexity of the  various  samples. 

Taking  into  account  all of the  above,  the  analytical  requirements  with  respect 
to  the  priority  and  candidate  chemicals  were  defined. Many of the  groups  of 
chemicals  defined in the Act were  eliminated by their  absence  from  use in 
production  and  the  impossibility  involved  with  their  production  as  by-products. 
These  include  compounds or compound  groups  such  as  polychlorinated  biphenyls 
(PCBs), chlorofluorocarbons,  chlorobenzenes,  ethylenethiourea  and  halogenated 
toluenes  and  diphenyl  ethers. 

A number of groups  were  targeted  for  specific  analyses,  including  phthalate 
acid esters, chlorinated  phenols,  tri-aryl  phosphates,  and  solvents.  The  analyses 
for  these  groups  were  optimized  and  a select list of parameters  within  each 
group were specifically  sought. 

Due  to   the  nature  of some of the  raw  materials  consumed  and  the  types  of 

products  produced,  it  was  identified  that  many of the  organic  compounds 
present would not  be  amenable  to  analyses by the  techniques  selected.  Long 
chain  cellulose  compounds  used as thickeners  and  fillers as well as  polymers 
would be  prime  examples. Many of these  compounds  are  considered  innocuous 
relative t o  t h e  compounds of interest,  therefore the need  for  identifications or 
quantitation o f  t5ese compounds  was a Iow priority. 

The  extraction of the  samples  for  organic  parameters  generally  followed  the 
protocol of the  U S E.P.A. priority  pollutant  analysis.  Extractions of the  liquid 
samples  were  carried  out on a total   extractable basis.  This was achieved  using 
liquid - liquid  extractions  under  both  acidic  and  basic pH conditions.  The  solid 
waste  samples were extracted in two ways: firstly on a total  basis  and  secondly 
on a leachable or extractable  basis using a modification of the  BC Ministry of 
Environment  Special Waste Extraction  Procedure (SWEP). This  leacheate 
procedure  is used to   s imulate   the  effect  of landffll  conditions on  solid  waste. 
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Extractions  are  carried  out on the  dewatered  portion of wet  sludges,  but 
directly on dry  solids. A modification  was  made in the  procedure  to  allow  for 
certain  important  conventional  parameters  to be  analyzed on t h e  leacheate 
solution.  The  solutions  generated  from  the SWEP test were then  extracted on a 
total basis  for the  organic analyses.  Details of the  analytical  methodology 
covering  the  extraction of liquid  and  solid wastes  and  the SWEP test are  
included as in Appendix A. 

Based on the results of t h e  conventional  analyses, the "crude" extraction and 
analyses,  and  the  gas  chromatographic  analysis of the  acid  and  base-neutral 
fractions of the  sample  extracts, ten samples  were  selected  for  further  analyses 

by gas  chromatography/mass  spectrometry (GC/MS). The  criteria used was t5e 
complexity of t h e  sample  extracts  and t h e  number of "unknown" components 
present.  Each set of sampIe  extracts  was subjected to a target search for 

certain  classes of the U S E.P.A. organic  priority  pollutants.  The PCB and 
pesticide  fraction  was  omitted  as  discussed previously.  This  allowed for 

analysis  for many  compounds in the  sample  extracts which could  not be 
economically  achieved using conventional  gas  chromatography  techniques.  The 
extracts were also  analyzed by searching  the GC/MS spectral  data  generated 
through  a  library of spectra in order  to  facilitate  identification of many of  the 
major  components. A threshold  was set for  each  sample  extract  to  enable this 

phase of the  study to remain cost effective.  Despite  the  extensiveness of t5e 
library of spectra i t  was  expected  that  some of the  components would remain 
unidentified. 

Solvents  were  considered to   be a  major  component of the liquid effluents  and 

sludges  and the  leachate  extractions.  The  analysis  for  solvents  was  carried  out 
using a  direct  injection  technique.  This  was  found to  have  a  distinct  advantage 

over  head  space or extractable  analyses  as  a  number of factors, including 
temperature,  partition  coefficients  and  extraction  solvent  selection were 
eliminated. 
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3. PLANT  A 

3.1 PROCESS D E S C R I P T I O N  - PLANT  A 

Plant A manufactures a wide  variety of alkyd  and  latex  paints,  stains, 
varnishes,  lacquers, wood preservatives,  nletal  primers  and  metal  enamels. 
Manufacture  involves  the  blending of paint  resins,  pigments,  solvents  and a wide 
variety of additives  such  as  plasticizers,  preservatives  and  colloids. A full 
discussion of paint  formulation  is  beyond  the  scope of this  report.  Fieference 

should be  made  to  the  general  literature  for  technical  information on the  
components of latex and  alkyd  paints. 

All basic  components of the  paint  formulations  produced by Plant A are 
manufactured by others  and  stored  on-site.  Total  annual  production  is 
approximately 2800 m3 with  solvent  based  coatings  representing 5 5 % ,  water 
based  coatings  at  25% and  the  remainder  divided  into  varnishes,  lacquers,  paint 
thinner  and  cleaners.  The  processing  area  is  divided  into  two  main areas; one 
for  latex  paints  (water  based)  and  one for alkyd  paints  (solvent  based). All 
alkyd  blending  tanks  and  equipment  are  cleaned  wit5 a solvent  mixture 
containing  xylene  which is then  collected after use  and  re-distilled in a waste 
solvent  recovery  still.  Clean  solvent  is  then  recycled  for  paint  production or 
clean-up. The  "bottoms"  from  the  solvent  still are used in the  production  of 
metal  primers  and wood stains. 

A  "spent  solvent  sludge"  accumulates  in  the  portable  waste  solvent  collection 
tanks.  This  material  cannot  be  easily  re-suspended  for  process  through  the 
solvent  recovery  system.  Approximately 0.2 m3 per month of "spent  solvent 
sludge"  is  scraped  from  the  solvent  collection  tanks  and  stored on site. 
Approximately 200 drums of this  material are stored on site.  Application  has 
been  made  for  shipment  and  disposal to a hazardous  waste  disposal  site in the  
us. 

The  latex  formulation  equipment  is  washed  with  water  which  discharges  via  an 

open  floor  sewer system to   an  underground  sump. Latex wash water is pumped 

from  the  sump  to  a flocculation  tank (11 my). Once  this  tank is full,  ammonium 
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hydroxide is added to  adjust pH and  alum is added to  coagulate solids. After 
mixing  is complete,  solids  are  allowed  to  settle  to the  bottom of the  tank  as 
"latex sludge" and  supernatant  (treated  latex wash water) is d e c a "  end 
discharged to  t h e  municipaI sewer.  Treated  latex  washwater.(ll m3) is batch- 
discharged on average  svery  two weeks,.mbroken down-into  once  a week during 
busy periods  and  every three weeks during  slow  periods.  The  "latex  sludge" in 
the  flocculation  tank  accumulates  and is pumped t o  a  separate  sludge holding 
tank (18 m3) once every five  weeks on average.  Approximately 16 m3 of "latex 
sludge" is produced  annually. Prior  to  final  disposal,  the  collected  latex  sludge 
is  thickened an additional 15% using  alum  and  ammonium  hydroxide.  This 
thickened  sludge is  pumped into 45 gallon  barrels, mixed with  portland  cement 
and  allowed to  harden.  The  sludge/cement  ratio is approximately 4:l on a w/w 
basis. Approximately 70 barrels  are produced  annually  for  disposal to  local 
landfill. The cementing  and  disposal  operation  is  carried  out  annually on a 
batch basis. 

3.2 SAMPLE DESCRIPTIONS - PLANT A 

A log of samples  collected  during  this  study  is  provided in Table 1. Detailed 
descriptions  for  each  sample at   Plant A are provided in the following  sections. 

3.2.1 Latex Effluent 

This  sample  represents  treated  latex  washwater  generated from the  latex 
(water  based)  production  section of the  Plant.  The  wastewater  essentially 
consists of paint  residues, in fact the  samples had the  appearance of dilute 

paint. Standard  analytical  characteristics as listed in Appendix B Table 1-1 
indicate  that  samples  coIIected were high in NFR, COD, turbidity, TOC, TN and 
ammonia. 

The  organic  characteristics, as listed in  Appendix 6 Table 4-1 indicate  the 
sample  has  major  concentrations of hydrocarbons  and fatty  acids plus  minor 
amounts of acetone,  ethanol,  methanol,  methyl  ethyl  ketone,  xylene  and 

ethylbenzene.  The  presence of the  above  compounds  indicates that  some 
cross-over  is  taking  place  from  the  alkyd  system  into  the  latex  system. 
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3.2.2  Latex  Sludge 

I 

This sample is essentially concentrated latex  paint w i t h  a high TR, 
COD and o i l  and grease Appendix B (Table 2-1). 

3.2.3  Spent  Solvent  Sludqe 

This sample consisted of a heavy clay-like  material containing signi- 
f icant mounts of hydrocarbons and fatty acids. Standard analytical 
characteristics as listed in Appendix B Table 2-1 indicate  that  the 
sludge contains high levels of inorganic solids, CAOV and o i l  and 
grease. 

3.2.4 Paint   Skins  

"Paint skins" is generated by weekly plant clean-up and consists of 
paint  floor scrapings  plus  other  general paper and plastic debr is. 

3.3 P R I O R I T Y  CHEMICALS - PLANT A 

3.3.1 Ph tha l i c  Acid Es t e r s  

Diethyl, Di-n-butyl and B i s  (2-ethyl Hexyl) phthalates were detected 
at  concentrations an order of magnitude  above detection limit. Butyl  
benzyl phthalate was also present but only slightly above detection 
limit. Dimethyl and di-n-octyl  phthalate were b e l o w  detect ion 1 hits 
in a l l  samples.  These  compounds are  utilized in paint formulation as 
plasticizers  to provide film flexibility. 

The presence and concentrat ion of a  particular  phthalate compound in 
paint wastes would be highly  variable since a wide variety of 
plastic  izers  are u t i 1  ized  depending on the type of paint being 
manufactured. 

3.3.2 'Chlorinated  Phenols 

Tetrachlorophensl and pentadlloropheilol wcre detected i n  all samples 
w i t h  the highest  concentrat ions in the spent solvent sludge. 
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3.3.3 Triaryl  Phosphates 

Triphenyl, tricresyl and  tri-butyl  phosphate were all less than  detection  limit in 
the  latex  effluent. 

3.3.4 Organatins 

Analyses  were  not  performed  due to  low levels of total t i n  observed in the  latex 
effluent and  sludges. 

3.4 MAJOR WASTE COMPONENTS - PLANT A 

The  major  components of the  wastewater  generated  from  Plant A originate 
from t h e  manufacture of latex paint.  These  components  fall  into the  general 
categories  listed in Table 2, namely  latex  resins,  alkyd  resins,  pigments, 
surfactants,  plasticizers,  preservatives,  thickeners  and  solvents.  These  general 
categories  are  discussed below  with reference  to  the  analytical  results.  The 
component  list in Table 2 is  not  intended  to  be  comprehensive or to  necessarily 
reflect  the compounds  utilized by Plant A. 

m 
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3.4.1 Latex  Resin 

Latex  resins  are produced by polymerization of organic monomers.  This type of 

compound cannot  be  analyzed for directly in wastewater  but is evident  from  the 
general  parameters,  colour,  turbidity, COD, TOC, TR and  NFR. These resins 
are  concentrated in the  latex sludge,  evident by the high COD and  percent 
residue. 

3.4.2 Alkyd Resin 

Alkyd resins  are  produced by polymerization  similar to  latex  but  contain drying 

oils,  aliphatic  hydrocarbons, and other  solvents.  These  compounds  are at  high 
concentrations in the  spent  solvent  sludge  and  also  appear in the  latex  effluent 
and  sludge  due to  cross-over  from  the  alkyd  circuit. 

L 
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TABLE 2 
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Water 

Latex (Binder) 

Pigments 

POTENTIAL WASTE COMPONENTS OF 

LATEX PAlNT MANUFACTURE 

Pigment  Extenders 

Surfactants 

Polyvinyl  acetate 
Ethyl  acrylate 
Methyl  methacrylate 
Ethyl  hexyl  acrylate 
Bibutyl  maleate 
Polyvinyl  chloride 

Titanium  dioxide 
Zinc  oxide 
Lead  carbonate 

Barium  Sulfate 
Calcium  carbonate 
Aluminium  silicate 
Silica  dioxide 
Magnesium  Silicate 
Mica 

Alkyl sulfate 
Alkyl sulfonates 
Alkyl  ethers 
Thioethers 
Glycols 
Octytphenoxy  polyethoxy - ethanol 
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Coalescing Agents di-N-butyl  phthalate 
(Plasticizers) di-octyl  phthalate 

I 
U 

Fungicides & 
Preservetives 

tricresyl  phosphate 
tributyl  phosphate 
butyl  carbitol  acetate 
butyl  cellosolve  acetate 

sodium  pentachlorophenate 
phenyl  mercury  oleate 
sodium  tetrachlorophenate 

tri-n-butyltin 
copper  napththenate 
zinc  napthenate 

Protective Celloids methyl  cellulose 
& Thickeners carboxy  methyl  cellulose 

hydroxy  ethyl  cellulose 

Solvwrts ethylene  glycol 
propylene  glycol 
butyl  cellosolve 

Y 
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3.4.3 Pigments  and  Pigment  Extenders 

The  presence of pigments  and  extenders is indicated by the  metal  levels in both 
the  effluent  and  sludges. Minor amounts of other  metals  not  generally  used in 
pigment  could  be  due  to  impurities in the  general  pigment  formulation.  Metals 
present  due  to  pigments  include  barium,  cobalt,  chromium,  manganese, 
aluminum,  lead,  zinc,  titanium,  iron,  silicon,  calcium  and  magnesium. 

3.4.4 Sutfacants 

Surfactants  can  be subdivided  into  wetting  agents,  emulsifiers,  detergents  and 

dispersing  agents. All surfactants  except  the  dispersing  agents are organic 
compounds  which  would  only  be detectable by GC/MS identification.  Three 
different  glycol  ethers  potentially  added as surfactants  were  detected in the  
Latex  Effluent  and  the  Latex  Sludge  Leachate.  Fatty  acids  present in the  latex 
effluent  and  sludge in major  concentrations  may also have  resulted  from  their 
use as surfactants,  but  were  more  likely  present  due  to  cross-over.  Linseed oil 
and  other  vegetable  oils are common  components of alkyd  paints. Many fa t ty  
acid  derivatives are also  used as  plasticizers  and  defoamers in emulsion  paints. 

The  presence of dispersing  agents  such as sodium  phosphates  and  sodium 
silicates are evident  from  the  metal  analyses of the  latex  effluent,  latex  sludge, 
spent  solvent  sludge  and  paint skins. 

3.4.5 Plasticizers - Phthalic  Acid  Esters 

Diethyl  phthalate  had  the  highest  concentration of the  phthalic  acid esters in 
the  latex  effluent,  latex  sludge  leachate,  spent  solvent  sludge  and  spent  solvent 
sludge  leachate.  The  paint  skin  leachate  contained di-n-butyl phthalate  and  bis 
(2-ethyl  hexyl)  phthalate a t  37 and 11 ug/g  respectively  but  less  than  detectable 
concentrations of diethyl  phthalate.  Concentrations of the  phthalic  acid esters 
would be highly dependent on the  type of  paint or lacquer  being  manufactured 
prior  to  sample  collection. 
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3.4.6 Plasticizers - Fatty  Acids  

A number of fatty  acid  derivatives are used as plasticizers in both  latex  and 
alkyd  based  paints. Fatty acids  were  present at high  concentrations in the  
latex  effluent,  spent  solvent  leachate  and  paint  skins  leachate. 

3.4.7 Preservatives 

3.4.8 

Tetrachlorophenol  and  pentachlorophenol  were in relatively low concenration 
in both  effluent,  sludge  and  leachate  samples.  Mercury  was  detected  at low 
concentrations in the latex effluent,  potentially  due  to  the use of phenyl 
mercury  oleate or similar  compounds as a fungicide.  Copper  and  zinc  present 
in the  sludge  is  also  potentially  due  to  the  use of napthenate  preservatives. 

Solvents 

3.4.8.1 Latex Effluent 

Solvents  detected  in  the  Latex  Effluent a t  measurable  concentrations  included 

acetone,  ethanol  ethylbenrene,  methanol,  methyl  ethyl  ketone,  xylenes, 
2-butoxyethanol,  and  aliphatic  hydrocarbons.  The  presence of xylenes  and 

hydrocarbons in the  latex effluent  indicates  that  cross-over  is  taking  place 
from  the  alkyd  section to the latex section  potentially  due  to  spills  and  leaks. 

3.4.8.2 Spent Solvent Sludge 

Solvents  detected  incIuded  2-butoxyethanol  glycol  ether A and  aIiphatic 
hydrocarbons. 
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6. PLANT D 

6.1 PROCESS D E S C R I P T I O N  

Plant D is  a paint and  coatings  manufacturer  that produces latex,  alkyd and 

clear  coatings  for  commercial and consumer markets.  Latex and alkyd  paints 

represent  approximately 52% and 45% respectively,  of  total  production. 

Blending  of  both  alkyd and latex  paint  formulations is  carried  out in batch 

mixing  tanks  which  can  be  moved  from  the  mixing  stations  to  the  canning 

section  of  the  plant as required.  Alkyd  paint  mixing  tanks and equipment  are 

cleaned  with solvents. A l l  spent  solvent  is  recycled  into  the  production of 

metal  primers and  stains. Latex  equipment is washed with a restricted  volume 

of  water  to  minimize  wastewater generation. 

This  latex  washwater  is  stored for recycle  into subsequent batches of latex 

paint. A small  amount  of excess washwater  can overflow during  tank washing. 

If the  latex  washwater  cannot  be  utilized  within  approximately 72 hours it is 

discharged t o  a floor sump which  overflows  to  the  municipal sewer. Heavy 

solids in the  washwater  can  settle in the sump. At  the  t ime  of  the  sampling 

trip, the bulk of  the  waste  water  discharging  to  the sewer was cooling  water 

originating  from  pigment  and  paint  blending  mills. The  sump was free  of  solids 
.at the t ime  of sample  collection. 

6.2 SAMPLE DESCRIPTIONS 

6.2.1 Combined Effluent 

This  sample was a composite  collected  from  the floor sump at  2 minute 

intervals  over a Chour  period  during  canning  and  cleanup  of  three 1300 L 
batches of letex paint. Cooling  water flow was continuous  during  this  period  at 

a rate of  approximately  lOL/min.  Volume  of  washwater  discharged  to sewer 

during  the first two  batches was sms'l, approximately 2-5 L. Most of 

washwater  generated ( 2OL) was stored  for  potential re-use. TSe third  latex 

batch  cleanup did not result in a  discharge. 
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6.2.2 Tank  Washinq 

This  sample  was  an  aliquot of the  wash water  from  the  third  latex  paint.  This 
material  was  stored for re-use.  This  sample would represent a concentrated 
waste that  would be  discharged  to  sewer if i t  could  not  be  re-used. 

6.2.3 Baqhouse Dust 

This  sample  was a grab  collected  from  the  bottom of  a  small  baghouse  which 

removed  dust  from a waste  bag  crusher.  The  empty  bags  result  from  pigment, 
filler  and  other  paint  additives  that  are  handled in the  dry  form.  The  quantity 

of  dust  collected  is  very  small. 

6.3 PRIORITY CHEMICALS - PLANT 

6.3.1 Phthalic Acid Esters 

Di-n-butyl,  butyl  benzyl  and  bis  (2-ethyl  hexyl)  phthalates  were  an  order of  

magnitude  above  detection  limit in the  tank washing,  while  butyl  benzyl  and bis 

(2-ethyl  hexyl) were only  slightly  ebove  detection  limit in the  combined 
effluent.  The  baghouse  dust  contained a major  amount of di-n-butyl phthalate. 

6.3.2 Chlorinated Phenols 

6.3.3 

Chlorinated  phenols were not  detected  in  ei ther of the  liquid  since  they would 
not be expected in a general latex formulation.  Small  amounts  of  both 
tetrachlorophenol  and  pentachlorophenol  were  encountered in the  baghouse 
dust. 

Triaryl  Phosphate 

Tributyl  phosphate  was  detected in the  baghouse  dust  but  triphenyl  and  tricresyl 

phosphates  were  below  detection  limit in  all  samples. 
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6.3.4 Organotin 
r 

Organotin  analyses  were  not  performed  due  to  the  less  than  detectable 
concentration of total   t in in the  liquid  and  solid  samples. 

6.4 MAJOR CO?4PON€NTS 

Major  waste  components would be  the  basic  components  of  latex  paint, i.e. 

polyvinyl acetate,  pigment,  colloids etc. 

6.4.1 Solvents 

Solvents  detected in the  tank  washing  at  measurable  concentrations  included 

aliphatic  hydrocarbons,  fatty  acids,  xylene,  ethyl  benzene,  glycoI  ethers  and 
ethanol. 

All solvents  were  below  detection  limit in the  combined  effluent  due  to  dilution 

with  cooling  water.  Solvents  detected in the  baghouse  dust  were  glycol  et5ers 
and  fatty acids. 



7 
APPENDIX A 

A.1. ANALYTICAL METHODOLOGY 

A.1.1 GENERAL 
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The  details of the analytical  methodology  are  presented in the following 
sections.  The  analysis of all liquid and the  majority of solid wastes  was 
performed on a  total or total  extractable basis. In addition,  all of the  sludges 
and  solid wastes  were  subjected  to  a  leeching test followed by a  total  bssis 
analysis of the  leachate solution.  The  methods  described are  broken down into 
categories based on the various  analytical groups. 

All gas  chromatography  analyses were carried  out using a  Hewlett-Packard 
Model 5890 Gas  Chromatograph  coupled to  a  Hewlett-Packard Model 3392 

Printer/Plotter  Integrator.  Details of the  chromatographic  conditions  are 
presented in the relevant  sections. All solvents used were of pesticide-grade 
(MC8 Omnisolv). AI1 other  reagents  were of reagent  grade or better. 

A.1.2 CONVENTIONAL PARAMETERS AND METALS 

A.l.3 

A representative  aliquot of each of the liquid  and  solid waste  samples  was 
removed  from the samples  obtained  from  each of the  plants end sent  to t h e  

Cypress  Creoek  laboratory of the Environmental  Protection  Service  located in 
West Vancouver,  British  Columbia. All analyses  for  conventionel  wastewater 
parameters  and  major  and  trace  metals  were  carried out by that  laboratory. 
Tables 1-1 through 3-6 inclusive. 

SOLVENTS 

All liquid effluents  were  analyzed for solvent compounds. 

The  technique used  involved direct  injection of the aqueous  sample  onto  a  gas 
chromatographic column. A direct  injection  technique  was used so that  both 



water  miscible  solvents  such as alcohol and ketones  and  slightly  water  soluble 
solvents  such as toluene  and  benzene  could  be  analyzed in a  single  analysis. 
This  method  also  had the  advantage  of  eliminating  a  number of factors  that 
would affect  the analyses using other  techniques  such  as  head  space or liquid- 
liquid  extraction. 

The  gas  chromatographic  column used was  a 10 f t  x 1/8" 0.0. (4 mm I.D.) 

stainless steel column  packed  with 3% SP 1500 on 80/120 mesh Carbopack 6. 

(Supelco). 

The  chromatographic  conditions were as  follows: 

Column Flow 
Attenuation 
Range 
Injection Volume 

Temperatures - Oven : 70OC - 230OC a t  4oC/min, hold for 5 min. 
- Injector : 225OC 

- Detector : 275OC 

: 30 ml/min  (Helium) 
: 16 
: 1  

: 2 U L  

Detection  was  carried  out using a flame-ionization  detector. 

Calibration of the  instrument  and  column  for  each  compound  wit5  respect  to 

retention  time  end  detector  response was achieved by injection of standard 
solutions  prepared  from  pure  reference  materials.  Water  miscible  compounds 
were  dissolved  in  reagent  grade (Milli-Q) water  and  diluted  to  various 
concentrations.  Water  immiscible  solvents were first dissolved in methanol  and 
then  diluted  with  reagent  grade water to  the  appropriate  concentrations. 

A.1.4 BASE NEUTRAL AND AClD FRACTIONS 

Both  liquid and solid samples were subjected  to  a  generalized  base-neutral  and 
acid  fraction  extraction. 



Solids  samples were extracted  -in  a  similar  manner  except  for a number of 
modifications  made  to  accommodate  the  matrix. A representative  portion of 
the  sample  was  weighed  into  a 250 ml Erlenmeyer  flask. Fif ty  ml of 
dichloromethane  was  added  and the  flask  was  sealed  with  precleaned  aluminum 
foil  and  placed  on a wrist  action  shaker  and  agitated  for  one hour. The residue 
was  allowed  to  settle  and  the  soivent  decanted and filtered  through  anhydrous 
sodium  sulphate  and  glass  fibre  filter  paper (934 AH) into  a  second  Erlenmeyer 
flask. A second 50 ml portion of dichloromethane was added t o  the  extraction 
flask  and  agitated  for  one hour. The  solvent  was  decanted  and  filtered  and 
combined  with  the  first  extraction.  Both  the  residue in the  extraction  flask  and 
the sodium  .suIphate/glass  fibre  filter were washed  numerous  times  with 
dichloromethane.  One-half of the combined  extract  was  then  placed in a 250 ml 
separatory  funnel.  The  extract  was  washed  with  two 50 ml portions of  dilute 
sodium  hydroxide (0.2N). The  dichloromethane  layer was then  drawn  off  and 
filtered  through  anhydrous  sodium  sulphate  and  glass wool. This extract  was 
then  concentrated  and  reconstituted in 5.0 ml dichloromethane.  This  extract 
was  labelled as the  "base-neutral  fraction".  The  aqueous  wash  was  then 
adjusted to  pH 2 with  sulphuric  aid (1 + 1) and  extracted  with  two 50 ml 
portions of dichloromethane.  This  extract  was  filtered,  concentrated, 
reconstituted  and  labelled  as  the  "acid  fraction" 

h 
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The  extracts  were  then  analyzed by capillary  column  gas  chromatorography. 
Both  base-neutral  and  acid fractons were  analyzed  under  identical  conditions. 
The  column  used  was a 25 meter  by 0.31 millimeter 1.0. fused  silica  capillary 
column  coated  with  crosslinked 5 %  phenyl  methyl  silicone  (Hewlett-Packard 
High  Performance).  The  chromatographic  conditions were as follows: 

Temperatures - Oven : 60OC, hold for 0.5 minute  then 8013/minute 
t o  

270oC, hold for 15 minutes - Injector : 225OC - Detector : 275OC 
Linear  Velocity : 30 cm/sec.  (Helium) 
Column  Head  Pressure : 8Cl W e  
Injrction Mode : Splitless, 2.0 IJL injection 
Attentuation : 16 
Range :1 

Detection  was  carried  out using a flame  ionization  detector. 
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A.1.5 PHTHALIC ACID ESTERS 

Phthalate  ester  compounds were determined by a  modification of the U S  E.P.A. 

Method 606. For liquid  samples,  a 150 rnl aliquot of sample  was  extracted wi th  

three 50 ml portions of dichloromethane.  The  resulting extracts  were  filtered 
through  anhydrous  sodium  sulphate  and  glass wool and  combined in a 250 ml 
round  bottom flask. The  extracts  were then concentrated  to just dryness on a 

rotary  flash  evaporator,  reconstituted in 5.0 ml iso-octane  and  transferred  to a 
glass vial. 

For solids  samples a portion of the  crude  dichloromethane  extract was 

evaporated  to just dryness  and  reconstituted  with 5.0  ml iso-octane.  The 
resulting  extract  was  then  transferred  to  a glass vial. 

Analysis of the  extracts was carried out using capillary  column gas 

chromatography  with  electron  capture  detection.  The  column used was  as per 
the analysis of the  base-neutral  and  acid  fractions.  The  chromatographic 
conditions  were a s  follows: 

Temperatures - Oven : 60OC, hold for 0.5 minute  then  8OC/minute 
t o  

270OC, hold for 2minutes 
- Injector : 2OOOC - Detector : 325 

Linear  Velocity : 30 cm/sec.  (Helium) 
Column  Head  Pressure : 80 kPa 
Injection Mode : Splitless, 2 UL injection 
Attentuation : 256 
Range :1 

Six representative  phthalate  esters were used to  calibrate  the  instrument: 

- dimethyl  phthalate - diethyl  phthalate - di-n-butyl phthalate - di-n-octyl phthalate - bis  (2-ethylhexyl)  phthalate - butyl  benzyl  phthalate 

These  compounds  were  chosen as they are included  in the  U S  E.P.A. priority 
pollutant  list. 



A generalized  extraction  was used such that  the  majority of the compounds 
present would be extracted.  These  extracts could  then  be used for t h e  
following purposes: 

- to  determine  the  complexity of the samples in terms  of  organic 
compounds  present; 

- to  allow for comparisons  between  wastes  within  a  plant  and  between 
different  plants; 

- t o  esta5lish  criteria for choosing extracts for subsequent  analysis by 
gas  chromatography/mass  spectrometry; 

- to  allow quantiteiton of the identified compounds. 

The  extraction  procedure  generally  followed  that of  the  United  States 
Environmental  Protection  Agencies  priority  pollutant  analysis (1). Water 
samples  were  extracted on a  total  extractable basis. A 150 mL aliquot of the 
sample was adjusted t o  pH 12 with 10N sodium  hydroxide.  The sample  was then 

separatory  funnel  extracted  with 50 ml of dichloromethane.  The  solvent  layer 
was then  filtered through  anhydrous  sodium  sulphate  and  glass wool into  a 
250 ml round bottom  flask.  The  extraction  was  then  repeated  a  second  and 
third  time  with  further 50 ml diquots  of dichlormethane.  The  aqueous  layer 
was  retained.  The  extracts were combined  and  then  evaporated  and 
concentrated using a rotary  flash  evaporator.  Evaporation  was  carried  out  to 
near dryness. The  resulting  extract was  then  reconstituted in 5.0 m1 of 

dichloromethane  and  transferred t o  a  glass vial. This  was  IaSelled  as  the "base- 
neutral fraction". 

The  retained  aqueous  portion  was  then  adjusted to pH 2 with  sulphuric  acid (1 + 
1). Extractions  were  then  carried  out  as  with  the  base-neutral  fraction using 
three 50 mL aliquots of dichlormethane.  The  resulting extract  was  labelled  as 
the "acid  fraction". 
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A.M CHORMATED m a s  

Chlorinated  phenols  were  determined by a  modification of the U S  E.P.A. 

Method 604. For liquid  samples  a 150 ml aliquot of the  sample  was  acidified to  
pH 2 with  sulphuric  acid (1 + 1) and  extracted by liquid - liquid  separatory 
funnel extraction using three 50 ml aliquots of  dichlorometane.  The  extracts 
were  filtered  through  anhydrous  sodium  sulphate  and  glass wool and  combined in 
a 250 ml round bottom flask. The  extract  was  then  concentrated  to  just 
dryness, end  reconstituted in 5.0 ml iso-octane  and  transferred  to  a  glass vial. 

For solids  samples a portion of the  crude  dichloromethane  extract  was 
evaporated  to  just  dryness,  reconstituted in 5.0 ml iso-octane end transferred  to 
a glass vial. 

Analysis of t he  extracts was carried out using gas chromatography with 
electron  capture  detection.  The  column used was  a 5 meter by 0.53 mm 1.9. 
fused  silica. wide-bore column  coated  with  methyl  silicone  (Hewlett  Packard 

Mega-bore). The  chromatographic  conditions  were  as follows: 

Temperatures - Oven : SOOC, hold for 0.5 minute  then  400/minute t o  
180OC, then 2oC/min t o  200OC - Injector : 200OC - Detector : 323 

Carrier  Gas  Flowrate : 12  ml/min 
Injection Mode : Splitless, 2 UL injection 
Attenuation : 256 
Range : 2  

A.1.7 TRI-ARYL PHOSPHATES AND CH-ORMATED PARAFFINS 

The  analysis  for  these  groups of  parameters  was  carried  out on t h e  extracts 
generated  for  the  phthalate  ester analysis.  Analysis for the tri-aryl  phosphates 
wes performed using gas  chromatography  with  flame  ionization  detection.  The 
chromatographic  conditions  were  identical to those  used for base-neutral 
fraction  analysis.  Tri-phenyl  phosphate  and  tri-cresyl  phosp5ate  were used to  

calibrate  the  instrument. 

Analysis for  chorinated  paraffins was performed using gas  chromatography  with 
electron  capture  detection. 

U 
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A.2. SPECIAL WASTE EXTRACTION PROCEDLRE 

A11 solid  wastes  were  subjected t o  a test to  determine the extent of leaching of 

organic  compounds  and  conventional  anions and cations  from  the  solids  matrix. 
The  method used was that of the BC Ministry of the Environment  Special  Waste 
Extraction  Procedure (SWEP) which is modelled after  the US, E.P.A. procedure. 
This test is used to  simulate  conditions in sanitary  landfills by mixing a portion 
of the  solid waste  with  water  at a slightly  acid pH for a  period of 24 hours.  One 
major  modification  was  made to the published procedure in that  dilute  sulphuric 
acid  was used to adjust the pH rather  than the  prescribed  dilute  acetic  acid. 
This  modification  was  made to  facilitate  the  analysis  of the leachate sofution 
for  total  organic  carbon,  chemical oxygen demand  and to  eliminate possible 
interferences in the analyses of other  organic  parameters. 

Specifically t5e procedure  was as follows. Approximately 100 grams of solid 
waste  material  (de-watered  where  required)  was  accurately  weighed and placed 
in  a 1 litre glass  container.  Beakers were used for t+e majority of samples, 
except  where  it  was  suspected  that  the  material could  contain  volatile  solvents 
in  which case  Erlenmeyer  flasks were used. To  each  sample  was  then  added 
1600 ml  of reagent  grade (Milli-Q) water. 

Agitation of the mixture was the undertaken using a paddle  mixer  for  samples 
contained in beakers  and  magnetic  stirrers for samples  contained in flasks.  The 
top of each  flask  was  covered in aluminum  foil to avoid  losses of volatile 
components. 

The  agitation  was  carried  out  for  a  period of 24 hours  during which the pH of 

t9e  suspension  was  monitored  and  adjusted down t o  pH 5.0 wit5 0.1 N sulphuric 
acid when necessary. Where the pH was below 5.0 no adjustment up to pH 5.0 
was made. A t  the end of the 24 hour  period  reagent  grade  water  was  added t o  
the  mixture  to  bring  the  total volume of liquid  (including  added  acid) up t o  
2000 ml. The  mixture  was  then  filtered  throuSh a 0.45 u membrane  filter.  The 
resulting  leachate  solution  was Gnalyzed for  the  organic  parameters of interest 
as well as  conventional  parameters  and  metals.  Extractions and analyses  for 
organic  parameters were carried  out  as for liquid  waste  samples. 
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A.3. GAS CHROMATOGRAPHY/MASS SPECTROMETRY ANALYSIS 

A seIected  number  of  the  base-neutral  and  acid  fraciton  extracts  were also 

analyzed  by gas chromatography/mass  spectrometry (GC/MS). All GC/MS 

analyses were  performed  by  Enviro-Test  Laboratories  of  Edmonton,  Alberta, 

using a Hewlett-Packard system. Each of the  base-neutral  extracts  were 

subjected t o  a target  compound  search for the  base-neutral  and  polycyclic 

aromatic  hydrocarbon  parameters in the US E.P.A. priority  pollutant  list.  The 

acid  extracts  were  subjected  to a target  search  for  the  acidic  parameters 

(phenols) on the  priority  pollutant  l ist.  The  spectral  data  obtained on the 

extracts  analyzed was also  searched  through  an  extensive  library  (National 

Bureau of  Standards) of over 25,000 mass spectra to  faci l i tate  identi f icat ion o f  

the  major components. 

All raw  data  obtained  from  the GC/MS analysis was investigated by AS1  to  

allow  for  comparisons  between samples  and plants  and  to  finalize  identification 

of  the  major  components  of  the wastes. 

A.4. QUALITY ASSURANCE PROGRAM 

Quality assurance is  an  integral  part  of  the  management  of a Iaboratory and 

includes day t o  day  procedures  such as calibration  of  instruments, balances, 

glassware, and standards. Quality assurance  samples (ie. blanks,  duplicates, 

spikes, etc)  are  enalyzed  at  pre-determined  intervals  concurrently  with  the 

samp1es. The  type  of  quaIity assurance  samples seIected is greatIy dependent 

upon  the  program in question. 

For this  project,  the  analysis for conventional  parameters  and  metals was 

carried  out  by  the  Environmental  Protection  Service  laboratory  at  Cypress 

Creek.  Details  of  the  quality assurance program  undertaken in that  laboratory 

would  be  well  known  by  the  Scientif ic  Authority. 

For the analysis of the  organic  parameters  carried  out  by ASL, the  quality 

assurance program was designed t o  accommodate  the  great  variation in the 

I 
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TABLE A 1  - ANALYSIS OF METHOO BLANKS 

FOR PHTHALATE ESTERS 

COMPOUND 
No. of / Average 

Occurrences Value (rngp-1 
~~~~ ~ ~ ~~ ~ ~ 

Dimethy!  Phthalate 

Diethyl  Phthalate 

Di-n-butyl Phthalate 

Butyl  benzyl  Phthalate 

Bis !2-Ethylhexyl) Phthalate 

Di-n-Octyl  Phthalate 

0 

1 

5 

3 

10 

2 

~ 

- 
0.001 

0.002 

0.002 

0 .OQ4 

0.001 

NOTE: Total Number of Blanks = 11 

TABLE A2 - RECOVERY OF: SPIKED COMPOUNOS 

Spike Level Average Standard 
COMPOUJO W L  Recovery (X) Deviation 

Diethyl  Phthalate 

Di-n-octyl  Phthalate 

Tetrachlorophenol 

1.0 

1.0 

1.0 

85.0 

78.2 

81.3 

11.5 

11.0 

14.7 

NOTE: Number of Trials = 7 - 



sample matrices as well as addressing  the  intent  of  the study. The primary 

focus was on the  extraction and  analysis o f  blanks. Due  to  the  nature of many 

of the  parameters  under  investigation, that is  industrial  chemicals in common 

use and  proven or potential  environmental  contaminants, i t was felt   that  this 

was of  utmost  importance. The  analysis o f   b l a n k  allows  a  monitoring  of any 

contribution  from  reagents used in the analysis or from  other sources  such as 

laboratory  apparatus or the  laboratory atmosphere. In addition, one particular 

group o f  compounds  under  study, the  phthalate esters, are used extensively as 

plasticizers in many  common  polymeric  materials.  Blank samples, using 

reagent  grade  (milli-Q)  water,  were  carried  through  every  step of the  

extraction  and analysis for each  set  of  sample  extractions. 

Spiked samples were  also  analyzed  where  specific  target groups of   pr ior i ty 

chemical compounds were  investigated. In the analysis for phthalate esters, 

two  representative compounds, di-ethylphthalate and di-n-octyl  phthalate  were 

added to  reageant  grade  water  at  concentrations  calculated  to  be a t  a level of 

1 mgrL in the  f inal  extract  at 100 percent  recovery. For chlorinated  phenol 

analysis  a tetrachlorophenol  isomer was used. It is recognized  that  spiking 

reagent  grade  water  is  not  ideal as analyte  recovery  can  be  greatly  affected  by 
the sample matrix.  However, due to  the  highly  diverse  nature  of  the sample 

matrices  involved in this  project,  spiking  of  actual samples  would  not  be 

representative  of  the group. 

A number of  duplicate analyses were also carried out. Two  effluent,  .two sludge 

and two  leachate  solutions  were  analyzed in duplicate as a check  on  the 

precision of each o f   t he  analyses. 

Calibration  of  the gas chromatograph  with  respect  to  detector response  and 

column  retention  times was achieved  by  injection  of  standard  solutions  of  the 

compounds of  interest.  The  solutions  were  prepared  from  pure  materials 

(obtained  from  various sources) dissolved in the  appropriate nanograde  solvent. 

Various  concentrations  were  injected to monitor  detector response and 

linearity.  The  standard  solutions  were  injected a  number of  times  during  each 

day o f  analysis of  the  extracts in order  to  monitor any  changes in detector 
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performance  and  chromatographic  column  characteristics.  Calculation of the 
concentrations of t he  compounds  detected  was  achieved by comparison  of the 
peak  areas of the  sample  peaks  versus  the  standard  peaks. In some cases 
compounds  were  detected  and  identified by gas  chromatography/mass 
spectrometry (GC/MS but standards  were  not  available. For these  compounds 
quantitation  was  achieved by assuming  a  detector  response  for  the  identified 
compounds  based on structure1  and  functional  simiIarities to  available 
standards.  This  yielded  a  valid  estimate of the concentration of the  compound. 

Blank  samples  were  concurrently  extracted  and  analyzed  during t h e  base- 
neutral  and  acid  extract  phase of the organic  analyses.  The  chromatograms 
obtained  showed no major or minor  peaks  occurring at  retention  times  matching 
those of reported  compounds. 

However t h e  presence of phthalate ester compounds in extracted  blanks  during 
that  phase of the  analyses  was  noted.  The  average  levels  found  are  shown in 
Table A l .  These  levels  are  insignificant when compared to  those  found  in 
samples. 

As mentioned  previously,  phthalate esters are used  extensively  as  plasticizers in 
many  polymer  materials.  The  complete  removal or absence of phthalate esters 
from laboratory glassware end  reagents  is very difficult  to  achieve. 

Blanks  carried  through  the SWEP procedure  showed no  signs of contamination or 
interference,  with  one  exception.  In  one set of extractions,  all  samples 
(including the  blank)  were  found  to  contain a low concentration of 2-propanol. 
This  was  traced  to  its  use in the  laboratory in  an area  adjacent  to  the SWEP 

extrection  area. As the  concentration  in  each  leachate  solution  was  identical, 
the  presence of this  solvent  was  eliminated. 

The  results of the spiking  experiments are shown  in  Table A2. The  recoveries 
achieved are in the  range of seventy or eighty  percent,  which is generally 
considered  acceptable for extraction of organic  compounds from water. 
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ANALYTICAL RESULTS 
CONVENTIONAL  AND ORGANIC ANALYSES 



TABLE 1-1 

S!6M RESOURCE  CGNSULTAWTS 
WASTE CHIRXTER!ZATISN STUDY P r q r a r  nare: EFSA!C 
ANALYTIC& RESULij - LIBDFiAlORY SERVICES (EPS-DFO; Latest kev: 17-Sep-85 

PLdWT A f f f f  EFFLUENTS f f 4 4  

I tern Descrlpt~on Unit Detection  Latex  Latex 
Linlt  Effluent  Effluent 

A DATE  SAHPLEP  Feb 19/85 Feb 25 /95  
8 SAHfii DESIiUATIDN AE-I AE-3 
C CDNSTIIUEKS 

"""""""""""""""""""""""""""""""""" 

DH NA #A 5.4 0.5 
P. dlk .  as CaC03 1giL 1 ni 1 
1. A1 k. as CaCD3 8pli  1 142 2P 9 
Sulphate ( S M )  rg J L  1 3200 3700 
Chioride (Cl i  rpiL 0.5 29 26.8 
Fluoride i F )  rgfL 0.05 i L 
Total PO4 ( P i  rg!L 0.005 1.7 1.9 
Ai tri te (N, rg/L 0.005 0.37 0.61 
#I trate I#! mall 0,005 0.23 L 

Col our Un1 ts 5 Nb-DpaQue NA-OpaQLe 
Turbiditv FTU 1 2303 39bO 
Conductivity urhos/cr 1 700G 7100 

T - N  rg/L 0.03 6? 0 67 0 
Phenol 5 rglL 0.02 0.148 0.11 
Ncn-Filterable  Residue rg/L 5 51 1 42:s 
Total  Reri due og I L  6 3 0  6020 

Oiis & Grease 8glL 2 2e 737 

h O ! I l  d (ti) rgl'l 0.03 597 685 

7.0. C. rg/L 1 1690 1570 

C 

COcl 8g/L 20 5600 4750 



TAE!E 1-1 

1 tea Descr;ption Unit Detection Latex  Latex 
Limit Effluent  Effluent """""""""""""""""-"""""""""""""""" 

A DA7E SAHFLED 
B S N l P L E  DESitNATiON 
D RETALS - ICP Scan 

Br seni : -As 
boron - e  
Barlus -1s 
Beryl 1 iua  -Be 
Cadri ut, -Cd 
Ccbalt -Cr! 
Chrorlut -Cr 
Copper -Cu 
Manganese -Hn 
Rol vbdenun -80 
Nictei -N1 

Phosph~rus -P 
Lead -Pb 
An: i bony -9 
Sei eni uu -Se 
Tin -Sn 
Strontiur -9 
Ti taniua -Ti 
Vanadium -V 
Zinc -In 
A1 uDi nun -A1 
Iron -Fe 
Si 1 icon -Si 
Calcium -Ca 
Hapnesiua -Hg 
Sodium -#a 

-Replicates  in Average 
-Dilution Factor 
-Hardness 

ca, H9 
i TQtlll 

Hertury (Hg) 
-Replicates in Average ug/rl 
-Dilution Factor ug / rl 

E BIOASSRY 
96 HOUR LT 50 hour 

i 

Proaram niae: iZ4iC 
Latest Rev: 1?-Sep-35 

0.05 
O.bC1 
0.001 
3.001 
O.OO? 
0.005 
0.005 
G. GO5 
0.001 
0.005 
0.02 
0.05 
0.02 
0.05 
0.05 
0.01 

0.001 
C. GO2 
0,005 
0.002 
0.05 

0.005 
0.1 
0.1 
0.1 
0.1 

0.00005 

Feb 19/85 
RE-1 

0. Ob 
0.2CP 
0.051 

L 
0.012 

1.51 
0.15; 
0.028 
0. BOB 

L 
L 

2.39 
1.02 
0.07 

L 
L 

0.123 
0.596 
0.014 
0.697 

29 
4.92 
10.6 
348 
4.1 
245 

1 
I: i 

806 
1060 
0.16 

1 
1:l 

(0.17 

Feb 23/95 
a€-: 

L 
0.184 
G. OJ 

L 
0.004 

O.O?F 
0.01 i 
0.73 
0.01; 

L 
2.05 
0.22 

L 
L 
L 

0.107 
0.166 
O.CO? 
0.38 
7.43 
1.56 
4.4 
410 
4.1 
232 

1 
1: 1 

1040 
1090 

0.145 
1 

10: 1 

A.3 
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TGBLE 1-4 

SISttG RESOLIRfE C3NSULTAHTS 
YASiE  CHARACTERIZATICH STUDY 
ANALYTICAL RESULTS - LABORkTOR'i SERVICES  (EPS-DFO) 

1 tea  Description Unit Detection Combined 
Limit Effluent 

Program name: E F 3 l C  
Latest R E V :  17-Sep-85 

A DATE  SWPLEI! 
B SAnPLE  DESIGNATION 
C CDWS? ITUENTS 

PH 
1. A l k .  a5 Cat03 
Sulphate (S04i 
Chloride ( C 1  
Fluoride I F )  
Totai PO4 [ P i  
W i  tr i te  ( N j  
hi trate ( N j  
Colo'Jr 
Turbiditv 
Conductivity 
T.O.C. 
1 - N  
Phenol 5 

Non-Filterable Residue 
Total Residue 
COD 

Nk 
1 
1 

0.5 
G. 05 

G .  005 
0.005 
0.005 

5 
1 
1 
1 

0.03 
0.02 

5 
5 
2G 

tlar 1/85 
D E - 1 7  

8.1 
17.2 

8 
8 
L 

0.56 
0.059 
0.14 

WA-Opaque 
990G 
46. B 
20 

0.1 
0.06 

L 

40 
a1 



TABLE 1-4 

S16NA RESD'JfiLE CO#SiJLTkNTS 
YkSTi CdAfi6CiERIIA7ICN STUD? 
ANkii'ilCkL RESLiLTS - LABORATOR'f SERVICES IEPS-DFC) 

PLANT D it** EFFLUENTS t*+* 

I tea Description Unit Detection Corbined 
Li r i t  Effluent 

J 
P:opram naee: EPSCllC 
Latest Rer: i7-SW-85 

1 

i 

A DATE SAHPLED 
B SANPLE DES16NBTION 
P t!E!BLS - ICP Scan 

br ;eni c -45 

B m n  -8 
Bariur - l a  
Bervi 1 i ur -Be 
Cadri urn -Cd 
Cebalt -Co 
Chrori urn -Cr 
Copper -Cu 
Manganese -Hn 
lloiybdenur -Ho 
Nickel -Ni 
Phosphorus -P 
Lead -Pb 
An t i  cony -Sb 
Selenium  -Se 
Tin  -5n 
Strontiur -Sr 
Titanium -Ti 
Vanadium -V 
i i  nc  -1n 
A1 uri nur -A1 
Iron +e 
Silicon -Si 
Calciur -[a 
llqnesiur -Hp 
Sodiur -Na 

-Replicates in Average 
-Di!ution Fatter 
-Hardness 

I ca,  14 
Total 

krcury IHg) 
-Replicates in Averape 
-tilutiDn Factor 

Mar 1/05 
DE-i7 

L 
L 

0.007 
L 
L 
L 
L 

0.039 
0.019 

L 
L 

0.08 
0.04 

L 
L 
L 

0.012 
1.27 

L 
0.07 
0.45 
0.37 

1.9 
6.9 
0.4 

1 

U g / d  1 
uqiri 1: 1 
ug/r1 
u g h 1  18.8 
u y / d  22.1 

ua/d 2 
ug/rl 1: 1 

ug/ml 0.00005 0.00036 

E BIDISSAY 
96 HOUR LT SO bour NT 

! 

d 

i 

d 

J 
i 
d 

d 

J 

d 



LT 

Iten Description Unit Detectim Latex  Spent Solvent Shdoe Paint S k ~ n s  
Liri t Sludge _"""""""""""""""""""-"""""""~"""""""""""""""""~"""""""- 

A DATE SAWLEC lr E S A V L E  DE916NATICN 
r REPLICkTES 
t C?NS?ITUENT5 

Feb 19/85 Feb 25/95 Feb 25iBS Feb 2 5 ' 8 5  Feb 2:5i2: 
4s-2 AS-5 15-5 &-e A S - @  

R A P A a 

Total Residue 
2 HclsturE a Tota l  Volatlle Residue 
Ci)L 
C A W  
D1!5 li Grease 

lr E !!iTdLS - ICP Scan 

arsenic -As 
Biriur -9a 
Rev1 1 i ur -Pe 
Cadrnl urn -CC 
Cobalt -Lo 
Chrori urn -Cr 
Copper -Cu 
Ranaanese -Hn 
llolvbdenur -no 
Nickel -Ni 
Phctsphorus -P 
Lead -P b 
Ti n -So 
Strontium -Sr 
Titanium -Ti 
Vanadium - V  
Zinc -1n 
Aluminur -A1 
Ir Dn -Fe 
Silicon -Si 
Calriua -Ca 
llagnrsi urn -Hg 
Sodiur -Na 

1 00 

8 

0.2 
0.3 
0.8 
0. e 
0.8 

0 .8  
3 
B 
3 

0.2 
G ,  3 
0.8 
0.3 

8 
80 

20 
20 
20 

9 

L 
4.2 

L 
L 

37.1 
73.7 
12. 6 
18.3 

L 
L 

565 
303 

L 
5 

484 
12. b 
27.7 

2424@ 
3020 
6170 
2670 
366 
2930 

L 
99.9 

0.2  
L 

158 
4& 5 
20.2 
150 
16.3 

4 
276 
3330 

7 
18.3 
110 
4.2 
223 

221 00 
5910 
2G60 

1 l9OO 
3450 
13200 

11 
179 
0. z 
L 

173 
54G 
12.7 
1 63 

23. 8 
4 

28b 
3630 

b 
18.1 

100 
4.5 
24 7 

21 700 
5560 
2360 
13300 
3510 
13100 

L 
141 

L 
35. B 
149 
429 
67.2 
I!: 
3. b 

9 
602 

%!G 
110 

21 .: 
437 
7.4 
769 

103Cij 
9330 
1790 

29200 
2160 
3250 



TkBLE 2-! 

I 

Prooram  name: EPSDX 
Latest Rev: 12-Sep-6: 

PLANT D **ti SLUDGE f f t t  

Item Description Unit Detection Baphause Baghouse 
Liri t Dust Dust 

""""""""""""""""""""""""""""""""""""""""""""""" 

A DATE SAHPLEG 
B SAMPLE DEjlGNATION 
C REPLICATES 
I) CONSTITUENTS 

Total Resi  duc 
la ta !  Vciatile Residue 
Oils h Srease 

E METALS - ICP Scan 
Arsenic -Is 
Bariua -Ba 
Beryl1 1um -Re 
Cadei UL -Cd 
Cobalt -CO 
Chr m i  urn -Cr 
Copper -tu 
nanpanese -En 
Molybdenur -No 
Nickel -Mi 
PhosDhorus -P 
Lead -Pb 
T i n  -Sn 
Strontium -Sr 
Ti tani ur -Ti 
VonaCiur -V 
Zinc -2n 
Alurlnur -AI 
Iron -Fe 
Si 1 icon -Si 
Cal ci  ur -Ca 
Ragnesiur -Hq 
Sodi ur -Ma 

B 

0.2 
0.3 
0.8 

0.8 

0.8 
3 
B 
3 
2 

0.2 
0.3 
G. B 
0.3 

B 
BO 

20 
20 
20 

o.a 

Mar l i e 5  
DS-19 

CI 

990,000 
113,000 
6,160 

L 
902 

L 
L 

1. b 
625 

43. b 
888 

L 
5 

543 
872 
1 

64. b 
56 1 

21.8 
4270 
13bOC 
23200 

1880 
52600 
12700 
2590 

Mar 1/85 
35-19 
R 

L 

L 
L 

5.3 
b o 1  

40.5 
066 

L 
5 

534 
869 

L 
b?. I 
537 
21.1 
4150 

1 X O C  
22500 
1420 

51000 
12400 
251 0 

m a  



P 

6- 

I- 

c 

E 

PLANT A +ttt  LEGCHkTES tttt 

I t e r  Description Un! t  Detertion  latex Spent Paint 
l l n r t  Sludge Solvent Skins 

Leachate Sludge Sludge 
Ledthate  Leachate 

A DATE SAIIPLEI! Fob 19/85 Feb 25/85 Feb 25iEf 
B StiRPLE DESIGNATIPh ASL-2 ASL - 5 &-b 
C REPLICkTiS A A A 
D CONSTITUENTS 

, I' , 

"""""""""""""""""""""""""""~"""""""""""""- 

E HETGLS - IFC Scan 

Arsenic -As 
Borcn -E 
Bariur -Ba 
Bervlliua -Be 
Calniun -Cd 
Cobalt -LO 
Chrooiur -Cr 
Copper -Cu 
flanganese -Hn 
Roiybdenun -No 
Nickel -Nj 
Phosphorus -P 
Lead -P b 
Anti nonv -Sb 
Selenium -Se 
Tin  -5n 
Strontiur -Sr 
Ti taniur -Ti 
Vanadiun -V 
Zinc -2 n 
Rlu inur  -A1 
Iron -Fe 
Silicon -Si 
Crl t iur  -Ca 
llagnesiun -llq 
Sodiur -Na 

-Dilution Factor 

Tota l  
ca, 114 

L 
0.4 

0.31 
L 

0 . K 6  
2.7 

0.13 
G .  11 
1.35 

L 
L 

1.6 
43 
L 
L 
L 

0.51 
L 
L 

1.83 
110 

7 
24 

67 5 
7.3 
220 
1:l 

1720 
2350 

L 
0.41 
6.27 

L 
0.12 
40 

2.9 
0.92 

32 
L 
1 

3.5 
35.9 
5.5 
L 
L 
1 
L 
L 

16.1 
8 

0.33 
100 

1333 
190 
35 2 
1:l 

'4110 
4240 

L 
3.46 
0.52 

L 
2.44 

10.7E 
C. Cb 
3 . 5 h  
3.34 
0.26 

L 
27.6 
25.8 

2 . 4  
L 
1 

G O B ?  
0.86 
0. 16 
15.98 
18,6 
15.92 

52 

32 
272 
1: 1 
2603 
2760 

9 8 4  



TABLE 3-4 

PL4NT D tttt LEACHATE t*t* 

Baphouse 
I t e a  D e s c ~ i p t i o ~  Unl  t Detertlon Dust 

Lioi t Leachate "~_"""""_""""""""""""""""""""- 
A DATE SAWLED 
B SARPLE DESIGNRTIDN 
C REFLICkTES 
D CO#ST!TUENTS 

T.E.C. 
i.1.C. 
Phenols 
0115 I Grease 

E METALS - ICP Scan 
Arsenlc -45 

Eor an -E 
Barium -Ea 
Beryl 1 i ua -be 
Cadri u# -Cd 
Cobalt -Co 
Chromi UP - tr  
Cooper -Cu 
Hercurv -Hp 
Hanpanese -Mn 
Hol vbdenur -Ho 
N~ckel -Ni 
Phosphcrus -P 
Lead -Pb 
Ant j ron y -Sb 
Sei eni ur -Se 
T i n  -Sn 
Strontiur -Sr 
Ti tanius -Ti 
Vanadium -V 
Zinc -In 
A1 urinur -AI 
Iron  -Fe 
Si I icon -Si 
Colri ur -Co 

. Hapnesiur -tip 
Sodiur -Na 

-Dilution Facior 
-Hardness 

Co, Mg 
Total 

?G 
20 

0.4 
40 

1 
0.02 
0.02 
0.02 
0.04 

0.1 
0.1 
G .  1 

0.001 
0.02 
0.1 
0.4 

1 
0.4 

1 
1 

0.2 
0.02 
0.04 

0.1 
0.04 

1 
0.1 

2 
2 
2 
2 

Mar 1/65 
DSL-19 

d 

12260 
100 
2.4 

L 

L 
4.72 
0.Sb 

L 
0.14 
0.18 

167.2 
0.24 

34.8 
L 
L 

8. 6 
0.8 
3.2 

L 
L 

14.02 
18.82 

L 
596 
6,0 
1.5 
190 

9640 
634 
I106 

1: 1 

2bbDG 
27800 

Prooram nsw: EPSSSC 
Latest Gev: lj-Sc~-65 
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S16Ril RESDURCE CDNSULTANTS Prooran naae: CHEhaet 
YlS?E CHARdC!EEIikT!DN STUDY Latest  revlslon: 17-Sep-!5 
kNALYT1CAL RESUi.?S - ASL LTD. 

Iter  Descriptlan Unit Getectlon Late,: 
Liai t Effluent 

"""""""""""""""""""""""""""""""""""~ 

A DATE SAHFLEI! 
E ASL SAIPLE I 
C SIGtIi SAKPLE # 
t ORGANIC CORPDNENTS 

Direthvl  Phthoiate rpiL 
Diethvl  Phthalite mg!L 
Dl-n-butyl Phthalate m g / L  
Eutv! 5en:vl Phthalate m q / L  
E15 r2-Ethvl Hexyl) Phthalate rg?'!. 
Dl-n-octvl Phtha!ate roil 
Tetrachlorophenol lPiL 
Pentachlorophenol I P / L  
Acetone rg/L 
Benzene nq/L 
Ethanol  rq / L  
Ethyl b e n m e  rg/L 
Hethanol q / L  
!!ethyl Ethyl Ketone rplL 
To1 uene rgiL 
Xylenes rg IL 
2-Butoxvethancl mp/L 
Glycol Ether A 1n .p . i )  rq/L 
61vco1 Ether E In.p.i)  rq/L 
G!ycol Ether C ( n . p . i )  q / L  
F a t t y  Acids rg/L 
Aliphatic Hydrocarbons IC7-Cl3) np/L 
Aliphatic Hydrocarbons K19-C30) B ~ / L  

Parameters Belor Detection Limit: 

2-Fhenoxyethanoi rg IL 
Acetaldehyde rg /L  
Benzoic Acid 8g /L 
Butylated HydrDXvtDlUene ( B H T )  rglL 
Diethylene 6lvco1 lqlL 
Dipropylcne Glycol rglL 
Methyl Irobutvl Ketone rglL 
Phthalic Acid rplL 
Propj onrl dehyde rg/L 
Styrene 8g!L 
Tributyl Phosphate ng/L 

0. i?! 1 
0.01 0.50 

0.001 3.023 
0.001 0.003 
0.001 C.0;6 
G.OC1 1 
0,001 0.083 
0.091 0.006 

0.5 38 
0.2 0. Fb 
0.5 51 
0.2 10 
0.5 190 
0.5 57 
0.2 3. b 
6 . 2  57 

0.01 5.1 
0.01 1.4 
0.01 1.4 
0.01 1.5 

0.5 15C 
0.05 450 
0.5 700 

0.01 
0. 5 

0.01 
0.01 
0.01 
0.01 

0.5 
0.01 
0.5 
0.2 

0.01 



I 

I 
I 

S16HP SESDQKCE CDNSULTkNiS Prnarar  nare: CHEHde! 
WASTE CHkRAi?EFliAiION STli?i' Latest  revlsicn: 17-5x -95  
ANFIL'fTlCAL RESULTS - A S L  LTD. 

!tea DPscrjltion Unit Detectjon Corbined Tank 
Licit  Effluent Yash;ng . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A DkTE SMPLEP nar 1/85 nar 1!P5 
P GSL SMFLE t !6sb-17 !6:0-16 
C SISRA SMPLE t DE-I7 DE-18 
D ORGANIC  CDHPDNEN?S 

Direthvl  Phthalate ao/L 
Diefhvl P h t h a l a t e  ap ,iL 
Di-n-tutvl  Phthalate ro /L 
Butvl Ben:vl Phthalrte ra / L  
B I S  (2-Ethvl Hexvll Phthalate  ra/L 
Di-n-octvl Phthalate ra !L 
TotrachlorOohenD! ap!L 
PentdChlOrODhef?Jl rplL 
Acetone DO/L 
EthanDl ap :L 
Ethvlbenzene rp i L  
Xvl e m  BOIL 
?-!'henDXVPthanDi D ~ / L  
Butv!ated  Hvdroxvto!uene IRHT) rp/L 
6lvccl  Ether A h . p . 1 , )  rp/L 
61vco1 Ether B h.p.i.) rg!? 
Glvcal Ether C m.p.i.1 ro/L 
Fattv Acids 80!L 
GliDhatit Hvdrorarbons (C7-CI3) 8a/L 
Gliphatic HvdrDtarbDnS IClO-C30) ap/L 

Paraaeters Eelow Detection Liri ts: 

2-Butoryethanol D ~ / L  
kcetaldehyde aa IL 
Bmene aglL 
Di acetone Alcohol roll 
Diphenvl Ether rq /L 
llethanol BOIL 
!ethyl E t h y l  Ketone 80/L 
llethyl  Isobutvl Ketone rp/L 
Propi onal dehvde rg /L  
Stvrene rp/L 
Toluene rglL 
Toluene  2.4-Diisocyanate(TDI) ap/L 

0.01 L L 
0.01 L L 
0.001 L 0.00:  
0.001 0.004 0.022 
0.001 0.006 0.048 
O.GO1 L L 
0.901 L L 
c. OUl L L 

0.5 L 1.3 
0,s L 6 .  b 
0 .2  L 34 
0.2 L 46 
0.0; L 3.1 
0.01 L 0.32 
0.01 L 3.: 
0.01 L 31 
0.01 L 30 

0.5 L 100 
0.05 L 300 

0.5 L 15G 

0.01 
0.5 
0.2 

0,005 
0.005 

0.5 
0.5 
0.5 
0.5 
0.2 
0.2 

0.01 

m 

d 

i 

Y 

I 

Is 

& 

L 

yu 

L. 

1 



TABLE E-i 

S I 6 M  RESDURiE CONSULTANTS Proorar name:  CHEllast 
YASTE CHARICTERI2ATION STUDY Latest  revision: 17-Se~-85 
aNALmcaL RESULTS - ASL LTD. 

c 
PLANT A i t f f  SLUDGE !TOTALI w i t  

Y 

I 

1p 

31 

Y 

Spent 
I t e r  Descriotion Unit Detection  Solvent 

LIB; t Siudce 

A DATE SAHPLED Feb 25!85 
P A% S A X E  0 1630-5 
r, SIGHA SRftPLE 1 AS-5 
D ORGANIC CDHFOHEHTS 

""_"""""""""""""""""""""""""""""""" 

Direthvl  Phthalate 
Dlethv! Phthaiate 
D!-n-butvl Phthalate 
Butyl Benwl Phthalate 
Bis (?-Ethyl Hexvl) Phthalate 
Di-n-octv! PhthaIate 
Tetrachlorophen~l 
Pentachlorophenol 
2-Butoxvethanol 
Glvrol Ether A (n .p . i )  
Fattv A c i l s  
Aliphatic Hydrocarbons(C7-Ll3) 

Parareters Belor Detection Liri ts: 

2-Pbenoxvethanol ug  1'9 
Aliphatic Hvdr~carbonsiC19-f30) ug/g 
Benioic k i d  uglp 
Biphenvl ug l p  
Butylated Hydruxvtoluene [BHT) ugly 
Diphenvl Ether up/p 
61ycol Ether B 1n.p. i )  u g h  
61vr~1 Ether C In.p.1) sqig 
Phthalic Acid W P  
Toluene 2.4-Diisocvanate(TDI) uylg 
Tributv l  Phusphate up/p 

0.5 L 
0.5 14 

0.05 4.1 
0.05 0.1 
0.05 
0.0: L 
0.01 0.76 
0.01 0.96 

1 10 
1 22 

20  1500 
2 75000 

.I Tr c. JJ 

1 
20 
1 

0.5 
1 

0.5 
1 
1 
1 
1 
1 



I, 

TABLE 5-4 

SIGMA  RESDURCE CONSULTANTS Proarar nore: CHEMdst 
HASTE C H A R A C T E R I X T I D N  STUD! Latest   revis~on: 17-Sen-9:. 
4NCILYTIML  RESiiLTS - ASL LTD. 

I t e r  Description Unit Detection Baohouse 
L i  ri t Dust 

A DATE SkHPLED  Har 1/85 
B kSL SAMPLE Ir 1050-19 
C SIGHG SAMFLE # DS-lo 
i, ORGANIC CDHPDUNDS 

""""""""""""""""""""""""""""""""" 

Direthvl  Phthalate UQ/U 

Diethvl  Phthalate ugig 
Di-n-butvl Phthalate W P  
Butyl 6en:yl Phthalate uy/o 
Bis (2-Ethyl Hexvl) Phthalate ug/g 
Di-n-octvl Phthalate ug/o 
Tetrachlorophenol U?Y 

, Ttibutvl Phosphate U V P  

Givcol Ether A (n.p.ij UO/Y 

61 ycol Ether P h p . i  ) U O / p  
Glvcol Ether C (n.0.i) Up!! 

Fattv Acids UP / a  

Prntachlorochenol U p l p  

0.5 L 
0.5 L 

0.05 4000 
G .  05 L 
6.05 L 
0.65 L 
0.01 B. 3 
0.01 4,6 

1 b 
1 7.8 
1 566 
1 74% 

20 150 

Parareters Below Detection Limits: 

2-Butoxvethand Ug!p 1 
2-Fhenoxvethanol ug'a 1 
Aliphatic Hydrocarbons(C19-CSG~ ug/g 20 
Aliphatic Hvdrocarbon;(C7-C13) uglo 2 
Butylated HydrDXvtDluene (BHT) ug/p 1 
Diacetone llcohol Up/! 0.5 

I 

1 



TkbiE 6-1 

SlSM FiESGdRiE CONSULTANTS PrDyar name:  CHEFasi 
HASTE C#ARACTERlZATIDtI STE'! Latest rev15:on: 1 7 - k - 5 5  
AtiAL'~T1CAL RESiltTS - A X  LTD. 

PLAN? A +*e+ SLUDGE (LEBCKAi i )  tt++ 
Soent Faint 

Latex Solvent  SLIM 
I t e r  Descripticn Unit Detection Slud?e 5 1 a d o ~  SludFe 

Llrl  t Leachate  Leachate  Leachate ""--"""""""""~""""""""""""~""~""""""""""~""""~""- 
1 DATE SARPLED 
e ASL SAHFLE # 
C S16HA SAIIPLE t 
D ORGANIC CD!lPCldEHlS 

Direthvl  Phthalate 
Dlethvl  Phthaiate 
Di-n-butvl Phthalate 
Butvi Benrvl Phthalate 
Eis (2-Ethvl He::vli Phthalate 
Di-n-octv l  Phthalate 
Tetrachlorophenol 
Pentachiorouhenol 
Ace!one 
Benme 
Ethanol 
Ethylbenme 
Methanol 
Wethy1 E t h v l  Ketone 
Methvl Isobutvl Ketone 
loiuene 
Xy1 enes 
2-Butoxvethanol 
Butvlated Hydroxvtoluene(Gil1) 
Glvcoi Ether fn,g,j,! 
Glyco! Ether Ln.p.i.) 
6 1 ~ ~ 0 1  Ether h.p, i . j  
Fatty Acids 
Aliphatic  Hvdrocrrbm(Ci-il3 
Aiiphatic  Hvdrotarb~ns(C19-C30) 
Diethvlene Glycol 

Parameters Below Detection  Limits: 

2-Phenoxvethand U?/F 

Acetaldehvde up!g 
Ben2 oi c A:i d U4 '0 
Biphenyl u g i g  
Diacetone Rlc~hol  up/g 
Diphenyl Ether W Y  
Di propv1 ene 61 yccl u g 4  
Phthalic Arid U!/! 
Prooionaldehvde ug/p 
Styrene Up/! 
Toluene ?.l-Diisocvanate(TtI) up:! 
iributvl Phosphat~ ugi? 

0.2 
0 . 2  

0.62 
0.02 0. 02 (1. (12 
0.01 
0.01 

10 
4 

10 
4 

10 
10 
10 
4 
I 

0.2 
0.2 
0.1 
0.2 
0.2 

10 
J 

10 
0.2 

0.2 
10 

0.2 
0.05 
0.02 
0.05 
0.2 
9.2 

l b  
4 

0.2 
0.2 



I 
I 
I 
I 
I 
I 
I 
I 
I 

TAKE 6-4 

SiGtlk RES?UF(CE CONSGLTAtiiS Proaram naoe: CHERts1 
YASTE CHARACTE8IZATIOW STUDY Latest  revision: 17-Seo-Sf 
ANfiL?TifAL RESULTS - ASL LTE. 

PLRNT t t*** SL'JDGE (LEACHATE? *)t* 

BaDhouse 
Item Descriation Uni t  Detection Dust 

Liri t Leachate """""""""""""""""""""""""""""""""- 
A DATE SAtlDLED gar 1/85 
B ASL SRRPLE 8 Io3?-17  
C SIGEA s a w  t DSL- 19 
t ORGANIC CDBPCNENTS 

Dicethvl  Phthalate up! g 0.2 L 
Diethvl  Phthalate U q / q  0.2 L 
Di-n-butvl Phthalate up/p 0.02 0.25 
Butyl Benivl Phthalate u g i p  0.02 L 
Bis (2-Ethyl  Hexvl) Phthalate ~ q / g  0.02 L 
Di-n-octvl Phthalate uq io 0. 02 L 

PcntathlDrDphenD! UQ/p 0.01 f .  7 
2-Phenoxvethanol u v g  0 .2  210 
2-Butoxvethanoi Ug/g 0.2 5. P 
Tributvl Phosphate w 9  0.2 5 
Butylated Hvdroxytoluene(BHT) uq!p 0.2 4.5 
6lvroi  ither (I (n.p.iJ upig  0.2 240 
6lvcol  Ether B ( n . p . i )  Uglp 0.2 320 
Glycol i ther  f 1 n . p . i )  u9/g 0.2 240 
Fattv Acids uo/g 10 4000 
Diethylene 61vcoI uc/g 0.2 2.1 

Parameters Below Detection Limits: 

Acetaldebvde W Q  10 
Acetone up l g  10 
Aliohatic Hvdrocarbons(C19-C30) uo/g 10 
Aliphatic Hydrocarbons(C7-Cl3) u9lg 1 
Benzene u 9 4  4 
Diacetone Alc~hol u g h  0.02 
Djpropvlene 6 l v c d  e?! 0.2 
Ethanol Ug/g 10 
Ethylbenzene u9'9 4 
llethancl u4/9 10 
Rethvl Ethyl Ketone U9/! 10 
Rethvl Isobutvl Ketone U P 4  10 
Pr opi onrl dehvde U4/! 10 
Styrene uglp 4 
Toluene up/p 4 
Toluene 2.4-DiisocvanateITDI) ug/g 0.2 
Xylenes u 9 4  4 

Tetrachlorophenol U @ p  0. ill 0.4 

d 

i 

i 
II 

crl 

Y 



1 
9 - 2  

a TABLE 9 - VOLUMETRIC  LOADINGS 

I Sample Di scharge  Quantity Daily F l o w r a t e   D i s p o s a l  
Frequency m3 Method 

P l a n t  A 

Latex  Effluent AE-1 B i w e e k l y  11 m3 
“3 

Latex  Sludge As-2 Annual 14 m3 

Spend Solvent Sludge Monthly 0 . 2  m3 
As-5 

Paint Skins As-6 Weekly 0.03 m3 

Plant B 

Final Effluent BE-7 Continuous  150 m3/d 

Primary Sludge BS-10 Annual 10 m3 

F i l t e r  Press Paper Weekly N/A 
-11 

0.8  Sewer 

0.04 ,Cemented & 

Landfi l l  

0.007 Stored  on 
Site 

0.004 Landfi l l  

150 m3/d Sewer 

.027 Dried & 

Landfi l l  

Landfi l l  



9 - 3  

TABLE 10 - MASS LOADINGS - PLANT A 

Parameter 

Latex Effluent 

Phthalates 
Chlorophenols 

Aliphatic  Hydrocarbons  (C19-30) 
Aliphatic  Hydrocarbons (C7-Cl3) 
Methanol 

Fatty Acids 
Methyl  Ethyl Ketone 
Xylenes 
Ethanol 
Acetone 
Ethylbenzene 

Spent Solvent  Sludge 

Phthalates 
Chlorophenols 
Aliphatic Hydrocarbons (C6-Cl3) 
Fatty  Acids 
Glycol  Ether A 

2-Butoxyethanol 

0 .18 
0.04 

200 
129 

5s 

43 
16 
16 
15 
11 
3 

.06 

.005 

216 
4 . 3  
0.06 
0.05 



LIST OF ABBREVIATIONS AND DEFDNmONS 

CAOV 

COD 

GC 

ICP 

L 

N A  

N / A  

NFR 

n.p.i. 

MS 

T.I.C. 

T.O.C. 

T-N 

TR 

TVR 

Chromic  Acid  Oxygen Value, equivalent  to COD 

Chemical  Oxygen  Demand 

Gas Chromatography 

Induction  Coupled  Plasma 

Less than  Oetection Limit 

N o t  applicable 

Not  Available 

Nonfilterable  Residue 

not  positively  identified 

Mass Spectrometry 

Total  Inorganic  Carbon 

Total  Organic  Carbon 

Total  Nitrogen 

Total  Residue 

Total  Volatile  Residue 
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