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ABSTRACT 

A c h a r a c t e r i z a t i o n   o f   t h e   p l a s t i c ,   r u b b e r  and r e s i n   i n d u s t r y  was 
undertaken  by  the  Environmental  Protection  Service i n   B r i t i s h  Columbia i n  

1984.  Aproximately 70 p l a s t i c s ,  8 rubber and 43 r e s i n   f i r m s  were  inspected 
and  over 100 f i r m s  were asked t o  fill i n  a quest ionnaire  regarding  chemical  

use  patterns,  control  equipment  and  waste  products. 
Twelve p r i o r i t y  and candidate  chemicals as i d e n t i f i e d   i n   t h e  1 i s t  

o f  chemicals  being  invest igated  under  the  Environmental   Contaminants  Act ,  

were  found t o  be  used i n  these  indus t r ies .  

Organot in compounds are  suspected  o f   be ing  re leased  to   the  env i -  
ronmen t   f rom  p lan ts   ex t rud ing   po l yv iny l   ch lo r i de   p roduc ts  where it i s  used 

as a h e a t   s t a b i l i z e r .   P h t h a l i c   a c i d   e s t e r s  were  found t o  be used  as 

p l a s t i c i s e r s  and  several   organochlor ides were  used  as ant icorros ion  and 

fi r e   r e t a r d a n t   a d d i t i v e s .  
Chlorosul  fonated  polyethylenes,  lead  monoxide,  various  amides and 

p h t h a l i c   a c i d   e s t e r s  were  found t o  be  used i n   t h e   r u b b e r   f a b r i c a t i o n  

i n d u s t r y  . 
Tbe f i rms  producing  po lyester  and fo rmaldehyde  res ins   a l l  had 

var.ving  degrees of  p o l l u t i o n   c o n t r o l  and treatment.  Two f i r m s  were d i s -  
charg ing   mater ia l  t o  1 a n d f i  11  and  one t o  a remote  evaporation 1 agoon. The 

major p o r t i o n  of the l i qu ids   d i scha rged  t o  the  remote  lagoon  are  be l ieved 
t o  he l o s t  by i n f i l t r a t i o n .  The grea tes t  volume o f  waste  produced i s  by 

the   res in   indus t ry .   Th is   inc ludes   was te   s ludges ,   tank  and reac to r   res idue  
and o f f   s p e c i f i c a t i o n   p r o d u c t .   M o s t   o f   t h e   s o l i d   s l u d g e s   a r e   s t o c k p i l e d  

pend ing   d isposa l   to  a su i   tab1 e secure   s i te .  
A pre l iminary  sampl ing and  waste c h a r a c t e r i z a t i o n  program of  two 

r e s i n   p l a n t s ,   t w o   p a i n t   p l a n t s  and  one p o l y v i n y l   c h l o r i d e   e x t r u s i o n   p l a n t  
has  been  undertaken t o   p r o v i d e  an i n i t i a l   d a t a  base. The data will be 

a v a i l a b l e   i n  a second  volume t o   t h i s   r e p o r t .  



RESUME 

En 1984, une c a r a c t g r i s a t i o n  de 1 ' i n d u s t r i e  du p las t i que ,  du 
caoutchouc e t  de r g s i n e   f u t   e n t r e p r i s e   p a r  1 e se rv i ce  de 1 a pro%ect ion de 
l 'environnement  en  Colombie  Britannique.  Approximativement 70 compagnies 
de ~ 1 a s t i q u e ,  S de caoutchouc e t  43 de re 's ine   fu ren t   inspec tges   e t   p lus  de 
100 f i  rmes o n t  rempl i u n   q u e s t i o n n a i r e   t r a i   t a n t  des  mgthodes  d'empl o i  de 
orodui   ts  chimiques,  de 1 ' gquipement de c o n t r s l  e e t  des p r o d u i   t s  de 
d6chet.s. 

i d e n t i f i  e's dans 1 a 1 i s t e  des p rodu i   t s   ch im iques   k tan t  examines  sous 1 a L o i  
sur   les  contaminants  de l ' env i ronnement ,   f u ren t   i den t i f i gs   come  &an t  

Oouze p r o d u i   t s   c h i m i q u e s   p r i o r i  t a i  r e s   e t  d '  i n t 6 r C t   p o t e n t i   e l  , 

empl oyds dans  ces i n d u s t r i  es . 
1 ' envi  ronnenlent 1' u s i  nes ex t rudant  des p r o d u i   t s   p o l y v i n y l   i q u e s  0; i 1 s sont  
ernoloy& c o m e  un s t a b i l i s a t e u r  de chaleur.  Des e s t e r s  de l ' a c i d e  
p h t a l i q u e   f u r e n t   i d e n t i f i e s   6 t a n t   u t i l i s e ' s  cornme p l a s t i f i a n t s   e t   p l u s i e u r s  
orqanochlorures  'etaient employ& c o m e  des addi t i f s   d '   a n t i c o r r o s i o n   e t  de 
re ta rda teu r  de feu. 

amides e t  es te rs  de l ' a c i d e   p h t a l i q u e   f u r e n t   t r o u v e ' s   c o m e   6 t a n t   u t i l i s e ' s  
rlans 1 ' i n d u s t r i e  de 1 a f a b r i c a t i o n  du caoutchouc. 

d'ehvde ont   tous des degres  var igs de c o n t r i j l  e de po l  1 u t i o n   e t   t r a i  tement. 
Deux f irmes  ddcharqeaient du ma te r ie l  a' un s i t e   d ' e n f o u i s s e m e n t   e t  une 
au t re  'a un  6tanq d '  6vaDorati  on i sol  e'. La  majeure  por t ion des 1 i q u i  des 
de'verse's I I etang  is01 e sembl e n t  &.re p e r d u e s   p a r   i n f i l t r a t i o n .   L e   p l u s  
imoor tan t  volume de r i k i d u e   D r o d u i t   p r o v i e n t  de 1 ' i n d u s t r i e  du re'sine. 
Cel a i n c l u t  des h u e s   r g s i d u a i r e s ,  1 es re'sidus  de  re'servoirs e t  de 
r d a c t e u r s ,   e t  des produ i ts   hors   spe 'c i f i ca t ions .   La   ma, io r i tg  des  boues 
r&i dua i res   so l   ides  son% emp i l6es   en   a t ten te   d '   s t re  d i  sposdes a* un s i t e  
se'curi t a i  r e  ade'quat . 
de r6s idus  de  deux us ines  de  rgs ine,  deux u s i  nes  de p e i n t u r e   e t  une u s i  ne 
d ' e x t r u s i o n  de ch lo ru re  de p o l y v i n y l e   f u t   e u t r e p r i s   p o u r   f o u r n i r  une  base 
i n i t i a l  e de donne'es. Les donne'es seron t   d ispon ib l   es  dans un  deuxi6me 
volume de ce  rappor t .  

Des conpos6s  organo-6tains  sont suspect€% ' e t r e   r e l k h s s  dans 

Des oo1y&hyl&nes  chlorosulfon&,  monoxide de plomb, d i v e r s  

Les  compa9nies  produisan% des rgs ines  de p o l y e s t e r   e t  de formal- 

Un programme p r g l i m i n a i r e   d ' e ' c h a n t i l l o n n a g e   e t  de carac te ' r i sa t ion  

L 
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1 .o CONCLUSIONS 

m 

I 

m 

m 

Resin Formulation Plants: There are  currently  four  resin  plants i n  
operation i n  British Columbia producing polyester, urea  formaldehyde, 
pherlol formaldehyde and polyvinyl acetate  resins.  E i g h t  p r ior i ty  and  3 
candidate  chemicals were identified as be ing  used  and they include; 

1) d i b u t y l  t i n  oxide 
'2) d i b u t y l  t i n  dilaurate 
3)  d i - n - b u t y l  Dhthal a t e  
4 )  di-octyl-phtha!  ate 
5 )  B i  s (2-ethyl  hexyl ) phthalate 
6) tetrachl oronhenol 

7 1 pentachl orophenol 
8) 1,l  ,l-trichloroethane 
9 )  dimethyl anil  ine 

10) di-ethyl  anil  ine 
11) t r ie thyl  phosphate 

An estimated 3000 kg of lead  napthenate i s  a lso used as a drying 
aqent. 

I t  i s  expected tha t  most  of the  organotin  reaction  initiators 
used i n  polyester  resin  are  contained i n  the  product matr ix  and very 1 i t t l  e 
i s  l o s t  d u r i n g  processinq.  Organotins  are hand1 ed as a dry powder  and may 
be released from process  exhaust  streams d u r i n g  reactor  loading. An es t i -  
mated 7.9 m3 of  sludge from reactor bottoms, spill ed product and sewers i s  
produced each year. I n  Winfiel d ,  B . C . ,  0.400 m3/yr i s  disposed to   the 
Glenmore road l a n d f i l l .  Approximately 455 d j y r  o f  untreated  process  water 
(neutralized w i t h  sodium hydroxide) i s  discharged t o  an  open lagoon fo r  
disposal by dehydration and i n f i l t r a t ion .  This water may  be a source  of 
release of small quant i t ies  of organotins. 

Phenol  Formaldehyde Plants: A t  the three phenol formaldehyde resin 
plants a1 1 wastewater i s  recycled  into  the  process. In the 1  ower  main1 and, 
one plant has a biological 1 agoon treatment system which  can oxidize 
phenolics and discharges  to a sanitary sewer which is  on the Annacis Island 
treatment  plant  collection system. Less t h a n  3.0  m3/yr of sol id  waste i s  
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produced  and s t o c k p i l e d   u n t i l   s u f f i c i e n t  volume i s   c o l l e c t e d   f o r   s h i p m e n t .  

I n  Kamloops the  waste i s  s e n t   t o   t h e   M i s s i o n   F l a t s   L a n d f i l l  and i n   t h e  

l ower   ma in land   t hey   a re   sen t   t o   secu re   l and f i l l   i n  Oregon or   Idaho.  The 

lower  mainland  plants  include  waste  f rom a var ie ty   o f   o ther   p rocesses   wh ich  

designates it as special  waste. 

Urea  Formaldehyde  Resins: The wastes  produced  are  s imi lar   to   those  for  
phenol  formaldehyde  and  are  included i n  the  volumes  given  above.  There 

were no p r io r i t y   o r   cand ida te   chemica ls  used i n  these  processes. 

Po lyv iny l   Aceta te  Emu1 sions:  Are  produced in   t he   l ower   ma in land  and 

may use p h t h a l a t e   p l   a s t i c i s e r s   i n   t h e i r   f o r m u l a t i o n s .  
Wastes from  the  processes,  are  tank  and l i n e  washings  which  are 

b i o l o g i c a l l y   t r e a t e d   b e f o r e   d i s c h a r g e   t o   s a n i t a r y  sewer. The q u a n t i t y   o f  
p l a s t i c i s e r   w h i c h   i s   d i s c h a r g e d   t o  sewer i s   n o t  known  and i s  recommended 

f o r   f u t u r e   q u a l  i t a t i v e  and q u a n t i t a t i v e   a n a l y s i s .   T r i c r e s y l  phosphate i s  

a l s o   l i s t e d   i n   t h e   l i t e r a t u r e  (15 )  as  being  used i n   v i n y l   a c e t a t e  

product ion however i t  was n o t   i n d i c a t e d  as being  used  by any o f   t h e  

producers i n   t h e   r e g i o n .  

P l a s t i c   P i p e  and Siding  Extruder:   There  are seven p lan ts   ex t rud ing  

a c r y l o n i t r i l e   b u t y l   s t y r e n e  (ABS) ,  polyethylene  (PE),   polybutylene (PB)  and 

p o l y v i n y l   c h l o r i d e  ( P V C )  p ipes and s id ing .  O f  these seven, f i v e   a r e   e x t r u -  

d ing  PVC products  which  use 115 900 k g / y r   o f   o r g a n o t i n   h e a t   s t a b i l i z e r s  and 

1 940 000 k g / y r   o f   c h l o r i n a t e d   p a r a f f i n  wax l u b r i c a n t s .  These p lan ts   a re  

suspec ted   o f   be ing   t he   l a rges t   sou rce   o f   re lease   o f   o rgano t ins  and c h l o r i -  

na ted   para f f ins   to   the   env i ronment  by t h e   p l a s t i c s   i n d u s t r y .   P r e l i m i n a r y  

sediment  sampling  from  the  storm sewer o f  one p l a n t  showed an  average o f  
180 .O u g / g   t o t a l   t i n  when background  level  s were bel  ow 2 .O ug/g. 

The f o r m   o f   t h e   t i n  and i t s  e n v i r o n m e n t a l   a v a i l a b i l i t y   i s   n o t  

known  and it i s  recomnended tha t   f u r the r   samp l ing  and l e a c h a b i l i t y   t e s t s  be 

performed a t  a l l   f i v e   p l a n t s .  The major  cause f o r   r e l e a s e  was found   to  be 

poor   handl ing  o f   p lant   wastes and p lant   hyg iene.  The l a c k   o f   d u s t   c o n t r o l  

I 
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dur ing  the  un loading  o f   cyc lones and  bag  houses r e s u l t e d   i n   s p i l l a g e  on 

p l a n t   p r o p e r t y  and  subsequent washdown i n t o   s t o r m  sewers  by  storm  water 

r u n o f f .  

An unknown q u a n t i t y   o f  ami  ne u l t r a v i o l e t   s t a b i  1 i z e r s  may be  used 

(1) and modes of   env i ronmenta l   re lease  would  be  s imi lar   to   organot ins.  
The q u a n t i   t i e s   o f   c h l o r i n a t e d   p a r a f f i n s   r e l e a s e d   i s   n o t  known  and 

rou tes   to   the   env i ronment   a re   expec ted   to  be s i m i l a r  t o  organot ins.  

Further  sampl ing i s  recornended t o  determine  env i ronmenta l   leve ls   o f   these 

chemical s . 
The p lan ts   p roduc ing  PE, ABS and PB products,  purchase  the  resins 

i n  p reb lended   pe l l e t   f o rm and extrude i t  d i r e c t l y   i n t o   p i p i n g .  Wastes are 

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

t o  powder  and recyc led   i n to   t he   p rocess .  

Expanded Polystyrene:  There  are  four  p lants  producing expanded poly-  
styrene  products such as i nsu la t i on ,   pack ing  and food  containers.  The 

p lants   producing  food  conta iners use  pigments  which  are  rated as food 

grade.  Pigmented  polystyrene i s   r a r e l y  used i n   i n s u l a t i o n   p r o d u c t i o n  and 

these  products  must have a degree  of f i r e   r e t a r d a n c y   t o  meet b u i l d i n g  code 

speci f i c a t i  ons . Hal  ogenated a1 k y l  compounds ( usual l y  c h l   o r i  ne o r  bromi  ne) 

are added as a  powder o r   i n c o r p o r a t e d   i n t o   t h e   r e s i n .   I n   B r i t i s h  Columbia 
the   manufac turers   impor t   the   res in   w i th   the   f i re   re ta rdant   mo lecu les   incor -  
po ra ted   i n to   t he   res in   s t ruc tu re .   Cer ta in   f ood   g rades  o f  po lystyrene will 
degrade i n   s o i l   w i t h i n   f i v e   y e a r s  (10) however it i s   n o t  known how 1 ong 

insu la t ion   g rades  will w i t h s t a n d   d e t e r i o r a t i o n  as a l l  wastes  are  disposed 

t o  1 a n d f i  11 i n  Langley  and  Delta.  Halogenated compounds i n   t h e   s o l   i d  waste 

disposed t o   l a n d f i l l   a r e   e s t i m a t e d   a t  1140 kg/yr .  

Extruders  and Blow Molders o f  P1 as t i c   Pa r t s :   The re   a re  an est imated 43 
companies i n   B r i t i s h  Columbia  which  are  involved i n   e x t r u d i n g   a n d / o r   b l o w  

m o l d i n g   o f   p l a s t i c   p a r t s  and b o t t l e s .  A1 1 the  companies (except  one) 
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enforce s t r i c t  recycle  practices due t o  the h i g h  cost of raw materials. 
S o l i d  plast ic  waste disposal t o  l a n d f i l l  i s  estimated a t  l ess  t h a n  
100 000 kglyr .  Some plast ics  such as PVC require organot in  heat  stabil i -  
zers t o  prevent metal adhesion  during  processing and shut down. I f  a PVC 
extruder  is t o  be shut down for servicing or over a weekend, a load of h i g h  
organot in  polymer concentrate  is  injected i n t o  the  feed t o  f i l l  the 
extruder. The h i g h  t i n  p las t ic  will prevent  charring and sticking i n  the 
extruder b u t  must  be discarded af te r   s ta r tup .  Most operations run twenty- 
four  hourslday and there   i s  no estimate of the amount of t h i s  type of waste 
as production varies  greatly w i t h  present economic conditions. 

Plast ic   F i lm  Ext ruders :  There were seven plast ic  fi lm extruders iden- 
t i  f i e d  i n  ttle Lower MainlandjVancouver Island  region. The  materials used 
include  polypropylene,  cellophane, 1 ow density P.E. ,  1 inear low density 
P.E., and h i g h  density P.E. Most of the  films produced are for food pack- 
a g i n g  and material hand1 i ng i s  control 1 ed i n  such a manner as t o  prevent 
contamination.  Cuttings and o f f  specification film i s  recycled and t o t a l  
wastage i s  estimated a t  27 100 kg ly r  w h i c h  includes polymer and 5 000 k g  of 
additives such as   s l ip  and a n t i b l o c k  agents, i n k  solids and pigments. 

Firms Manufacturing  with  Polyester  Resins: Forty-one  firms manufac- 
turing w i t h  polyester  resins were identified i n  Brit ish Columbia. 
4pproximately 60% t o  70% of manufacturing a c t i v i t y  occurs i n  the Okanagan/ 
Winfield  area and  30% t o  40% i n  the Lower Mainland/Vancouver Island  region. 
The two types of manufacturing a r e   f i l l e r  and fiber  reinforced  products. 
Anticorrosion  storage  tanks and p i p i n g  use chlorendic based resins w i t h  
organotin  init iators.  Most fi l ler   reinforced  applications use ortho- 
phthalic or Isophthalic  acid (or anhydride) based resins and  some 
formulations may use organotin i n i t i a t o r  complexes. 

An estimated 14 000 m3 of sol i d  waste i s  produced each year w h i c h  
includes  residual  resin,  resin and fiber  overspray, trimmed resin w i t h  
f iber  and/or  f i l l e r .  The f i l l e r s  used are calcium carbonate  or s i l i c a  
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powders.  There i s  cons iderable  dust   generat ion  dur ing  the  t r imming and 

g r i n d i n g   o f   t h e   f i n i s h e d   p r o d u c t s .   T h i s   d u s t  was seen t o  spread  beyond  the 

p lant   boundar ies  o f   most   operat ions and may be the   mos t   s ign i f i can t   rou te  

to   the  env i ronment   o f   contaminants  such as organot ins,  heavy metal  pigments 

and ch l   orendic   anydr ides.   (The  quant i ty   o f   organot i  n i s  expec ted   to  be 

low.) An est imated 800 k g   o f   d i m e t h y l   a n i l i n e   w h i c h   i s  a candidate 

chemical i s  used  as a c a t a l y s t   i n  some a p p l i c a t i o n s .  
Styrene monomer which i s  used as  a r e s i n   d i l   u e n t   i s   r e 1  eased as  a 

vapour d i r e c t l y   t o  atmosphere. 
F u r t h e r   s o i l  and stormwater  runoff   sampl ing i s   r e q u i r e d   t o  

determi ne the   ex ten t   o f   con taminat ion  by any of   these  chemical  s .  

Rubber  Manufacturers  and Distributers: One hundred  f i rms hand1 i n g   o r  
producing  rubber   mater ia ls  were i d e n t i f i e d   i n   B r i t i s h  Columbia.  Sixteen o f  

these were i n v o l v e d   i n   b l e n d i n g  and manufactur ing  wi th   raw  mater ia ls ,   the 
rema inder   be ing   d i s t r i bu te rs   o r   us ing   cu t t i ng  and cold  bonding  processes. 

The rubbers  used  include  styrene  butadiene,  polychlorobutadiene,  polybuta- 
diene and ac ry lon i t r i l e   rubber .   Po lyu re thane  foam rubber i s  manufactured 

f rom  g lyco l  s and 2,4 or   2 ,6- to l  uene di isocyanate.  Hard  polyurethanes use 

methy l   d i   isocyanate.  

P r i o r i t y   c h e m i c a l s  used  include  approximately 800 k g / y r   o f  
d ibu ty l   ph tha l   a te ,  1500 kg/y o f   d i - o c t y l   p h t h a l a t e  and 1 ess  than 400 1 /yr 

o f  s tannous  octoate  cata lyst .  Waste rubber i s  produced  f rom  c leaning  old 

r u b b e r   c o a t i n g s   ( u s i n g   c u t t i n g   t o o l s   o r   b l a s t   s h o t )  from  mining,  logging 
and pul   pmi l l   equipment and g r ind ing   rubber   f rom  t i r es .  A1 1 t h e   r u b b e r   t i r e  

gr indings  produced i n  B.C. (approximately 1 500 000 k g / y r )   i s   r e c y c l e d   i n t o  

rubber  mats. 190 000 kg /y r   o f   o ld   mach inery   rubber   g r ind ings   i s   d isposed 

t o   l a n d f i l l  and 115 200 k g / y r   i s   i n c i n e r a t e d .  

58 m3 water/day  as  steam  and  cooling  water.  Water  which  contacts  the 

rubber i s  d i scha rged   to   san i ta ry  sewer. Cool ing  water i s  passed  through 

jacketed  systems and d ischarged  to   s to rm sewer. 

The 13 f i rms   ac t i ve l y   p rocess ing   rubber  consume approximately 
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Rubber Recyclers: Rubber recyc le rs   p rocess   i n   excess   o f  4 000 000 kg 

of w a s t e   r u b b e r   i n t o   p r o t e c t i v e   f l o o r i n g   f o r  use i n   a g r i c u l t u r a l  , indus- 

t r i a l  and  commercial a p p l i c a t i o n s  and  as marine and l o a d i n g  dock p r o t e c t i v e  

bumpers. There  are no s i g n i f i c a n t  amounts o f  waste  produced  except  for  

miscel laneous  scrap  screened  from  the  waste  rubber  grindings  which i s  

d i s p o s e d   t o   l a n d f i l l  and cool ing  water   which i s  d ischarged  to   s to rm sewer 

o r  onen d i tches.  

Epoxy and Polyester Resin Distributers: Epoxy res in ,   po l yes te r   res in ,  
qe l   coat  and Digment d i s t r i b u t e r s   h a n d l e   r e s i n s   f o r   c o r r o s i v e  and pass ive 

aoo l i ca t i ons ,   b lend  gel coa t   res ins  and hand le   add i t i ves  such as f i l l e r s ,  

promoters,   catalysts,   mold  re1 ease  agents ,   c lo ths,   f ibers  and t o o l  s. 
Mix ing   opera t ions  a r e  performed  under  explosion  proof  condi t ions i n   t h e  
sh ipp ing  conta iners o r  i n   m i x i n g   t a n k s   f o r   r e p a c k a g i n g .  Waste acetone i s  
oroduced  dur ing  c lean 
as a base s o l v e n t   f o r  

wastage  occurs due t o  
b a r r e l  . 

inq   ope ra t i ons  and i s  disposed  by  evaporat 

sundeck c o a t i n g s   o r   r e d i s t i l l e d .  Minimum 

t h e   h i g h   c o s t   o f  $800.00 t o   o v e r  $1000.00 

i o n ,   o r  used 

r e s i n  

Per 

The areas where f u r t h e r   i n v e s t i g a t i o n   i s   r e q u i r e d   i s   i n   t e s t i n g  

water and  sediment  samples fo r   t he   re lease   o f   o rgano t ins   f rom PVC producers 

and p o l y e s t e r   r e s i n   f a b r i c a t o r s  and c h a r a c t e r i z a t i o n   o f  waste e f f l u e n t s  

from po lyes ter ,   u rea  and  phenol  formaldehyde resin  producers.  Background 

l e v e l   a n a l y s i s  of water and sediment f o r   t h e   p r i o r i t y  and candidate 
chemica ls   i den t i f i ed  as being  used i n   t h e   p r o v i n c e   i s   l a c k i n g .  
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2 .o INTRODUCTION: ENVIRONMENTAL CONTAMINANTS ACT, PRIORITY AND 
CANDIDATE CHEMICALS 

The Environmental Contaminants Act l i s t  of pr ior i ty  and candidate 
chemicals  includes  certain  chlorinated  hydrocarbons, p h t h a l i c  acid  esters,  
organotins,  aromatic amines, halogenated diphenyl ethers,  halogenated 
toluenes,  nitrophenols and organophophorous compounds. Chemicals l i s t ed  
are  those of  part icular   interest  t o  the  departments o f  the Environment and 
National  Health and Welfare for  special  investigation t o  determine commer- 
c ia l / industr ia l  use patterns,  concentrations i n  the environment and health 
effects .  Some o f  these  chemicals were identified  as being used i n  the 
p! as t ic  , rubber and resin  industry and this  report  examines the i r  use i n  
Bri ti  sh Col umbi a .  

2 .1  Characterization o f  the Various Industry Groups 
Characterization of the broad range o f  firms  involved i n  the 

P1 as t i c  , Rubber  and Resin Industry  required  the consol idation of the 
available  production and environmental information.  Sources for the 
documentation of companies i n  operation  included: 

a )  Municipal teleDhone directories 
b )  Trade indices 
c 1 Federal  envi ronmental f i  1 es  
d )  Provi nci a1 envi ronmental f i 1 es 
e )  Province of B.C. Business  Opportunities  Sourcing System (BOSS) Index 

The companies identified were then grouped into six different  
classes: 

1) P1 as t ics ,  qeneral 
2 )  P1 as t ics ,  raw materials 
3 )  Plastics,  scrap  dealers 
4 )  Rubber, general 
5) Resins 

a 
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A computer f i l e  was created,  containing  the company's name, 
address,  telephone numbers, drainage  basin  codes, and municipal i t y .  Each 
municipality  or  city was mailed a printout of the companies bel ieved t o  be 
operating i n  their  jurisdiction  for  confirmation,  additions or deletions 
and request for environmental d a t a  re la t ive t o  the  operation. In  most 
cases  the l i s t  was referred  to  the  business  license  office and very l i t t l e  
environmental i nformation was avai 1 ab1 e. Several 1 ower mai n l  and muni  ci pal 
offices  are  converting t o  a computer da ta  base w i t h  the  capacity t o  store 
similar information. I t  was also found t h a t  some municipal f i r e  depart- 
ments are performing chemical inventories from a f i r e  prevention and safety 
perspective.  Future  inventories should consider this source of  
information. 

2.2 Industry  Questionnaire 
In  co-operation w i t h  the  Industrial Programs Branch i n  Ottawa an 

industry questionnaire was developed and tested by submission t o  several 
companies t o  f i l l  out and comment.  The Indus t r ia l  Programs  Branch was also 
responsible for contacting  industry and trade  associations such as  the 
Canadian Pa in ts  and Coat ings Manufacturers  Association  regarding  the  survey 
of the i r  members i n  the  Pacific Region. After  several  revisions of the 
questionnaire, company off ic ia l  s were contacted by phone t o  determi ne; 

a )  i f  they were actively  involved in manufacturing w i t h  the  chemicals of 
concern 

b )  the  contact person t o  receive  the  questionnaire.  This was very impor- 
t a n t  to  assure t h a t  the  questionnaire was deal t w i t h  quickly by the 
most qualified person and reduce  chances of i t  being lost. 

c )  an appointment to  examine the  facil  i t y  f i r s t  hand, observe hand1 i ng  
procedures, answer inquiries regar 

2.3 Site  Inspection 
Approximately 115 companies 

over a seven month period. These incl 

Id ing  the  questionnaire. 

were contacted and 90 were visited 
uded: 63 - General Plastics  firms; 
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4 - General  Resin  f irms; 23 - P a i n t  and  Ink  f i rms  (see  Ref.  #29). The 

l a r g e  number o f   v i s i t s  were made t o  ensu re   t ha t   mos t   va r ia t i ons   i n   p roduc -  

t i o n  were  inc luded,   that  none o f   t h e  companies  would f e e l   t h a t   t h e y  were 
s i n g l e d   o u t  and t h a t  a f a i r  assessment  would  be made o f   t h e   i n d u s t r y .  

F i v e   o f   t h e s e  companies  were se lec ted   f o r  a pre l iminary  sampl ing 

program to   charac ter ize   was tes  and  determine  poss ib le   routes  o f   t ranspor t  

o f  p r i o r i t y   chemica ls   t o   t he   env i ronmen t .  Two p a i n t  and coat ings   p lan ts ,  
t w o   r e s i n   p l a n t s  and  one p l a s t i c s   p l a n t  were se lected  on  the  bas is   o f ;  

a )   s ize  

b )  process   ope ra t i ons   be ing   t yp i ca l   f o r   t he   i ndus t r y  
c )   use   o f   p r i o r i t y   o r   cand ida te   chemica ls   as   de f i ned   i n   t he   Env i ronmen ta l  

Contaminants  Act 

2.4 Types o f  Companies Operat ing i n   B r i t i s h  Columbia 
Four teen   t ypes   o f   p lan t   ope ra t i ons   (w i th   m ino r   va r ia t i ons  on  each 

t y p e )   w e r e   i d e n t i f i e d   a f t e r   t h e   p l a n t   v i s i t s  and are  d iv ided  as  fo l lows.  

1) P a i n t  and coat ings  manufacturers  (see  Ref.  #29) 
2)   Resin  manufactur ing  inc lud ing:  

- p o l y e s t e r   r e s i n s  
- phenol formaldehyde resins 
- po lyure thane  res ins  

- p o l y v i n y l   a c e t a t e  
- a l k y d   r e s i n  

- c l e a r   c o a t i n g s  
3)   Polyurethane foam manufacturers 

4 )  P o l y v i n y l   c h l   o r i  de, Acry l   on i  tri 1 e-buty l   -s tyrene,   Polybuty l  ene , and 

p o l   y e t h y l  ene p ipe   ex t rude rs  

5 )  Polystyrene  expander/mol  ders 

6 )  Extruders  and  blowmolders o f   p l a s t i c   p a r t s  and b o t t l e s  

7 )  P l a s t i c  film extruders  
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8 )  Polyester  resin  fabricators 
9 )  Rubber vulcanizers/applicators 
10) Rubber recyclers 
11 1 Polymer resin, pi  gment/addi t i  ve  suppl iers 
1 2 )  Paints and coatings sol vent suppliers 
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3 .O RESIN  PRODUCTION  IN  BRITISH  COLUMBIA 

There are  four resin manufacturers i n  British Columbia. The 
resins  produced i ncl  ude: 

1) Polyester resins for  the powder  and fiber  reinforced resin industry. 
2 )  Urea formaldehyde resins for foam insulation and protective  coatings. 
3) Phenol formaldehyde resins  for  glues used i n  the plywood  and veneer 

industry . 
4 )  Polyvinyl  acetate and polyvinyl  alcohol based resins  for  the  coatings 

industry . 

Table 3.1 outlines  the  estimated  production of each resin.  The 
following  priority a n d  candidate  chemicals were ident i f ied  as  being used i n  
th is  industry: 

1) d i b u t y l  t i n  oxide 
2) d i b u t y l  t i n  dilaureate 
3) di-n-butyl  -phthal a t e  
4 )  di-octyl  -phthal a t e  

5) Bis(2-ethyl hexyl )phthalate 
6) tetrachl orophenol** 
7 1 pentachlorophenol ** 
8)  l , l , l- tr ichloroethane 

**These chemicals have  been  removed  from the pr ior i ty  l i s t  and fur ther  
d e t a i l s  on the i r  use can be found i n  DSS report  contract 
#065B.KE603-4-0375, Inventory and Characterization o f  Pesticide 
Formul ations and D i  stri buters i n  British Columbia, March 31,  1985. They 
are  used i n  other  coatings  formulations  not  related  to  the manufacture of  
polyester  resins. 

Candidate  chemicals identified  include: 

1) dimethyl ani1  ine 
2 )  diethyl  ani l ine 
3)   t r ie thyl  phosphate 

Table 3.2 l i s t s  the raw materials which  were ident i f ied as being 
used i n  the industry.  
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TABLE 3.1 ESTIMATED ANNUAL PRODUCTION OF RESINS  IN  BRITISH  COLUMBIA 

I CHEMICALS I PRODUCTION (kg/y) 

Polyester resins 
Urea Formaldehyde 
Phenol Formaldehyde 
Poly Vinyl Acetate 
Poly Vinyl A1 chohol 

< 5 000 000 ( E )  
< 11 000 000 ( E )  
< 52 000 000 1 ( E )  

< 2 500  000 ( E )  
N / D  

~ . ~~ ~ ~ ~ ~ ~~~~ ~~~~ ~ 

TABLE 3.2 ESTIMATED  MAXIMUM ANNUAL CONSUMPTION OF R A W  MATERIALS IN THE 
RESIN  INDUSTRY OF BRITISH COLUMBIA 

CHEMICAL 

Resourci no1 
Urea 
Phenol 
Methanol 
Formal dehyde (35%-45%  sol n . ) 
Me1 ami ne Formaldehyde 
Ethylene  Glycol 
Diethylene Glycol 
Propylene  Glycol 
D i  propyl  ene  Glycol 
Mal ei  c Anhydri de 
Phthal i c  Anhydride 
Isophthalic Acid 
A d i p i c  Acid 
Propion A1 dehyde 

**Dimethyl Ani1 ine 
**Diethyl Ani  1 i ne 

Paraffin Wax 

Tert-butyl  -catechol 
Hydroquinone 
Chlorendic  Anhydride ( 2 1 )  
Styrene Monomer 
Methyl Styrene monomer 
Acetone 

*Chlorinated  paraffin wax 

ANNUAL CONSUMPTION 

250 000 l / y r  
17 000 000 k /yr 
10 000 000 m 9 /yr 
17 000 000 1 /yr 
42 000 000 1 /yr  

4 500 000 kg/yr 
< 60 000 1 /yr 
300 000 kg/yr 
900 000 kg/yr 

< 10 000 kg/yr 
< 500 000 kg/yr 

< 2 000 000 kg/yr 
< 300 000 kg/yr 

6 000 kg/yr 
N / D  

< 1 000 kg/yr 
< 4 000 kg/yr 
< 4 000 kg/yr 

N / D  
< 500- kg/yr 
< 500 kg/yr 

N/D 
< 2 300 000 1 /yr  

< 10 000 l / y r  
22 000 1 /yr  

CONTINUED.. . 

I 

P 
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TABLE 3 . 2  ESTIMATED MAXIMUM ANNUAL CONSUMPTION OF RAW MATERIALS IN THE 
RESIN  INDUSTRY OF BRITISH  COLUMBIA 

(Conti nued) 

CHEMICAL 

Poly-methyl  -methacry1 a te  
Hexachl orocvcl oDentadi ene ( 21)  

*Dibutyl t i  n- Oxide 
*Dibutyl t i n  Dilaureate 

Cobalt  Napthenate 
Copper Napthenate 
Cobalt  Octoate 
Copper Oc toa   t e  
Lead Napthenate 
Zinc Napthenate 
Iron  Napthenate 
Zinc Acetate 

Cadmium Red 
Cadmi um Ye1 1 ow 
Cadmium Orange 
Chromium Green 
Chromi urn Ye1 1 ow 
Carbon 61 ack 
Moda Flow 
Mold Wiz 
A1 umi num Powder 
S i  05 
C1 ay 
Walnut Shell  Flour 
Wood Flour 
M3X-10 (Trade Name) 7- 
To1 uene 
Xylene 
Denatured  Ethanol 

*di-n-butyl  phthal a t e  

*1,1,l-Trichloroethane 
*Tetra  chlorophenol (See Note 
*Pentach1  orophenol (See Note) 
*Methyl ene C h l  ori de 

Dowicil 75 
Polyurethane ( O i  1 Modi f i ed 1 
Soya Lecithin 

ANNUAL CONSUMPTION 

1 000 kg/yr (E) 

300 kg/yr ( E )  
100 kg/yr ( E )  

11 500 kg/yr ( E )  
200 kg/yr ( E )  

N / D  

3 000 kg/yr 
N / D  

< 3 000 kg/yr 
N / D  

< 5 000 kg/yr 
< 500 kg/yr 

< 5 000 kg/yr 
< 500 kg/yr 
< 400 kg/yr 
< 400 kg/yr 
< 100 kg/yr 
< 400 kg/yr ( E )  

20 kglyr ( E )  

200 kg/yr ( E )  
60 000 kg/yr ( E )  

75 000 kg/yr ( E )  

N / D  
N / D  

< 600 000 l / y r  
< 200 000 l / y r  

< 28 000 l / y r  
< 16 000 1 /yr  

< 150 000 kg/yr 
< 350 000 kg/yr 

< 9 000 l / y r  
< 500 1 /yr  

< 5 000 1 /yr  
N / D  

CONTINUED ... 
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TABLE 3.2 ESTIMATED MAXIMUM ANNUAL CONSUMPTION OF RAW MATERIALS IN THE 
RESIN INDUSTRY OF BRITISH COLUMBIA 

(Conti nued) 

CHEMICAL I ANNUAL CONSUMPTION 

*Tri -ethyl phosphate 
Methyl Ethyl Ketone Peroxide 
2,4-tol uene d i - i  socyanate 
Sul p h u r i  c  Acid 
Phosphoric Acid 
Acetic Acid 
Sodi um Hydroxi  de 
Nitrogen 
Styrene  Butadiene Rubber 

N / D  
(Distributed) 

N / D  

N / D  
< 5 000 

10 000 l / y r  ( E )  
100 000 k /yr ( E )  
18 000 m 3 /yr ( E )  

5 000 kglyr  ( E )  

*Priority Chemical 
**Candidate Chemical 

( E )  - Estimated  value  based on best  avail  able  data,  actual  value may be 
1 ess .  

N / D  - Known t o  be  used i n  small quantit ies,   insufficient  data  to  estimate.  

Note - These chemicals are  used i n  wood preservation  formulations a t   t h e  
same plant s i te  where resins  are  formulated. For more information 
see  the  report DSS Contract #065B.KE603-4-0375, "Inventory and 
Characterization of Pesticide  Formulators and Distributers i n  
British Columbia" , March 31 , 1985. 
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4 .O POLYESTER RESIN FORMULATION 

There are six basic types of Fiber  Reinforced  Plastic Resins 
(FRP) used i n  British Columbia. They are  Orthophthal i c ,  Isophthal i c ,  
C h l  orendic, B i  sphenol A ,  Vinyl  and Furan resins.  Only the f i r s t  two are  
manufactured i n  the  region the other  four  are imported i n  varying  grades by 
FRP d i  s t r ibu ters .  Orthophthal ic   res ins   a re  based on diacids  or  anhydrides 
w i t h  carboxylic  acid groups i n  the  ortho  position such as  phthalic  acid  or 
anhydride. These resins  provide m i n i m u m  corrosion  resistance and are  used 
as general  purpose resins.  

Isophthalic  resins  are based on acids  or  anhydrides i n  the meta 
position such as  isophthalic  acid. These resins  are  usable u p  t o  tempera- 
tures  of 80°C (180"F), i n  corrosion  applications such as weak acids, 
a1 kal i s ,  water, and solvents  including  gasoline and oi l  ( 2 1 ) .  

Chlorendic resins  are  heat  resistant and are based on hexachloro- 
cycl  opentadiene  acid ( H E T )  ( o r  chl  orendic  anhydride) and s table  glycol s 

such as neopentyl  glycol ( 2 1 ) .  The Bisphenol A res ins   are  formulated by 
reacting 2,2-Bi s (p-hydroxyphenyl 1 propane w i t h  propylene  oxide t o  form a 
glycol and is  reacted w i t h  fumeric  acid  to produce a polyester ( 2 0 ,  2 1 ) .  
This resin i s  s table  i n  strong  acids  or  bases b u t  n o t  for  solvent  or  oxi- 
d i s i n g  appl ications ( 2 1 ) .  Chlorendic and Bisphenol resins  require  glass 
1 ined reactors due to  the  corrosive  nature o f  the  reactants and are not  
produced i n  B.C. (22). 

Vinyl es te rs   a re  based on methacrylated  epoxies and are used for  
acids,  a1 kal ies,  hypochlorites and sol  vents. Furan resins  are based on 
polymer derivatives of furfural  alcohol and a re   res i s tan t  t o  strong acids 
and  a1 kal i s  containing  chl  ori  nated  organics. 

4 . 1  Polyester Resin Production  Process 
Polyester resins are  blended and produced according t o  the fiber- 

glass manufacturers  specifications a t   t he  end use. The resins  contain 
additives t o  control f l  exi b i  1 i t y / r i  g i  d i  ty  , bond/matri x strength, 
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durab i l i t y ,   cor ros ion /abras ion   res is tance,   impact   s t rength ,   res is tance  to  

b i  01 og ica l  and u l   t r a v i  01 e t   d e g r a d a t i o n  and workabi 1 i t y  o f   t h e  raw r e s i n .  
The bas i c   po l yes te r   reac t i on   i nvo l ves   t he   dehydra t i on  and po lymer i za t i on  o f  
a d i c a r b o x y l   i c   a c i d  and d i  a1 cohol   or  an anhydride  and a d ia l coho l  . The 

f o l l o w i n g   r e a c t i o n s   a r e   t y p i c a l  o f  the  process. 

Eg. (1) Ad ip ic   Ac id  (1, 4 - butane  d icarboxy l i c   ac id )  and d ie thy lene  

g l y c o l .  

O H H H H O   H H   O H H H H O   H H   H H  
1 I I I i l l  I ‘  

5 ! 1 / / 4  / /  

m 

H-0-C-C-C-C-  -C-0-H + H-0-C-C-H - H-0-C- -C-C-C-C-0-C-C-0-C-C-0-H + H z 0   ( 2 0 )  
1 I I F  \ \ \ \  \ \  \ \  
H H H H   H H H H   H H   H H  m 

H b  
I 1  

H H  Aci d  Bond 
H-0-C-V-H Carboxyl i c   E s t e r  A1 cohol + Heat 

1 L 

Eg. ( 2 )  Maleic  Anhydride and d ie thy lene   g l yco l  

H, 0 c-c* v! vi Q H H O   H t j   H Y  

c-c’ 
11 \ o  + H-0-T-C-0-C-C-0-H -. H-o-LC-C-C-O-LC-O-$-C-O-H 

H H  l!lI!l A A  A k  H k  
H’ *O 

Carboxy l i c   Es ter  A1 cohol 

Ac id Bond 

Powdered or  f laked  reactants.   are  preweighed,  b lended  and  charged 

t o  a ba tch   reac to r   w i th   t he   app rop r ia te   g l yco l   (o r   g l yco l s ) .  A batch  cook 

will take 8 t o  12 hours  to  complete  depending  on  catalysts  and  the  degree 

o f  po lymer iza t ion   requ i red .  A two  reactor  system may be used  where  Reactor 

#1 i s  charged and i n i t i a t e d   w h i l e   R e a c t o r  #2 i s  being  empt ied,  th inned  to 

the  proper  consistency and b l e n d e d   w i t h   a d d i t i v e s   ( i f   r e q u i r e d ) .  The 
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a 

finished  resin i s  packaged i n  204 L ( 4 5  gal  ) metal drums  and stored for 
s h i p p i n g  t o  fiberglass  manufacturers. Condensed water vapour contaminated 
w i t h  raw materi a1 s i s  the major process  discharge . 

Dry reactants  are blended according t o  the  required  batch  recipe. 
Sol i d s  i ncl ude : 

- anhydrides or diacids t o  form the  ester. 
- powdered d i b u t y l  t i n  oxide or d i b u t y l  t i n  di 1 aureate  as  reaction 

in i t i a to r s .  
- p a r a f f i  n wax as seal a n t s  

The exact amounts of each reactant  are weighed and added t o  the 
reactor through a chute and dusts  are  controlled by f i l t r a t ion  t h r o u g h  a 
baghouse or, vacuum  hood to  an incineration u n i t  ( see  Figure 4 . 1 ) .  

L i q u i d  reactants  are added according t o  batch  recipes and 
incl ude: 

- poly01 s such as  diethyl ene glycol , ethylene  glycol , propylene  glycol , 
diDroDylene glycol and aldehydes for   es ter i f icat ion.  

- di-methyl-ani1  ine,  di-ethyl-ani1  ine  as  intermediate  dyestuffs  to  react 
w i t h  cobalt or other pigments (22, 2 3 ) .  

- t r ie thyl  phosphate which i s  used as an ethylating  agent. 
- styrene monomer (usually added a t  the end of a cook t o  d i l  Ute the  resin. 

The reactor  consists of a 1 arge  tank ( u p  t o  20 000 1 or more) 
w i t h  raw material  delivery  ports and access  hatch mounted a t  the t o p .  A 

condensate  vent  releases  byproduct  water vapour t o  a condensor t o  reflux 
some water and  styrene back to  the  reactor. Excess vapour i s  vented t o  
s t r ippers/  condensors which condense the  remaining  water vapours and  wash 
w i t h  caustic t o  remove  fumes  and acids. Excess purge gas i s  vented t o  the 
atmosphere while  byproduct  water i s  neutralized t o  pH 7 i n  a t i t ra tor  
before  discharge t o  a hol d i n g  t a n k  or sump. The finished cook i s  highly 
viscous and i s  drained  or pumped t o  a t h i n n i n g  t a n k  for the a d d i t i o n  of 
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FIGURE 4.1 TYPICAL  POLYESTER  RESt-N  PROCESS  FLOW CHART II 
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styrene or a l p h a  methyl styrene monomer.  Some residual water i s  drained 
from the t h i n n i n g  t a n k s  t o  the  neutralization  tanks and subsequently 
discharged t o  a sump or treatment system. 

4.2  Additives t o  Resin 
Additives t o  resin  include  metallic  soaps, pigments, antioxi- 

d a n t s ,  f i  11 e rs ,  flow agents and internal 1 ubricants. 

4 . 3  Metallic Soaps 
Metallic soaps are added t o  promote curing o f  the  resin when i t  

i s  exposed t o  an i n i t i a t o r  such as methyl ethyl  ketone  peroxide. 
These include: Cobal t napthenate ! 12%) 

Cobalt  octoate 
Copper napthenate (8%) 

Copper octoate 
Lead napthenate 
Zinc napthenate 
Iron napthenate 

4.4 P i  qments 
Pigments are added t o  the  resins only i f  a continuous  color i s  

required through the cross section o f  the formed product.  Separate poly- 
ester  resins  called "Gel Coats" are formulated and are  painted  onto the 
mold surface  before  resin and  f iberglass 1 aminates  are appl ied. ( A  wax or 
si1 icon compound i s  f i r s t  appl ied t o  the mold t o  ensure  that i t  re1 eases 
from the  final  product). Titanium  oxide is  a white pigment and i s   t h e  
maior color used. Srrlall amounts o f  pigments can be  added to  the  white 
gel cote  resin  to  achieve  the  desi red t i n t .  Other  pigments include cadmium 
reds and yellows, chrome green and yellows and carbon blacks. A wide range 
o f  pigments are  used and most are  proprietory  trade formulas which are  not 
known for exact  content. 
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4.5 An t iox idan ts  and F i l l e r s  

An t iox idan t  and f i l l e r  pigment  include  aluminum  and  carbon  black 

which  prov ide  bu lk  and a l s o   i n h i b i t   u l t r a v i o l e t   r a d i a t i o n   w h i c h   r e d u c e s  
excess ive  cross1  ink ing and b r i t t l e n e s s   i n   t h e   f i n i s h e d   p r o d u c t .  

4.6 Flow  Aaents  and I n t e r n a l   L u b r i c a n t s  
Flow  agents  and  internal   lubr icants  such as Moda Flow and Mold 

Whiz a re   pu rchased   t rade   add i t i ves   t o   improve   app l i ca t i on   p roper t i es .   F low  

c o n t r o l   i s   i m p o r t a n t   f o r   t h o s e   r e s i n s   w h i c h   a r e   a p p l i e d  by  spray  chopper 

guns. 

4.7 N i t rogen  
Ni t rogen i s  used t o  purge   p ip ing  and reac to rs  and t o   p r o v i d e  a 

reducing  atmosphere. 

4.8 Process  Emissions 

Vapour  emissions  f rom  the  tank  farm  tanks  are  control led  v ia open 

o r  vacuum/pressure  vents. A h igh  vapour   pressure  o f  5.0 mm Hg r e q u i r e s  

tha t   the   s ty rene  tanks  be c o n t r o l l e d  by  vacuum/pressure  vents.  Glycol 

vapour  pressures  are i n   t h e   r a n g e  o f  0.01 mm Hg and  the  storage  tanks  are 

c o n t r o l   l e d   w i t h  open vents. 

Dus t   pa r t i cu la tes   dh i ch  may con ta in   d iac ids ,   o rgano t ins ,   ph tha l i c  

acids  and  anhydrides  are  formed  during  the  weighing o f   these  p roduc ts  and 

1 oadi  ng o f  the   reac tors .  The d i s p l a c e d   r e a c t o r   a i r  and  work  area a i r   i s  

f i l t e r e d   t h r o u g h  a baghouse o r   v e n t e d   t o  an i n c i n e r a t i o n   f u r n a c e   b e f o r e  

d ischarge.   Th inn ing   o f   the   res in   invo lves   the   add i t ion   o f   s ty rene 

monomers. D i s p l a c e d   a i r  and  styrene fumes a re   ven ted   t o  atmosphere. 

Dur ing  the  react ion  process,   byproduct   water   vapour  i s  condensed 

and  then  scrubbed  wi th   caust ic   to  remove  most  vapours  and n e u t r a l i z e   t h e  

approximately 2% d iac id   content .   Byproduct   water  i s   a l s o  drawn o f f   t h e  

bo t tom  o f   t h inn ing  and  storage  tanks and  must  be neu t ra l i zed .  The process 

water  contains a v a r i e t y   o f  raw m a t e r i a l s  and i s  d i s p o s e d   o f   i n  two 

methods. One invo lves   the   d ischarge  to  a b io -ox ida t ion   p rocess   w i th  

I 

IL 
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eventual  discharge under GVRD permit t o  a sanitary sewer which receives 
seconda 
Island. 
rem0 t e  

t r a t i o n  

y treatment and i s  discharged t o  the  Fraser  River a t  Annacis 
The second involves  the  discharge under Provincial  Permit t o  a 

agoon i n  a gravel h i l l s ide  near  Winfield, B.C.  
Water discharged t o  the lagoon i s   l o s t  by evaporation and i n f i l -  
A single groundwater t e s t  well a t  the  evaporation lagoon has n o t  

detected  the  presence of water however the  rate o f  loss of water  suggests a 
significant seepage i n t o  the  soi 1 . The eventual fa te  and degree of t rea t -  
ment t h a t  t h i s  water  receives i s  n o t  known. There are no streams or lakes 
i n  the immediate area and i t  i s  approximately 4 km t o  the nearest body of 
water. 

4 . 5  Organoti n Compounds and Priority Chemical s 
The organotin  stabilizers used i n  the  manufacture of polyester 

resins  are on the Environmental  Contaminants Act l i s t  of pr ior i ty  chemi- 
cal  s .  This  additive i s  hand1 ed as a dry white powder and i s  1 oaded t o  the 
reactor by dumping down a chute. The dusts  generated  are  control  led by a 
bag house or vacuum system and the  actual  efficiencies of removal and the 
amount t h a t  i s  discharged t o  the  environment i s  n o t  known b u t  expected t o  
be small . Other pr ior i ty  and candidate  chemicals  include  diethylanil  ine, 
dimethyl ani1 ine, and t r ie thyl  phosphate. (The paraffin waxes used are n o t  
expected t o  be chlorinated.) 

4.6 Wastewater and Sludges 
The condensed wastewater and sludges in the  floor sewers are  the 

other  waste  source from this  operation. These sludges  are  likely t o  con- 
t a i n  most o f  the raw materials,  reacted  products and pr ior i ty  chemicals 
handled i n  the  reactor b u i l d i n g .  The sludge i s  scraped up and stored i n  
metal barrels for transport t o  l a n d f i l l  . The fa te  of t h i s  waste upon dis- 
charge t o  1 a n d f i l l  has n o t  been determined.  Approximately 0.400 m3/yr i s  
generated i n  the Wi nfiel d area and disposed a t  the Kel owna Landfi  11 on 
G1 enmore Rd. A maximum 7.5 m3/yr i s  generated in the  1 ower mainland ( t h i s  
also  includes  wastes from resins  other than polyester) .  
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5 .O PHENOL  FORMALDEHYDE RESIN PRODUCERS 

Phenol  formaldehyde  resins  are  produced i n   t h r e e   p l a n t s   i n  

B r i t i s h  Columbia. Two are  1 ocated i n  metropol i t a n  Vancouver  and one i n  

Kamloops. The resins  are  used  as  adhesives i n  bonding  plywood,  treated 
papers  used f o r   f i n i s h e d   p l y w o o d  and as c o a t i n g s   i n   g l a s s   f i b e r   i n s u l a t i o n .  

The feed  s tocks  inc lude  methanol   ( for   formaldehyde  product ion) ,   formal-  

dehyde as 37 t o  50% water   so lu t ion,   phenol  , a c i d i c   o r   b a s i c   c a t a l y s t s  and 

water.  Two o f   t he   f ac i l i t i es   p roduce   f o rma ldehyde   by   t he   ox ida t i on   o f  

methanol  feed  stock. 

5.1 Formaldehyde  Production 
Formaldehyde i s  produced as a 37% t o  52% sol u t i o n   w i t h   w a t e r  in a 

cont inuous  recyc le  reactor   process as shown i n   F i g u r e  5.1. 
L i   q u i  d methanol i s  combi  ned w i t h  a methanol  /formal  dehyde/ai r 

r e f l u x   ( s e e   P o i n t  1) and a s p i r a t e d   i n t o  a steam  heated  vapour izat ion 

chamber. Preheated  compressed a i r   i s   f e d   i n t o   t h e   v a p o u r i   s e r   t o   a i d   i n  

v o l a t i l i z a t i o n  and prov ide  oxygen  for   the  convers ion  to   formaldehyde.  The 

hot  vapour i s   f e d   t o  a superheater   (Point  2 )  p r i o r   t o   i n j e c t i o n   t o   t h e  

r e a c t o r   ( p o i n t  3 )  . The vapour  passes  through a c a t a l y s t  bed ( P o i n t  4 )  

where the  formaldehyde  format ion  react ion  occurs.  

H c a t  H 
I \ 

I f 
H H 

A) H - C - OH + 1/2 02 - C = 0 + Hz0 + A H  4 

Reactor  temperatures  reach 250°C t o  600°C ( P o i n t  5 )  and  vapours 

a re   coo led   us ing  a Dowtherm heat  exchanger  (Point  6)  . Second  stage  cooling 

t o  5O"C-6O0C ( P o i n t  7 )  i s  accompl ished  before  the  formal  dehyde/water  mix- 

t u r e   i s   s e n t   t o   t a i l  gas s t r i p p i n g   t o w e r s .   T a i l  gas con ta in ing   res idua l  

methyl a1 coho1 , formaldehyde  and a i r   i s  vented a t   P o i n t  9. The t a i l  gas 

can be rec i r cu l   a ted   and /o r   ven ted   f o r   t rea tmen t   ( see   F igu re  5.1). 

I 
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5.2 Phenol  Formal dehyde Resin Production 
L i q u i d  phenol  and formaldehyde is  charged t o  a batch  reactor and 

blended w i t h  bas ic   o r   ac id ic   ca ta lys t s   to  produce  Resole or Noval ak resins 
(see Figure 5.2).  Resole resins are  produced us ing  a molar  excess  of  for- 
maldehyde  and a basic   catalyst  ( 2 4 ) .  Catalysts  include sodium, barium and 
calcium  hydroxide, sodium carbonate  or  organic amines. Me1  ami ne formal de- 
hyde i s  used as  a ca ta lys t  and less than 15 000 kg/yr (E) i s  consumed f o r  
t h i  s purpose. 

Noval aks use a lower  than 1:l formaldehyde/phenol r a t i o  and 
ac id ic   ca ta lys t s  such as  sulfuric,  p-toluenesulfonic,  hydrochloric, phos- 
phoric and oxalic  acids (24 ) .  Resole resins do not require curing  agents 
and are  thermosetting. Novalaks use a curing  agent such a s  hexamethyl- 
enetetrami ne or a resole resin ( 2 4 ) .  

The basic  reaction i s  

Phenol Formaldehyde Dehydration 

Polymerization 

Catalysts which may be used are: 

Aci d Catal vsts 
Sul p h u r i  c Acid 
p-to1 uene Sul phonic Acid 
Hydrochl or i  c  Acid 

Base Catalysts 
Sodi um Hydroxi de 
Bari urn Hydroxi de 
Calcium Hydroxide 
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Base Catv l  i s t s  

Oxal i c Ac id  

Zinc  Acetate 

Sodium Acetate 

Magnesium Acetate 

Sodium Carbonate 
Amines 

5.3 Process Waste Sol ids,  Waste Water 
Water  vapour i s  drawn o f f ,  condensed  and  discharged t o  a main 

waste  water sump. ( T h i s   w a t e r   i s   c o n t a m i n a t e d   w i t h   r e a c t a n t s  and 
ca ta l ys t . )  The f i n i s h e d   r e s i n   i s  pumped through a f i l t e r  system  before 

t r a n s f e r   t o   s t o r a g e   o r   p a c k a g i n g .   F i l t e r i n g  removes  any extraneous  mater- 

i a l   i n c l u d i n g   r e s i d u a l   f l a k i n g   f r o m   t h e   r e a c t o r   w a l l  s. The volume o f  waste 
produced i s  smal l   (severa l   k i logramsjy r )  and i s  disposed t o   l a n d f i l l .  The 
r e s i n  may be d i s t i l l e d   t o  remove excess  water  and  increase  product 

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

Process  water i s  r e u s e d   a t   a l l   p r o d u c t i o n   f a c i l i t i e s .  The excess 

wa te r   d i scha rged   f rom  the   reac to r   o r   ex t rac ted   as   d i s t i l l a te   ( t o   i nc rease  
t h e   v i s c o s i t y   o f   t h e   r e s i n )   i s   c o l l e c t e d   i n  a waste  water sump. So l i ds   a re  

a l l o w e d   t o   s e t t l e  and the  water  i s  recycled  into  subsequent  batches. The 

sumps are  cleaned as requ i red  and t h e   s o l i d s   a r e  dumped i n  an  open area   to  

d r a i n  and a i r  dry. Two p lan ts   use  a gravel   based  drying  area  where i t  

evaporates  or  seeps i n to   t he   g round  and  one  uses a cement p i t   w i t h  a d ra in -  

age c o l l e c t i o n  system.  Water  which i s  d ra ined  f rom  the  cement p i t   i s  

recyc led  back to   the   p rocess .  The a i r   d r i e d   m a t e r i a l   w h i c h   i s   p r i m a r i l y  

cured  phenol ic   res i ,n  i s  d i s p o s e d   t o   s e c u r e   l a n d f i l l   i n   t h e   U n i t e d   S t a t e s  
such  as  Oregon o r  Idaho. 

Less  than 3.0 m3/yr  waste  sol  ids i s  produced and several   years 

waste i s   s t o c k p i l e d  and  shipped when volume i s   s u f f i c i e n t .   I n  Kamloops 

s o l i d i f i e d  formaldehyde  and  waste  res in   f rom  reactor   c leaning  and  sp i l ls  i s  

s t o c k p i l e d   f o r   s e v e r a l   y e a r s   i n  an  open gravel led  area.  When s u f f i c i e n t  

volume  has c o l l   e c t e d  i t  i s  disposed t o  1 a n d f i l l   i n  Kamloops. The l a n d f i l l  

a re   loca ted  i n  M i s s i o n   F l a t s   a l o n g   M i s s i o n   F l a t s  Road and a t   t h e  end o f  

Barnhar t   Bale Road. 

I 
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Stormwater i s  treated  differently a t  each f ac i l i t y .  The  Kamloops 
p l a n t  does n o t  col lect  stormwater outside  the t a n k  farm and water w i t h i n  
the tank farm i s  minimal due t o  the a r i d  cl  imate. 

One plant i n  Vancouver collects stormwater, wash water and tanker 
washings and biologically  treats  the combined effluent  before  discharging 
to  sanitary sewer for further  processing  at Annacis I s l a n d  Sewage Treatment 
P l a n t .  The other Vancouver Plant  uses a central storm water collection 
system for paved driveways outside  the  production and t a n k  farm areas. The 
water i s  collected i n  a sump and  analysed for phenol ics  and formaldehyde 
before  discharge t o  sanitary sewer and further  treatment a t  the Iona Sewage 
Treatment Plant. I f  the storm  water i s  contaminated i t  i s  pumped t o  a 
pollution Mater collection sump where i t  can be recycled i n t o  the  process. 

5.4 

prov 
5.1. 

Air Emissions 
Air erniss 

incial a i r  perm 
ions  are  controlled under GVRD permit numbers or 
i t s  and are monitored for the  chemicals 1 i sted i n  Table 

TABLE 5.1 MAXIMUM LIMITS OF CHEYICALS DISCHARGED IN AIR PERMITS IN THE 
G V R D  (19) 

PARAMETER RESTRICTION 

Particulates 
Phenol 
Formaldehyde 
Methyl ethyl  ketone 
Methanol 
Isopropanol 

120 mg/m3 
100 mg/m3 
30  mg/m3 

900 rng/m3 
2 600 mg/m3 

10 000 mg/m3 
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I n  Kamloops the  vapours from the  process  reactors and tank  farm 
are  vented  directly t o  the  atmosphere. The odours were noticeable a t  the 
p l a n t  boundary. One p l a n t  i n  the GVRD incinerates a1 1 fumes from the  for- 
mal dehyde process u n i t ,  reactors and reactor l o a d i n g  chutes.  There were 
no noticeable fumes a t  t h i s  f a c i l i t y .  The other p l a n t  i n  the GVRD vents 
a l l  fumes  from the  reactor and weigh tanks t h r o u g h  a countercurrent  scrub- 
b i n g  tower using 20% sodium sul f i  te  solution t o  remove vapours.  Air i s  
emitted t o  1 ess than 26 ppm phenol and 20 ppm formal dehyde. No fumes  were 
noticeable a t  t h i s  f a c i l i t y .  

5.5 Cool i ng Water 
All cooling  water  systems i n  the  reactors  are  jacketed. I n  

Kamloops the  cooling  water i s  discharged under permit t o  the North Thompson 
River and i n  the  Lower Mainland i t  i s  discharged t o  Por t  Moody Harbour v i a  
Schoolhouse Creek and t o  the  Fraser  River by diffuser.  All discharges  are 
under the a u t h o r i t y  o f  a British Columbia Waste  Management Branch Permit. 
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6 .O UREA FORMALDEHYDE RESIN PRODUCERS 

I 

111 

Urea  formaldehyde  resins  are  produced a t  two f a c i l i t i e s   i n   t h e  
P a c i f i c  Region.  Approximately 15 600 000 kg /y r   a re   p roduced   p r imar i l y   f o r  

use as adhesives,   coat ing and foam app l i ca t i ons .  The major  use i s   i n  adhe- 

s ives   fo r   the   p lywood and ch ip   board   indus t ry .  The adhesives  are  designed 

t o   r e m a i n   i n   t h e   g l u e  1 ine   o f   the  1 aminate and are   h igh ly   v iscous .  

V i s c o s i t y  may be increased by the use of t h i ckne rs  and extenders  such  as 

powdered walnut  and  pecan she1 1 s, wheat f l o u r ,   o r   b l o o d  a1  bumen (25). 

6.1 Urea  Formaldehyde  Reaction Mechanism 
So l i d   u rea  and 37% formaldehyde  solut ion  are  the  two  main raw 

m a t e r i a l s   f o r   t h e   p r o d u c t i o n  of urea  formaldehyde  resins.  Sol i d  urea  and 

37% formaldehydelwater   so lu t ion i s  charged t o  a ba tch   reac tor  and a g i t a t e d  

(see  F igure 6.1) ( f o r  formaldehyde  production see Sect ion 5.1). Caust ic  i s  

added i n i t i a l l y   t o   c o n t r o l  pH and  promote  hydroxymethylation o f  the  urea. 

Reactions 1 and 2 describe  the  process. 

( 1 ) Hydroxymethyl a t i  on 

0 OH- 
C - H- H \ N - C - N - F - O H  
II 

‘H  H’ H’ H 
Urea  Formal  dehyde 

The second  stage i s   p o l y m e r i z a t i o n  by  dehydration  which i s  promo- 

t e d  by lower  pH and higher  temperature.  

! 2 1 Dehydrat ion 

H O H H  8 Y Y  H O H H H O H N H H  
1 1 1 1 1 1 1 1 1  \N-C-N-k-OH ‘1 I + ’N-C-N-Y-OH - ~-E-N-c-N-c-N-c-N-F-oH + H ~ O  (25) 

H‘ A H’ H H’ H 

monomer  monomer dimer 
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The r e a c t i o n   i s   t e m p e r a t u r e   c o n t r o l l e d  and  can be stopped when 

t h e   c o r r e c t   p r o d u c t   v i s c o s i t y   i s   a c h i e v e d .  The v i s c o s i t y  will increase 

w i t h  an  increase i n   t h e   l e n g t h   o f   t h e   p o l y m e r   w h i c h  grows  by  progressive 

condensation  reactions. 

( 3 )  Po lymer iza t ion  

H H monomer o r  
'N - R - C - OH + dimer  or  Polymer 

I 

H /  A polymer 

Cata lys ts   used  a re   ac ids   o r   bases   w i th   the   f ina l   po lymer iza t ion  
ca ta lysed by ac ids  ( 3 ) .  The by-product  water i s  condensed and discharged 

f o r   t r e a t m e n t  and may conta in  any o f   t h e  raw mate r ia l s .  

6.2 Waste Urea  Formal  dehyde 

Wastes produced  f rom  the  product ion  of   urea  formaldehyde  resins 

a re   s im i la r   to   those  o f   pheno l   fo rmaldehyde and a r e   t r e a t e d   i n   t h e  same 

systems.  Dusts  from  reactor  loading and  fumes produced  a re   e i ther   inc iner -  

a ted   o r   sc rubbed  w i th   sod i  um s u l f i t e   s o l u t i o n .  Waste so l   i ds   a re   i nc luded  
w i th   those volumes given  for  phenol  formaldehyde  resins  (see 5.3). 

6.3 Po lyv iny l   Aceta te  Emu1 s i  ons 
Po lyv iny l   ace ta te  and copolymer  res ins  form  the  bas is   for  a wide 

var ie ty   o f   sur face  coat ings.   Formulat ions  wi th   vary ing  degrees  o f   chemical  

res i s tance  and f i r e   r e t a r d a n c y  can be blended  using  var ious co-monomers. 

The b a s i c   r e a c t i o n   i n v o l v e s   t h e   s h a r i n g  of t h e   v i n y l   p a i r e d   e l e c t r o n s   t o  

form a polymer  chain a s  shown below (20). 
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6.4 Polymerization  Process 
Polyvinyl  acetate can be polymerized by b u l k  solutions,  suspen- 

sion, and emul sion  processes. In industry the emul sion  process is  the most 
common,  and formulations  contain an average of 55% polyvinyl  acetate 
sol ids. The emul sion i s  formed by blending vinyl acetate  monomer, water, 
surfactant ,   in i t ia tor ,   buffer  and possibly a molecular  weight  regulator 
( i  .e. a free  radical  absorber) . The degree of emul si f icat ion and therefore 
micelle  (small  globule of polymer) s i ze  is  dictated by the  quantity of 
surfactant added. Emulsification i s  directly  proportional  to  the  quantity 
of surfactant.  

Co-monomers used may i ncl ude: 
: ethylene 
: d i b u t y l  maleate 
: bis (2-ethylhexyl)  maleate 
: ethyl , butyl or 2-ethyl hexyl acrylates  
: vinyl  laureate 

Plast ic isers   other  t h a n  co-monomers may be; 
: d i b u t y l  phthalate* 
: t r i  cresyl phosphate** 

Most  common surfactants  are; 
: anionic  sulfates and sulfonates 

Protective  coll  oi ds are; 
: Poly (vinyl  alcohol 
: hydroxyethyl ce l l  u l  ose 

In i t ia tors   o r   ca ta lys t s   a re ;  
: hydrogen peroxide 
: peroxysul f a t e s  
: benzoyl peroxide 

(27  

( 2 7  
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Reaction buffers  include: 
: phosphate 
: acetate 
: bicarbonate 

C h a i n  transfer  agents use such things  as; 
: a1 dehydes 
: th io ls  
: carbon tetrachloride 

*Environmental  Contaminants Act Priority Chemical 
**Environments 

Most 
1 ined  or s ta in  

Contaminants Act Candidate Chemica 11 

reactions  are  carried o u t  a t  atmospheric  pressure i n  glass 
ess  steel 1 ined ke t t les .  

6.5 Dust Control a t  the Resin Reactors 
Dry reactants added t o  the  resin  processes  are measured and 

poured under dust  collection hoods. Dusts generated d u r i n g  the pour ing  o f  

raw materials i n t o  the  reactors  are  collected by the vacuum and incinerated 
before discharge t o  the atmosphere. The na tura l  gas f i red  incinerator 
operates a t  7 6 O O C  ( 1 4 O O O F ) .  The reactors  are housed i n  a mu1 t i level  struc- 
ture.  

6.6 Pr ior i ty  and Candidate Chemicals 
The two chemicals of concern i n  t h i s  process  are di-n-butyl  

phthalate ( D B P )  and t r icresyl  phosphate ( 3 ) .  DBP i s  a water  white o i l y  
l i q u i d  which i s  misible w i t h  most organic  solvents,  resins, o i l s  and hydro- 
carbons. I t  i s   eas i ly  sol ub i1  ized and dispersed and has h i g h  f lexi  b i l  i t y  
and  1 ow vol a t i l  i t y  when incorporated i n t o  the  resin film. I t  i s  added t o  
the resin blend  during mixing and residual amounts would be 1 ost i n  
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reactor   washings,   tank  washings,   and  dur ing  t ransfer   and  washing  o f   t rans-  

por t   tankers .  The washings  are  co l lected i n  a sewer  system  and t r e a t e d  

b i o l o g i c a l l y   p r i o r   t o   d i s c h a r g e   t o   s a n i t a r y  sewer. The percent   reduc t ion  

t u r e r s  

i s  misc 

I t s  use 

and  amount discharged t o  sewer  has no t  been determined. 

It i s   n o t  known i f  Tr icresy l   phosphate i s  used  by r e s i n  

i n  B.C. It i s  a c o l o u r l e s s ,   o d o u r l e s s   l i q u i d   o f   l o w   v o l a t  

i b l e   w i t h   l i n s e e d   o i l s ,   c a s t o r   o i l s ,   h y d r o c a r b o n s  and  most 

and path  to  the  environment  would be s i m i l a r   t o  DBP. 

manu f ac- 

i l i t y  t h a t  

sol  vents. 
I 
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7 .O EXTRUDERS OF POLYVINYL  CHLORIDE,  ACRYLONITRILE  BUTYL STYRENE, 

POLYETHYLENE/POLYBUTYLENE P IPES AND S I D I N G  

Household  siding, window  frames, i n t e r i o r  trim, c o n d u i t   f o r   t e l e -  

phone cables,  plumbing, sewer  and drainage  pipes may be made f rom  ext ruded 

p o l y v i n y l   c h l   o r i  de (PVC) I ac ry l   on i  tri 1 e-bu ty l   -s ty rene (ABS) , Po lybu ty l  ene 

(PB) o r   po lye thy lene  res ins .   Add i t i ves   a re   used i n  the  manufactur ing  pro- 
cess,  and  such  chemicals as o r g a n o t i n   s t a b i l i z e r s  and c h l o r i n a t e d   p a r a f f i n  

1 u b r i c a n t s   a r e   i n c l  uded in   the  Envi ronmenta l   Contaminants   Act  ( ECA) 1 i s t   o f  

p r i o r i t y  chemical s .  An examinat ion   o f   the   p ipe  and v i n y l   s i d i n g   e x t r u s i o n  

i n d u s t r y  was  made t o  de termine  quant i   t ies  and  use patterns  which  would 

i n d i c a t e   p o t e n t i a l   r o u t e s   t o ,  and a f f e c t s  on the  environment  by  these 

chemical s . 
The annual  consumption of   chemicals  i n   t h e   p l a s t i c   p i p e  and v i n y l  

e x t r u s i o n   i n d u s t r y   i s  based  on r e p l i e s   t o  a questionnaire  (see  Appendix  1) 

and  estimates  based on t y p i c a l   f o r m u l a t i o n s   f o r   p l a s t i c   p i p e  and v i n y l  

s i d i n g  ( 4 ) .  

TABLE 7.1 ESTIMATED ANNUAL CONSUMPTION OF RAW MATERIALS I N  THE PLASTIC 
P I P E  AND VINYL S I D I N G  INDUSTRY OF BRIT ISH COLUMBIA 

CHEMICAL CONSUMPTION (kg/y  ) 

P o l y v i n y l   c h l o r i d e  (PVC ) 

Po lye thy lene/Po lybuty l  ene 
1 890 000 Acry l   on i  tr i l  e-Butyl   -Styrene (ABS) 

17 960 000 

100 300 Oxi d i  zed P o l  y e t h y l  ene 
97 000 Calcium  Stearate 

582 000 Cal c i  um Carbonate 
5 600 Carbon B1 ack 

194 000 T i  t a n i  um D i o x i  de 
97 000 Pigments  excluding  Ti02 (5) 

1 940 000 Chl o r i   n a t e d   P a r a f f i n  Wax 
115 900 Organot i  n S tab i  1 i zers 

2 190 000 



- 36 - 

7 .I The Extrusion Process 
Plast ic  p i p i n g  and siding is  extruded i n  a continuous  process, 

usual ly 24 hours per  day, f ive t o  seven days per week. P1 a s t i c  materi a1 
formulation depends on the end use of the  final  product and will contain 
the base resin of PVC, ABS, PB or PE and may contain  the  following 
additives (1) .  

Additive Chemical s 

- f i re   re tardants  - chlorinated  paraffin waxes* 
- colorants - metal oxides,  organic  pigments, dyes 
- antimi  crobi a1 s - heavy metals,  arsines, (1) 
- heat  stabil  izers - organotins*, cadmium, metal oxides  
- blowing agents - azodicarbonamides, azo compounds 
- plast ic izers  - phthalate  acid  esters* 
- u l  t raviol  et   stab1 i zers - hindered amines (phenyl formami denes) 
- impact modifiers/processing  acids - acrylics,  elastomers 
- 1 ubricants - heavy metal s tearates  
- a n t i o x i d a n t s  - organophosphi tes**, h i g h  mol ecul ar 

weight phenol s 
- Antistatics 

*Priority Chemical s 
**Candi date Chemical s 

There are no producers o f  raw PVC, ABS, PB or P E  resins i n  B.C. 
All resin i s  imported,  usually from eastern  provinces such as Alberta or 
Ontario. The resins may contain some or a1 1 of the  additives 1 i sted above. 
Most additives  are blended w i t h  the base resin just prior t o  extrusion 
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since  the  resins  are  taylored  to  the  requirements of the end user and 
formulations are  proprietory.  Plastic pipe extrusion will be used as the 
process example as  other  products  are made w i t h  minor variations t o  the 
extruder and  resin  formulation. 

7.2 Transport, Blending and Extrusion of Resins 
Pel le t i sed  PVC,  ABS, PB and PE resins  are shipped by rail car  or 

tanker  truck and unloaded v i a  pneumatic p i p i n g  to  the  appropriate  resin 
s torage  s i lo .   Storage  s i lo 's  may be equipped w i t h  bleeder  vents  to  allow 
displaced a i r  t o  escape d u r i n g  f i l l i n g .  Dust control equipment such as bag 
f i l t e r s  or cyclone  systems may  be attached t o  bleeder  vents t o  remove 
plast ic   f ines  which are  collected and disposed t o  l a n d f i l l .  

The resin  is   transferred from the  si los t o  a mixing  system which 
consists of a weigh hopper (usual  ly 1 ocated on an inter ior  mezzanine 
l eve l ) ,  drum mixer and dust  control system. Additives such as organotin 
stabi 1 i zers,  chl ori nated p a r a f f i n  1 ubr i  cants, f i re  retardants, p i  gments , 
calcium  carbonate and  calcium s t ea ra t e   f i l l e r s ,   a c ry l i c  impact modifiers 
are weighed and added t o  the  blender drum before m i x i n g .  White is   the  
na tura l  color of PVC and P E  and  other  colors  required for pipe  are  green, 
(which are usual ly metal oxides) and grey and black (which are carbon based 
pigments) . Several h i g h  v i  s ibi  1 i t y  colors such as ye1 1 ows  and oranges have 
recently been specified f o r  p i p i n g  used i n  special  construction  applica- 
t ions for conduit, chemical and sewer p i p i n g .  A variety of colors may be 
used for house s i d i n g  and the pigments may  be inorganic,  organic or dyes. 
The r i g i d  plastic  applications use inorganic heavy metal colors such as 
titanium  dioxide, iron oxide, manganese, antimony, lead, chrome, iron, 
zinc, cadmium and molybdate (1 . Organic  pigments include carbon black, 
phthalate  blues,  greens,  reds, ye1  lows or combinations (1).  Polyvinyl 
chloride i s  never extruded as a pure resin and i s  sensit ive t o  heat. 
Typical formulations  for  pipes and r i g i d  products  are given below. 
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TABLE 7.2 TYPICAL  FORMULATIONS FOR RIGID PVC PIPE, BOTTLES AND SIDING 

I PVC PIPE ( 4 )  I BOTTLES, P I P E ,  SIDING ( 3 )  I 
PVC (K-65)* 100 par t s  
Ti02 1.0 par t s  
CaC03 3.0 I' 

Paraf f i n wax ( 165OF 1.0 'I 

Calcium Stearate 0.5 I' 

Oxidised  Polyethylene 0.15 I' 

Organotin 0.4 'I 

Impact modifiers 

100 par ts  

3 0-30 I' 

3.0  'I 
I 1  

0-3.0 'I 

2.0 
0-15 I' 

*K = type o f  resin **65 = molecular  weight 

F1 exi b l  e P V C  compounds may use more than 25% pl  as t ic i   sers  , cal-  
cium carbonate f i l l e r  i s  added t o  reduce costs ,  and chlorinated  paraffins 
are  added as   p las t ic i sers  and flame retardants (1). P i p i n g ,  vinyl s i d i n g  
and construction  products made from PVC require a rigid s t ructure  and 
therefore a lower percentage p las t ic i ser   ( see  Table 7 . 2 ) .  Highly p l a s t i -  
cised  products  include f lexible  footwear and p las t ics  used for  clothing, 
shower curtains  etc.  which are  not produced i n  large  quant i t ies  i n  B.C.  
Pure PVC resin i s  60% chlorine and h ighly  f i re   re ta rdant  however this  r a t io  
decreases s l i g h t l y  when additives  are  included i n  the blend .  Heat s tabi-  
l i ze r s   a r e  based on metal l ic   sal ts  of inorganic and organic  acids,  phenols, 
phosphates and epoxies (1). Several k i n d s  may be blended for a par t icular  
application.  In  plastic p i p e  production  organotin compounds a re  used 
(usually a b u t y l t i n  complex). The heat   s tabi l izer   affects   plat ing  out  on 
the equipment, me1 t rheology and finished  product qual i t i es  such as  surface 
finish, solubi l i ty ,   toxici ty ,   heat  and electr ical   character is t ics .  

The additives  are  usually handled as  dry powders manually weighed 
and  added to  the  blending drum. Some organotins may be  added as an oi ly  
1 i q u i d  ( 4 ) .  Dust control d u r i n g  1 oading  and/or  unloading of the blender is  
commonly via a baghouse o r  cyclone  system.  After a l l  the components are  
added the blender is  closed and mixing may take  several  hours. Excess heat 
may be generated by shear  force i n  the  blender, which requires  cooling 
water t o  avoid  overheating. The water i s  contained i n  a jacketed system 
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and i s   n o t   s u k i e c t   t o   c o n t a m i n a t i o n .  The homogenous blend i s  poured i n t o  a 

movable tub  and s t o r e d   t o   a l l o w   f o r   c o o l i n g .  When the  blend i s   r e q u i r e d  

f o r   p r o d u c t i o n   t h e   t u b   i s  moved t o   t h e   e x t r u s i o n   l i n e  and connected t o  a 

pneumatic  hose. The hose t r a n s f e r s   t h e  powder t o  a ver t ica l   feed  hopper  

which may have a h o t   a i r   i n t a k e   f o r   h u m i d i t y   c o n t r o l   o f   t h e   f e e d .  (ABS i s  

hygroscopic and may requ i re   seve ra l   hou rs   o f   d ry ing   a t  85°C before   ex t ru -  

s i o n  (6)) (see  F igure 7.1). 
To produce  hol low  pipe  the  blend i s  fed i n t o  a heated  screw  auger 

which  melts and  compresses t h e   r e s i n .  The f l u i d   r e s i n  proceeds  through a 

ser ies   o f   tempera ture   con t ro l led   d ies   wh ich  shape t h e   r e s i n   i n  an under- 

s ized   bar .  Two d i e s   c u t   t h e   b a r   i n t o   f o u r   s t r i p s   w h i c h  pass  through a 

fou r   b laded   tu rb ine  shaped d ie .  The f o u r   s t r i p s   a r e   f l a t t e n e d  and fused 

back  together   in to  a t u b u l a r  shape. The p i p e   i s   t h e n  drawn through a 

s i z i n g   d i e   i n t o  a vacuum expander  and c o o l i n g  chamber. The  vacuum fo rces  
t h e   o u t s i d e   o f   t h e   p i p e   a g a i n s t   t h e   d i e   t o   e n s u r e  a s tandard   s i ze   f o r  f i t -  

t i n g s .  The p i p e   i s   t h e n   r a D i d l y   c o o l e d  by continuous  water  spray or bath. 

A second c o o l i n g  chamber a t  atmospheric  pressure  uses  water  spray or ba th  

t o  br ing  the  p ipe  temperature t o  be low  the  g lass  t rans i t ion  temperature 

(tq). Uniform  pipe  dimensions  are  assured  by  cont inuous  drawing  of   the 

e n t i r e   l i n e   t h r o u g h  a D i r e c t   C u r r e n t  (D.C.) d r i v e  system. D.C. c u r r e n t   i s  

requ i red   s ince   A l te rna t i ng   Cur ren t  ( A . C . )  would  cause s l i g h t   f l u c t u a t i o n s  
i n  motor d r i v e  speed which  a f fects   the  p ipe  wal l   th ickness.  The p ipe i s  
then marked, c u t   i n t o   l e n g t h s   o r   r o l l s  and sent  to  storage.  Products  such 
as v i n y l   s i d i n g ,  w a l l  and corner  mol d ings   use   d i f f e ren t  dyes t o   f o r m   t h e  

f i n a l   p r o d u c t  however the  process i s   s i m i l a r   i n   d e s i g n .  

Dur ing   s ta r tup ,   co lo r  changes, s i z e  changes o r  power f l u c t u a -  
t i o n s ,   o f f   s p e c i f i c a t i o n   p r o d u c t   i s   p r o d u c e d   w h i c h   i n  most cases  can  be 

r e c y c l e d .   R e c y c l   i n g   c o n s i s t s   o f   s o r t i n g   c l e a n   m a t e r i a l   f o r   r e g r i n d i n g  and 

p u l   v e r i   s i n g   t o   t h e   s i z e   r e q u i r e d  by  the  process  equipment. The need f o r  

d imensional   cons is tency  o f   the  f in ished  product   requi res a uniform  feed 

s i z e   f o r   t h e   e x t r u d e r ,   t h e r e f o r e   n o t   a l l   w a s t e   r e s i n  can  be  reused. I f  the 

p u l v e r i s e d   r e s i n   i s   t o o   f i n e  it can  cause  surging i n   t h e   f e e d  system  which 
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affects uniformity. The unusable fines  are separated i n  a cyclone system 
and are disposed t o  l a n d f i l l .  

7.3 Generation and Control o f  Dusts 
Pure PVC, ABS, PE and PB resins have not  been identified as  being 

hazardous as solid p i p i n g  i s  used for potable water supplies. PVC can  be 
d i  sposed of by 1 andfi  11 , incineration or recycle and pol 1 u t ion  of water i s  
minimal i n  1 a n d f i l l  disposal ( 3 ) .  Certain additives such as organoti n 
stabilizers and chlorinated  paraffin  lubricants/fire  retardants have  been 
identified as stable,  persistant chemicals about which there i s   l i t t l e  
environmental data  regarding the concentrations of these chemicals i n  the 
environment or their tox ic i ty  ( 2 )  . Several possible  routes t o  the envi  ron- 
ment by PVC powder and additives have  been identified a t  i ndustri a1 opera- 
tions i n  British Columbia. A sampling  program (currently underway) will 
attempt t o  confirm the suspected routes and provide concentration da ta  of 
priority chemical s . 

Rail tank car or truck tanker unloading i s  achieved via  pneumatic 
pipeline and there is  the possibility of spillage when p i p i n g  i s  connected 
or disconnected. The spill age of resin was observed a t  every f a c i l i t y  and 
ranged from several kilograms t o  more than 1 .O tonne. The  raw resin i s  
usually pure PVC, ABS, PB, or PE and the concern is  aesthetic po l lu t ion  by 
resin  dusts which are blown or washed  from the p l a n t  yard down storm drains 
and eventually discharged t o  receiving waters. Application of conscientous 
p l a n t  hygiene  procedures would eliminate this loss, improve aesthetics and 
reduce  economic costs from the loss of raw materials. 

I n  a l l  cases the blending mezzanine areas were found t o  be  major 
sources of fugitive  dust. The resin and additives  are measured by weight 
and added t o  the blender. Manual dumping of the powdered additives produ- 
ces dust which i s  usually contained by a d u s t  collection hood and filtered 
i n  a baghouse. 

The manual hand1 i n g  of powders results i n  spillage t o  the floor 
which i s  spread by the movement o f  workers and machinery on the p l a n t  
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PLATE 7.1: SPILLED  PVC DUST  AT A BAGHOUSE 

PLATE 7.2: S P I L L E D  PVC RESIN WASHING DOWN A STORM  SEWER 
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floor.  These dusts  are washed i n t o  f loor sewers d u r i n g  cleanup  operations. 
I t  i s  suspected t h a t  some of the  priority chemical s can be discharged by 
suspension i n  overflow  water t o  the storm and/or receiving  water system. 
The amount of this loss i s  not known b u t  i s  bel ieved to  be small . The 
dusts coll  ected a t  baghouses are  usually  contained u n t i l  the   f i l ter ing 
system i s  cleaned. Improper h a n d l i n g  resul ts  i n  resuspension of dust i n  
the a i r  which s e t t l e s  on the paved exterior work areas and i s  washed by the 
ra in  t o  the storm sewers or  receiving  waters. 

Regrinding and/or  pulverizing of off-specification  resin f o r  
recycle is a major source of dust  production and control i s  subject t o  the 
same problem as  the mix ing  areas. The difference i n  the  type of waste i s  
the  particle  size and composition. A significant percentage  (depending on 

the q r i n d i  ng method) of the  regrind may be a f ine powder  which cannot be 
used i n  the forming process due t o  surging i n  the  extruder. This regrind 
i s  disposed t o  1 a n d f i  11 . The 1 eachabil i t y  and d u s t  1 oss of pr ior i ty  chemi- 
ca ls  from this powder has not been determined. The additives i n  the powder 
are expected t o  be fixed i n  the pl  a s t i c  matrix and n o t  readily ava i l  ab1 e t o  
the environment. 

\ Simple control measures such as cloth or plast ic  shrouds between 
the  cl  eanout of the haghouse or cyclone  dust  resevoir and storage  barrel 
would contain  dusts  created d u r i n g  cleaning  (see  Figure 7 .2 ) .  In most 
instances the d u s t  i s  allowed t o  f a l l  i n t o  the waste barrels creating a 
cloud which s e t t l e s  on the  surrounding  area  (see  Plates 7 .1  and 7 . 2 ) .  
Routine  enforcement of good work practices by management could  prevent such 
losses and extrusion  plants would be environmentally innocuous. 
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8 .O POLYSTYRENE EXPANDER/MOLDERS 

Custom designed insulation products, cups and eating utensils, 
egg cartons, packaging  containers and f i l lers  are some of the products 
produced  from  expanded polystyrene. Expanded polystyrene is  easily molded 
and has a h i g h  insulat ing value making i t  suitable  for the uses mentioned 
above. The two basic raw materials used are compressed polystyrene beads 
impregnated w i t h  pentane  gas and steam.  Pigments may be added b u t  the 
majority of products are formed  from the natural white polymer. 
Polystyrene i s  generally n o t  considered hazardous a1 though Sax ( 7 )  1 i s t s  i t  
as "an experimental  carcinogen v i a  an implantat ion route". Implantat ion i s  
not  a likely occurence  under current hand1 i n g  and manufacturing conditions 
and  therefore i t  i s  considered a relatively innocuous substance. 

The estimated annual consumption of 1 650 000 k g  polystyrene i s  
based on rep1 ies t o  a questionnaire  (see Appendix 1) sent t o  most of the 
companies involved  i n  this industry. 

8.1 Additives Used i n  Styrene Plastics 
Polystyrene i s  used as a pure and co-polymer in a wide range of 

applications i n  laquer and b i n d i n g  agents t o  films, moldable plastics, 
el ectrical i nsul a t i o n ,  adhesi ves, transparent  sheets and cases, machi nab1 e 
resins and improved chewing gum ( 8 ) .  I t  i s  subjec t  to u l t r a v i o l e t  degrada- 

t i o n ,  h i g h  f lammabili ty and i s  not  recommended for  exterior use. The 
expanded foam used i n  building applications i s  covered w i t h  other material 
or pa in t  t o  protect  against UV degradation. Upon ignition i t  burns w i t h  a 
t h i c k  black smoke and must  be considered toxic  (9). Halogenated a1 kyl 
compounds are used as f i re  retardants and are on the ECA priority chemicals 
1 i s t .  Fire  retardants added t o  Polystyrene used i n  the insulation/ con- 
struction  materials  are added as liquids, dry powders or incorporated 
directly i n  the resin. 

Plasticisers  are used i n  applications such as films, window and 
casing materi a1 s and include h i g h  b o i l  ing a1 kyd esters, halogenated aryl 
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compounds and phthalate  esters   which  are  a lso  inc luded on t h e  ECA p r i o r i t y  

l i s t .  Flow  agents  such as powdered z inc   s tea ra te   a re   used   t o   p reven t  

c l o g g i n g   i n   s u c t i o n   f e e d  1 i nes.  (11)  Other  addi t ives  are 1 i s t e d   i n  
Table 8.1. 

TABLE 8.1 ADDITIVES USED I N  STYRENE PLASTICS 

ADDITIVE I COMPOUNDS 

P l a s t i c i s e r s  L a u r i c   a c i d   e s t e r s  
H i  ghboi 1 i ng a1 kyd   es te rs*  
Semi dry ing,   nondry i  ng o i  1 s 
Soybean o i  1 
A1 kyd ha1 ophthal   a tes 
Halogenated  aryl  compounds* 
Ph tha la te   es te rs *  
Adipate  esters  

Mold  Release  Agents S tea r i c   Ac id  
Meta l   /o rgan ic   s teara tes   (z inc  

s tea ra te )  

An t iox idan ts  A1 ky l   a ted   pheno l  s 
organic   phosphate  th ioesters**  

A n t i   s t a t i c  Agents Quar te rna ry  ammonium compounds 

U1 t r a v i o l e t   S t a b i l i z e r s  Benzo t r i  azo1  es 
Benzophenones 

F i re   Re ta rdan ts  Hydrated a1 umi num o x i  de 
Antimony  oxide 
A1 kyd  and  aryl  phosphates** 
Hexabromocyclododecane 
pentabromomonochlorocyclohexane 

*Envi  ronmental Contaminants   Ac t   p r io r i t y   chemica l  
**Environmental Contaminants  Act  candidate  chemical 

m 

m 

m 

L 
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8.2 Polystyrene Expanded  Bead Process 
The difference i n  the  production  process for insulation  products 

and moul  ded products made from polystyrene i s  i n  the forming of the f i n a l  
product . 

Insulation  products  are  generally  cut from a large block u s i n g  a 
hot  wire method  which produces some styrene fumes while  smaller a r t i c l e s  
are moulded i n t o  shape i n  an injection  process. Both use steam t o  expand 
the compressed,  pentane  impregnated polystyrene  beads. The product i s  
formed i n  a two stage  process. The compressed prepolymerised beads are  
shipped i n  0.6 m3 p las t ic  1 i ned cardboard  containers. They are  fed by 
vacuum suction i n t o  a hopper and a pre-expander. In the  pre-expander,  heat 
from steam injection  softens  the polymer  and allows  the  entrained  pentane 
gas t o  expand the bead five t o  ten  times  the  original  size. The beads are 
then  transferred  via a vacuum l ine  t o  canvas storage  si los  for ag ing .  
Aging allows  cooling and bleeding of excess  pentane gas. Final  expansion 
must be  done before a c r i t i ca l  amount of pentane i s  los t .  Second stage 
expansion  involves pneumatic transfer o f  the bead t o  a feed hopper (see 
Figure 8.1). A hopper feeds  the block molding machine for an expansion 
cycle.  After  the mold i s  f i l l e d  i t  is  sealed and steam i s  injected for a 
preset  cycle. The secondary  expansion increases  the bead 25 to  50 times 
the  original  size depending on the block density  required. The expanding 
b e a d s   p u s h   a g a i n s t   e a c h   o t h e r   a n d   f u s e   t o g e t h e r   i n  the s h a p e  of  t h e  mold. 

The block i s  ejected from the machine on completion o f  the  cycle and i s  
ready for  cutt ing.  

8.3 Hot  Wire C u t t i n g  o f  Expanded Polystyrene 
Expanded polystyrene can easily be cut by hot  electrical  wires 

into  blocks,  sheets and  complex shapes  (See  Figure 8.2). Depending on the 
design either  the block or  the g r i d  moves to  cut  the  piece. 

8.4 Wastes Produced i n  the  Polystyrene Expansion Process 
There are some wastes produced i n  each stage o f  the  expansion 

process.  Pentane  gas  released by the f i r s t  and second  expansion  process i s  
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FIGURE 8.2 FORMATION OF STYRENE  FUMES BY ELECTRICAL 
HOT WIRE CUTTING OF POLYSTYRENE BLOCKS 
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vented t o  the p l a n t  air  and then outside by the normal a i r  exchange  system. 
Pentane i s  extremely explosive however f l  anmable concentrations would n o t  
be reached  due t o  the low concentrations  present in the raw material. 

Hand1 i ng the pre and post expanded  beads results in spill age 
which is  easily contained due t o  the clean dry nature of the product. I t  
can easily be  swept or vacuumed up and reused i f  clean, or  disposed of if 
contaminated. 

Polystyrene and incomplete  combustion  fumes are produced during 
the h o t  wire cu t t ing  of the polystyrene blocks. The vapours contain sty- 
rene w h i c h  has a human detection limit of 5-10 ppm and a Threshhold Limit 
Value ( T L V )  of 100 ppm. (9) The  fumes are collected by movable fume hoods 
w h i c h  f o l l  ow the wires a1 ong the block and are vented directly t o  the 
atmosphere. Sol i d  polystyrene i s  a suspected carcinogen via  an implanted 
route (1) b u t  i s  not  likely t o  pose a problem  under normal usage. 

Waste cuttings  are reground and can be recycled as f i l l e r  or 
packing material . 

Cooling water and steam condensate i s  collected i n  a floor sump 
and discharged t o  sewer. 

The concentrations of additives leached from the styrene beads 
during the expansion process has not  been determined. Fire  retardant 
resins used i n  construction  applications  are ECA priority chemicals and are 
used i n  two forms. A powdered or l i q u i d  retardant can be  added t o  a resin 
and dispersed i n  a dry mixer. Retardants applied i n  this process may be 
leached from the resin d u r i n g  the steam  expansion process. A second method 
incorporates a halogenated (usually  chlorinated or brominated alkane) com- 
pound i n t o  the resin  structure. This  reduces  contamination from dusting 
and fixes the retardant t o  the styrene molecule t o  reduce leaching during 
steam expansion. 

The generation of sol id sytrene waste i s  estimated a t  19 m3/d* or 
142 500 kg/yr which i s  disposed t o  l a n d f i l l .  L i q u i d  waste is  restricted t o  

s: 

*d = operating days (approximately 250 days/year) 
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steam condensate and boiler bl owdown, estimated a t  10.8 m3/d which i s  dis- 
charged t o  sewer.  Pentane  gas released i s  estimated a t  270 kg/d  or 
68 000 kg/yr (based on an average of 4.5% by weight i n  the resin) (9, 11). 

Depending on the end  use of the finished product 0.5% t o  3.0% (by 
weight) f i re  retardants may be  added t o  the polystyrene blend. Organo- 
chlorines or  bromines are the most common ones  used and are added as a 
powder or incorporated i n t o  the structure of the polystyrene. Molecular 
incorporation of the retardant i n t o  the resin i s  the most common form ( 1 2 ) .  
Consumption woul d range  from 7000 kg/yr t o  42 000 kg/yr. The majority of 
products are produced i n  the lower  range concentrations (12)  and an esti- 
mate of 11 200 kg/yr i s  most l i k e l y .  (Exact formulations are  proprietory 
information.)  Halogenated paraffins incorporated i n  solid waste would 
range  from 700 kglyr t o  4280 kg/yr w i t h  the actual value estimated t o  be 
1140 kg/yr. These  wastes are  sent t o  l a n d f i l l .  Under  normal soil condi- 
tions  certain grades of polystyrene degenerate w i t h i n  f ive years (11). I t  
i s  n o t  known how long construction grades of polystyrene remain stable i n  
l a n d f i l l  conditions or the rate a t  w h i c h  halogenated compounds are  released 
from the degenerating polymer. 
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9.0 EXTRUOERS AND BLOW  MOLDERS  OF PLASTIC PARTS AND BOTTLES 

For t y   t h ree   f i rms  were i d e n t i f i e d  as being  b low  and/or   in ject ion 

m o l d e r s   o f   p l a s t i c   p a r t s  and b o t t l e s .  The s ize   o f   the   f i rms  ranged  f rom 

s i n g l e   t o   m u l t i p l e  machine  operat ions  wi th   s imi lar   product ion  techniques 

used a t  a1 1 the   s i t es .  The range  of  products  produced by these  f i rms i s  

diverse,  from component p a r t s   f o r   m a n u f a c t u r i n g   t o   v a r i e d   l i q u i d   c o n t a i n e r s  

f o r  use i n   t h e  food,  chemical and  consumer industry.   Table 9.1 i d e n t i f i e s  

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

are  the  major  c lasses  and  there  are a broad  range o f   v a r i a t i o n s   i n  each 

class  which  can be a l t e r e d  by co-polymer izat ion  and  addi t ion  o f   s tab i -  

l i z e r s ,   f i l l e r s ,   p l a s t i c i s e r s ,   f l o w   a g e n t s ,   p i g m e n t s ,   a n t i o x i d a n t s ,   f i r e  
re ta rdan ts ,   b low ing   agen ts ,   an t im ic rob ia l s ,   u l t rav io le t   s tab i l i ze rs ,   impac t  

mod i f i e rs  and a n t i s t a t i c  agents. 

TABLE 9.1 ESTIMATED CONSUMPTION OF PLASTIC RESINS USED I N  THE 
INJECTION AND BLOW  MOLDING INDUSTRY OF BRIT ISH COLUMBIA 

COMPOUND 

Acry l   on i  tri 1 e Buty l   Styrene 
Nylon 6 , 
Nylon 66 
Po lye thy lene  (H igh   dens i ty )  
Polyethy lene (Medium dens i ty )  
Polyethy lene (Low dens i t y )  
Polyethy lene  terephthal   a te  
Polystyrene 
Polypropylene 
Po lyv iny l  Ch1 o r i d e  
Polycarbonate 
Po lyv iny l   ace ta te  
Polyurethane 
Polychl  oroprene 
Polymethyl   methacrylate 
Pigments 
P l a s t i c  Waste 

ESTIMATED CONSUMPTION* 
(kg /y r )  

294 000 
109 000 

N/D 
3 247 000 
104 000 

1 580 000 
402 000 
230 000 

1 025 000 
827 000 
76 000 

N/D 
38 000 

200 
2 000 

115 000 
< 100 000 

L 

m 

sr 

kConsumption  estimates  based on 50% r e p l y   t o   q u e s t i o n n a i r e  
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9.1 Production Processes 

Y 

I 

All of the polymers identified i n  Table 9.1 are imported i n t o  
B.C.  There i s  no production of raw  polymer and most additives used are 
also imported. Polyethylene (high, medium and low density) accounts for 
46% of the polymer  consumed and i n  most cases i s  used i n  the natural, white 
color. Polypropylene  accounts for 25% of the polymer  consumed and i n  both 
cases the pigments and additives used are premixed i n  a compatible carrier 
polymer. 

Injection and blowmolding involves the reheating of thermoplastic 
polymers and extrusion i n t o  a preformed mold. The polymer retains the 
shape after i t  i s  cooled bel ow i t s  glass  transition temperature and i s  
ejected from the mold. Most  pigments for  plastics  are rated as food grade. 
Any manufacturer  wishing t o  use a new a d d i t i v e  and have i t  approved by the 
Health Protection Branch  must  supply the da ta  t o  justify  its use. Pigments 
may be  added as a dry  powder or as a concentrate bonded i n  a resin 
carrier . 

9.2 61 endi nq of P1 astic Concentrates 
Precolored plastic concentrates  are manufactured  under s t r ic t  

qual i ty  control procedures. Cross contamination of blends i s  prevented by 
control of fugitive dust using bag and cyclone f i l ters  and water  washes o f  
t h e  b l e n d i n g  and pellet  production equipment .  Residual waste which  i s  
polyethylene based can be recycled by blending w i t h  a dark  pigment for use 
in the production of polyethylene garbage bags.  

Most injection molding i s  for custom parts used i n  other manufac- 
turing and assembly processes. These parts often  require custom colors 
which  are not ava i l  able as precolored plastics. The colors  are custom 
formulated by pigment manfacturers and shipped t o  the molder in  polyethy- 
lene lined cardboard containers. Pigments are added (usually a t  1% t o  2% 
by weight) t o  the polymer and blended before a d d i t i o n  t o  the feed  hopper. 
Dusts associated w i t h  b l e n d i n g  are  controlled by vacuum filtration 
systems. 

Y 
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9.3 The Injection Molding Process 
In small production  operations  consisting of  one or two machines 

the polymer feed pel l e t s   a r e  manually loaded into  the  injection feed hopper 
( see  Figure 9.1 1. In some cases  the pigment i s  added as a dry powder t o  a 
mixer or feed hopper. This manual handling  procedure  increases  the produc- 
tion of fugitive dus t .  The quantity of pigment handled i s  small and i n  
several  cases  the  dusts were discharged  via a fume  hood direct ly  t o  the 
ambient a i r .  Most f a c i l i t i e s  avoided this problem by premixing the i r  own 
pigment or us ing  a pigment concentrate impregnated i n  a dustless  carrier 
resin.  Larger  production  systems use a vacuum transfer   l ine from the bulk  
storage t o  f i l l  the  feed hopper. The b u l k  plastic  resin  contains  fines 
produced d u r i n g  manufacture of the  plastic  pellets and from g r i n d i n g  d u r i n g  
movement th rough  the transfer  apparatus. The fines are removed by cyclone 
f i l t e r s  t o  mai otain  feed uniformity and  can  be recycled  or  are  disposed t o  
1 andfil l  . The percentage of fines produced is  very 1 ow (no  estimate is  
available).  Forced a i r  drying prior  to,   or dur ing  f i l l i n g  of the  injector 
feed hopper i s  done t o  control humidity. The hopper feeds  the  pellets a t  a 
controlled  rate t o  a screw auger. A single  or double screw may be used. 
Heat generated by f r ic t ion  i n  the  auger may be suff ic ient  t o  produce a 
plast ic  me1 t ,  and can be supplimented by electrical  heating  coils. Heat 
control is critical  to  control  rheological  properties and prevent  oxidation 
or polymer decomposition and  fume generation. In all  the  injection/blow 
molding faci l i t ies   inspected,   the  fume generation was negligible. Some 
production l ines  used fume hoods over the machines t o  aid i n  excess  heat 
removal for worker comfort rather than fume control Fumes w h i c h  are pro- 
duced are vented directly  to  the atmosphere.  In some 1 arge  faci l i t ies  
ceil ing mounted electrostat ic   precipi ta tors  ("smoke eaters")   are  used to  
control fumes  where polyvinyl  chloride  products  are produced (see P1 a te  
9.1). The augers a1 so a s s i s t  i n  producing a homogenous blend from a mix of 
pigmented and  non pigmented polymer. The melt i s  injected  into a hydrauli- 
call  y sealed mol d which i s  usual l y  a two piece u n i t .  After several  seconds 
of cooling and solidification  the  plastic  piece  is   ejected  to a storage 
container. 

E 
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FIGURE.9- I  T Y P I C A L  FLOW C H A R T  FOR A N  INJECTION 
MOULDING  PROCESS 
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PLATE 9.1: (above) EXHAUST 

PLENEM FOR PVC 
FUMES 

PLATE 9.2: ( l e f t )  
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The mold i s  designed so t h a t  the cooling water does not  directly 
contact the plastic and i s  discharged t o  sewer as clean water. Some pro- 
ducts are molded several units a t  once w i t h  connective runners (tabs) and 
injection  port sprues s t i l l  attached (see Figure 9.2) .  Flow interruptions 
may cause some parts t o  be defective and since  injection molded plastics 
are thermoplastic they can be recycled. The pieces requiring assembly have 
the runners removed and combined w i t h  rejects of the same color and type of 
plast ic .  The  waste i s  then  reground i n t o  a flake or powder  form and 
recycled. Dusts associated w i t h  the regrinding are  controlled by bag or 
cycl one f i 1 ters. 

Plastics used for blow molding are handled the same as for injec- 
t i o n  molding except a t  the f ina l  extrusion and forming. Polyethylene, 
polyethylene terephthalate ( P E T )  and polypropylene are the major  raw mater- 
ials  for blow molding. Recent  changes i n  additives  are expected t o  
increase  the use of PVC resins i n  b o t t l e  and container manufacture (1). 
The heated p l a s t i c  is  extruded as a tube w i t h  a i r  blown through the center. 
The mold i s  clamped  around the tube, p i n c h i n g  the bottom and remaining  open 
a t  the a i r  in jec t ion  port. The interior  air pressure  forces the t u b e  
against the wall of the mold and the plastic assumes i t s  shape. A c u t t i n g  
tool  pinches the formed bottle from the t u b e  and the mol d re1 eases the 
finished piece. Excess trim i s  removed, and ground t o  a granular powder 
fo r   recyc le .  

9.4 Disposal of Waste Plastic 
P las t ic  resin is  expensive and waste control was practised by a l l  

companies visited. Generally, wastes are  less than 0.5% of raw materials, 
averaging 0.25% or less. Waste plastic is  produced by contamination of 
parts w i t h  machine oils and dirt .  Grindings which cannot be reused are 
powdered fines w h i c h  would cause surging i n  the extruder. ( S u r g i n g  i s  
mainly a problem  where continuous extrusion occurs such as i n  p i p i n g .  ) A1 1 
wastes are disposed t o  sanitary l a n d f i  11. To reduce downtime d u r i n g  week- 
end  shutdowns or for equipment servicing, a polymer  blend using increased 
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pCONNECflON 

FIGURE 9.2 RECYCLABLE  WASTE  PLASTIC  SPRUES  AND 
RUNNERS ON AN INJECTION MOULDED  PLASTIC  PART 
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heat s t a b i l i z e r  may be fed  into  the  extruder.  This blend may contain 
organot in   heat   s tabi l izer  compounds which will not decompose under the 
temperatures required fo r   s t a r tup .  This is  used for  continuous  production 
runs, usually  for  polyvinyl  chloride  products. The  volume of material i s  
usually  several  kilograms which cannot be recycled and is  disposed t o  
l a n d f i l l .  

9.5  DisDosal  of Waste Fumes and Water 
P l a s t i c  fumes are  generated  only when the  materials become 

overheated. T h i  s i s  a  rare  occurrance w i t h  smal 1 vol umes i nvol ved. These 
fumes a re  simply vented t o  the atmosphere and are  not i n  s u f f i c i e n t  
quant i ty   to  be cause  for  concern.  Cooling  water i s  discharged  to  sewer and 
sanitary  wastes  are  discharged  to the sani tary system. 
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10 .o PLASTIC  FILM EXTRUDERS 

The survey  of p l a s t i c   p roduc t ion   f ac i l i t i e s   i den t i f ed  seven firms 
i n  the Lower Mainland/Vancouver Island region producing f l ex ib l e   f i lm   fo r  
sheet ing,   p last ic   bags,  wrapping and assorted packaging. The mater ia ls  
used included 1 inear low density,  low density and high  density  polyethy- 
1 ene,  polypropyl ene, and c e l l  ophane. Other additives used i ncl ude 
pigments, s l i p  and antiblock agents, p r i n t i n g  inks and vola t i le  solvents 
f o r  1 abell i n g .  The majority  of the fi lm i s  produced fo r   t he  food  packaging 
industry and is  h i g h  qual i ty  food grade polymer. High polymer costs and 
plant  efficiency  produces low wasteage w i t h  an estimated  22,100  kg/yr  of 
polymer disposed t o  various l a n d f i l l  s. (Estimated based on rep1 ies t o  a 
questionnaire,  see Appendix 1). Air emissions  are  produced from the vol a- 
t i l i z a t i o n  o f  p r i n t i n g  solvents such as  short  chain  alcohols,  napthas and 
spirits, and polymer fumes formed d u r i n g  extrusion,   cut t ing  or   heat   seal ing 
on bag production  lines.  Table 10.1 out l ining the estimated consumption o f  
raw materials.  

TABLE 10.1 ESTIMATED AMOUNTS OF RAW MATERIALS USED IN THE FLEXIBLE  FILM 
INDUSTRY OF BRITISH  COLUMBIA 

~ ~ ~~ 

MATERIAL 

High Density  Polyethylene 
Medium Density  Polyethylene 
Linear Low Density  Polyethylene 
Low Density  Polyethylene 
Polypropylene 
Cell ophane 
Pigments 
S1 i p  Agents 
Antiblock Agents 
Ink Sol vents 

2 478 000 kg/y 
103 000 kg/y 

10 395 000 kg/y 
150 000 kgly 
18 120  kg/y 
28 000 kg/y 

847 000 kg/y 
87 800 kg/y 
87 800  kg/y 
603 713 l /y  
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10.1 Production  Process 

A t y p i c a l   p l a s t i c  film e x t r u s i o n   p l a n t   c o n s i s t s   o f  seven major 

areas  (see  Figure  10.1): 

1) Outdoor   res in   s to rage  s i los  

2 )  Ex t rus ion  room 

3 )  P r i n t i n g  room 

4 )  Cutt ing,   punching and packaging  l ines 

5 ) Waste reg r i   nd / recyc l  e area 
6) Warehouse 

7 )  E x t e r i o r   l o a d i n g  and waste  storage  area 

10.2 Resin  Handling and Storage 
The prepolymerized  resin i s  hand1 ed i n  a dry  powder o r   pe l  1 e t  

form and i s   t r a n s f e r r e d   d i r e c t l y   f r o m   t a n k e r   t r u c k s   o r   r a i l c a r s   i n t o   s t o r -  

age s i l o ' s .  I f  clear  nonpigmented film i s  made then  the   res in  can  be 

t rans fe red   d i rec t l y   f rom  the   s i l o   t o   t he   ex t rude r   f eed   hopper .   Spec ia l t y  

blends  incorporat ing  color  require  premixing  wi th  p igment  or   p igment 

impregnated  carr ier   res in .   Other   addi t ives such  as s l i p  and an t i b lock  

agents may be  added t o  promote  even f l o w   o f  raw m a t e r i a l s  and prevent  

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

10.3 Ext ruders 

The po lye thy lene  ex t ruders   use   c lear   o r   co lo red   res in   fed   f rom 

hoppers to   the   heater   b lower   un i ts   (see   F igure   10 .2) .  The polyethy lene i s  
dus t less  and t o t a l l y   c o n t a i n e d   i n   t h e  system. A pressure  feed  system 
f o r c e s   t h e   r e s i n   i n t o  a ser ies   o f   heat ing   r ings   wh ich   p roduce a m e l t   t h a t  

i s  e x t r u d e d   i n t o  a b l o w i n g   a i r  stream. Some polyethy lene fumes are  re-  

1 eased u n t i l   t h e  me1 t cool  s i n  a t h i n  f i  Im.  The fumes are   ven ted   to   the  

atmosphere  and the  blown film i s p u l l   e d   i n   t h e   f o r m   o f  a tube   t o   t he   bu i  1 d- 

i ng c e i l i n g   t o   a l l o w   c o o l   i n g   b e f o r e  it i s   f l a t t e n e d  and r o l l e d   o n t o  a 

sp ind le.   Ext ruders  o f   vary ing  d iameters  are  used  to   produce  d i f ferent  

diameter  tubes. 
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D i r e c t  Feed  from 
Polymer Si los 7 

To Roller8 - 

Polymer  Feed and 
A i r  Flow Control  

I 

Alr Flow 

. E l e c t r i c   H e a t l n g  
and  Extruder  Dies 

Co i ls  

FIGURE 10.2 P O L Y E T H Y L E N E   T U B E  FILM EXTRUDER 
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10.4  Inking and P r in t ing   o f  the Bags 
Metal plates  for  the p r i n t i n g  machines are manufactured in etch- 

i n g  rooms.  Acid ba ths  are used to  clean and etch  the  plates  before use on 
the machines. Print machines apply the i n k ,  and solvent vapors are vented 
t o  the atmosphere. 

10.5 C u t t i n g  and Punching of Bags 
Plast ic  bags are  cut us ing  a heat  sealing  knife edge  which cuts 

the bags and seals one end. Some of the bags require  the punching of holes 
for hand1 es  or  air   circulation. The punchouts are  sent for regrind and 
recycle i n t o  dark colored  garbage  bags. The heat  sealing produces  poly- 
ethylene vaoours which are a1  lowed to   r i se  and usually  are n o t  d i rect ly  
vented b u t  escape to  the atmosphere  through b u i l  d i n g  a i r   c i rcu l   a t i  ons. 

Cuttings from the  extruder, bag l ines  and off  specification film 
are  sent t o  a regrind  area  for  recycle. The reground material  (see P1 a te  
10.1) i s  Digmented w i t h  dark  green or black  pigments and used to  make gar- 
bage bags or dark plast ic  film. If  the  scrap  cannot be reused i t  i s  sold 
as scrap  to  recyclers a t  20-30 d / k g .  Only extremely dirty  scrap i s  sent t o  
l a n d f i l l .  

10.6 Disposal of Waste Products 
The estimated wastage of 22 100 kg/y of polymer i s  expected to  be 

a h i g h  value  as  recycle  practices by the companies are extremely good. 
Components i n  the sol i d  waste would include  the  following  estimates. 

TABLE 10.2 ESTIMATED AMOUNTS OF MATERIALS WASTED IN THE FLEXIBLE FILM 
INDUSTRY OF BRITISH COLUMBIA 

- polymer 
- slip agents - antibl ock agents 
- i n k  sol ids  
- pigments including  carrier  resin 

22 100 kg/yr 
3 110 kg/yr 

110 kg/yr 
466 kg/yr 

1 105 kg/yr 
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PLATE 10.1: REGROUND POLYETHYLENE FOR RECYCLE TO GARBAGE BAG 

PRODUCTION 
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10.7 Consumption of Pigment 
The estimated consumption o f  847 000 kg o f  pigments i s  expected 

t o  be a high value and includes 80% to 85% carrier  resin which is  usually 
polyethylene. The active amount o f  pigmenting agent i s  127 050 kg/y t o  
169 400 kgly. These  pigments are  rated as food grade and are color  fast 
(see Chapter 14.0 re: pigmenting agents). 
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11 .o POLYESTER RESIN FABRICATORS 

Fabr ica tors   o f   po lyes ter   res in   p roduc ts  f i t  i n t o  two  categories: 

I 

m 

I 

1 )   F i l l   e r  based res in   p roduc ts  

2)  F iber   re in fo rced  a r t i c les   (g lass ,   g raph i te ,   e tc . )  

Forty-one  f i rms hand1 i ng  these  material s were i d e n t i f i e d   i n  

B r i t i s h  Col umbia. The products  produced  incl ude souveniers, games, a i r -  

c ra f t   warn ing   dev ices ,   mar ine   f loa ts ,   t ruck  body parts,   t ruck  canopies,  

bathroom  f ix tures,   indust r ia l   tubs,   tanks,  and co r ros ion   res i s tan t   p ip ing ,  
boats and d isp lay  shelv ing,   e tc .  The major consumers o f   r e s i n  were bath- 

room f i x t u r e s   ( t u b s  and hot   tubs) ,   corros ion  res is tant   equipment   for   the 
pulp,  paper and chemical   industry and truck  bodies.  

11.1 Product ion   o f   F i l le r   Re in fo rced  Po lyes ter   Res in   Produc ts  

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

1 ook 1 i ke  marble,  or  stone  products. Some fill e r  based  products may use a 

so l   i d   co lo red   ge l   coa t   su r face .  
F a b r i c a t i o n   o f  a po l yes te r   un i t   beg ins   i n   t he   ge l   coa t i ng   a rea .  

The a r t i c l e   ( i n   t h i s  case a b a t h   t u b )   i s  formed  from a prepared  mold  which 

i s   f i r s t   t r e a t e d   w i t h  a mold  release  agent such  as a p a r a f f i n i c  wax or 
s i1  icone  spray.  A po lyes ter   "ge l   coa t "   pa in t  i s  spray  appl ied  to   the  mold 
i f  a s o l i d   c o l o r   i s   r e q u i r e d .   S p r a y i n g   i s  done i n  a negative  pressure 

spray  booth  which f i l t e r s   t h e  blow-by and d i s c h a r g e s   a i r   t o   t h e  atmosphere. 

When the  ge l   coat  i s  dry, a pas te   o f   po l yes te r   res in ,   cu r ing   ca ta l ys t  and 
powdered c a l   c i  um carbonate f i 11 e r  i s mixed. A1 umi num tri hydrate may a1 so 
be added as a f i  11 er .  The paste i s  appl i e d   t o   t h e   m o l d   m a n u a l l y   u n t i l  a 
t h i c k n e s s   o f  1.75 t o  3 cm i s  obtained. I f  a m a r b l e   e f f e c t   i s   t o  be 

achieved  then a ge l   coa t   pa in t   i s   no t   necessa ry  and a f i r s t   l a y e r   o f   r e s i n  

s t reaked  wi th   p igment  i s   a p p l i e d   t o   t h e  prewaxed  mold. The c a s t i n g   i s  

a l lowed  to   cure  for   severa l   hours,   a f ter   which i t  i s  removed from the  mold 
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TABLE 11.1 MATERIALS CONSUMED I N  THE POLYESTER RESIN FABRICATION 
INDUSTRY OF BRIT ISH COLUMBIA 

MATER I AL S 

Polyester   Resin  (c lear)  
Gel coat  Resins  (Pigmented  resin) 
S i l i c a  based f i l l e r  
Cal c i  um Carbonate  based f i  11 e r  
Hydrated A1 umi num based f i 1 1 e r  
T i   t a n i  um d i   o x i  de pigment 
I ron  ox ide  p igments 
M isce l l  aneous pigments 
Antimony  oxide f i r e   r e t a r d a n t s  
Acetone 
Styrene monomer 
Acry l  i c sheet 
Polyurethane  (expanded  form) 
Pol   yethy l  ene 
Methyl-ethyl   ketone  peroxide 
Dimethyl  anal  ine 
Cobalt  napthenate 
Methyl ene c h l   o r i  de 
Sol i d  Waste ( i n c l u d i n g  non po lyes te r  

mater i  a1 s )  

ESTIMATED CONSUMPTION* 

2 130 000 1 /y 
176 000 7 /y 

230 kg/y 
245 000 kg/y 

16 200 kg/y 
5 200 kg/y 

100 kg/y 
1 225 kg/y 

40 kg/y 
114 000 1 /y 

59 500 1 /y 
700 971  kg/y 

50 400 kg/y 
91 000 kg/y 
17 250 1 /y 

820 kg/y 
3 260 kg/y 

17 860 l / y  
14 000 m3/y 

and  p repared  fo r   f i t t ings  and  attachments.  This may i n v o l v e   c u t t i n g  and 

gr ind ing  which i s  done i n  a booth   w i th  a f i l t e r e d   a i r   r e c i r c u l a t i o n  system. 

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

po lyes ter  used f o r  domest ic  appl icat ions i s  based on an o r t h o p h t h a l i c   r e s i n  

t h a t   i s   r a t e d  as a genera l   purpose  res in   that   prov ides  on ly  minimum corro-  

s ion  res is tance  a t   moderate  temperatures  (21) .   ( In   o ther   phthal ic   ac id  

based res ins   t he   ca rboxy l i c   ac id   g roup   i s   on l y   separa ted   by  one carbon). 

m 
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11.2 Gel Coat S w a y  Area 
Gel coat spray appl ication i s  done i n  a spray booth which  f i  1 ters 

the exhaust a i r  and discharges i t  t o  the atmosphere. The exhaust a i r   i s  
l i k e l y  t o  be h i g h  i n  styrene monomers which have volatilized from the 
aspirated  resin  (see P1 ate 11.1) 

11.3 Resin Mixinq Area 
Resin blending i s  done on a batch basis by adding measured 

amounts of raw materials t o  an open mix ing  t u b .  Styrene monomer  fumes are 
released from the l i q u i d  styrene (used as a t h i n n i n g  agent i n  the polyester 
resin) which  i s  poured i n t o  the t u b .  These  fumes are vented directly t o  
the atmosphere by vents and/or fans. Powdered calcium carbonate,  si1 
a luminum trihydrate  is a major source of dust due t o  manual handl ing 
the weighing and b lend ing  process. Hand1 i n g  practices  result i n  spi 1 
which  can contaminate the workers clothes and escape the b u i l d i n g  by 
reintroduction i n t o  the air  and traffic through the work area. The f 

ica  or 
during 
1 age 

i l l e r  
compounds are  relatively innocuous and do not present a major  environmental 
hazard. They are  usually contained on p lan t  property and none of the sites 
visited showed any signs of contamination of storm water runoff. 

11.4 Mol d i n g  Area 
The polyester paste is  a p p l i e d  by hand t o  the mold and allowed t o  

cure. Waste produced i n  this area i s  spi 11 ed or excess resin, and styrene 
fumes evaporating from the curing paste. The waste  produced is  limited t o  
several kilograms of unused resin per shift and i s  disposed w i t h  general 
refuse t o  l a n d f i l l .  After the resin i s  used the material i s  extremely hard 
and durable and not  subject t o  leaching. The vulnerability t o  ultraviolet 
degradation has n o t  been determined however as the material i s  sent t o  
l a n d f i l l  i t  is  expected t o  be covered and thus no t  subject t o  this form of 
decay. The amount of pigmenting  agent is  less than 0.01% and i s  fixed i n  
the polymer. 

, .  
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P L A T E  11.1: GEL  COAT  SPRAY  BOOTH  WITH A I R   C L E A N E R   F I L T E R S  

P L A T E  7.2: DUST  GENERATED AND COLLECTED I N  A GEL  COAT  GRINDING 

ROOM 
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11.5 Gri n d i  na Booths 
The cured  product is  sent t o  a finishing and grinding booth where 

edges are smoothed for appearance or attachment of fittings. Grinding 
produces a fine  flour 1 ike  dust which is  filtered from the air  by an air  
pu r i ty  system ( P 1  ate 11.2) . The end wall o f  the grinding room i s  a honey- 
comb g r i d  f i l t e r  system t h a t  traps the dust and recircul  ates the air  t o  the 
front of the booth for reuse.  Periodic cleaning of the dust traps and 
sweeping the floor i s  required t o  main ta in  f i l t e r  room efficiency. The 
dusts  are disposed t o  l a n d f i l l .  

11.6  Acetone  Use and Storage 
Mixing and material handling equipment i s  washed w i t h  acetone 

solvent w h i c h  softens or dissolves the resin,  often producing a sludge. 
The sludge i s  disposed t o  an outdoor area t o  a1 1 ow the volatile acetone t o  
escape and the sludge t o  sol i d i  fy . Depending on the volume  produced (which 
i s  usually only a few k i  1 ograms  per day) the sol ids are disposed 
periodically t o  l a n d f i l l .  

11.7 SDil 1 and Fire Hazards 
Spills of several l i t e rs  or  kilograms of resins and dusts occur 

regularly and are  easily contained and cleaned up.  The styrene monomer i n  
the polyester  resin i s  h i g h l y  flammible, k e p t  from  open flames and usually 
stored outdoors i n  a metal shed. Ventilation of the  buildings prevents 
concentrations from reaching explosive limits. 

Handling large amounts of powdered f i l l e r  creates frequent spills 
of dust w h i c h  contaminate the work area floor. The majority of this con- 
taminat ion is  restricted t o  the paste blending area. Other than this dust 
formation, there i s  no great problem i n  dust control and most companies 
have instal 1 ed f i l  ter systems i n  the grinding areas. No water i s  used in 
the p l a n t  area,  there  are no floor  drains, and domestic consumption or leak 
testing  are the only uses. 
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11.8 Fiber  Reinforced  Polyester  Resin  Products 

The fou r   f o rms   o f   g lass   f i l amen t   used   f o r   f i be r   re in fo rced   po l y -  

ester   products   are mat, woven, s t rand and  chopped s t rand  f i l aments .  
Depending on the   s t ruc tu ra l   i n teg r i t y   requ i red   by   t he   f i n i shed   p roduc t   t he  

f i b e r / r e s i n   r a t i o   o r   c o m b i n a t i o n   o f   f i b e r s  and type  o f   res in   can   vary .  The 

two  bas ic   p roduc t ion   techn iques   invo lve :   a )   over lay   o f   f iber  on a mold 

fo l lowed  by  saturat ion wi th r e s i n ;   b )   p r e s a t u r a t i o n   o f   t h e   f i b e r   f o l l o w e d  

by  f i lament   wind ing  or   chopping and spray  appl   icat ion . 
11.9 Over1 ay Resin  Appl i c a t i o n  Technique 

Products such as a i r  and marine  warning  devices,  telephone cab1 e 

protect ive  cases,   d isp lay  tab les,   furn i ture,   boats ,   automot ive  bodies,  and 
c e r t a i n   t a n k s  use  overlay  techniques. Some  may require  spray  techniques i n  
a d d i t i o n   t o   o v e r l  ay . I n  a1 1 cases  the  mold  (eg. a boat)  i s   p r e t r e a t e d   w i t h  

a mold  release  agent such as p a r a f f i n  wax o r   s i l i c o n e .  A l a y e r   o f  pigmen- 

ted   po lyes ter   (ge l   coa t )   i s   b rush   o r   spray   pa in ted   on to   the   mo ld .  Gel 

c o a t i n g   i s  done i n  a negat ive  pressure  booth and fumes are   ven ted   to   the  

ambient a i r .  Some f i r m s   f i l t e r   t h e   a i r   b e f o r e   d i s c h a r g e .  

A g l a s s   f i b e r  mat i s   a p p l i e d   w i t h   s e v e r a l   c e n t i m e t e r s   o f   o v e r l  ap 

over  the edge o f   t h e  mold.   Polyester   res in  i s  poured,  brushed o r  spray 

a p p l i e d   t o   s a t u r a t e   t h e  mat.  Spiked r o l l e r s   a r e  used t o  work the  bubbles 
ou t   o f   t he   res in   t o   p roduce  a so l  i d  film. Consecutive 1 ayers  are  appl   ied 

un t i l   t he   app rop r ia te   t h i ckness   i s   ach ieved .   S ty rene  monomer evaporates 

f rom  the   res in   du r ing   t he   app l i ca t i on  and cur ing  process and i s  vented 

d i r e c t l y   t o   t h e  atmosphere.  Curing i s   u s u a l l y   a c h i e v e d  by a d d i t i o n   o f  a 

f ree   rad ica l   genera t ing   perox ide  such  as  methyl  ethyl  ketone  peroxide. The 

reac t i on   i s   exo the rm ic  and d r i ves  o f f  styrene monomer u n t i l   c u r i n g   i s  com- 

p l   e t e .  The excess  overl ay i s   c u t  f rom  the   f in ished  p iece   us ing  saws and/or 

g r ind ing   d isks .  The c u t  edges are  trimmed and pol  i shed us ing  gr inders,  

sandpaper o r   f i l e s .   C u t t i n g  and g r i n d i n g   i s   g e n e r a l l y  done i n  an  open 

b u i l d i n g  and f requent ly   ou t  o f  doors on the   p lan t   ya rd .   Th i s  can  generate 

a l a r g e  amount o f   res in   dus t   wh ich   sp reads   i n   t he   bu i l d ing ,  on the  yards 

L 

I 
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and i n  a majority of cases beyond the p l a n t  property. The structural 
resins contain corrosion inhibiting formulations incorporating chlorinated 
acids or anhydrides and may use organotin initiators which  are  priority 
chemicals. The concentration of organotin is  less t h a n  0.02% by weight  and 
would be released i n  trace quant i  t ies w i t h  the dust. The organot in  i s  
fixed in the resin matrix and environmental availability would be deter- 
mined by leachability from the resin. The surface area/weight ratio  for 
the dust particles  is very h i g h  which  would a i d  i n  the degeneration of the 
resin by ultraviolet  radiation as i t  l ies exposed on the ground. The rate 
of degeneration of the polymer and release of organotin i s  not known. 
Leaching from dust i s  expected t o  be the major source of organotin com- 
pounds released t o  the environment  from the polyester  resin  industry. The 
amount released i s  expected t o  be trace  quantities which  would be 
determined by future sediment and storm  water  sampling techniques. 

11.10 Filament Wound and Chopper Spray Applied  Resin 
Filament wound articles include large diameter corrosion resis- 

t a n t  tanks and p i p i n g  for sewer lines, chemical process, and the p u l p  and 
paper industries. There i s  l i t t l e  wastage of resin i n  this app l i ca t ion  
method as feed rates  are slower and depend on regular incremental layers of 
resin soaked filaments wound on a spindle. Edge finishing produces a small 
amount of dust and cuttings w h i c h  are disposed t o  l a n d f i l l .  A small amount 
of resin is  lost during startup and finish of the winding process and i s  
limited t o  a few kilograms  per appl ica t ion .  Heat lamps are sometimes  used 
t o  promote curing of the resin and drive off styrene which i s  vented 
directly t o  the atmosphere. 

Spray applied resins involve the use of pressure feed or 
compressed air  t o  force the resin i n t o  an in l ine  manifold.  The glass f i l a -  
ment i s  fed into the resin stream and c u t  i n  lengths  several  centimeters 
long. The pressurized resin  coats  the  filament and sprays i t  onto the 
mold. This technique produces the largest amount of waste  due t o  over- 
spray. Chopper spraying i s  done in negative pressure booths w h i c h  f i l t e r  
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t h e   a i r  and exhaust it t o   t h e   o u t s i d e .  A l a r g e r  volume o f   s t y rene  monomer 

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

The a s p i   r a t e d   r e s i n   v o l   a t i l   i z e s   t h e  monomer qu icker  and  workers  are 

r e q u i r e d   t o  wear breathing  apparatus. One o f   t h e   f a c i l i t i e s   v i s i t e d   i n   t h e  
Kel owna area  had v i r t u a l l y  no a i r   c i r c u l a t i o n   i n   t h e   s p r a y   a p p l   i c a t i o n   a r e a  

and the  atmosphere was e x t r e m e l y   d i f f i c u l t   t o   b r e a t h .  Spray  appl i c a t i o n  

techniques  produce  equal   or   larger amounts o f  waste trim as those  using 

matted  glass. The f l o o r s   i n   t h e  chopper  spray  areas  are  covered i n  paper 

o r   cardboard   sheets   p r io r   to  a s h i f t .  The sheets  are  used t o   c o l l e c t   t h e  

oversprayed  strands  of  resin  soaked  glass  f i lament.  Depending on the  pro- 

d u c t i o n   a c t i v i t y   t h e   f l o o r   c o v e r i n g s   a r e   r e p l  aced da i l y   o r   week ly .  A 1 ayer 

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

r e p l  acement. Th is   res in   i s   d isposed  a long  w i th   genera l   was te   to   land f i  11 
and i s   n o t   s u b j e c t   t o   t h e   e x p o s u r e   t o   u l t r a v i o l e t  1 i g h t   t h a t   g r i n d i n g   d u s t  

i s .  

The produc t ion   o f   ho t   tubs ,  and other   bathroom  f ix tures  requi res 
the  use o f   po lyure thane foam insu la t ion .   Hot   tubs   a re  formed  from s o l i d  

acry l ic   sheets   which  are  impor ted  f rom  the  Uni ted  States.  The sheets  are 

e l e c t r i c a l l y   h e a t e d  above the   g lass   t rans i t ion   tempera ture  and then vacuum 

formed t o  a precast  mold. The a c r y l i c   s h e e t   i s   b r i t t l e ,  and s t r u c t u r a l  

i n t e g r i t y   i s   i n c r e a s e d  by spray   app l   i ca t ion   o f   po lyes ter   res in .  

Polyurethane foam i s  spray  appl ied as an i nsu la t i ng   l aye r .   Oversp ray   i s  

the  main  source  of  waste. 

I 
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12 .o RUBBER PRODUCT HANDLERS AND PRODUCERS 

A wide  range o f   a r t i c l e s  can  be c l a s s i f i e d  as rubber,  ranging 

f rom  hard ,   h igh ly   c ross l inked  mater ia ls   fo r  bumpers to   l ow   su lphu r   e las to -  

mers capable o f   reversab le   ex tens ions   o f   over  700%. One hundred  and  seven 

f i rms  hand l ing   o r   manufac tur ing   w i th   rubber   p roduc ts  were i d e n t i f i e d   i n  
B.C. These were c l a s s i f i e d   i n   e i g h t   c a t e g o r i e s  as l i s t e d   i n  Table  12.1. 

The ma te r ia l  s and estimated  vol umes used  are 1 i s t e d   i n  Tab1 e 12.2. 

TABLE 12.1 TYPES  OF FIRMS  HANDLING RUBBER MATERIALS I N  BRIT ISH 
COLUMBIA 

Warehouse d i   s t r i   b u t o r s  
Foam Rubber  Uphol s te rers /Reta i  1 e r s  
C u t t i n g  and Pressing  rubber stamps 
Col d bonding 
Autoclaving  and  forming ( t i   r e s )  
Autoc lav ing and forming  (machi  nery) 
Forming  rubber  products 
Rubber formulators  

+ 

" 

c 

NUMBER OR FIRMS 

23 
7 
46 
8 
3 
6 
4 
3 

12.2 Warehouse D i  s t r i  butors/Uphol  sterers/Rubber Stamp Manufacturers/ 

Col d Bondi nq 

Warehouse d i s t r i b u t o r s   i m p o r t  and d i s t r i b u t e  raw, semi- f in ished 

and f in ished  rubber   p roduc ts   to   indus t ry  and  consumer o u t l e t s .  The bu lk  

rubber   mater ia l  s are  shipped i n   p o l y e t h y l e n e  packaged  containers and  bags. 
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TABLE 12.2 MATERIALS CONSUMED I N  THE RUBBER INDUSTRY OF BRIT ISH 
COLUMB I A 

MATERIALS 

Rubbers 
N a t u r a l  Rubber 

Styrene  Butadiene Rubber 
Polychloro  Butadiene Rubber 
Acryol i tril e Butadiene Rubber 
Poly  Butadiene Rubber 
Polyurethane Rubber 
Urethane  Resins 
Poly  Ethylene 
Poly  Propylene 
M isce l l  aneous  Rubber mix tu res  

P1 a s t i c i   s e r s  
Di-n-Butvl-Phthalate* 
Di-Octyl-Phthal  ate* 
Acry l  ami no D i  a r y l  D i  s u l   f i d e  
Butyraldehyde 
Napthenic Oil 
A1 i p h a t i  c Hydrocarbon 
Rape  Seed Oil (Vu1 cani  sed) 
Vu1 cani  sed  Vegetabl e Oi 1 
Petroleum Wax 
Stear ic   Ac i  d 

Vu1 cani   sers  
S u l f u r  
Benzothi  azyl 
Mono o r   d i -Pen tae ry th r i   t o1  
N-N 'm-Phenyl ene Dimal  eimi de 
1 ,2-Di hydro-2,2  ,4-Trimethyl  Qui no1 i ne 
Di-8-Napthyl-P-Phenylene Diamine 

React ion  Catalysts 
Stannous  Octoate 
D i  cumyl Peroxide 
Ami ne Cata lys ts  
2,4 or 2,6 Toluene  Di isocyanate 

ESTIMATED ANNUAL CONSUMPTION 

< 760 000 kg/y 
< 2 060 000 kg/y 

< 10 000 kg/y 
< 15 000 kg/y 

< 5 000 kg/y 
< 350 000 kg/y 

< 22 000 kg/y 

< 2 000 kg/y 

< 800 kg/y 
< 1 500 kg/y 

< 100 kg/y 
< 100 kg/y 

< 2 800 kg/y 
< 100 kg/y 
< 300 kg/y 

< 1 200 kg/y 
100 kg/y 

< 150 kg/y 

< 16 000 kg/y 
< 100 kg/y 
< 100  kg/y 
< 120 kg/y 
< 120  kg/y 
< 270 kg/y 

< 400 1 /y 
< 500 kg/y 
< 650 l / y  

< 175 000 l / y  

CONTINUED.. . 
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TABLE 12.2 MATERIALS CONSUMED I N  THE RUBBER INDUSTRY OF B R I T I S H  

(Continued) 
COLUMBIA 

I I MATER I AL S I ANNUAL CONSUMPTION I 
Sol  vents 
aethyl ene Chl or ide*  

To1 uene 
Naptha 
Propylene  Glycol 

< 3 500 1 /y 
< 8 700 1 /y 

500 l / y  
< 500 000 l / y  

Metal 1 i c Soaps 
Lead Surfactants  (Napthenates) < 6 000 1 /y 

Resins 
P h e n o l  i c Resi n 

M i  s c e l l  aneous Hydrocarbon  Resin 

< 500 kg/y 
< 1 200 kg/y 

Bonding  Agents 
1,3-Butyl  ene-Glycol  -Dimethacryl  ate 

300 kg/y A c r y c l i c  Monomer 
< 1 000 kg/y  Tetrahydro  Furfuryl   "ethacrycate 
< 2 000 kg/y Tri-methylol-Propane-Trimethacrylate 

< 100 kg/y 

EPOXY 300 kg/y 

Pigments 
Carbon  Black 
I r o n  Oxide ( red)  (Fez0 ) 

< 1 000 kg/y 

1 600 kg/y T i   t a n i  um D i  o x i  de 
< 500 kg/y Magnesium Oxide  (tan) MgO Fez031 

< 1 000 kg/y 7 

F i l l   e r s  
B a r y t e s  (C1 ay 1 

C 1  ay 
Si1 i ca   S i02  
Alumina Clay (ALzO3 Si021 
Glass  Shot 

< 1 200 kg/y 
< 6 000 kg/y 

< 20 000 kg/y 
< 5 000 k g l y  
< 4 000 kg/y 

(E) = Est imated maximum value,  actual  value i s  expected t o  be lower  
* = Environmental  Contaminants  Act  priori ty  chemical 
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Upholsterers and retailers of foam rubber (generally polyurethane  based) 
produce such things as cushions, pillows, furniture and upholstered items. 
Waste foam i s  cut and recycled as f i l l  for  pillows, toys, and soft 
articles. A negligible amount of waste  rubber i s  produced and included 
w i t h  miscellaneous waste sent t o  l a n d f i l l .  

Rubber  stamp manufacturers for business stamps, letterhead and 
printing  roll  ers and 1 abel s may use vu1 caniz ing  processes, however the 
majority c u t  prefabricated,  finished polymer and imprint the required 
designs using a h o t  press method. The average  rubber stamp manufacturer 
wastes 1 ess t h a n  100 kg/yr,  usually 20 t o  30 kg.  

Cold bonding  manufacturers cut and glue prefabricated rubber 
sheets i n t o  useful articles such as c lo th ing ,  scuba diving/survival 
equ ipmen t  and miscellaneous consumer goods. 

A1 1 o f  these firms are small and recycle as much as possible due 
t o  the h i g h  costs of the polymer. 

12.3 Forming and Autoclaving Rubber (Tires) 
Tire recycling i s  one of the largest consumers of raw rubber i n  

the region. In  excess of 1 600 000 kg of Styrene Butadiene Rubber (SBR) 
and Natural Latex Rubbers ( N L R )  are consumed annually. Used t ires are 
separated i n t o  three  categories, those suitable  for  retreading, those for 
recycle i n t o  bumper material s for use a t  marine  docks and 1 ow-grade t i  res 
used for burning and 1 a n d f i l l  . 

Remanufacturing o f  tires requires t h a t  the o ld  tread be c u t  or 
ground off t o  produce a new clean  surface sui table  for bonding  ( P 1  ates 12.1 
and 12 .2) .  The grindings can be recycled and approximately 1 500 000 kg/yr 
are produced and sold for  recycle i n t o  other products. The SBR rubber 
retread may require steam heating t o  complete vu1 cani zation after i t  i s  
bonded t o  the t ire.  Some plants mill their own rubber t o  produce the 
required blend  however  most faci l i t ies  use  preblended  polymers. 

m 

IC 
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P L A T E  12.1: ( l e f t )  
RUBBER 

G R I N D I N G S  

FROM T I R E  

TREADS 

~ 

PLATE 12.2: ( b e l  ow) 
RUBBER 

G R I N D I N G S  

FOR 

RECYCLE 
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12.4 Forming and Autoclaving Rubber ( t o  Machinery) 
P u l p  and paper machine rollers, min ing  equipment and machinery 

t h a t  handles slurries, conveys  rock and gangue materials,  require pumps, 
p i p i n g  and conveyor  systems t h a t  are  rubber lined. The replacing of rubber 
linings and production of new equipment  consumes approximately 800 000 kg  
of SBR and natural rubber  combined. Some manufacturers also produce 
polyurethane pump parts such as impellers and housings. 

12.4.1 Metal Cleaning. Metal parts must  be cleaned t o  white metal 
before refinishing  (ie.  free of any oxides,. rubber, p a i n t  or scale). Sand 
or metal spheres (micro ba l l  bearings) are used as  abrasives i n  compressed 
air  b l a s t i n g  of the metal part. I f  metal spheres are used these can  be 
recycled by separation i n  a cyclone w i t h  abraded dusts removed i n  a secon- 
dary cyclone/fi 1 ter  u n i t .  The residues which  are comprised o f  rubber d u s t ,  
p a i n t ,  oxides and dir t  are disposed t o  landfill. An estimated 572 000 kg 
(72%) of the rubber consumed i s  eventually disposed t o  l andf i  11 while 
228 000 kg (28%) is   los t  through wear d u r i n g  the service l i f e  of the 
machinery . 
12.4.2 Rubber Formulation. Raw natural rubber is  shipped i n  slabs 
wrapped i n  polyethylene. (Rubber which  i s  p a r t i a l l y  preformulated ie. 
mil 1 ed w i t h  the a d d i t i o n  of sul fur and carbon black is  coated i n  t a l c  t o  
prevent sticking of the prevulcani sed  polymer. 1 The rubber slabs  are 
cleaned, weighed and then  fed i n t o  a blending m i  11. The mil 1 s consist of 
two steel  rollers which  press and tear the slabs between them. 

A blend of additives is dry  mixed and poured i n t o  the m i  11. A 

dust collection hood vents dusts t o  the outsi-de. The  end  use of the rubber 
determines the degree of crossl i n k i n g  required and the agent used. 
(Usually sulfur based (141.1 Tables 12.3 and 12.4 l i s t  typical formula- 
tions which may be used. 
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PLATE 12.3: RUBBER BLENDING  MILL  
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PLATE 12.4: STEAM  AUTOCLAVE  FOR  RUBBER PARTS 
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TABLE 12.3 NATURAL RUBBER VULCANIZATION AGENTS 

USE 

T i  r e  Treads 

Foot  Wear 
i .e.  shoe heal  

81  ack Mechanical  Parts 

i .e. gaskets, 

r o l l e r s ,  1 in ings ,  

seal  s 

PARTS/100 

0.5-0.7 

0.5-0.7 

1.75-2 - 7 5  

0.5 

o r  1.0 

3 .O 

0.2 

o r  0.2 

o r  0.2 

o r  

VULCANIZATION AGENT 

N-cycl  ohexyl  -2-benzothi azo1 e-sul  fenami de 
(C.B.S.) (14) 

N-tertbutyl-benzothiozole-sulfenamide 
(NBBS (14) 

Sul f u r  (14) 

benzoth i   anzy l   d i   su l   f ide  (MBTS) (14) 

diphenylguanidine (DPG) (14,  16) 

s u l f u r  
~~~ 

T e t r a m e t h y l t h i u r a n   d i s u l f i d e  (TMTD) (14) 

z inc   d imethy l   d i   th iocarbonate  (ZMDC) (14)  

t e t r a e t h y l t h i u r o n   d i s u l f i d e  (TETD) (14) 

DPG (16) 
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TABLE 9.4 STYRENE BUTADIENE RUBBER ACCELERATORS AND VULCANIZING AGENTS (14)  

I USE 

I Hard Rubber Compounds 

PARTS/100 

1.20 

and 1.75 
or 

0.90 

and 0.15 

and 0.30 

1 .oo 
and 0.20 
and 2.0 

1 .5  

0.3 
2 .o 

or 
0.5 

0.3 
2 .o 

or 
0.2 

3.0 

2.0 

45 

ACT1 VE AGENT 

N-tertbutyl-benzothiozole-sulfenamide 
(TBBS 

Sul fur 

CBS 

TMTD 

B I K  

TBBS 

tetramethyl thiuram monosul fide (TMTM) 

sulfur 

MBTS 

DP G 

Sul fur 

MBTS 

Copper - 
Sul fur 

dimethyldithiocarbonate (CuMDC) 

tetramethyl thiurian monosul fide 
sulfur 

butyraldehyde and aniline (B.A.) 

sulfur 
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I n  some cases  the  rubber i s  prebl  ended  and requ i res   t he   add i t i on  

o f   s u l f u r   p r i o r   t o   t h e   b o n d i n g  and heating  process. Many preblended  rubber 

mater i  a1 s which  are  shipped t o  B.C. a re   p rop r ie to ry  and the  manufacturer 

using  the  polymer does no t  know the  contents  but   purchases  the  mater ia l  

based on performance c r i t e r i a  produced by the  suppl   ier .  
Adhesives used t o  bond the  rubber   to   the  meta l   conta in   to1 uene, 

xylene,  methyl- isobutyl-ketone,  naptha,  varsols  and/or  other  petroleum 

based  sol  vents. 
I f  t he   pa r t s   a re   requ i red   t o  be f u e l  and o i l   r e s i s t a n t   t h e y  may 

c o n t a i n   t h e   f o l  1 owing p l   a s t i   c i   s e r s  , d i   oc ty l   ph tha l   a te ,   t r i c r ys l   phospha te  

( 1   i q u i d   e s t e r s ) ,  coumerone-indene ( c o a l   t a r   r e s i n s )  , or   po lymer ic   esters  

(14) .  

12.5  Polvurethane Foam Rubber Product ion 
Polyurethane foam (sponge)  rubber i s  produced by r e a c t i n g  2,4 o r  

2,6-tol  uene d i  i socyanate with a poly01 such as propylene  glycol  and a blow- 

ing   agent  such as t r i ch lo romonof l  uromethane.  Other  additives may inc lude 
stannous  octoate and  amine ca ta l ys ts ,  and various  pigments. 

I n   p o l y u r e t h a n e  foam p roduc t i on   t he   h igh   reac t i v i t y  and accessi- 

b i l i t y   o f   t h e  cyanate  groups  accounts f o r   i t s  use i n   r a p i d  polymer  forma- 

t i o n  foams. The cyanate  group i s   b e l i e v e d   t o  have an o s c i l l a t i n g   s t r u c t u r e  
as g i v e n  below. 

- +  + -  
R - N - C = O  - R - N = C = O  - R - N - C - 0  

R = carbon  chain  or  benzene 

N = n i t rogen  atom 

C = carbon atom 

0 = oxygen atom 

The unsymmetr ical   nature  of  

group i n  the 4 p o s i t i o n   t o  be s t a t i s t  

s t r u c t u r e  

the  

i ca l  
2,4-i somer a1 1 ows the  isocyanate 

1 y prone t o   r e a c t i o n .  The second 
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n 

0 

stage  invo lves  react ion wi th water and e v o l u t i o n   o f  CO2 gas. The exact  

mechanism has n o t  been d e f i n e d   b u t   i s   b e l i e v e d   t o  be  as fo l l ows  (1). 
H  H H H H  
I I 1 1 1  

I l l  
N=C=O + B: = H H H  

. (1) ti-C-H H- C- H + HO-C-C-C-OH 

N=C=O 

NUCLEOPHILIC CATALYSTS ( 3 )  

H-C-H 11 1 I I 
0 H H H  

H H H  
I l l  

N-C-0-C-C-C-OH -t B: 

I N=C=O 

H 
I H  H H H H H  

I I l l  H-C-H 
H-C-C-C-OH + B:,HO-C-C-C-O---B 

I 1 1 1  
H H H  H H H  

BASE CATALYSTS ( 3 )  + Q N=C=O N=c=o. 

Stannous  octoate i s  used  as  the  cata lyst   to   promote  po lymer iza-  
t ion.  Other  metal  catalysts  and  ethylamines will promote  the  react ions 

however o rganot i  ns are  the  most   h igh ly   react ive 

Propyl  ene g l yco l  and 1 i qui  d to1  uene-di i socyanate  are  usual l y  

s t o r e d   i n   t a n k s  on s i t e .  Tank s i z e  may exceed 20 000 1 and bo th   ma te r ia l s  

have  low  vapour  pressures  and  can be s tored i n  pressure  cont ro l led  vessels .  

The isocyanates   can   c rea te   tox ic  fumes i f  i g n i t e d  so t h a t  adequate f i r e  

p r o t e c t i o n   i s   r e q u i r e d .  

9.5.1 Foaming  Process. T i n  and  amine c a t a l y s t s   a r e   b l e n d e d   i n  

e x a c t   p r o p o r t i o n s   t o  promote  foam product ion.  The t i n  promotes  the  gel 

formation  which will t r a p   t h e  CO2 gas produced  by a water   react ion  which i s  

ca ta lyzed by the  amine. 4 s p e c i f i c   g e l   d e n s i t y   i s   r e q u i r e d  so t h a t   t h e  

foam will n o t   c o l l  apse  on i t s e l  f due t o  1 ack o f  ge l  1 i ng  (caused by t o o  1 ow 
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II 
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I 

a t i n  concentration).  High gel density i s  caused by excess t i n  creat ing a 
r i g i d  foam t h a t  does  not a1 1 ow expansion by the gas  before  the mixture i s  
f u l l y  polymerized.  Fluorocarbon  blowing  agents  are combined w i t h  C02 gas 
produced i n  the amine catalyzed  water  reaction  to  increase vapour pressure 
f o r  foam bubble  expansion. Lead soaps  (surfactants)  are used to  control 
surface  tension dur ing  bubble  formation. This provides a uniform bubb le  
s i z e  which can be cont ro l led   to  suit the end use of the foam. Small 
amounts of pigment ( a n  average  of 0.01% by volume) a r e  added prior t o  mix- 
i n g  t o  DrOdlJce colored foams. The mixture i s  blended i n  a multi-component 
header and injected  onto  the  paper lined slope of an expansion  channel  (see 
Figure 1 2 . 2 ) .  The  foam r i s e s  as i t  s l i d e s  down the  channel  into  the  shape 
o f  a large  loaf  or bun.  The in jec t ion   ra te  i s  usually  greater  than 45 
kg /min  ( 1 5 )  . The foam will  expand as  1 ong as  the polymer i s  p l a s t i c  
against   the  pressure of the  entrained  gas.  Typical foam dens i t ies   a re  
0.024 g/cm3 t o  0.045 g/cm3 (15) .  The  foam 1 oaves expand to  approximately 
1.5 m by 1.5 m i n  a continuous  flow  (see Figures 12.1 and 1 2 . 2 ) .  

The blocks  are then cut  by bandsaws in to  useful shapes w i t h  a 
trim excess of up t o  20% of the  block (15). This trim i s  cu t  in to  small 
pieces  for use as  pillow and upho l s t e ry   f i l l e r   o r  blended w i t h  urethane 
binder and formed into  carpet  underlay. 

12.5.2 Aging and C u t t i n g  of the Foam. The foaming reaction i s  exo- 
thermic and contains  residual  isocyanate fumes. The  fumes are  vented using 
h i g h  volume blower  fans ( u p  t o  1400 m3/min.) and i t  i s  es t imated   tha t   l ess  
than  1.5 kg/yr of isocyanate i s  discharged.  Concentrations of isocyanate 
greater  t h a n  0.02 ppm have not been detected (18). 

12.5.3  Environmental  Concerns (Fire Hazard) . Polyurethane foams are  
used i n  a wide variety of areas from bathroom sponges,  car, bed, and uphol- 
stery cushions  to  insulation. They are  flammable and cannot be used a s  
bui 1 d i n g  insulation  unless  they  are  coated w i t h  f i re   re tardant   mater i  a1 . 
When f u l l y  cured they are considered non t o x i c ,  insoluble i n  water and most 
sol  vents ( 15) .  
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S p i l l  containment  of  the TT)I would  be complicated i f  a f i r e  were 
to  occur.  TDI i s  highly  reactive  at  elevated  temperatures and emits toxic 
fumes on combustion.  Polyurethane foams are  combustible and emit carbon 
monoxide and hydrogen cyanide fumes when burn ing .  There is  a danger of 
spontaneous  combustion  of the molded foam i f  an excess of unreacted TDI i s  
present. 

12.5.4 Foam Additives.  Specific  precautions  should be noted for   the  
handling o f  the  chemicals used because of their   potential   detrimental  
qual i t i  es .  

12.5.5 Tert iary Amine Catalysts.  The amine ca ta lys t s  used to   reac t  
w i t h  the  water i n  the prefoamed mixture  are a1 so react ive w i t h  mucus mem- 
branes i n  the  eyes,  nose,  throat and l u n g s .  The eyes  are   par t icular ly  
susceptible and protective  goggles and respirators   are   required d u r i n g  
hand1 i n g .  Protective  clothing and gloves  should a1 so be worn t o  prevent 
contact  dermatit is .  

12.5.6  Organotin  Catalysts.  Little  information exists however these 
a re  ECA Driori t y  chemical s.  

12.5.7 Isocyanates. TDI i s  react ive and will produce C02 gas i f  
contaminated w i t h  water. Gas pressure b u i l d u p  i n  a closed  system must be 
monitored t o  prevent explosion. Thermal degradation will occur a t  tempera- 
tures  above 100-120°C and an uncontrolable  reaction can occur above 175OC. 
Isocyanate spil ls  may be counteracted by the  addition of basic  solutions 
such as  aqueous ammonia or  sodium carbonate ( 1 5 ) .  

Polyurethanes  are  combustible  (15) and a 1 arge  quantity i n  the 
form of expanded blocks,   cutt ings and packaged foams are  present i n  produc- 
t i o n   f a c i l i t i e s .  The foam blocks  are   cut  by bandsaw and some small chips 
and dusts a re  produced. This dust is  per iodical ly  swept up and disposed i n  
conta iners   for   l andf i l l .  Reasonable care i s  taken t o  prevent exposure  of 
the foam to  heat  sources. Once the  product i s  i n  the foam form there is  



- 91 - 

1 i t t l e   r i s k   o f  environmental  impact  except i n   t h e  case o f   f i r e .  A1 1 

f a c i l i t i e s   v i s i t e d   i n   B r i t i s h  Columbia c o l l e c t e d  and reused a l l   t h e  trim 

c u t t i n g s .  

12.6 Wastes Produced 

Wastes i n   t h e   r u b b e r   i n d u s t r y   i n c l u d e :  

a)  rubber  gr indings  f rom  custom  shaping  of  SBR and NLR t o  f i t  t i r e s ,  
machine p a r t s  and p ip ing ;  

b)   rubber   gr ind ings  f rom  o l  d t i r e s ;  

c )   g r i n d i  ngs  and  sand b las t ing   dus ts   wh ich   con ta in  sand, pa int ,   meta l  

oxides,  rubber; 

d)  steam  condensate  which may con tac t   t he   rubber   d i rec t l y ;  
e )   hyd rau l i c   o i l s   wh ich   a re   used   i n   p i s tons   o f   compress ion   mo ld ing  

machines; 

f )  t r imming  o f   po l   urethane foams  and so l   ids ;  

g) fumes du r ing   t he   exhaus t ing   o f   p lan t   a reas ,  steam  autoclave; 

h )   c u t t i n g s   o f   o t h e r  waste  rubbers. 

12.6.1 D isposa l   o f  Waste Rubber  Grindings. The rubber  dusts  pro- 

duced  from  the  custom  shaping o f  SBR and NLR are  recyc led,   d isposed  to  

l a n d f i l l ,   o r   i n c i n e r a t e d .   T a b l e  12.5 i d e n t i f i e s   t h e  methods o f  waste 
d isposal  . 
TABLE 12.5 DISPOSAL OF WASTE RUBBER PRODUCTS* 

DISPOSAL METHOD AMOUNT DISPOSED ( kg /y r )  

Landf i 11 d i  sposal 
Recycled  rubber 
I n c i   n e r a t e d  

190 000 
1 500 OOO** 

115  200 

*Estimated  value  based on r e p l i e s   t o  a ques t ionna i re  (See Appendix I )  
**An est imated 3 000 000 kg  o f   waste  rubber  i s  i m p o r t e d   f o r   r e c y c l e  
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TABLE 12.6 CHEMICAL OXYGEN DEMAND AND TOTAL  METALS SCAN OF WATER FROM 
THE SUMP OF A HYDRAULIC RUBBER PRESS 

ELEMENT TOTAL 
( u g h 1  1 

As 

.141 Mn 
Hg 

3.51 c u  
13.1 C r  

< .005 c o  

.082 Cd 

< .001 Be 

.03 Ba 

.016 B 

.08 

ELEMENT I (ug/ml)  
TOTAL 

Mo 
N i  

P 

Pb 
Sb 

Se 

Sn 
Sr 

T i  

< .005 

< .02 

16.4 

1.5 

1.3 

< .05 

1.77 
,142 

.037 

ELEMENT 

V 

Zn 

A1 

Fe 

S i  

Ca 

Mg 
Na 

.02 

5.86 

.2 

3.27 

7 .a 
26.6 

3.7 
149. 

Bu rne rs   used   f o r   i nc ine ra t i on   o f   was te   rubber   a re   equ ipped   w i th  a 

pr imary  furnace  and a n a t u r a l  gas a f te rbu rne r   des igned   fo r   comp le te  

combusti on. 

12.6.2 Disposal  o f  Waste  Water.  Water i s  used f o r   d o m e s t i c ,   b o i l e r  

and c o o l i n g   p u r p o s e s .   I n   m o s t   f a c i l i t i e s   w a t e r   i s   r e c y c l e d   i n  an i n t e r n a l  

c o o l i n g   s y s t e m   o r   d i s c h a r g e d   d i r e c t l y   t o  sewer.  The 1 3   f i r m s   i d e n t i f i e d   a s  

a c t i v e l y   p r o c e s s i n g   r u b b e r  consumed approx imat ly   15 m3/day f o r  s a n i t a r y  

(16)  and 58  m3/day as  steam  and  cool ing  water. Steam condensate  which 

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

water  i s  used i n   j a c k e t e d  systems  and  discharged t o   s t o r m  sewer  systems  as 

c lean  water.  
There i s  no   da ta   ava i l  ab1 e rega rd ing   t he   poss ib le   l each ing   f rom 

r u b b e r   m a t e r i a l s   w h i c h   a r e   i n   d i r e c t   c o n t a c t   w i t h   a u t o c l a v i n g  steam,  The 

I 

I 
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c 
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amount of e f f luent   subjec t   to   contac t  w i t h  rubber materials i s  extremely 
small i n  comparison t o  the overall  waste  water  flow i n  any of the  regions 
where these   f ac i l i t i e s   a r e   l oca t ed .  

Several f a c i l i t i e s  use  large  hydraulic presses t o  compression 
mold the  rubber. Oils used as  hydraulic f l u i d s  leak from the pistons and 
are   col lected i n  f loor  sumps or  contained by absorbant powders. Solid 
absorbants  are  disposed  to 1 andfi 11 and o i l   t h a t  i s  col lected i n  sumps i s  
sold for  recycle.  The oil/water  mixture i s  separated by the  recycler. A 

sample o f  water from a waste o i l  sump was analysed  for Chemical Oxygen 
Demand ( C O D  ) ~ ,  and t o t a l  metal s scan. The results a re  1 i sted i n  
Table 12.6. 
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13 .O RUBBER RECYCLERS 

Rubber r e c y c l i n g   i n   B r i t i s h  Columbia  focuses  on  reusing  automatic 

t i r e s .  The two  types  of   products  produced  are  marine bumper guards and 

f l o o r  mats. 

The marine bumpers are made by c u t t i n g  and s p l i c i n g   t i r e s  
t o g e t h e r   i n   c h a i n l i n k   f a s h i o n .  The l i n k s   a r e   t h e n  mounted t o   t h e  edges o f  

docks  by  metal  fasteners  or  chains. The amount o f   r u b b e r   r e c y c l e d   i s   l e s s  

than 1 000 000 kg/y. 

I n  excess o f  4 000 000 kg  o f  rubber i s   r e c y c l e d   i n   t h e   p r o d u c t i o n  

o f  f l o o r   c o v e r i n g s   f o r   a g r i c u l t u r a l ,   i n d u s t r i a l  and t ranspor tat ion  uses.  

A network has  been developed t o   c o l l e c t   t h e  waste  rubber  from 
automotive t i re  retreaders. The waste rubber i s  screened for  debris which 
i nc ludes   misce l laneous  so l ids  and metal t i r e   s t reng then ing   co rds .  The 

screened  rubber  shavings  are  then  ground and m i x e d   w i t h   s u l f u r  and a small 
amount o f  o i l .  The o i l   s o f t e n s   t h e   r u b b e r   b y   p a r t i  a1 sol v a t i o n  and the  

s u l f u r   a c t s  as the   vu lcan iza t ion   agent  and b inder .  The m i x t u r e   i s   p o u r e d  

i n t o  steam heated  trays  which  are compressed, heated and autoclaved. The 

mats  are  then  cut  t o  the   des i red  shapes w i th   the   t r immings   be ing   reground 

and recyc led  back i n to   t he   p rocess .  

n 
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1 4 . 0  POLYESTER RESIN, PIGMENT AND ADDITIVE DISTRIBUTERS 

Seven  major and  several minor distributers of polyester  resin, 
pigments and additive suppl iers were identified i n  the  Pacific Region. The 
major distrihuters are involved i n  mixing  and repackaging of specialty 
resins and gel coats while the m i  nor  ones may be involved i n  repackaging. 
The inventory handled includes  safety equipment, machinery, hand and power 
tool  s ,  and the chemical s requi red t o  produce  custom made polyester 
products. Table 1 4 . 1  l i s t s  the chemicals handled. 

1 4 . 1  Blending of Gel Coat Resins 
S u l k  gel coat  resins  are blended a t  f ive  faci l i t ies  using tech- 

niques similar t o  the pa in t  industries b u t  on a smaller  scale. Multi- 
horsepower blenders  are used t o  mix the  additives and viscous resins. 
C1 ear  resins  are pigmented w i t h  a base color which i s  usually t i t a n i u m  
dioxide. The base color i s  then tinted w i t h  several grams o f  pigment  per 
barrel of resin. "igments may be i n  the powder, paste or 1 i q u i  d form and 
are not  manufactured i n  the region. paste and concentrates  are blended 
using imported pigments. Some  powdered pigments require blending in ball 
mil 1 s before use. The mil 1 s may use  cool i ng water i n  a jacketed system 
before  discharge t o  a storm sewer. Resin mixing  i s  done i n  we1 1 venti - 
l a t e d ,  explosion  proof rooms w h i c h  are equipped w i t h  fans  t o  remove the 
styrene monomer vapours t h a t  volatilize from the  resin  diluent. Mixing i s  
done directly i n  the 200 1 barrel s or i n  vats for smal 1 er  orders. Most 
distributers repackage the  resins and gel coats i n  0.5 1 t o  45 1 containers 
for  retai 1 and industrial  sales. Exceptional care  is taken t o  recover all 
of the  resin from the  large drums by scraping  as  polyester  resin  costs  are 
as h i g h  as $800 .OO/drum (28). The empty drums are recycled t o  the b u l k  
suppl i ers . 

Epoxy resins  are blended a t  one location. The extremely high 
cost of 6700.00 t o  over $1000.00/drum ensures t h a t  there  is  essentially no 
wastage. The epoxy resins  are blended using similar techniques t o  
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polyester  resin w i t h  almost negligible fume production. They are then 
repackaged and distributed i n  0.250 1 t o  4.0 1 packages for consumer and 
specialty  industrial use. 

Polyurethane resins  are  also repackaged and distributed w i t h  
negl i g i  b l  e wastage. 

Acetone is  distributed and used as a solvent t o  clean mixing  
equipment as a base for  sundeck coatings. 

The spent acetone i s  grey i n  color and has a h i g h  polyester con- 
centration w h i c h  makes i t  suitable  as a solvent i n  exterior  polyester based 
coatings. Some waste acetone can also be sold for redistillation. Other 
products hand1 ed incl ude: 

- mold release  agents 
- promoters/catalysts 
- i norgani c p i  gments 
- organic pigments 
- f i  1 lers  and thickeners 
- solvents 
- putties 
- adhesives 
- pl  astici  sers 

14.2 Distribution of P r i o r i t y  and Candidate Chemicals 
Polyester  resins w h i c h  are  fire  retardant and chemical resistant 

are ha1 ogen based. They may be formul ated from HET (hexacl orocycl openta- 
diene)  acid or chlorendic anhydride. (These are n o t  ECA chemicals). 

E C A  chemicals w h i c h  are used include di-methyl aniline and 
Di-n-butyl phthalate. 

Promotors  based on di-methyl aniline or polyamides are repackaged 
i n  small quantities for  redistribution. Wastage would occur a t  the fabri- 
cation of FRP products and i s  expected t o  be negligible. 
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D i - n - b u t y l   p h t h a l a t e   i s  used a t  1 ess  than 4000 kg/yr  i n   t h e   p r o -  

d u c t i o n   o f   c o a t i n g s  used for   waterproof ing.   There i s   v i r t u a l l y  no 
wastage. 

Environmental   avai l   abi  1 i ty of these compounds i n   t h e   u n s o l  i d i  f i e d  

r e s i n  has no t  been determined  and  would  only  occur  dur ing  the  fabr icat ion 

o f  FRP products.  

TABLE 14.1 CHEMICALS  HANDLED BY RESIN SUPPLIERS AND DISTRIBUTERS 

MATER I AL 

Resins 
C)rthoph t h a l  i c Pol  yes t e r  
I soph tha l i c   Po lyes te r  
Chlorendic   Polyester  
B i  sphenol A fumerates 
V iny l   es te rs  
Furon 
A c r y l   i c  based 
Epoxy based 
Polyurethane  res ins 
Polyurethane  Spray foam 

Mold  Release  Agents 
SI 1 1 cons 
P a r t i n g  Wax 
Honey Wax 
Mold Whiz 

Promoters 
Cobalt  Napthenate 
Ant imony  Tr ioxide 
Ethy l   Acetate 
Methyl   ethyl   ketone  peroxide 
Dimethyl  ani 1 i ne 
Polyamides 

I s o p h t h a l   i c  Based  Gel Coat  Resins 
Piaments l  

ESTIMATED AMOUNT DISTRIBUTED 

1 500 000 kg/y  (E) 

60 000 k g l y  ( E )  
55 000 kg/y  ( E) 
50 000 kg/y ( E )  

36 000 kg   (E)  
5 500 kg** ( E) 

T i  t a n i  um d i   o x i  de 
Antimony  dioxide 

CONTINUED.. . 
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TABLE 14.1 CHEMICALS  HANDLED BY RESIN SUPPLIERS AND DISTRIBUTERS 

(Conti  nued) 

MATER I AL 

I s o p h t h a l i c  Based  Gel Coat  Resins 
P i  amentsl 
m e 1  1 ow 
Chrome green 
Carbon b l  ack 
Cadmi um r e d  
Ferrous  brown 
I r o n   b l u e s  
Molybdates 
Phthal  o greens 
Phthal  o b lues 
Others 

F i l l e r s  and  Thickeners 
G1 ass bubbles 
Aerosi  1 /Cabosi 1 ( S i  05 ) 
Tal c 
Hedmoni t e  (Si02, MgO based f i l l e r )  
M i  11  ed  Fibers 
A1 umi num f l  ake 
A1 umi num Oxide 
A1 umi num Hydroxi de 
Asbestos 
Wal nu t  She1 1 s 
Other 

Sol  vents 
Acetone 
Ethy lene  g lyco l  
Methanol 
Methyl ene Chl o r i  de 
Styrene 
To1 uene 

P u t t i e s  
Polyester based  body p u t t i e s  
Asbestos  based body p u t t i e s  

ESTIMATED AMOUNT DISTRIBUTED 

12 000 kg*** (E) 

130 000 1 (E) 

62 000 1 (E)  

4 600 kg  (E) 

l o v e r  one hundred  var ia t ions   o f   p ropr ie to r .v   fo rmula t ions   ex is t .  
**Total   inorganic  p igments  other  than  Ti02 - 

***Maximum tota l   organic   p igments CONTINUED.. . 
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TABLE 14.1 CHEMICALS  HANDLED BY RESIN SUPPLIERS AND DISTRIBUTERS 
(Cont inued) 

MATERIAL 

H ) Adhesives 
Contact  Cement 
P o l y   v i n y l   a c e t a t e   b a s e d  
Cosein  based 
Chlorothen NU 

I )   P l a s t i c i s e r s  
d i -n -bu ty l   ph tha la te *  

J ) Sol   vent   based  pa int  

AMOUNT CONSUMED 

36 000 kg (E)  
5 500 kg** ( E )  

(E) = Es t imated maximum value  based  on  questionnaire,  see  Appendix I 

* = Envi ronmenta l   Contaminants   Act   Pr ior i ty   Chemical  
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PRIORITY AND CANDIDATE  CHEMICALS 

June 9,1984 
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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 
interest to the two Departments for the gathering and analysis of infomation. The mete mention of chemicals in this List does not mean 
that they will be proposed for regulation. Ibther, 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 
carried 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 this 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, f o o d  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 c o n m  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 1, 1979, Canada Gazette notice that pertain to the hazards posed by a chemical 
substance to human health or the environment w m  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  eflects Criterion. 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) Quantity  and  use  criterion. 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 supercedes previous lists, is presented below  with a description of each category. 

Category 1: Those substances for which regulations or specific control strategies arc being developed under the Environmenral 
Contaminants Act. 

Polychlorinated  Biphenyls (PCBs) 
Chlorobiphenyl Regulations No. 1 under the Environmmtd Contaminants 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  further regulations on PCBs were proposed in the Conoh Gazette Part I 
on January 21.1984. Proposed Chlorobiphenyl Regulations No. 2 (Product) will control commercial activities involving products designed 
to UK 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 rcleesed into the environment. Also, a strategy is being developed to 
achieve an orderly and sccelerated phase-out of PCBs currently in usc. 

Chlorofluorocarrbos (CFCs) 
A regulation under the Environmental  Contominonts 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 arc 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. 

CUI 172.1 No. 5 - September 1984 



Chlorobenzenes 

of these chemicals in the environment and their persistence and mcumulation. The use of mixtures of In- and tetrachlorobentene as 
replacements for PCBs could lead to an increase in their consumption and  thus an inmase in environmental exposure. Hexachlorobenzcne 
(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 r e c e n t  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. 

Many of the chlorinated bentmes have bsm identified in the tissue of fish or herring gulls from the  Great Lakes, indicating the prese'nce * 

I 
Phthalic Acid Esters 

Luge quantities of phthalic acid a m  uc used in cuuds and uc rdepsed into the environment during processing and as a result of the 
use and disposal of products containing them. Their greatest use is as pl.sticiLm although they have numerous other uses such as 
replacement for polychlorinated biphenyls. Several, including diethyl phthalate, dibutyl phthalate (DBP), and di-(2ethylhcxyl) phthalate 
(DEHP). have been studied in detail. Residues of DEHP  and DBP in air, sediment, water, f&. and herring gull eggs have been detected. 
indicating their presence in the environment. DEHP has becn reponed to be cucinogenic in  the  rat and the significance of this with respect 
to human health has yet to be determined. A number of phthalates uc currently undergoing long-term toxicological testing. Sublethal 
toxicity testing and environmental measurements for  the  aquatic medium uc needed. I 

I 

Gtegory 111: Thosc substances which may pose a s i g n i f h n t  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. 

Chlorinated  Paraflins (CAS No. 63119-394) 
For the purposes of this List, chlorinated paraffins are defined as complex mixtures of compounds having more than 10 carbon atoms 

and 35-70s 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 arc currently undergoing tests for mammalian and aquatic toxicity. 

I 

Chloroethanes 
1.2-Dichloroethane. 1.1.1-trichloroethane and 1,1,2.2-tetrachloroethane are produced and used in high volume; their loss into the 

environment and their potential toxic and environmental effects are caw for concern. idonnation 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. 

ic 

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

UKS 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. 

Chloromethanes 
Carbon tetrachloride, chlorofom and dichloromethane arc 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. There 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 rre needed on cnvironmcntal lmls and the possible resultant effects on humans  and  other organisms. 

Organotins 
Organotin  compounds uc incorporated (as ~ t i ~ x i d ~ t s ,  stabilizers,  biocides, etc.) into a variety of synthetic materials. The widespread 

use of thew substoncea coupled with their stable chemical nature suggests that organotins may be widely distributed and persistent; these 
aspects m under investigation. A brief review of these chemicals ("Organotins in the Canadian Environment - A Synopsis", Environment 
G n a d a  Report EPS 3-EC-82-1,  1982) has becn published which idcntirkd the lack of data on cnvironmcntal concentrations  and 
ocotoxicity. 

LIST OF CANDIDATE CHEMICALS 

The List of Candidate Chemica ls  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 wpplemented where appropriate by information on commercial use-patterns. biological effects. other properties, or 
environmental occurrences. This information wiU be sought, but at a lower level of effort that  for Priority Chemicals. As the information is 
accumulated, some of the subsunces may warrant more detailed study and be placed on the List of Priority Chemicals or may not warrant 
mt inued  investiption  and be deleted from the List of Candidate chemiuls. 

Aromatic 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 UT substituents on carbon or nitrogen,  and those derivatives of all t h e  

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

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

Ethylenethiwea (2-imidosdidinethime) 
T h i s  chemical  is used in the rubber,  dyestuff  and  phprmpccutical  industries. It rlso occurs as a degradation  product of ethylene 

bis-dithiocarbamate  fungicides which UT 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 a n  used principally as name retardants. Some are persistent and in laboratory  studies have bcen found to accumulate 

Halogenated  Toluenes 

agents,  gasoline gum inhibitors  and  flame  retardants.  Tetra-  and  pentachlorotoluene have  been  found in fish  from  the  Great  Lakes. 
Almost  all  the  chemicals  in this class are used as intermediates; some are used as solvents.  Specialized  product uses include  frothing 

, 
Nitrophenols I 

For the  purpose of this  List,  nitrophenols  comprise  those  chemicals which contain  one  or more nitro substituents  on  the  aromatic  ring of 
a mono-  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. 

Organophosphorw Compounds 
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 may  persist in 

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

DELETIONS FROM THE UST 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 wamant the  addition  of 

cadmium to  the  Schedule to  the Act  for  regulation.  Cadmium  and  its  compounds  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 Riority 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. 

Chlorophends 
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 bem 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 Rcport 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 chlorodibenzodioxins 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  Control  Products Act administered by Agriculture  Canada.  and fecent 
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. Furthermore, measures have been initiated to implement a  code of good practice for the use d .L 

chlorophenols in  wood treatment and preservation which should further mis t  in reducing human exposure and releases to the * 
environment. 

With the measures which  have  been taken and are proposed, the two Departments have concluded that  there is not  sufficient cause to I 
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. 

Dodcc4chlotopenracycl~tadecadiene (CAS No. 13560-89-9) and Hexachloroburadiene (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 

I 

Anyone who has comments or secks clarification regarding the presmt document, or has pertinent information on thex chemical I 

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 Cbemical Hazards 
Environmental Health Directorate 
Department of National Health and Welfare 
Ottawa Ontario KIA OL2 
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