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ABSTRACT -------- 

An investigation into primary control of  solvent vapours in 

a paint factory indicated that containment of vapours with 

lids and local exhaust ventilation using a standard hood 

design would control most emissions. A push pull design was 

demonstrated. Model 1 itig experiments suggested that heat and 

sol vent losses associated with the present vent i lat ion 

system cost the company £100,000 per year, Other 

recommendations included the extraction at source for other 

processes, limiting cleaning solvent usage and further 

investigations into the use of solvents for cleaning, the 

chronic effects of solvent exposure on worker health, and 

the acute effects of exposure t o  more patent solvents. 
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1 I NTF:ODUCT I ON 

The f a c t o r y  m a n u f a c t u r e s  p a i n t s ,  t h i n n e r s  and gun wash f o r  

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

u sed  are s t a n d a r d  t o  t h e  p a i n t  i n d u s t r y  (1). 

The m a n u f a c t u r i n g  p r o c e s s  may be d i v i d e d  i n t o  d i s p e r s i o n  

( b a l l  mills, bead m i  1 ls, s a n d  m i  11 s and  c a v i t a t i o n  m i x e r s )  

and mixing,  which is a less e n e r g e t i c  p r o c e s s .  T r a n s f e r  of 

s o l v e n t s  t o  v e s s e l s  is a c h i e v e d  by  a t a n k  farm f e e d i n g  a 

series o f  c a r o u s e l s  which i n  t u r n  f e e d  many mixe r s .  O t h e r  

v e s s e l s  are l o a d e d  by  t h e  u s e  o f  500 1 i t r e  wheeled  ves se l s  

( , m o b i l e s p )  or d i r e c t l y  from 200 l i t r e  drums. S o l v e n t  

e m i s s i o n s  o c c u r  from a l l  v e s s e l s ,  t h e  amount d e p e n d i n g  on 

whether  t h e  v e s s e l  h a s  a l i d ,  how w e l l  t h e  l i d  f i t s ,  t h e  

e f f i c i e n c y  o f  t h e  vapour  e x t r a c t i o n ,  t e m p e r a t u r e  and  

a g i t a t i o n .  Other  vapaur  e m i s s i o n s  o c c u r  f rbm s p i l l s ,  

s o l v e n t  c l e a n i n g  o f  machines  and  f l o o r s ,  and  during can 

and t i n  f i l l i n g  o p e r a t i o n s  which may i n v o l v e  f i l t r a t i o n  i n  

an i n t e r m e d i a t e  v e s s e l .  A s s o c i a t e d  w i t h  t h e  m a n u f a c t u r i n g  

p l a n t  w e r e  l a b o r a t o r i e s ,  o f f i c e s ,  s tores and  a r e s i n  p l a n t .  

A r e c e n t  s u r v e y  12) r e v e a l e d  t h a t  s o l v e n t  v a p o u r  

c o n c e n t r a t i a n s  were e x c e s s i v e  i n  s o m e  areas. 

Thi 5 i n v e s t i g a t i o n  aimed a t  d e t e r m i n i n g  h e  a p p r o p r i a t e  

methods o f  p r i m a r y  c o n t r o l  o f  s o l v e n t  vapour .  S i n c e  t h e  

f a c t o r y  had abou t  50 e x t r a c t i o n  s y s t e m s  (Appendix J), a n d  

n e a r l y  200 wages employees ,  a n  i n v e s t i g a t i o n  i n t o  t h e  w h o l e  

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

a v a i l a b l e .  I n v e s t i g a t i o n s  o f  r e p r e s e n t a t i v e  v e n t i l a t i o n  

s y s t e m s  i n  a l a r q e  p a r t  o f  t h e  n l anu fac tu r ing  p l a n t  was 

proposed a l o n g  wi th  a s t u d y  o f  work p r a c t i c e s ,  T h i s  covered 
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the main area of solvent usage and recommendations are 

based on this work. Coupled t o  the investigation were 

surveys using a portable organic vapour analyser , TENAX 

di f fusive samplers and a modelling experiment to simulate 

different types of mixer extraction under different 

operating conditions. 
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2 MELHQDS &&ID MATERIALS 

A s e c t i o n  o f  t h e  f a c t o r y  w a s  chosen  on t h e  b a s i s  o f  a 

p r e v i o u s  r e p o r t  (2:)  and a walk t h r o u g h  survey (Sect i o n  

3.1). T h i s  i n c l u d e d  m o s t  areas o f  h i g h  s o l v e n t  

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

l a b o r a t o r i e s .  

Vnn t tl at i n s  

I n  d u c t s  -- ----- 
- p i t o t  t u b e  t r a v e r s e s  (3) 

- s ta t ic  p r e s s u r e  mon i to r ing .  A mechan ica l ,  c a l i b r a t e d  

(Appendix C) set o f  magnehei ic  g a u g e s  w a s  used:  

0-10 i n c h e s  of  water (0-2500 Pa) 

0-2 i n c h e s  o f  w a t e r  (0-500 Pa) 

0-0.5 i n c h e s  o f  water (0-125 Pa) 

Fare acd C a p t u r e  V e l o c i t i e s  

- I n  v iew of e l e c t r i c a l  s a f e t y  c o n s i d e r a t i o n s  i n  a 

s o l v e n t  vapour  a tmosphere ,  o n l y  smoke t u b e s  and  a k a t a  

thermometer  w e r e  used  CAppendi x N) to  e s t i m a t e  a i r  

speed and d i r e c t i o n  and v i s u a l i s e  a i r  flow i n t o  hoods. 

le~eerature  

- A  t h i n  w a l l e d  l a b o r a t o r y  thermometer  w a s  u s e d  

e x t e n s i v e l y .  

- A  s l i n g  psych rome te r  w a s  u sed  t estimate r e l a t i v e  

humid i ty .  

E v a e ~ ~ a t  LGE 

- Crude  models  o f  m i x e r s  w i t h  hoods  w e r e  c o n s t r u c t e d  from 

p a i n t  t i n s  and r u b b e r  g a s k e t  material,  and e v a p o r a t i o n  

under  v a r y i n g  c o n d i t i o n s  of e x t r a c t i o n ,  t e m p e r a t u r e  and 

a g i t a t i o n  compared IAppetidi x Dl. 
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Hood Desiqn 

- A hood w a s  exantined near  a mixer i n  which f ine C - lp > 

pigments  w e r e  d i s p e r s e d  i n t o  s o l v e n t s .  An a1 t e r n a t e  push 

p u l l  hood w a s  d e s i g n e d  and c o n s t r u c t e d  f r o m  3 m m  h a r d b o a r d  

and a l e n g t h  of  wa te rp ipe .  I t s  perfnrrnance w a s  e v a l u a t e d .  

Se l  v e n t  V a p s u ~  Gnncentr atigc 

- A EASEEFA c e r t i f i e d ,  c a l i b r a t e d  (Appendix A >  OVA w a s  used 

e x t e n s i v e l y  t o  g i v e  a c o n t i n u o u s  i n d i c a t i o n  of  s o l v e n t  

vapour c o n c e n t r a t i o n s .  

- A t r i a l  w i t h  d i f f u s i v e  s a m p l e r s  <Appendix H> d e m o n s t r a t e d  

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

Work P r a c t i c e s  

- These w e r e  obse rved  d u r i n g  t h e  i n v e s t i g a t i o n .  

D e t a i l s  are g i v e n  i n  t h e  R e s u l t s  and t h e  Appendices.  
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3 RESULTS 

TERNS ABBREVIATIONS 

SI u n i t s  are used  wherever p o s s i b l e .  

RH : R e l a t i v e  Humidity 

mobile :  a 500 1  i t r e  wheeled v e s s e l  

s1:11 vet1 t 

BZ : b r e a t h i n g  zone  o f  w o r k e r .  Nomina l ly  w i t h i n  3 0 c m  

o f  n o s e  and mouth 

OVA : o r g a n i c  vapour a n a l y s e r  . A p o r t a b l e  i n s t r u m e n t  

g i v i n g  a d i r e c t  r e a d o u t  i n  ppm 

OEL : UK Occupa t iona l  Exposure  L i m i t  (4) 

ppm : p a r t s  p e r  m i l l i o n  

TLV :USA Thresho ld  L imi t  Value  (5) 

Iszeerature 

Ta :air  t e m p e r a t u r e  ("C) 

g : t e m p e r a t u r e  of  a 150mm g l o b e  thermometer  

V e n t i l a t i o n  

9 : p r e s s u r e  1 per  m e t e r  o f  d u c t  at a 

c e r t a i n  f low r a t e  ( 6 )  

k  : i n l e t  or o u t l e t  p r e s s u r e  loss, e x p r e s s e d  

as a f r a c t i o n  o f  Pv C6,7) 

P s  : d u c t  s t a t i c  p r e s s u r e  ( P a )  

P  t : total  p r e s s u r e ,  the sum of Ps and Pv 

Pv : t h e  v e l o c i t y  p r e s s u r e  d u e  t o  a i r  movement 

G! :a i r  f low ( m 3 / s )  

- v  :mean a i r  v e l o c i t y  ( m / s )  i n  d u c t  

!EE!Q~ 

AP :air power of  a f an ,  t h e  p r o d u c t  of P t  and  Q 

I : the measured c u r r e n t  ( A )  t h r o u g h  a  f a n  motor 
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: t h e  nominal (0.90) e l e c t r i c a l  e f f i c i e n c y  o f  

t h e  f a n  motor 

PF :nominal C0.95) power f a c t o r  o f  the f a n  m o t o r  

V : s u p p l y  v o l t a g e  ( 4 1 5 V j  

P :n x m x  V x I x PF, t h e  pl=lwer d e l i v e r e d  t o  t h e  

f a n  by t h e  rnc~tor 

3.1 FRELIMINARY ~ W ~ S T I G A T I O N  Cur44 12) 

1) D i s c u s s i u n s  w e r e  h e l d  w i t h  f a c t o r y  management 

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

was o b t a i n e d  o f  t h e  f a c t o r y .  An u p d a t e d  p l a n  using 

s h o r t e n e d  names f o r  areas is o v e r p a g e  ( eg  M i l l  R o o m  

number 1 became MILL I ) .  

2) N o  p l a n s ,  s p e c i  f i c a t i o n s  or ma in t enance  s c h e d u l e s  f o r  

tke e x t r a c t i o n  sys t em w e r e  a v a i l a b l e .  

3) A list of major s o l v e n t s  w a s  o b t a i n e d  (Appendix J) 

-later t o  b e  accompanied by u s a g e  and u n i t  c o s t s  f o r  a l l  

t h e  s o l v e n t s  used.  

4)  A copy o f  t h e  company S a f e t y  P o l i c y  d a t e d  A p r i l  1984 

was o b t a i n e d .  A S a f e t y  O f f i c e r  p o s i t i o n  w a s  l i s t e d  b u t  i t  

was n o t  f i l l e d .  

5 )  W a l  k lhrpggh s u r v e y  

- The l a b o r a t o r i e s ,  stores, r e s i n  p l a n t  and f a c t o r y  w e r e  

i n s p e c t e d .  An immedia te  d e c i s i o n  w a s  made t o  l i m i t  t h e  

scope o f  t h e  i n v e s t i g a t i o n  t o  t h e  f a c t o r y  so t h a t  s o m e  

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

g e n e r a l  b u i l d i n g  t ~ ~ ~ u s i n g  t h e  m i l l  and mixer  rooms, and  t h e  

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

t h e r e  C2). 

- A g e n e r a l  i m p r e s s i o n  w a s  formed o f  t h e  w o r k  p r a c t i c e s  and 
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p r o c e s s e s .  Tank f a r m  carousels f e d  m i x e r s  and a couple sf 

stations far f i l l i n g  % a b i l e s F .  Scme mixers had no f e e d  

p i p e  and a1  1  b a l l  m i  11s had tu b e  loaded by kand. Less used  

s o l v e n t s ,  l i q u i d  a d d i e i v e s  avld dispersed pigments were 

transferred between v a s s a l s  w i t h  500 l i t r e  'mab i la s '  . 

I 1 -  - -  , - 

In  t h e  phokograph above a 'mobi leg is l o a d i n g  mixer 32 w i t h  

r e s i n .  The size o f  the  mixer opening  is much greater t h a n  

needed for *he o p e r a t i o n .  The m i x e r s  seldom had l i d s  but 

same were seen C a  have  welded l i d s  w i t h  a s m a l l  laading 

port;, 

- N o t i c e s  order ing  m i x e r  l i d s  to b e  k e p t  c 1  o s e d  

p r o l i f e r a t e d  but mixer l i d s  w e r e  m i s s i n g  ar left  open as a 

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

mixers*  d r a i n i n g  on t h e  safety g r i l l e s  across  the openings 
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or d r i p p i n g  from hooks over khe open ing .  If a l i d  was  

c l o s e d  i t  was u s u a l l y  o b s t r u c t e d  by a toe raIl or buckled. 

Several m i x e r s  had good l i d s .  

- F i l l i n g  a f  p a i n t  t i n s  w a s  done manually by w e i g h t  or 

a u t o w r a t i c a l l y  by machines. 

The photograph  above  shows a t y p i c a l  manual c a n n i n g  

o p e r a t i o n  - the l i g h t  green p a i n t  b e i n g  s t r a i n e d  i n t o  a 

s m a l l e r  vessel and  b e i n g  we ighed  i n t o  t i n s .  H e r e  t h e  

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

tins are i n  t h e  raged p a l l e t .  T h e r e  is ria e x t r a c t i o n .  

- The use o f  the t e r m  ' fumes' f a r  v a p o u r s .  

- P a i n t  t i n s  o f  s o l v e n t  w e r e  endemic and a p p e a r e d  t o  be 

used f o r  c l e a n i n g  s m a l l  s p i l l s  of p a i n t .  

- S t o r a g e  o f  s o l v e n t  w e t  r a g s  and mops was poor .  Imp lemen t s  

w e r e  e i t h e r  l e f t  i n  upen t o p p e d  m o b i l e s  ( s i n c e  t h e  l i d s  d i d  

not f i t  the number of handles p r o t r u d i n g ) ,  or s t o r e d  i n  the 

open  air .  
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In  the photograph above, s o l v e n t  w e t  r a g s  and m o p  are 

s t o r e d  nea r  a warm r a d i a t o r .  P a i n t  samples d r y  a n  t o p  of 

t h e  p a i n t  t i n s  on t o p  of t h e  r a d i a t o r .  N o  underwater  

s t o r a g e  of  mops or r a g s  w a s  seen.  

A l l  b a l l  m i l l s  and s o m e  m i x e r s  l a c k e d  e x t r a c t i o n .  While 

some of the s a n d  m i l l s  had e x t r a c t i o n  d u c t s ,  none  had 

hoods. 

- Some e x t r a c t i o n  d u c t i n g  w a s  at t h e  f l o o r  l e v e l .  M u s t  w a s  

connected ts s m a l l  hoods e a c h  s i d e  of  the mixers  <which 

w e r e  Zm a c r o s s ) ,  or t o  t h e i r  l i d s .  Many r e c t a n g u l a r  d u c t s  

had s h a r p  bends and j o i n e d  a t  r i g h t  a n g l e s  wi thou t  gussets. 

Slat e x t r a c t i o n  f o r  500 l i t r e  mixers was r a r e l y  a t  mixer 

l i p  height. 
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3.2 SOLVENT VAFOUR CONISENTfz:&110NS 

1) A n  OVA w a s  c a l i b r a t e d  f u r  some f a c t o r y  s o l v e n t s  

1 Appendi w A j  . Many of  t h e  corilrilon suf vents had a r ~ u n d  100% 

i n s t r u m e n t  r e s p o n s e ,  so  the d i r e c t  i n s t r u m e n t  r e a d i n g  (ppm) 

is used thruugh13ut  this r e p o r t .  

2 )  The u s e  o f  d i f f u s i v e  s a m p l e r s  w a s  d e m o n s t r a t e d .  

The d i f f u s i v e  u p t a k e  ra te  for t h e  s o l v e n t  v a p o u r s  w a s  not 

determined nor w e r e  many c h r o m a t o g r a p h i c  r e t e n t i o n  t i m e s .  

The r e s u l t s  w e r e  n o t  of  d i r e c t  a p p l i c a t i o n ,  b u t  the 

r e l a t i v e  f i g u r e s  were used (Appendix H). 

3) A series o f  s o l v e n t  vapaur  s u r v e y s  w a s  c o n d u c t e d  t h r o u g h  

t h e  s e l e c t e d  p a r t  of the f a c t o r y  (Appendix B). Coupled t o  

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

h o r i z o n t a l  and  v e r t i c a l  a i r  movement. 

The r e s u l t s  o f  these s u r v e y s  can be d i v i d e d  i n t o  two g r o u p s  

a) t h e  g e n e r a l  p a t t e r n  of s o l v e n t  vapour  concentrations 

b) the e f f e c t s  o f  w o r k  p r a c t i c e s .  

These are d i s c u s s e d  more f u l l y  by w o r k  area ( S e c t i o n s  7.3- 

7-15>. 

QY& syrue~ - GeneraL QbzervatL=ns 

- S o l v e n t  vapour  c o n c e n t r a t i o n s  r o s e  r a p i d l y  w i t h  work a n d  

dropped  o v e r n i g h t  t o  a round  30ppm. L e v e l s  were h i g h e r  i n  

small rooms and on h i g h e r  levels w h e r e  there w a s  l i t t l e  a i r  

movement . 
- Charg ing  and c l e a n i n g  b a l l  m i l l s ,  not r o t a t i o n ,  caused 

higher l e v e l s .  

- Higher  l e v e l s  o c c u r r e d  where s o l v e n t  was a g i t a t e d  or 

s p r e a d  i n  t h i n  filrrls. 
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3 . 3  MILL 1 

Large quanti tics of pa ints  and solvent m i x t u r e s  are canned 

i n  srf~all batches by tiand. A four s t a t i o n  rilachine i s  used 

for canning thinners i n  screw t o p  tins. 

----------------------------------------------------------- 
a vessel n~ates-nl W f !  1: mri~riteti t 

( l i  tres) ippml Ippm) 

June 12: 25 gun wash 1 O(5 40 -BZ 

-recovered 9C)-20(3 - t i n  t o p s  

sol vent  1 SO - f  loar 

July  15: 20 thinners 100 40 -BZ 

a m  (breeze 2m/s) 20-90 -room 

P "-' 20 thinners 100 120 -BZ 

(a ir  0.2mt/s, ~a 30' ) 60 -r oori~ 

: 5 paint 100 -BZ 

-xy l  CtIC 100 

-white spirit100 

: 5 thinners 100 200-300 -BZ 1 idder 

CMastcrfill machine) (cyclic) 

120 -BZ loader 



figure 1 OVA measurements - M a s t e r f i l l  -- --- 
The lidding opera tor  was being exposed to excessive solvent 

vapour. The best extraction would sit on the filling 

mechanism and capture all a i r  displaced f r o m  the tin by the 

solvent. An e x t r a c t i o n  flow i n  excess  of the filling rate 

would ,aqui r ed. I I 

f i g u r e  2 approach  to Master f i l l  e x t r a c t i o r ~  -- --- - 
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3.4 _MILL ' 
T h i s  room was more d e n s e l y  packed  w i t h  mach ine ry  t h a n  MILL 

1 d u e  t o  a d o u b l e  rGw o f  b a l l  m i l l s  down t h e  midd le .  The 

w e s t e r n  door  t o  t h e  room w a s  m o r e  o f t e n  shut t h a n  i n  MILL 1 

and  t h e  p o t e n t i a l  for n a t u r a l  v e n t i  l a t  i o n  much d i m i n i s h e d .  

Pate v e s s e l  ~ater i a1 E!= 

(1 i t re151  ( P P ~ )  

J u n e  12: Ind  Meth S p i r i t  

methanol  200 

e t h a n o l  1000 

Cair < O . l m / s ,  Ta 20° 1 

: 2.5 p o l y u r e t h a n e  ? 

a c r y l  i c enamel 

[air <O. l m / s ,  Ta 18" 1  

O_v& c omm~rt~ t 

( P P ~ >  

150 -BZ: t e n d i n g  mixer  64 

on level 1. No mixer  

l i d  or e x t r a c t i o n -  

55 -BZ:operator r e p o r t e d  

s t r o n g  d e s i r e  f o r  

e v e n i n g  sleep w i t h  

t_h_gz work 

&a&l2 2 MILL 2 OVA measurements  

Can F i l l i t ~ q  E x t r a c t i o n  

A c a n n i n g  machine  was i n v e s t i g a t e d  w i t h  a smoke t u b e .  

Dur ing  f i l l i n g  two o p e r a t i o n s  r a i se  the s o l v e n t  l e v e l s  i n  

the air .  The a c t u a l  c a n n i n g  p r o d u c e s  a p l u g  f l o w  o f  ai r  and 

vapour  from t h e  can .  This  is d e m o n s t r a t e d  i n  t h e  p h o t o g r a p h  

b e l o w  as t h e  c a n  f i l l s  w i t h  a l a c q u e r ,  d i s p l a c i n g  the smoke 

p l a c e d  i n  the c a n  a second  before the f i l l i n g  cycle. The 

second s o u r c e  of d i s p l a c e d  s o l v e n t  laden air is from the 

h e a d e r  t a n k  as i t  p e r i o d i c a l l y  r e f i l l s .  
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A s m a l l  e x t r a c t i o n  hood around t h e  f i l l i n g  mechanism s h o u l d  

~=atc t?  m o s t  Of the s.olvant vapour. An a i r t i a h &  l i d  on the 

tank with  a duct  j o i n i n g  near t h e  f i l l i n g  hood would 

capture  t h e  air d i s p l a c e d  from t h e  header t a n k  wi thout  

l e a d i n g  to  e x c e s s i v e  e v a p o r a t i o n .  

figure 3 approach *cr rzxtraction -- -- 
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,262' r u n  ----- --- 
~ h e  main s t u d y  i n  MILL 2 w a s  t h e  e x t r a c t i o n  a b o v e  m i x e r s  

262 t m  271. It was chosen as an example  of  a long Length  of  

d u c t  s e r v i n g  a large number o f  m i x e r s .  

Measurements  w e r e  made o n  the b r a n c h  d u c t s  u s i n g  a 

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

In  t h e  pho tog raph  above,  two s t a t i c  measur ing  p o i n t s  and a 

reamed p i t a t  measu r ing  h o l e  arc visible on t h e  i n s e r t  

(Appendix #). When p l a c e d  cm t o p  o f  t h e  long C -  1 m) 

s t r a i g h t  duct i n t o  t h e  m i x e r  hoods, a smooth f l o w  of air  is 

g u a r a n t e e d .  The magnehe l i c  gauge on t h e  r i g h t  is not 

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

p o s i t i o n .  

The f l e x i b l e  d u c t i n g ,  s e e n  i n  t h e  pho tog raph  below, w a s  

easy to remove, 511 t h e  i n s e r t  w a s  e a s y  t o  i n s t a l  1 at each 

p o i n t .  A 45 Izm p i t o t  tube p r o t r u d i n g  from i t  is v i s i b l e .  



For t h e  m e a s u r e m e n t s  i n  t h e  table over page, t h e  i n s e r t  was 

on t h e  m i x e r  end ~f t h e  flexible duct .  The f l e x i b l e  duct 

chokes the a i r  f l o w  f r o m  the mixers due to  its sharp bends 

and corrugations.  

f i gure  4 '262'  run -- --- 
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____I___4---------&-------------4-d---------*--e- 

segt, s i z e  let1utt1 k g - G! - a El! -- Ps 

(mm) Cnr) iFa/rfr! (m3 / 5 j  ( : r f t3 /s )  <Pa> (Fa) 

A 7 5 i n l e t  -93 .I47 -147 623 580 

AB 75/150 -3% . 4 5  -365 

PC 150 1.30 5.5 7.2 

CD 150 1.46 9.0 .046 .I93 3'3 12.6 

DE 150 1.50 13.0 .019 .212 67 2.0 

EF 150/200 .21 .35 -212 -23.5 

FG 200 1.46 2.8 .212 26 4.1 

GH 200 1.49 4.5 .053 -265 40 6.7 

HI 200/300 .21 -55 -265 -22.0 

IJ 300 1-54 .9 .066 3 1  12 1.4 

JK 300 1.39 1.1 .054 -385 12 1.5 

KC 300/450 2.30 .65 .385 -7.8 

LM 450 1.51 . 2  .026 ,411 4 -3 

MN 450 1.46 .2 4 -452 4.5 -3 

NO 450 2.22 .27 .040 .492 5.3 . 6 

O P  bendx2 .25 -492 5.3 -9 

PQ fan  -492 

QR 450 2.00 -27 -492 5.3 - 5  

RS hat,i50 gap .492 0.0 

----------------_------------------------------*----------- 

tab le  3 '262' run t:alculatians 

The main duct f l o w  ua5 measured a t  a p o i n t  correspond ing  t o  

section 'NOf . 
main duct f l o w  (measured) 10 rn3 /5  

m a i n  duct  f l ow  tcalculatedj 5 . 3  m 3 / s  in t a b l e  3. 

~ h f .  d i f f e r e n c e  may be attributed to the sur r rmat ion  o f  
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measurement  errors and  l e a k s  d o w n s t r e a m  o f  t h e  i n s e r t  i n  

t h e  j o i n t  from t h e  f l e x i b l e  d u c t i n g  a n d  i n  t h e  f l a n g e  an 

the r i ~ a i n  p i p e .  

A f a n  c u r v e  was obtained f rom the m a n u f a c t u r e r s  for the 

10 b l a d e d  a x i a l  fan. The curve b e l o w  is f o r  the c u r r e n t  

S bladed v e r s i u n  which t he  aanufacturer c l a i m s  t o  h a v e  

s i m i l a r  p e r f o r m a n c e .  

A0 CM DIA, 8 BLADE, 2900 RPM 

f i g u r e  5 METRIC0 a x i a l  f a n  c u r v e  (4s0 blades) -- --- 
T a k i n g  t h e  p i t o t  data frorn the m a i t 1  d u c t  as  the better 

estimate, t h e  d u t y  p o i n t  of the f a n  is o f f  t h e  page.The 

f a n  e f f i c i e n c y  w a s  34% ( t a b l e  4 ) .  

L i f t i n g  t h e  f l e x i b l e  b r a n c h  d u c t i n g  t o  fo rm a s m o o t h  curve 

between t h e  m i x e r  riser and  t h e  main d u c t  flange doubles 

the b r a n c h  f low.  I t  would b e  l i t e r a l l y  possible,  w i t h  

s t i c k y  t a p e  a n d  s t r i n g ,  t o  e f f e c t  a major i n c r e a s e  i n  the 

e f f i c i e n c y  o f  t h e  s y s t e m .  A b e t t e r  way would be t o  r e p l a c e  

t h e  d u c t i n g  w i t h  a larger s i re ,  smooth  b o r e  d u c t i n g ,  or 

b e t t e r  s t i l l ,  t o  r e p l a c e  t h e  whole hood a r r a n g e m e n t  w i t h  

r I BLADEANGE 25' 30" 
1.4 
77 

2900RPM PEAKHP 
( dBAAT3 x DW's 

0.9 
75 

35" 1 40" 
1.9 1 2.3 
80 1 83 

45' 
2.8 
85 

1 



t h e  Standard Hood designed in Appendix E. 

page 19 

---------------- 

~ > I S  t e r r ~  -- PS rv t q -- A F  -- I - - P E  

Pa Pa Pa m 3 / s  W A W %  

'2629 run 625 60 6BS 0.G70 450 2.2 1352 34 

A t t r i t o r  r e v  1 67 7.4 74.4 0.349 25.8 2.6 1530 1.7 

Attritor 950 82 1032 1.1593 1196 2.8 1530 78 

A t t r i t v r  Mixer 14'3544 1539 0.27 415.5 1.5 813 51 

Pr e m i  x 112 - 112 0.589 66 0.5 307 21 

- - - - - - - - --- -- - -- 

t a b l e  4 fan efficiencies, E ----- 



3.5 MILL _3 

The room has eight ball mills, no mechanical extraction and 

1 i t t  le  natural vetiti lat  i an. A nuribber of measurements were  

made. 

-___------_------------------------------------------------ 
Date !.'gssgl rraaterlal O_EL_ c r~rnr i tet i  t 

(lityes) I p p m )  ( p p m l  

May 2'3: m i  xturc 150-350 -BZ: ball mi 11s 406, 

-t 131 uene 100 407, 412, 414 

-xylene i 00 r o t a t i n g  

-et c 

July is: m i x t u r e  

am 

300 -level 1 

35-50 -BZ:ball mills 412, 

413,414 rotating 

42-50 -level I 

pm : mi xtur e 35-45 -BZ:414 r o t a t i n g  

45-55 -level 1 

July 29: pr e work 10 -BZ:ball m i l l s  

10 -level I 

---------------------------------------------------------- 
. table  3 MILL 3 OVA measurements 

Diffusive sampler results from May 29CAppendix H I  are shown 

below for t k e  operator and a static sampler at shoulder 

h e i g h t  near b a l l  mill 406. 
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2 : ; . ; 2  -.. . -  P I ( !  L :..> 

;:::;I: 
. . . , - .- - ,  1. .- 

- .  - 8  - - -  .- 7 - . . - -  
-.e: M E W  

1 " , 6 3  

1 : - 7 3  7 ,"l X - f L S U €  

AREA ~ F N S I V E  S4vPLEP 

0 g Z 5  - 1 b 0 O  (455 & n u b )  

MAY 29 I 9%6 

MILL 3 

figure 6 May 29 diffusive sampler results -- --- 
The r e s u l t s  shown i n  the f i g u r e  above are remarkably 

similar, since a factor of 3 or m o r e  between area and 

personal samples i 5 common. 

........................................................... 
zglvect a_rsa_~A_ ,~tg~~t~g~~' ~ a t ~ ~  d i p  

un knawt~ 6.44 3.5263 7.1757 1.33 

MEK 7.64 4.4B79 4.1055 1.09 

toluene 10.66 4.8769 6. '3364 1.42 

--_-------------_------------------------------------------ 
t_&I_g G_ TENAX di f f usi ve sarr~p l er r e s u l  t s 

A small number o f  s o l v e n t s  is  seen to contribute to most o f  

the sol vent vapour exposure. The o p e r a t o r  ' s exposure to 

various sol vent vapours was r e l a t i v e l y  clni form throughout  
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the mill that day in the absence u f  cleaning, charging or 

unloading operations. 

The  e:;traction required f o r  t h e  ball mills was mait~ly f o r  

t h e  charging and c l e a n i n g  operations but additional 

extraction should b e  provided f o r  t t ~ e  unloading operation. 

The f i g u r e  below shows an  approach  to loca l  exhaust  

venti 1 ation. 

f i g u r e  7 approach to ball mill e x t r a c t i o n  -- --- 
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3.6 _MIL_L 4 

Except far two bead mills, there was little going on in 

this area. The large ball mill5 40'3 and 410 were not used 

during the investigation, though they were reported as very 

noisy. Since the eastern o r  was invariably open, 

concentrations were around the lowest in the factory though 

the ' p r e  work' morning survey (July 291 found the vapour 

concentration C108pprrt) near a bead mill being flushed with 

solvent to be the highest in the factory. There w e r e  no 

permanent workers in this room. 

Local extraction would be desirable on t h e  door of the 

mills during charging, cleaning and unloading. 

Discharging the bead ~jill closer to the F n ~ o b i l e *  receiving 

vessel by a hose would reduce solvent evaporation- A lid 

would also help. The volume throughput would not justify 

extractiun though the mill temperature apparent1 y reaches 

4 0 O  during use, General dilution ventilation may be 

appropiate. 



3.7 SAND GRIND 

3.7.1 Attri tor e x t r a c t i o n  

figure 8 Attritor extraction -- --- 
I n i  t i  a1 Measurements ------- ------------ 
The duct leading between  p o i n t  E and F to  m i x e r  286 w a s  

found to be b l o c k e d  w i t h  lumps of  dry paint around a damper 

valve, and t h e  flexible duct t o  t h e  m i x e r  had dropped o f f .  

These were f i x e d  b e f o r e  any measurements were made. 

----------------------------------------------------------- 
table 2 i n i t i a l  A t t r i t t ~ l r  e x t r a ~ = t i c s n  measurements 
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The v e l a c i t y  p r e s s u r e s  were e s t i m a t e d  w i t h  s i n g l e  mid duct  

p i  t o t  t u b e  measurements  since a s l o w  t r a v e r s e  showed t h e  

flctw to be almost un i fo rm acrcrss  t h e  duct. 

The c o n d i t i o n  of the d u c t s  w a s  i n v e s t i g a t e d  and t h e  f a n  

examined,  but bath w e r e  s u r p r i s i n g l y  good,  c o n s i d e r i n g  the 

l a c k  o f  performance main tenance  ( A p p e n d i x  N). The d i r e c t i o n  

of  r o t a t i o n  o f  t h e  f a n  was found t o  b e  o p p o s i t e  t o  that 

e x p e c t e d .  T h i s  si t u a t i  an must h a v e  e x i s t e d  for s e v e r a l  

y e a r s .  I t  c o i n c i d e d  w i t h  e l e c t r i c a l  work and a p p a r e n t l y  t h c  

f a n  was wrongly r e w i r e d  then. A d e c r e a s e  i n  the s y s t e m  

pe r fo rmance  was n o t e d ,  b u t  i t  w a s  n o t  known t h a t  

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

at  a reduced  e f f i c i e n c y  I1.7%, t a b l e  4) .  

Secgsg Plggsgrgwgn&s 

A  s e c o n d  set of  measurements  (Appendix L) u s i n g  10 point  

t r a v e r s e s  w i t h  a 30cm p i t o t  t u b e  w a s  pe r fo rmed  t h r o u g h  

h o r i z o n t a l  and v e r t i c a l  holes d r i l l e d  at  A T B T E  a n d  F. The 

f i g u r e s  below are t h e  mean o f  t h e  v e l o c i t i e s  c a l c u l a t e d  for 

t h e  10 h o r i z o n t a l  and  10 v e r t i c a l  measurements  a t  each 

p o i n t .  The f a n  v e l o c i t y  p r e s s u r e  was r e c a l c u l a t e d  from this 

mean d u c t  v e l a c i  ty. The data is p r e s e n t e d  i n  Appendix L. 
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t h e  numbers i n  b r a c k e t s  are calculated figures 

........................................................... 
table 8 s e c o n d  A t t r i t o r  e x t r a c t i o n  measurements  

The d i f f e r e n c e  between  the volumes at A and B is 

0.0085 m3/s ,  or 2.5%, c o n f i r m i n g  t h e  placing o f  the  p i t o t  

t u b e  h o l e s  and t h e  flow measurement t e c h n i q u e .  

The f a n  e f f i c i e n c y  rose from 1.7% to  78% ( t a b l e  41,  a v e r y  

gond f i g u r e  f o r  a forward bladed ~:e t i t r i fuga l  f a n .  A fan  

curve w a s  n o t  o b t a i n a b l e ,  but a f a n  curve  for s imilar fan 

size, power and t y p e  d e r i v e d  from s p e c i f i c a t i o n s  for a 

METRIC0 370 CMV forward b l a d e d  c e n t r i f u g a l  fan  is 

p r e s e n t e d  below. 



p a g e  27 

f igure 2 METRIC0 370 CMV fan curve -- --- 
The duty point now falls on the fan curve above and 

c o n f i r m s  the choice of fan for that  ducting and hood 

system. 

I f  the extraction a t  t h e  Attr i tor  w a s  insuf f ic ient ,  then it 

may be thought that  closing the damper valves on the other 

leg would help. In fac t ,  the opposite occurs and the duct 

velocity from the A t t r i t o r  drops from 10.3 to 1 0 , 0 m / s  and 

the duct static pressures also drop. This is shown i n  

tab le  9 below. 
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- - - - - - - - - 

!?5LPs, 

A l l  , o~Xr !  --- E. F C l  clsvd --- ------ 
775 700 

775 700 

800 700 

+I50 +75 (50-1002 

700 675 

GOO 675 

Di f f e r e n c c  (Pa:) -------------- 
75 

__-------d-LdI----------------------------d--------------- 

tab&= 2 effect of closing dampers 

The fluctuatians at D with the damper closed and the 

reduction of t h e  flow from t h e  Attritor are sure signs that 

the fan i s  stalling. The fan efficiency will have dropped 

from 78% to 17.5%. 

That the fan and ducting were made t o  perform efficiently 

does not mean that their performance in removing solvent 

vapuur was gf f ec t i ve. 

Smoke tube tests on t h e  two mixers with the lids open and 

closed showed a slow movement of air, indicating a face 

velocity at the mixer opening of perhaps 0.2m/s, 

insufficient t o  contain vapuurs, especially during mixing 

and filling operations. 

The Attr itor hood also per formed poor 1 y. The photograph 

below shows how the Attritor hood pulls smoke from behind. 

Capture over the Attritor vessel was not as good at the 

same distance and complaints of 'fumes' can b e  well 

understood. A n  enclosing hood, a wrap around hood or even 

substantial flanges on the existing hood would make a 



3.7.2 I r r  i t a n t  g o l v e n t g  

Only t w o  i n s t a n c e s  a f  u5e o f  i r r i t a n t  s o l v e n t s  w e r e  

q u a n t i f i e d ,  b o t h  w i t h  t h e  l o a d i n g  o f  c y c l o h e x a n m e  i n t o  t h e  

A t t r i t o r  mixers .  Material is c y c l e d  t h r o u g h  Che Attr i tor  t o  

e i t h e r  mixer a n d  may b e  pumped be tween  mixe r s .  T h e  mixer  is 

c h a r g e d  w i t h  s o l v e n t  a n d  t h e n  p igmen t s ,  c l a y s  and talc 

added. S i n c e  c a l i b r a t i o n  o f  t h e  OVA [Appendix A) w a s  in 

good agreement  w i t h  t h e  m a n u f a c t u r e r s  f i g u r e s  f o r  a r a n g e  

of s o l v e n t s ,  t h i s  cyc lohexanone  r e s p o n s e  (100%) is used .  

The l i m i t s  f o r  cyc lohexanone  Cpprn) are 

CIEL (4)  25 

10 m i n u t e  l i m i t  <4? 100 

eye, t h r o a t ,  n o s e  i r r i t a n c y  ( 8 )  75 

July 18 0830 ST g l o b e  18.5', T  a i r  2 0 . 2 ~ ,  HH 52% s l i n g )  

A background l e v e l  a f  lOOppm unidevr t i  f i e d  vapour  rose to 

250ppm i n  t h e  a p e r a t o r ' s  b r e a t k i n g  zone d u r i n g  l o a d i n g  of 

mixer 32 w i t h  cyc lohexanone  from 200 l i t r e  drums. 
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f i g u r e  A(3 c y c l o h e x a n o n e  f i l l i n g   perat at ion -- --- 
A t  t h i s  level the s m e l l  was q u i t e  pungent and t h e  i r r i t a n t  

e f f e c t  on eyes, nose and t h r o a t  nuticable. Air movements 

were s l i g h t  and vapnur c o n c e n t r a t i o n s  i n  t h e  room r o s e .  

Some c y c l o h e x a n o n e  w a s  s p i  lt and mopping with a mop, damp 

w i t h  ' r e c o v e r e d  s o l v e n t ' ,  r e s u l t e d  i n  a c o n c e n t r a t i o n  o f  

20Cjppm i n  t h e  o p e r a t o r ' s  b r e a t h i n g  zone. 

The  exposure c o n t i n u e d  during addition of  p o w d e r s  f r o m  b a g s  

du;ing w h i c h  the o p e r a t o r s  wore a M a r t i n d a l e  aluminium 



f r a m e  m a s k  a n d  a n  u n i d e n t i f i e d  r u b b e r  ari n a s a l  mask. The  

nasal f i t  o f  t h e  r u b b e r  mask w a s  p o o r .  Up t o  200 bags o f  

pigment arc  r e p o r t e d  e m p t i e d  i n t o  m i x e r  32 and  m i x e r  35 

each week. 

The A t t r i t o r  Mixer b a g  f i l t e r  w a s  o p e r a t e d  b e f o r e  t h e  

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

d u s t  1 e v e 1  s. 

The l e v e l  a t  t h e  o p e r a t o r s  desk on t h e  f i r s t  f l o ~ r  a t  0900 

was 200pprn. T h e  m e a s u r e m e n t s  w e r e  made at a d i s t a n c e  f r o m  

the m i x e r  s i n c e  t h e  a i r  w a s  d u s t y  and the dust could affect 

the OVA. The o p e r a t i o n  l a s t e d  a b o u t  30 m i n u t e s .  

JJLy zz 1720 CT globe 1 8 O ,  T a i r  20°, l i g h t  r a i n )  

A s i m i l a r  o p e r a t i o n  w a s  performed w i t h  the sister  Attritar 

m i x e r  35. The c h a n g e s  i n  c y c l u h e x a n e  vapour c o n c e n t r a t i o n  

d u r i n g  t h e  o p e r a t i a n  are shown below. 

0720 0725 0747 

-e~ttvs~b;- 0,  - =h~kew\ an 
-\<d d w  - \<A open 
- vro CGY m w e - 4  (ledel I) - 

f i q u r e  21 s e c o n d  cycl c ~ h e x a n o n e  o p e r a t i a n  -- --- 

The e s t i m a t e d  maximum c o n c e n t r a t i o n  ithe OVA reads t o  

iOO(3ppm) w a s  1500 i n  t h e  b r e a t h i n g  z o n e  caf the  o p e r a t o r .  

I r r i t a n c y  was high and t h e  s m e l l  s t r o n g .  The o p e r a t i o n  

l a G t e d  a b o u t  30 m i n u t e s .  
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The o p e r a t o r  carnmented t h a t  t h e  worst job was a f o r m u l a t i o n  

c a l l e d  ACRl  and that t h e  s o l v e n t s  w e r e  t h e n  mix ing  i n  mixer  

115. The i r r i t a n c y  o f  this rir ix could b e  from the k e t c n e s  

CMEt<, MIBKI and  2 e t h o x y e t h a n o l  a c e t a t e  (55 b u t  time d i d  

no t  p e r  m i  t a n  i n v e s t  i g a t  i on. 

f i g u r e  12 A t t r i t n r  Mixer e x t r a c t i o n  -- --- 
' A 5mm t h i c k  l a y e r  of c h a l k y  pigment had t o  b e  remcrv2d a t  C, 

D and E to r e v e a l  t h e  d u c t i n q .  P i t o t  t r a v e r s e s  would n o t  be 

s a t i s f a c t o r y  b e c a u s e  the lumens o f  t h e  ducts w e r e  t h i c k  

w i t h  material and no  s u i t a b l e  s t r a i g h t  l e n g t h s  e x i s t e d .  An 

estimate o f  pe r fo rmance  is made below based on t w o  p o i n t  

mr t h o g o n a l  t r a v e r s e s .  
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----------------------------------------------------------- 
table 10 A t t r i t o r  Mixer e x t r a c t i o n  ----- 

The measurement at  C is p r o b a b l y  i n  error s i n c e  the s t a c k  

f low at A c o r r e l a t e s  w e l l  w i t h  t h e  sum of  t h e  b r a n c h  f l o w s  

a t  D and  E. 

The f a n  e f f i c i e n c y  w a s  z E  C t a b l e  4 )  which was s u r p r i s i n g l y  

h i g h ,  c o n s i d e r i n g  t h a t  f low i n  the duc t  t o  mixer 32 is 

t w i c e  t h a t  t h r o u g h  t h e  s a m e  sized duct t o  m i x e r  35 and t h e  

poor c o n d i t i o n  o f  t h e  d u c t i n g .  The lumens a t  D a n d  E may be 

p a r t i a l l y  o c c l u d e d  and  so t h e  vo lumes  h e r e  o v e r e s t i m a t e d .  

The s t a c k  flaw was p r o b a b l y  c o r r e c t .  T h e  m i s s i n g  f l o w  would 

be made up by l e a k s i n t o  t h e  bag f i l t e r .  No f u r t h e r  

i n v e s t i g a t i o n s  w e r e  a t t e m p t e d .  

3.7.4 Othe r  p b s e r v a t  i o n s  

-A worker w a s  observed d r y i n g  a s o l v e n t  w e t  r a g  w i t h  

-A d r i p  t r a y  under  t h e  sand g r i n d  c a r o u s e l  needs 

'\Quert L*U tamus\  
madi f i c a t i o n .  

d;- c\'y LL, 

f i g u r e  13 d r i p  tray i n  sand g r i n d  -- --- 
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3.8 PR_E_MLX ROOM 

One c x t r a c t i ~ n  system served four c a v i t a t i o n  mixers to 

d i s p e r s e  p i g m e n t s  i n  solvents.  This system was taken as an 

example  o f  l i p  e x t r a c t i o n  and of  rectangular cross section 

duct .  

f i g u r e  Ld PREMIX rcmm extraction -- --- 

3.8.1 I t ~ s p e c  t i on 

The fan was i n s p e c t e d  v i a  a removable  plug and w a s  b r i g h t  

red f r o m  very f i n e  C ~ 1 . 1  red p i g m e n t ,  though  it w a s  only  

2mm deep on  the duct and b l a d e s  13f the a x i a l  fan- The 

c o n d i t i o n  o f  a hood shown from mixer 293 is shown i n  the 

phj tcqraph below. 
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-. 

The hood g r i l l e  w a s  f i r s t  c l e a n e d  and later t h e  hood was 

rempvcd and a 5 c m  deposit cleaned out, fil l  ing a bucket. 

The dampars had broken handles from operating t h e m  against 

t h e  buildup o f  m a t e r i a l .  

A new hood was designed CAppendi x F> and cons tructed  and a 

push p u l l  e x t r a c t i o n  system c o n s t r u c t e d  and tested. 

3.8.2 Effect gf g A b ~ & l q  g r i l l e  

Smoke t u b s  m e a s u r e m e n t s  an the mixer 2B5 hood before  and 

a f t e r  cleaning t h e  g r i l l e  w e r e  dramatic-  A s i m p l e  model 

using g r i l l e  data f r o m  Daly ( 6 1  is presented i n  t h e  absence 

af actual measurements. 
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----------------------------------------------------------- 

qu j.lg ~ z c ~ t l d  i ~ & S F  - f - I: - k ---- hood rel ,vgl  flgg 

d i r t y  g r i l l e  0.73 8.5 9. 0 1.0 1-0 

2mm b u i  ldwp 0.61 3.5 4.0 1.5 2.2 

1rnn.r b ~ r i  l d u p  0.36 0.65 1-03 2.9 6. '3 

c l e a n  g r i l l e  0.25 0.38 0.88 3.2 8. 3 

- - - -- - - - - - 

t a b l e  11 e f f e c t  of  b u i l d u p  on hood g r i l l e  

where  f  = f r a c t i o n  o f  i n l e t  o c c l u d e d  by g r i l l e  

k hood = k i n l e t  I o s sCabou t  0.53 + k g r i l l e  

rel .  v e l  = f a c e  v e l o c i t y  relative t o  dirty g r i l l e  

f l o w  = t o t a l  f l ow  r e l a t i v e  t o  d i r t y  g r i l l e  

The e x p e c t e d  i n c r e a s e  i n  f l o w  w a s  8.9 t i m e s ,  a s s u m i n g  the 

hood s t a t i c  p r e s s u r e  is c o n s t a n t .  Note t h e  l a r g e  increase 

i n  hood p e r f o r m a n c e  as b u i l d u p  w a s  r e d u c e d  f r ~ m  2mm to  Imm. 

3.8.3 System eg r f e r rnance  w a s  measured w i t h  p i t o t  tube 

t r a v e r s e s  w i t h  t h e  s y s t e m  i n  the s t a t e  u s u a l l y  used 

i i e  w i t h  only t h e  damper t o  mixer  293 o p e n ) .  

--------------------------------------------------------- 
h~a_d_ ------ f l o w ~ m ~ / s )  --- 
dirty g r i l l e  e s t i m a t e d  0.026 

c l e a n e d  g r i l l e  0.240 

c l e a n e d  o u t  0.347 

new hood 0.549 

........................................................... 
t_a_b_le fz summary o f  f 1 ow thr~=lugh h l ~ c ~ d s  (Appendi x Ll 

S i m p l e  m a i n t e n a n c e  produced  t h e  biggest change ,  b u t  the n e w  

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

lacked a s a f e t y  g r i l l e .  
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N u  s t a t i c  p r e s s u r e  measurements  were  made a c r o s s  t h e  fan 

b e c a u s e  i t  w a s  i n a c c e s s i b l e  b u t  a r e a s o n a b l e  estimate is  

the h i g h e s t  measured s ta t i c  p r e s s u r e  I : I ~  l12F'a at p o i n t  E. 

The f a n  o p e r a t e d  at  2 1 %  e f f i c i e n c y  ( t a b l e  4 ) .  T h i s  would b e  

expected  from inspection of  the fan c u r v e  ( f i g u r e  1 5 ) .  The 

flow resistance is h i g h  for the  26' p i t c h  b l a d e s  - o f f  the 

page,  i n  f a c t .  

Note t f l e  dt-13~ i n  duct static pressure as the  a i r f l a w  

i n c r e a s e s .  Just cleaning o u t  the sys tem rosy be sufficient --------- 
to i n c r e a s e  t h e  f a n  performance  from 21% to somewhere n e a r  

its m a x i m u m ,  74%, at Ps o f  7SPa and f l o w  of 0.87rnJ/s. 

f i g u r e  15 WYSON fan curve  -- --- 
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3.8.4 ' PUS+ egtill hogd p,er f orrnanr,~ 

The *pushf p a r t  of the system w a s  just a p i e c e  of 3 7 m m  

waterpipe wi th  3mm hales drilled a t  150mm i n t e r v a l s .  

Connected  to  t h e  shap conrprassed a i r ,  it produced a k n i f e  

of  air acrQss t h e  top  of t h e  mixer and i n t o  the hood. The 

e f f i c a c y  o f  the system is easily s e e n  with a dusty 

akmasphere such  as i n  the photograph b e l w  where white 

pawder has dust heen t i p p & d  i n t o  mixer 289 fallowing 

several bags &f red pigmen*. T h e  band o f  whi te  pawdcr an 

the haod f lange  near t h e  19d and a white discolaura$ian sf 

the l ~ u e r  part  o f  d b a  grille are v i s i b l e  i n  the phdograph. 

T h e  rising dust cloud was lopped by the ajustream and 

capture  was a l m o s t  cumplete with t h e  n e w  hood since i t  was 

d e s i g n e d  to  o p e r a t e  over the e n t i r e  width of the l i d  

opening.  The o l d  hood, as mentioned,  d i d  n u t  c o l l e c t  all 

t h e  dust near the l i d ,  and s o m e  missed the hood s i n c e  it 

d i d  not ext;end out far enough* The presence  of the operatar 

empty ing  bags into t h e  m i x e r  d i d  not appear tn afferf the . . 
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performance of the new hood, 

A n  a t t e m p t  was made to quantify the performance a f  t h e  hood 

u s i n g  t h e  o n l y  instrument safe and sensitive enough, a kata 

thermometer. This is v i s i b l e ,  a long  with a mercury 

therrnameter in the phokagraph b e l o w ,  on the right s i d e  o f  

the new hood opening- The thermos f l a s k  i s  for heating the 

k a k a  thermometer. A magneheli c pressure gauge has been 

a e t a c h d  t o  the water pips to estimate the supply a i r  
- 

p r  es~iur e. 

Figuve 16 on the next page s h e w s  the effect of supply a i r  

pr-easure an t h e  par farraance of the 'push p u l l 9  system, 



f igure 15 -- --- 

-r -4 

0 
i 53cm 37 crn Wcm 

&T,CE FROM FAR END OF SLOT 

ef fec t  of a i r  supply pressure  on fac e velocity 

The a ir  v e l o c i t y  was estimated 3cm above t h e  centre o f  the 

mixer rim for the new hood a t  d i f f e r e n t  a i r  pressures .  

supply  air pressure (Pa3 2500 1250 500 125 0 

air velocity C m / s )  2 . 7  2 - 4  1.8 0.9 0 - 1  

The kata thermometer appeared unrel  i ab l  e at 1 o w  wind speeds 

since i t  over ext imates  air movement <0,5m/s) with 

ex trac t ion  o f f  a n d  doors and windows closed. A n  estimate of 

O . l m / s  with a smoke tube has been given in its place in 

the d a t a  above. 

Limited confidence should b e  placed on the  kata thermometer 

data for another reason. T h e  f l o w  through the hood based on 

t h e  f a c e  v e l o c i t y  and from p i t o t  traverses i n  the d u c t  

d i f f e r :  

f 1 ~ c ~ w i n , ~ / z j  - w i t h  new hucid ---- 

k a t a  0 . 30 
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T h i s  r e p r e s e n t s  a drop  of 25%, but  soroe o f  it may be 

explained b y  leaks i n  the duct to hood seal <loose), leaks 

between t h e  b a f f l e  and hood or perhaps other  unknown 

systematic e r r o r s  in either estimate. 
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3.3 MIX 2 

T h e  m i x e r s  i n  t h i s  room were u s e d  e x c l u s i v e l y  for pigmented 

paint a n d  t h e r e  w a s  u s u a l l y  a t  least one manual r a n t l i n g  

o p e r a t  i ctn. The s o l v e n t  v a p o u r  c o n c e n t r a t i o n s  (ppm) were : 

.. . .. 

tiei q t ~ t  Play 22 JgJg 12 J u l y  15 aE LJLy 2s eF J ~ i l  y 29 

f 1  aor 80 

0. 5m 75 600 

BZ 60-124 40-75 35-120 15-30 20-35 

2.0m 70 

level 1 70-85 70 40-80 35-40 

l e v e l  2 65 40 45 

table L3 Mixer 1 s o l v e n t  l e v e l s  

The high l e v e l  (6OOpprn) on J u l y  1Sam was near a solvent 

spill of a f e w  l i t r e s  u n d e r  m i x e r  118. 

Most of the m i x e r s  had  an a t t e m p t  at l i p  extraction. 

The  e f f i c i e n c y  of  t h e  e x t r a c t i o n  w a s  i n v e s t i g a t e d  with a 

s m o k e  t u b e ,  seen on t h e  floor i n  t h e  p h o t o g r a p h  below. A 

diffusing cloud o f  smoke i s  seen d r i f t i n g  aboveand t o  the 

l e f t  of t h e  hood. A f e e b l e  p u l l  o c c u r r e d  a b o u t  5 c m  from 

t h e  hood.  The hood is about 60 c m  lung. 

Another p o i n t  e v i d e n t  i n  t h e  p h o t o g r a p h  is t h e  e f f e c t  o f  

t h e  t o e  r a i l  on t h e  seal o f  the  r n i x e r  l i d s .  The l i d s  close 

and o v e r l a p  t h e  toe r a i l  b y  a t  least 10 c m  l e a v i n g  at  least 

a 5 c m  gap between l i d  and m i x e r .  A l r r ~ o s t  a1 1 the lids w e r e  

open d e s p i t e  rf~atiy notices to t h e  c ~ n t r a r y .  



The relatively low solvent vapour levels on the ground 

level were nut due to good practice or mechanical 

ventilation, but the throughflow af air thrurtgh t w s ,  dears; 

which were always open. 
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3.10 _MI11 'Ii 

A volume o f  lacquers and paints were canned i n  t h i s  room. 

The solvent vapnurs w e r e  generally much lower than in M I X  i 

due to  better natural v e n t i l a t i o n  - t w o  doorways had no 

doors  and the  other t w o  doors w e r e  of ten  open. Level 1 had 

l i  tt 1 t natural  venti  lati on and the s l i l v e n t  vapcrur s were 

about twice as high here. 

A tortuous system o f  ducting had been installed under the 

o u t l e t s  12f mixers 300 to  303. I t  served no u s e f u l  purpose 

and the numerous abrupt bends in the ducts would have led 

to a very high res i s tance  to  f low.  

Inspection of the lid extraction on all the mixers revealed 

that a l l  the f l e x i b l e  ducting connecting mixers 304 t o  307 

had been disconnected. The extraction fan was on and 

serving no useful purpose. 
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3.11 tjLgi SPEED DISPERSION CHSDI 

T h i s  room serves Cwo fuvlctiona - t h e  dispersion of s m a l l  

C500 l i t r e l  volumes of p a i n t  and t h e  dispensing of salvents 

The phcrtograph belaw shows the feed p i p e  at t h e  s o l v e n t  

d i spens ing  pipe. r 

- 
A 1 cm layer af solvent' lies on top of the 200 l i t r e  drum 

l i d .  A small hole i n  the l i d  would a l l o w  the solvent to 

d r a i n  inside the drum without e i g r ~ i  f i can t  evaporation f v m  

the drum. The slot i n  the background is typical af t h e  

e x t r a c t i o n  for the dozen 500 l i t r e  mixers i n  the room, The 

value o f  t h e  e x t r a c t i o n ,  e s p e c i a l l y  when n o t  m a t c h e d  to the 

l i p  of the mobiles, is cjubious. 

Sol vent  vapaur ccrncentrat i arcs were i n v a r i  abl y b e t w e e n  100 
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and 150 ppm even i f  t h e  m i x e r s  were o f f ,  t hough  the p r e  

work s u r v e y  ( J u l y  231 s a w  t h e  l e v e l s  d r o p  t o  30 ppm. 

An f i~pera t~z t r  r e p ~ x t e d  that t h +  lack of  use of 1 i d s  w a s  

r e l a t e d  t o  t h e  v i b r a t i o n  i n  t h e  f i r s t  f e w  h o u r s  of  mixing.  

Unattended, t h e  l i d s  w e r e  s a i d  t o  f a l l  i n t o  t h e  mixers. 

Modifying t h e  l i d s  i n  a wanner s i m i l a r  t c l  t h a t  below could 

overcome t h a t  o b j e c t i o n  t o  t h e i r  c o n s i s t a n t  use, 

f i g u r e  18 s m a l l  mixer l i d  m o d i f i c a t i o n  -- --- 

I f  t h e  s o l v e n t  vapaur  c o n c e n t r a t i o n s  d o  n o t  d r o p  

s i g n i f i c a n t l y  below lOOppm w i t h  t h e s e  modificatiens then 

e x t r a c t i o n  n e a r  t h e  mixer s h a f t  r a t h e r  t h a n  t h e  p r e s e n t  

s l o t  e x t r a c t i o n  is s u g g e s t e d .  
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3.12 SMALL ORDERS 

Small batches 0 5  p a i n t  are formulated in t h i s  room,  The 

design of t w o  identical fume hoods a5 s e n  in the 

photograph below, is poor. The s m a l l  g r i l l e s  w i l l  extract 

from a hemisphere 0 - 5  m across ,  leaving large areas  of dead 

air .  They cannot effectively extract  from a hand mixing 

vessel t h e  l i p  of which would be at the height  of t h e  scale 

dial. Since  the wrker ha5 t o  bend over the vessel to add 

solvent ar m i x  t h e  batch, the e x t r a c t i o n  at the  top of the 

hood serves  d y  C o  draw solvent vapauus p a s t  the worker's 

face. 

A re la t ive ly  simple modi f i ca t ion  is to i n s t a l l  an 

adjustable  plenum w i t h  f u l l  w i d t h  s l o t s ,  as s h o w n  i n  

f igure  19. 
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figure 13 plenum with adjustable full width slots 19) -- --- 
A further factor which reduceed the effect af the fume 

hoods was the a n n o y i n g  noise since t h e  background noise w a s  

l o w  165 dEA, Appendix  I ) .  Much o f  t h i s  would be due to 

mechanical coupling o f  t h e  fan through the duct, the hood 

acting as an effective resonator. Decuupling the fan ( i t  

was installed too c l o s e  to the hood) as shown below, may 

reduce the n o i s e  sufficiently to make the use of the fume 

hoods more a c c e p t a b l e .  

band 5cm 

f i q u r e  20 decoupl  i ng fan n o i s e  f r o m  hood -- --- -- 

The ri~airi workbench was serviced -by a duct w i t h  eight under- 

bench  i n l e t s  and a floor level i n l e t  near the w a l l .  All 
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these inlets d i d  l i t t l e  to reduce t h e  solvent exposure  to 

t h e  paint formulator.  The m o s t  appropriate ex trac t ion  is 

abc~ve-b+n.:h and should be directed at the work proces s  bu t  

n o t  get i n  the way. A 'Nederman arm' arrangement  is 

s u g g e s t e d ,  but duct f l o w s  and f a n  capacity c a l c u l a t  inns 

have not been d o n e  to see i f  one could be d i r e c t l y  

c o n n e c t e d  to the existing d u c t .  

f igure  21 workbench exfraction -- --- 

Little work was b e i n g  performed i n  t h i s  room and solvent 

vapour c o n ~ : e n t r a t i a n s  w e r e  r v ~ ~ d e r a t e  dur i ng the 

investigation. T h i s  area has rf~ediurn p r i o r i t y .  
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3.13 C@jLEJ MILL 

The two cavitation m i x e r s  in t h i s  r o o m  had the best 

examples af extraction i n  the factory - slot extraction 

across the width of t h e  m i x e r .  

'. I 
The l i d  was well f i t t i n g  and nrechanlcalry linked to a 

damper. The extraction fan w a s  w t e i d e  the room and the bag 

filter which preceded it automatically cleaned i t s e l f .  The 

e f f i c i e n c y  of  t h e  unit m u s t  have been greatly reduced by 

the use of f l e x i b l e  ducting between the howl and the main 

ducting: 

1) there is an u n n e c c e s s a r y  dawnward bend at the end 

of the metal duct 

2) t h e  f lex ib le  ducti,ng is sagging, creating at1 extra 

downward loop  and . making the bend from the mixer 
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s h a r p .  

The e f f e c t  o f  s a g g i n e s s  i n  f l e x i b l e  ducting w a s  

demonsfrated i n  MILL 2 on the '262' r u n  where holding the 

d u c t i n g  i n t o  a smooth c u r v e  doub led  the flow. Though i t  is 

d o u b t f u l  t h a t  t h e  f low and h e n c e  the hood f a c e  v e l o c i t y  

would double  here, i t  may increase the transport velocity 

i n  t h e  system s u f f i c i e n t l y  t o  r e d u c e  t h e  p igment  b u i l d u p  

s e e n  i n  t h e  s l u t .  Suspens ion  o f  t h e  d u c t  c o u l d  be achieved 

w i t h  t w o  e l a s t i c  c o r d s  from the r o o f  g i r d e r s  a n d  c a n v a s  

s l i n g s .  T h i s  would a l l o w  t h e  necessary v e r t i c a l  movement of 

t h e  mixer .  

Two bead m i l l s  w e r e  t h e  o n l y  o t h e r  machines  i n  t h e  room and 

t h e y  had  no  mechanical e x t r a c t i o n .  

The solvent vapour  c o n c e n t r a t i o n s  i n  t h e  r o o m  w e r e  

g e n e r a l l y  100-250 p p m  though a number of  measurements  i n  

t h e  w o r k e r 1 s  b r e a t h i n g  z o n e s  exceeded  300 ppm (Appendix B). 

Local  e x t r a c t i o n ,  e s p e c i a l l y  d u r i n g  c l e a n i n g  o p e r a t i o n s  

c o u l d  be p r o v i d e d ,  b u t  i f  the o p e r a t i o n s  are b r i e f ,  o p e n i n g  

t h e  doors s h o u l d  be encouraged .  Work i n  t h i s  area would 

have a s i m i l a r  m e d i u m  p r i o r i t y  to the SMALL ORDERS r o o m .  



Tbe reason f o r  including part of t h i s  area w a s  for an 

example o f  f lour extractim and here $he investigatirm is 

r e s t r i c t e d  ta *his ~tspact .  

The photograph above shows a h y g i e n i s t  w i t h  a s s o k e  tube 

demonstrat ing  poor capture by the floor inlet, Face 

v e l o c i t i e s  were, from l e f t  to r i g h t :  

1 -5 <U. 2 2.2 2.5 6.5 ms's 

T h i s  r a n g e  of velocities a l s o  i n d i c a t e d  

between t h e  i n l e t s .  

f l o w  imbalance 

The vertical vapour g r a d i e n t  d i s t a n t  from t h e  extract i o n  

was i n s i g n i  f i c a n t  CAppendi x B, May  2'3). 

The f low  through h i  d o c t i n g  could b e  used m o r e  

product ive1  y f o r  e f f i c i e n t  e x t r a c t i o n  on the lips of t h e  

m i  xer s. 

The e x i s t i n g  l i p  e x t r a c t i o n  m t o p  o f  t h e  mixer w a s  qu i te  

inefficient and can be seer1 i n  the photograph below- 
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'I. 1 
Al 

Since the capture range af the hood w a s  m l y  a few 

centimeters, it provided no p r o t e c t i m  from solvent vapoure 

frm the mixer for khc warker scraping paint near the tap 
. - 

of the mixer. There is a large buildup of p a i n t  on the lid 

from the pract ice  o f  hanging sampling tins to drain an the 

hooks provided. This a l s  meant that t h e  mixer l i d  w a s  

normally left open. 

The flobr extraction served no purpose and the Lip 

extract ion w a s  of poor design. An alternate ex trac t ion  for 

t h i s  type o f  mixer is the Standard Head i n  kppendix E. 
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3.15 CLEAN1 Ng SHED 

A cansultancy r e p ~ r t  C21 found t h i s  to  be t h e  w o r s t  area. 

Room solvent vapuur c n n c n n t r a t i o n s  [Appendix B) were 

general 1 y  200-306ppm though the di f fusive sampler results 

(Appendi x H) i n d i c a t e d  t h a t  p e r s o n a l  exposure w a s  higher 

t h a n  the OVA results suggest. 

The opera tor  repor ted  he usually worked weekends g i v i n g  a 

a o r k i n g  ueek o f  60 hours .  The U.K. exposure l i m i t s  C4) are 

based an American figures <5> which assume a 40 hour 

working w e e k ,  and the weekend for the body to recover .  With 

overtime, t h i s  l i m i t  m u s t  b e  p r o p o r t i o n a t e l y  dera ted .  
- 

This r o a m  is fraught w i t h  e x a m p l e s 7 s f  bad housekeeping, 

poor work p r a c t i c e s  and bad extraction. 

I 
. --. -- 
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The photographs above are sel f e x p l a n a t o r y  but t h e  range of 

sizes and shapes of vessels for c l e a n i n g  is large- 
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The e x t r a c t i o n  i n  t h i s  area w a s  q u i t e  p w e r f u l  b u t  it drew 

t h e  s o l v e f i t  vapour up p a s t  the w o r k e r ' s  f a c e ,  p a r t i c u l a r l y  

i f h e  was bending ~ v e r  Csee photograph above). H a r  i z o n t a l  

s lo t  e x t r a c t i o n  cou ld  be used but t h e r e  w w l d  b e  problems 

a d a p t i n g  i t  t o  t h e  v a r i e t y  of  v e s s e l s  and t a s k s ,  as seen in 

t h e  first two photographs .  

S o l v e n t  was used as i f i t  were water i n  the cleaning shed ,  

S p i l l s  w e r e  frequent and the g e n e r a l  ventilation was q u i t e  

inadequa te .  The solvent vapour c o n c e n t r a t i o n s  w u l d  be 

h i g h e r  i n  s i t u a t i o n s  where  t h e  d o o r s  were c l o s e d .  

The photograph below shows t h e  s m a l l  e x t r a c t i o n  unit on the 

w a l l  and mopping up a solvent s p i l l  estimafed at 10 l itres, 
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Some a1 ternat  i v e s  to  r e d u c e  s o l v e n t  vapour e x p o s u r e :  

1)substitute the solvents u s e d  f o r  cleaning to  t h o s e  

less hazardous to heal th  

2)autornate t h e  process 

3)rcrtate workers through t h e  shed. In addition levels 

must be reduced. 

4)clean up housekeeping and i n s t a l  1 an horizontal 

extraction hood giving an air movement of 0.5 m/s i n t o  

the hood a t  any p o i n t  above the vessel being cleaned. 

This option wo~tld be coupled w i t h  h i g h  heat losses in 

winter and high solvent losses which m a y  not be 

environmentally acceptable in the future. 
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3.1€ EVAP0F:ATION EXEEF: IMENT 

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

and t h e i r  per flz~rmance under d i  f f e r e n t  o p e r a t i n g  ~ z o n d i t i o n s  

was w e l l  beyond t h e  s c o p e  of t h i s  i n v e s t i g a t i o n .  However 

simple laboratory models ,  a p p r o x i m a t e l y  scaled, served t o  

g i v e  s i m i l a r  d a t a  i t 1  a s h o r t  time and at far  less cost, T h e  

mixer c a p a c i t i e s  w e r e  between 450 and  11OOO litres. 

Five,  ctne l i t r e  p a i n t  t i n s  w e r e  chosen  t o  r e p r e s e n t  f i v e  

approaches .  They w e r e :  

f i g u r e  22 mixer e x t r a c t i o n  models -- --- 

A: l i d  e x t r a c t i o n  t o  s i m u l a t e  a v a r y  c~~n.~ntoti app roach  to 

extraction i n  t h e  f a c t o r y  

B: open v e s s e l ,  t7ot ut~corfir~~~-rn i t 1  the f a c t  u r y  

C: s l c t t  e x t r a c t i o n .  The only example of  t h i s  i n  the 

f a c t o r y  is on t h e  c a v i t a t i o n  m i x e r s  i n  the CENTRI MILL 

Q: l i p  e x t r a c t i c ~ n  by a wrap around s lo t  

E_: lol=lsely f i t t i n g  l i d  w i t h  nu  e x t r a c t i o n ,  a l s o  not 

uncommon i n  the f a c t o r y  

The e v a p o r a t i o n  of  2 0 0 g  o f  i n d u s t r i a l  grade toluene was 

d e t e r m i n e d  gravimetrical l y  i n  t h e  five vessels at 

a r b i t r a r i l y  lung i n t e r v a l s  Cusually several h o u r s )  under 

set o p e r a t i n g  c o n d i t i o n s .  T h e  temperature was r a i s e d  w i t t i  a 

w a t e r b a t h ,  but u n f o r t u n a t e l y  its t h e r m o s t a t  w a s  unreliable 

so t h e  r e s u l t s  are shown r e l a t i v e  to  the open vessel, B. 

S i m u l a t i o n  o f  t h e  a c t i o n  of  a m i x e r  w a s  done w i t h  a 
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airstream bubbling through a g l a s s  laboratory p ipet$e  i n t ~  

the 1 iquid. Laboratory pipettes w e r e  chasen for bubhlers 

s i n c e  the ir  tips had uniform narrow bores and h e  e x t r a  

f l a w  impedance wauld t end  to equal i se?  fluws i n  a l l  bubblers. 

The air supply w a s  t h e  output ~f t h e  vacuum pump for 'the 
- - 

h ~ a d  extraction, and t h e  temperature rise about in C. 

Two m a n i f o l d s  ta equaliae suction and pressure  were 

fabricated frab white plrzstf c jars. 

Since o n l y  three t i n s  had hoods and. f i ve  t i n s  had bubblers ,  

and one e x t r a  l i n e  b l e d  into the fume hood, the air volume 

bubbled i n t o  the extracted hoods was about half that 

e x t r a c t e d .  

A l a t e r  modification divided t h e  pressure line before t h e  

p r e s s u r e  mani fa ld  t o  reduce  t h e  bubbler f l o w  by a further  

factor of  t w o .  



page :'EO 

, ------- -- = = - - - - - - - - - - - - - - - - -  
5' Added iskr to h a \ ~ ~  -' 

, bubb\ev Flou 

figure 22 m a n i f o l d  s c h e r i ~ a t i c  -- --- 
A further precaution t o  m a i n t a i n  u n i f o r m  c o n d i t i o n s  w a s  t o  

minirnise a i r f l o w  above t h e  t i n s ,  a s i t u a t i o n  corresponding 

t o  the  l o w  a i r f l o w  at t h e  m i x e r  l i d  level i n  t h e  factory. 

This w a s  a c h i e v e d  w i t h o u t  compromis ing  t h e  l a b o r a t o r y  air 

quality by  r a i s i n g  t h e  fume c u p b o a r d  door 0,Sm, u s i n g  t h e  

cupboard on the l o w  f a n  s e t t i n g  a n d  by p l a c i n g  a b a f f l e  

beh ind  the water b a t h .  

A i r  flow and q u a l i t y  measu remen t s  are in Appendix D- 

.......................................................... 

Eutl Sol vent Leap. E x t r a c t i o n  & ! b _ b _ k ~  

i-two runs 20° off o f f  

i i ? on f u l l  

i i i 20" on o f f  

iv 1 go on ha1 f 

v ? on f u l l  

v i ? ctn f u l l  

vi  i 3 on full 

v i i  i ? fin f u l l  

i x ? on  f u l l  

--------------------------------------------------------- 
t a b 1  e 14 e x p e r  i rnent temperature and  a i r  movements 

The w a t e r b a t h  regulation was u n r e l i a b l e  b u t  s o l v e n t  
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t e r r ~ p e r a t u r e s  as high as 75* w e r e  r e c o r d e d .  In  the factory,  

mixer  t e m p e r a t u r e s  o f  90* w e r e  reported and some processes 

must b e  c o n t r o l l e d  t o  m u r h  l o w e r  temperatures to k e e p  a wax 

a d d i t i v e  from m e l t i n g .  

f i qur e 24 evaporation rates -- --- 
Per fnrrna~~cg ef vessel 5 

A )  Ljd E~t~actint>: T h i s  w a s  i n v a r i a b l y  associated w i t h  
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the highest s o l v e n t  lass, though under conditions of high 

rates of solvent evolution leg run ii), t h e  other e x t r a c t e d  

vessels a1 so s h c ~ w e d  enhanced losses. W i t h o u t  agitation (run 

iii), l i d  errtracti13n i n c r e a s e d  losses by a f a l - t t w  13f fif_ez 

B) Open Vessel: The large surface area led to high lass, 

particularly when enhanced by agitation or temperature, 

C) Hood E x t r a c t i o f i :  The results o f  C' were erratic and 

varied unpredictably, but  were reasonably close to that of 

an unextracted, open vessel. Since the face velocity w a s  

about 0.2Sm/s, one can conclude that little extraction of  

vapour s a t u r a t e d  air f r o m  i n s i d e  the tin occurred. A test 

with a smoke tube i n d i c a t e d  t h a t  air w a s  being drawn 

horizontally close to t h e  s l o t ,  but the range of  t h e  hood 

could n o t  be determined  accurately at t h i s  scale. 

D Lie Extraction: This t y p e  o f  hood was longer t h a n  C 

but  d i d  n o t  have to draw air as far. It would be expected 

to be more easi 1 y damaged than C but t o  operate m o r e  

efficiently and not be affected by constraints of space on 

top o f  a mixer. Crudeness af model construction made the 

slot w i d t h  vary between 3 and 5mm, An  average width of  5mm 

gave  a slot f a c e  velocity of 0 . 1  m/s, somewhat less than C. 

The sol vent losses were invariably lower than for C. 

E l  Cs:~t:t~c Fi  t t j n q  C a r d b o a r d  !Ad: The s s l v e n t  losses for 

t h i s  type of hood were remarkably low a n d  uniform under all 

c o n d i t i o n s  o f  t emperature  and agitatinn. This i n d i c a t e s  

that close fitting lids in t h e  fac tory  are  probably the 

b e s t  primary method of control, However l i d s  do have to be 

opened for sampling and addition o f  materials, 513 s o m e  form 

o f  local  extraction is necessary. 
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4 Q ~ S ~ ~ U S S I O N  

4 . 1  9VEF:V I EW 

The aim o f  this investigation was to study the primary 

control of s ~ ~ n l v e n t  vapaurs. Only sufficient solvent vapour 

rieasurernents were done to a1 1 ow a reasanable approach. 

F a s t  and ongoing solvent vapour monitoring by the London 

Sch13ol of Hygiene and Tropical Medicine C2> should 

cnmpl ement this invest igatian. 

A basic principle of  Occupational Hygiene is whenever 

possible, to control a hazard at its source. In the 

factory, the hazard under investigation was sol vent vapour 

and the main solvent, toluene, was the dominant vapour in 

most instances (Appendix H I .  Substitution for less 

hazardous solvents is not feasible, except for some glycol 

ethers (2) so the options of mechanical containment, 

ventilation and change of work practices were the key 

elements o f  this investigation. 

An attempt was made not t o  ask leading questions which may 

agitate the wages workforce. However my presence and 

obvious interest in their working environment did affect 

attitudes towards their responsibilities. 

-a wall fan in the cleaning shed was rcp~wtedly broken 

for several years. Buesticrning the maintenance 

procedure regarding how things get fixed and who was 

responsible, I was given an unenthused reply by a 

worker. However a n e w  fan was seen instal led two weeks 

later. 

-a duct flange was observed  disconnected from a mixer 

lid near the Attritor extraction. The operator may 



h a v e  o b s e r v e d  work 13n t h i s  e x t r a c t i o n  which  i n c l u d e d  

cf e a n i n g  out and r e c o n n e c t i n g  a d u c t  far he l a t e r  

showed rite t h e  flange, w e i g h t e d  i n  place with short 

lengths af p i p e ,  

These  i n d i c a t e  t h e  p o t e n t i a l  fo r  motivation on health and 

safety  matters. 

4.2 SAFETY F 'OL I I IY  AND TRAINING ------ ------ --- -------- 
The p r e s e n t  S a f e t y  P o l i c y  is d a t e d  A p r i l  1, 1984 Cand lists 

a Safe ty  Officer, a p o s i t i o n  a t  p r e s e n t  u n f i l l e d ) .  The 

Health and S a f e t y  Commission (10) v i e w s  the main point i n  

r e v i e w i n g  a S a f e t y  P o l i c y  as " k e e p i n g  i t  a l ive"  though t h e  

HSAWatc A c t  [Sect 2I3))  o n l y  r e q u i r e s  r e g u l a r  r e v i s i o n  "as 

o f t e n  as may be a p p r o p r i a t e n 1 -  There were no copies of t h e  

company S a f e t y  P o l i c y  on a n y  of t h e  f a c t o r y  H e a l t h  and 

Safety  n o t i c c b o a r d s ,  

T r a i n i n g  is r e p o r t e d  to b e  r e s t r i c t e d  t o  f i r e  d r i l l s  but 

the wages workforce is l o n g  t e r m  and s t a b l e  and  50 know 

t h e i r  jabs. This does n o t  i m p l y  a good g r o u n d i n g  i n  health 

and s a f e t y  matters. 

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

p r o t e c t i o n ,  but o v e r a l l s ,  gloves and f o u t w a r e  were freely 

issued. No s o l v e n t  vapour r e s p i r a t o r s  w e r e  s e e n  but d u s t  

masks w e r e  r e g u l a r l y  u sed  w i t h  p i g m e n t s  and  &her d u s t s .  

4.3 QEWAI+&G&+ CONTAINMENT 

There  are t w o  aspects t o  mechan ica l  c o n t a i n m e n t .  

One is the  prevention of  e m i s s i o n  o f  s13lvent vapour d u r i n g  

t r a n s f e r  from one v e s s e l  to a n o t h e r .  I f  this c o u l d  be  d o n e  

througt-r a tube then s l s lven t  vapour  e m i s s i ~ ~ n s  would b e  

minimised. 
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eg, -use o f  longer delivery pipes on the bead mills, 

particularly during flushing operations 

-use o f  air operated pumps to bail vessels, 

particularly in the CLEANING SHED. This would also 

eliminate the need for stooping into a vessel 

-use of air operated pumps t o  transfer material from 

200 litre drums t o  mixers. It may be possible, if 

safety permits, t o  air pressurise t h e  drums, t o  push 

th e  liquid out through a tube into the mixer, 

The other aspect of mechanical containment i s  t h e  use o f  

close fitting lids on all solvent containing vessels. With 

effective lidding (see model E, Section 3.16) the solvent 

losses from vapours and aerosols must drop and solvent 

vapour levels in the workplace must also drop. The only 

valid reason for removing a lid is to add liquids and 

powders, or to take a sample. Extraction ventilation during 

these operations is discussed in detail in the Section 4.4. 

The factors which stop the effective lidding of  vessels are 

discussed in decreasing order of vessel s i z e .  

1) Mixers 

Where a vessel had a lid ( s o m e  didn't) productian 

orientated supervision allowed instructions on numerous 

notices t o  close lids t o  be ignored. It is quicker t o  check 

the factory operation and take samples if the lids are 

open. Recent additions of safety grilles on th e  mixers 

(apparently at the insistence sf the Health and Safety 

Executive), rather than adding a smaller trapdoor in t h e  

hinged portion of the lid for additicln and sampling, has 

reinforced this habit. 
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The h i n g e d  p a r t i c ~ n  o f  t h e  l i d s  w e r e  o f t e n  caked or 

s p l a t t e r e d  w i t h  p a i n t  (see p h a t a g r a p h s  i n  Sect ion% 3.10 a n d  

3.14:). The s p l a t t s r i t - r g  was r e p o r t e d  t o  ' s w e a t '  d u r i n g  

mi x i n g  a n d  d i s c o l o u r  s u b s e q u e n t  .jobs, e s p e c i a l l y  f o r  1 i g h t  

t u n e s .  The c a k i t i g  w a s  f rom t h e  d r a i n i n g  o f  s a m p l i n g  t i n s  o n  

hooks a b o v e  t h e  m i x e r .  

T h e  a d d i t i o n  u f  p i p e s  i n t o  many m i x e r s  f rom t h e  t a n k  f a r m  

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

p i p e s  u s u a l l y  p i n i o n  a l i d  r a t h e r  t h a n  t a k e  the more 

t o r t u o u s  p a t h  be tween  l i d  s e c t i o n s  - t h e  l i d  always s p l i t s  

a b o u t  t h e  mixer  s h a f t .  A h o l e  i n  t h e  l i d  much larger t h a n  

the t a n k  f a r m  p i p e  was common. 

A p r a c t i c e ,  now d i  s c o n t i t i u e d ,  was t h e  r e g u l a r  c l e a n i n g  o f  

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

p a i n t  c h i p p i n g  o f  t h e  m i x e r s  is now done .  

Many l i d s  w e r e  b u c k l e d  or could not c l o s e  p r o p e r l y  because 

o f  a t o e  r a i l ,  b u i l d u p  of p a i n t  on  t h e  mixer rim or t h e  

n e w  s a f e t y  g r i l l e s  o v e r  t h e  m i x e r  o p e n i n g s .  

2 )  Small misers 2nd 'Mob jlesL 

L i d s  f r o m  s m a l l  1500 l i t r e )  m i x e r s  w e r e  r e p o r t e d  t o  b e  l e f t  

o f f  f rom t h e  f e a r  13f them f a l l i n g  i n t o  t h e  m i x e r  d u r i n g  the 

f i r s t  f e w  hours o f  o p e r a t i o n  when v i b r a t i o n s  w e r e  more 

i n t e n s e .  A mcldifit:atiun t13 l o c k  blz~tti p a r t s  r:lf t h e  l i d  a n d  

overcume t h i s  o b . j e c t i o n  is g i v e n  i n  S c c t i a n  3.11. 

Nlr* real  reasor1 f o r  nett 1 i d d i n g  ' r r~c~bi  les' c o u l d  b e  f a u n d ,  

e s p e c i a l l y  d u r i n g  t r a n s p o r t a t  i e n  w h e n  5 u r  f a c e  a g i t a t i o n  w a s  

v i s i b l e .  Measurements i n  t h e  b r e a t h i n g  z o n e  o f  t h e  worker 

pus t i ing  the rfiobiles (Appendix  B) showed t h a t  a t w o  or t h r e e  

f o l d  i n c r e a s e  i n  a m b i e n t  s o l v e n t  vapour c o n c e n t r a t i o n  w a s  
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n o t  uncommon. 

3) S r r l a l l  y g s s e l s  

The copisus U ~ P  o f  s1>1ven t  for ~ l e a n i n q  r f~inor  s p i l l s  is an 

i n v e s t i g a t i o n  can i ts  own. Though i t  has k e p t  t h e  f a c t o r y  

t i d y ,  i t  may be a s i g n i f i c a n t  s o u r c e  of  t h e  h i g h e r  

b a c k g r o u n d  l e v e l  s f  s o l v e n t  v a p o u r  once work s tar ts .  M o s t  

f i l l i n g  s t a t i u n s  h a d  a n  open  p a i n t  t i n  o f  s o l v e n t  a n d  a 

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

evaporation. A c h a n g e  i n  t h e  procedure for  c l e a n i n g  s p i l l s  

or a way o f  r e d u c i n g  s p i l l s  Ceg a u t o m a t i o n )  c o u l d  be 

c o n s i d e r e d ,  b u t  t h e y  are  b e y o n d  t h e  s c o p e  o f  t h i s  

i n v e s t  i g a t  i on. 

A n o t h e r  type o f  s m a l l  vessel w i t h  s o l v e n t  is a s m a l l  

' m o b i l e '  w i t h  mops a n d  s c r a p e r s .  I n v a r i a b l y  t h e  l i d  is i l l  

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

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

c h a n g i n g  the p r o c e d u r e  so t h a t  v o l a t i l e  s o l v e n t s  are n o t  

used as a c l e a n i n g  agent or by a t  least  making the l i d s  f i t  

bet ter  . 
4.4 EXTRAIZTION VENTILATlON 

The bulk  o f  t h e  i n v e s t i g a t i o n  w a s  on t h i s  t o p i c .  A s  

m e n t i o n e d ,  t h e  o n l y  real need  f o r  e x t r a c t i o n  v e n t i l a t i o n  is 

when a c c e s s  t o  a vessel is r e q u i r e d .  The e v a p o r a t i o n  

e x p e r i m e n t  i n  S e c t i o n  3.16 d e m o n s t r a t e d  t h e  e f f e c t  of 

d i  f f e r e n t  modes o f  e x t r a c t i o n  o n  s o l v e n t  losses, and t h e  

c o s t i n g  f i g u r e s  i n  Appendix 13 show t h e  h i g h  d i r e c t  costs of  

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

c o s t s .  . E v a l u a t i o n  o f  a r e p r e s e n t a t i v e  s e l e c t i o n  of 

e x t r a c t i o n  =iystems i n d i c a t e d  t h a t  e x t r a c t i o n  v e n t i l a t i o n  i n  
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the f a c t o r y  was i n e f f e c t i v e ,  m a i n l y  due t o  poor  hood d e s i g n  

and p o o r  m a i n t e n a n c e .  S u g g e s t i o n s  w e r e  a lso made f o r  

e x t r a c t i c n  at the ~~~~~~~e o f  several f i l l i n g  rnachir-tes and 

f o r  m o d i f i c a t i o n s  t o  e x t r a c t i o n  f o r  fume c u p b o a r d s  and 

bench e x t r a c t i o n  ( S e c t i o n  3.12). 

4.4.1 F a l l a ~ z i e ~  

T h e r e  are t w o  common f a l l a c i e s  i n  e x t r a c t i o n  v e n t i l a t i o n ,  

a n d  b o t h  are s t r o n g l y  r o o t e d  i n  t h e  company. 

The f i r s t  f a l l a c y  is t h a t  h o o d s  car1 draw a i r  a s i g n i f i c a n t  

d i s t a n c e  away f rom t h e  hood o p e n i n g s .  A l l  l i p  e x t r a c t i o n  

( e x c e p t  t h o s e  b u i l t  i n  as a slot i n  t h e  c a v i t a t i o n  m i x e r s  

i n  t h e  CENTRI HILL) f a l l  i n t o  t h i s  class. W h i l e  a jet of 

a i r  takes t h i r t y  duck d i a m e t e r s  t o  f a l l  t o  1 o f  its 

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

e x t r a c t i o n .  I t  a p p e a r s  t h a t  most  l o c a l  e x t r a c t i o n  design i n  

the f a c t o r y  was d o n e  by t h o s e  1:onversant w i t h  

a i r c o n d i t i o n i n g  b u t  who knew l i t t l e  a b o u t  hood design f o r  

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

The second f a l l a c y  (91 is t h a t  h e a v i  e r - t h a n - a i  r v a p o u r s  

c o l l e c t  on t h e  f l o o r  and so f l o o r  e x t r a c t i o n  is w o r t h w h i l e .  

On page 5 o f  a b o o k l e t  "What you s h o u l d  know a b o u t  

Flammable  L i q u i d  S a f e t y " ,  which  is d i s t r i b u t e d  by the 

company i t  s t a t  e5 

"Vapuurs  are h e a v i e r  t h a n  a i r  and c a n  s i n k  to floor 

w h e r e  t h e y  may n o t  b e  seen or s m e l l e d " .  

I t s  a p p a r e n t  roots are i n  f i r e  s a f e t y  f i l m s  which  show a 

s e q u e n c e  where  a n  open  c o n t a i n e r  o f  e t h e r  i s  p l a c e d  a t  t h e  

t o p  of  s o m e  s t a i r s  and  a n  i g n i t i o n  s o u r c e  a t  the  b o t t o m .  I n  

a s h o r t  t i m e  the v a p o u r s  f l a s h .  Here a number of f a c t o r s  
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a p p l y  which do not o c c u r  i n  t h i s  f a c t o r y .  The f i r s t  is t h e  

u s e  o f  a material s u c h  as e t h e r .  

----------------------------------------------------------- 
e t h e r  t 13 lucne  a ~ = e t ~ z l n e  ----- ------- ------- 

vapouv p r e s s u r e  SPaj 585(:10 3730 24000 

b o i  1 i n g  pmi n t  ( OC? 34.5 110.7 56.5 

f 1 ash p o i  n t  ( "C :) -45 4.4 -17 

e x p o s u r e  1  i m i  t ippmj 400 100 750 

s m e l l  t h r e s h ~ = ~ l d  tppriij 1 O(5 .< 5 100 

l o w e r  e x p l o s i v e  l i m i t  ippm) 18500 13000 29000 

t a b l e  15 p r o p e r t i e s  af  s e l e c t e d  s o l v e n t s  ----- 
Fsr t h e  e t h e r  t o  f l a s h ,  t h e  lower e x p l o s i v e  l i m i t  must  h a v e  

been reached, a l e v e l  i n  ppm which is n o t  found i n  t h e  

workp lace ,  p a r t i c u l a r l y  n e a r  the f l1-7l~r  where  t h e r e  are 

a l w a y s  d r a f t s ,  however s l i g h t .  Tfie h i g h  vapour  p r e s s u r e  and  

v e r y  l o w  f l a s h  p o i n t  a l so  c o n t r i b u t e .  However the main 

r e a s o n  why vapour  does n o t  c o l l e c t  o n  t h e  f l o o r  is v e r y  

s i m p l e .  The vapour  u s u a l l y  moves f r o m  t h e  t l ~ p s  o f  vessels 

a t  a c o n c e n t r a t i o n  o f  a round  1Ot:)ppm. The w o r s t  case found 

i n  t h i s  s t u d y  w a s  a round  iOOOpprn ( S e c t i ~ ~ n  3.7). C o n s i d e r  

crne o f  the  most v o l a t i l e  s u b s t a n l = c s  a l = t u a l l y  used i n  t h e  

f a c t o r y ,  ace tone .  

D e n s i t y  of  acetone vapour  = 2.13 ( a i r  = 1)  

A t  1000ppm, d e n s i t y  = 1t:)(:10 ?: 2 + 993.(:)(:,51 x 1 
1 , ( 3 3 0 ,  000 

A d i f f e r e n c e  i n  density o f  [> , I% i s  zp I n s i q n i f i c a n t  that 

random a i r  c u r r e n t s  w i l l  d i s p e r s e  the r i ~ a t e r i a l s  t h r o u g h  t h e  
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r uort~. Th i s h a s  been demonst r a t e d  i n  r e p c a t  e d  measur  errlent 5 

froria ground  l e v e l  t o  5 meters u p  (Appendix B). 

4. 4. 2 H+:II=I~S ----- 

The e v a p o r a t i o n  expe r imen t  (Set t i on 3.16) r e v e a l  ed a number 

o f  p ~ ~ i n t s :  

1) E x t r a c t i o n  t h r o u g h  t h e  hood o f  a mixer  i n c r e a s e s  t h e  

rate o f  e v a p o r a t i o n  a b o u t  fiyg t i m e s .  

2 )  Having t h e  mixer o n ,  as s i m u l a t e d  by  a b u b b l e r  i n  the 

r s r~~de l s ,  i t ~ c r e a o e d  t h e  e v a p o r a t i o n  r a te  a f u r t h e r  f ~ z ~ u r  

t i m e s .  I n  p r a c t i c e  t h i s  would be  f r o m  a n  i n c r e a s e  i n  

s u r f a c e  a r e a  o f  t h e  l i q u i d ,  i n c r e a s e s  from r a i s e d  mix 

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

a e r o s o l s .  Aerosols may be a major mechanism f o r  enhanced  

s o l v e n t  loss when t h e  e x t r a c t  i o n  is on. A s i m p l e ,  l o o s e l y  

f i t t i n g  c a r d b o a r d  l i d  (model E) worked r e m a r k a b l y  w e l l  at 

r e d u c i n g  losses even  though  a i r  and vapour  were b e i n g  

d i s p l a c e d  from t h e  t i n ,  s u g g e s t i n g  t h a t  s i m p l e  s o l v e n t  

vapour  losses w e r e  n o t  t h e  main mechanism. 

Release of a e r o s o l s  from a n  a g i t a t e d  s u r f a c e  may be 

p i c t u r e d  as s p h e r e s  - floating i n  t h e  a i r  i f  they are v e r y  

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

a r e  l a r g e r .  The t h r o u g h - l i d  e x t r a c t i a n  irnodel A )  vacuums 

them from t h e  s p a c e  above  t h e  n r i  x where they e v a p o r a t e  i t i  

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

d e r ~ ~ o n s t r a t e d  by measur ing  s o l v e n t  vapour  c o n c e n t r a t  i o n s  

t h r o u g h  a f  i 1 ter  . The 501 v e n t  vapcrur c ~ a n c e n t r a t i o n  would be 

l c~wer  s i n c e  t h e  f i  1  ter s t c ~ p s  t h e  aeros1:*ls. 

3j A n  a l t e r n a t i v e  t o  l i d  e x t r a c t i o n  is h o r i z o n t a l  s lot  

e x t r a c t i o n ,  e i t h e r  from t h e  mixer r i r c ~  or a l o n g  t h e  l i d  
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h inge .  The e v a p o r a t i o n  e x p e r i m e n t  d e m o n s t r a t e d  t h a t  t h i s  

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

T h e  experrri~ents w i t h  a push p u l l  hood i n  t h e  PREMIX room 

showed t h i s  ~ r o u l d  be a c h i e v e d  w i t h  the s a m e  h ~ ~ o d s  or s i m p l e  

rillsdi f i c a t i o n s  to t h e m ,  b u t  a s t a n d a r d  h l~od  o f  t h e  type 

d e s i g n e d  i n  Appendix E is more d e s i r a b l e  i r c  it is 

s i m p l e r  t o  5 and d o e s  n o t  need  t h e  o p e r a t o r  

t o  i n t e r m i t t a n t l y  set i t  up. I t  also is i n  l i n e  w i t h  a 

p o l i c y  o f  keepinq l i d s  I a l l  v e s s e l s  so  that  t h e  

r e q u i r e m e n t s  f o r  e x t r a c t i o n  ventilation are minimised.  The 

push p u l l  app roach  d o e s  not e n c o u r a g e  s m a l l e r  mixer  

a p e r t u r e s  n o r  c l o s i n g  o f  l i d s  a n d  may a lso  i n c u r  l a r g e  

c o s t s  through compressed air wastage. 

S t u d i e s  w i t h  smoke tubes t o  v i s u a l i s e  t h e  f l ow o f  air  i n t o  

hoc~ds  w e r e  q u i t e  r e v e a l i n g  and are b e s t  s e e n  in a 

pho tog raph  i n  S e c t i o n  3.7 where  a s m o k e  t u b e  shows air  

b e i n g  p u l l e d  from w e l l  b eh ind  a hood w i t h  s m a l l  f l a n g e s .  

T h i s  pe r fo rmance  may be m o r e  e a s i l y  u n d e r s t o o d  i f  t h e  hood 

mouth is s e e n  as a p o i n t  or a two d i m e n s i o n a l  p l a n e .  A i r  

movement w i l l  b e  from a l l  d i r e c t i o n s  t o  this l o w  p r e s s u r e  

zone. Flow from behind t h e  hood would be  g r e a t l y  r educed  by 

l a r g e  f l a n g e s .  This was one o f  t h e  ma.jor features of t h e  

push p u l l  hood d e s i g n  (:Appendix F compared w i t h  t h e  

o r i g i n a l  hood which had s m a l l  f 1 a n g e s .  

The S t a n d a r d  Hood (Appendix E l  f e a t u r e s  an  a p p r o x i m a t i o n  t o  

t h e  i d e a l i s e d  b e l l  mouth f o r  l o w  hood e n t r y  losses and  

e x t r a  l o n g  s i d e  flanges t o  make t h e  i n f l o w  more d i r e c t i o n a l .  

Many i n l e t s  a round t h e  f a c t o r y  w e r e  t r u n c a t e d  d u c t s  w i t h  no  

r e a l  d i r e c t i o n a l i t y  and t e r m i n a t e d  i n  t h e  r e g i o n  of a mixer 



t a p  b u t  to13 far  away t o  be  o f  a n y  e f f e c t  e x c e p t  by  d rawing  

f r e s h  a i r  i n t o  t h e  area. A p e d e s t a l  f a n  would b e  c h e a p e r  

and m o r e  e f f e c t i v e .  

4 . 4 . 3  E x t r a c t i ~ n  Systerfts 

I t  was a s o u r c e  o f  f r u s t r a t i o n  t r y i n g  to unearth 

i t1f12rmation p e r t a i n i n g  t l s  the  p e r f ~ x m a n c c  of t h e  s e l e c t e d  

e x t r a c t i o n  s y s t e m s ,  e s p e c i a l l y  s i n c e  a round  15 years had 

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

were k e p t .  An e s s e n t i a l  document f o r  a s s e s s i n g  the 

p o t e n t i a l  o f  an e x t r a c t i o n  s y s t e m  is t h e  f a n  c u r v e .  Fan 

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

were o b t a i n e d  f o r  t w o  o f  t h e  s y s t e m s  b e i n g  i n v e s t i g a t e d  b u t  

f o r  t h e  t h i r d  ( t h e  A t t r i t o r  e x t r a c t i o n )  o n l y  a n  

a p p r o x i m a t i o n  c o u l d  be o b t a i n e d  by match ing  f a n  t y p e ,  

d i m e n s i o n s  and  motor w i t h  a n o t h e r  b rand .  An a t t e m p t  was 

made t o  t r a c e  t h e  f a n  m a n u f a c t u r e r  from t h e  m o t o r  plate. 

Numerous t e l e p h u n e  calls uve r  England  and Wales e v e n t u a l l y  

traced t h e  motor to t h e  motor f a c t o r y ,  t h e  reseller, the 

u n i t  a s s e m b l e r  and a cus tomer  who u s e d  i t  w i t h  a pump. I t  

w a s  a p p a r e n t l y  t h e n  r e f i t t e d  w i t h  a n  unbranded  f a n  f o r  use 

i n  t h i s  f a c t o r y .  A g r e a t  d e a l  of e f f o r t  would have to be 

made to j u s t  a s s e m b l e  a c o m p l e t e  r e c o r d  o f  t h e  curves f o r  

the f a n s  i n  t h e  f i f t y  extracti8::n s y s t e m s  i n  t h e  f a c t c ~ r y .  

Even i n  t h e  absence o f  a f a n  c u r v e  i t  was d i s c o v e r e d  t h a t  

the A t t r i t u r  e x t r a c t i o n  f a n ,  a fo rward  b l a d e d  c e n t r i f u g a l  

f a n ,  had been r u n n i n g  backwards  f a r  two y e a r s .  The f a n  and 

d u c t i n g  w e r e  checked  f o r  b l o c k a g e s  when t h e  motor  power 

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

t h e o r  e t i  c al and measured p e r  f  o rmance  o f  t h e  f a n .  R e v e r s a l  
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o f  t h e  m o t o r  w i r i n g  s a w  a huge i n c r e a s e  i n  p e r f o r m a n c e  o f  

t h e  s y s t e m  though  f a n  e f f i c i e n c y  does n o t  e q u a t e  t o  

e x t r a c t  i 111n ef f i~zalzy a t  r e d u c i n g  worl.:place s o l v e n t  vapour  

c o n c e n t r a t i o n s .  

V i sua l  i n s p e c t i o n  of a number o f  e x t r a c t i o n  systems a round  

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

and d u c t  r u n s ,  though o f t e n  d u c t s  had s h a r p  b e n d s  and 

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

4 . 4 . 4  f i a i t ~ t e n a t ~ c e  a ~ d  T e s t i t i q  

Where e x t r a c t i o n  o f  v e r y  d u s t y  air  w a s  o c c u r r i n g ,  a heavy 

b u i l d u p  of material w a s  n o t e d  i n  t h e  d u c t i n g .  T h i s  a p p l i e d  

p a r t i c u l a r l y  i n  t h e  At t r i to r  Mixer d u c t i n g  b e f o r e  t h e  bag 

f i l t e r  and t h e  PREMIX e x t r a c t i o n ,  whe re  5 c m  o f  material w a s  

e v i d e n t  a t  t h e  bo t tom of  t h e  d u c t s .  The material would b e  

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

new material (a t  a h i g h e r  v e l o c i t y  b e c a u s e  of t h e  r e d u c e d  

lumen) c o u l d  b e  e x p e c t e d  t o  c a u s e  e l e c t r i c a l  c h a r g e  

s e p a r a t i o n  or s t a t i c  e l e c t r i c i t y  (11). T h e  f a c t o r y  

management were f u l l y  aware o f  t h e  c o n s e q u e n c e s  of  s t a t i c  

d i s c h a r g e  when e a r t h i n g  s t r a p s  w e r e  i n s t a l l e d  on a l l  

vessels i n  t h e  f a c t o r y  and p e r h a p s  t h i s  o b s e r v a t i o n  may 

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

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

The r e s u l t s  i n  t h e  PREMIX room < S e c t i o n  3.8) show how 

p r o g r e s s i v e  m a i n t e n a n c e  - c l e a n i n g  t h e  hood g r i l l ,  c l e a n i n g  

the hood and  u p g r a d i n g  t h e  hs:icrd each make s i g n i f i c a n t  

changes t o  t h e  pe r fo rmance  o f  the  e x t r a c t i o n  s y s t e m .  

The A t t r i t o r  e x t r a c t i o n  s y s t e m  w a s  f i t t e d  w i t h  a number o f  

s t a t i c  p r e s s u r e  m o n i t o r i n g  p o i n t s  l a b e l l e d  A to F on the 
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d u c t i t i g ,  a n d  p i t o t  t r a v e r s e s  f o r  A ,  B, E a n d  F are  

documented  i n  Appendix  L. Static p r e s s u r e  m e a s u r e m e n t s  a t  

p c i i n t s  A t o  F are documerited i n  Se l~ t i t s tn  3.7. T h i s  system 

had p e r h a p s  t h e  best d e s i g n e d  ducts i n  t h e  f a c t o r y  and a 

b a s e l i n e  w a s  e s t a b l i s t ~ e d  f o r  i ts  p e r  f o r m a r ~ ~ ~ e ,  I t  is a 

s u i t a b l e  c a n d i d a t e  f o r  t r i a l s  w i t h  t h e  ' S t a n d a r d  Hood' on 

m i x e r s  32 and 35 a n d  f o r  a hood w i t h  a l a r g e r  f l a n g e  and 

l o n g e r  s l o t  13n t h e  A t t r i t n r  i t s e l f .  

The d e t e r m i n a t i o n  o f  sys tenr  p e r  f s r m a t ~ c e  w i t h  smoke tubes 

a n d  s t a t i c  m o n i t o r i n g  p o i n t s  is d e t a i l e d  i n  A p p e n d i x  N. 

When v i e w e d  f rom t h e  r o o f ,  a n  array o f  s h o r t  s t a c k s  a n d  

' c h i h e s e  h a t s p  or v a r i a n t s  o f  them w e r e  seen. This 

a r r a n g e m e n t ,  which  d e f  1 e c t s  t h e  s t a c k  e m i  ssi o n 5  downwards 

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

v e n t i l a t i o n  system, c o u l d  b e  changed, as shown i n  Append ix  

0. O t h e r  a l t e r n a t i v e s  w e r e  m e n t i o n e d  i n  a p r e v i o u s  r e p o r t  

(2). 

4.5 WORK PRACTICES 

Work p r a c t i c e s  i n v o l v e d  t h e  p h y s i c a l  h a n d 1  ing o f  s o l v e n t s .  

The ves591 f i l l i n g  o p e r a t i o n s  b y  ' m o b i l e s ' ,  a n d  p a i n t  a n d  

s c ~ l v e n t  c a n  f i l l i n g  o p e r a t i o n s  which  were d i s c u s s e d  i n  

t h e  r e s u l t s  (Section 3), are i n  f i x e d  l o c a t i o n s  and are 

r o u t i n e  o p e r a t i o n s  so l o c a l  e x h a u s t  v e n t i  l a t  ion c a n  s e r v e  

t o  p r o t e c t  t h e  worker .  O t h e r  o p e r a t i i ~ n s  such as moving 

'mc lb i l e s '  were d e m o t ~ s t r a t c d  t o  p r o d u c e  a c l o u d  13f s o l v e n t  

i n  t h e  a b s e n c e  of a l i d .  The use 12f s o l v e n t s  f o r  ~ z l e a n i n q  

minor s p i l l s  w a s  r e v i e w e d  i n  a n  ea r l i e r  p a r t  o f  t h i s ;  

d i s c u s s i c l t i  ( S e c t i o n  4 . 3 ) .  

Two o t h e r  work p r a c t i c e s  which g i v e  r i s e  t o  c o p i o u s  s o l v e n t  



page 75 

vapour  e m i s s i o n s  are t h e  mopping of f l o o r s  w i t h  s o l v e n t  and  

t h e  c l e a n i n g  of  mechanisms a n d  v e s s e l s  with s o l v e n t .  All 

r ~ n u t i n e l y  o c c u r  i n  t h e  CLEANING S H E D  which a c c o u n t s  f o r  the 

e x ~ r e s s i v e  l e v e l s  t h e r e .  In  t h e  f ac t l> ry  t h e  f l u s h i n g  o f  b a l l  

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

s o l v e n t  vapour c o n c e n t r a t i o n s .  C l e a n i n g  o f  f i l l i n g  mach ines  

and sand m i l l s  w a s  observed b u t  no  measurements  made. S i n c e  

t h e s e  o p e r a t i c f n s  are r o u t i n e  i t  would be d e s i r a b l e  that  the 

w13r  k e r  e x p o s u r e  is l e s s e n e d .  This m a y  be one case where 

c o n t a i n m e n t  and  local e x h a u s t  v e n t i l a t i o n  is impracticable 

and a p p r o p r i a t e  r e s p i r a t o r y  p r o t e c t i c ~ n  devices s h o u l d  b e  

mandatory.  To p r o t e c t  o t h e r  w o r k e r s  t h e  smallest amount o f  

s o l v e n t  of  t h e  l o w e s t  t o x i c i t y  s h o u l d  be used. 

4.6 SOLVENT VAPOUI?S 

The wide  r a n g e  of  s o l v e n t  v a p c ~ u r s  are  d e m o n s t r a t e d  and  

d i s c u s s e d  i n  Appendix H and g e n e r a l l y  t h i s  w i l l  n o t  

a f f e c t  t h e  a p p r o a c h  t o  c o n t r o l  s i n c e  many o f  the solvents 

used have a n  e x p o s u r e  l i m i t  around lOOppm (Appendix J). 

However s o m e  s o l v e n t s  have  a  much l o w e r  exposure 2 i m i t  and 

t h e  r e a s o n s  f o r  t h i s  are n o t  a l w a y s  i r r i t a n c y  as f o r  

c yc 1 ohexanone <Exposure  Li m i  t ZSpprn,  ( 4 ) ) .  Though 

c o n c e n t r a t i o n s  of cyc lnhexanone  w e r e  well i n  excess o f  

1C)OOpprn i n  t h e  c1perat13r 's  b r e a t h i n g  zone ( :Sec t ion  3.73, t h e  

o p e r a t o r  r e p t ~ r t e d  t h a t  a forritulat i o n ,  ACE1, was much more 

i r r i t a n t .  The U S  documenta t ion  (53 which u n d e r l i e s  t h e  UK 

exposure l i m i t s  s tates f o r  a s i g n i f i c a n t  component o f  t h i s  

flslrmulaticm, ' o x i t o l  a c e t a t e T  or 2-ethoxy e t h y l  a c e t a t e :  

" t h e r e  are no r e c u r d s  ~f a d v e r s e  worker e x p e r i e n c e  

a t t r i b u t a b l e  t o  2- r thoxy  e t h y l  a c e t a t e ,  p o s s i b l y  f o r  



the reason t h a t  i ts  vapours are o b j e c t i o n a b l e  at 

 o on cent rations n e c e s s a r y  to cause e f f e c t s " .  

The f t ~ l l c ~ w i t i g  Exposure  L i m i t s  or TLOFs are l i s t e d  below. 

------------------------------------------------------ 
TLV L E E ~ ~  Nl:*tatir=ln Csk = s k i t ~ : )  --- 

HSE (41 100 sk 

ACGIH (53 5 sk 

OSHA (1123 106 E. I< 

t a b l e  16 2-ethuxy e t h y l  acetate TLVps 

The 1986 US TLV of  5ppm may be eventually copied i n  the UK 

s i n c e  t h e  1986 OEL (4)  stil l  r e f e r s  to f h e  1982 U S  TLV. I t  

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

was r e d u c e d  i n  a n a l o g y  w i t h  methoxy e t h a n o l  and  because a 

' n o  o b s e r v a b l e  e f f e c t p  l e v e l  had  not been  d e f i n e d .  

I f  an  e x p o s u r e  t o  cyc lohcxanone  at 20 times its i r r i t a n t  

threshold was c o n s i d e r e d  acceptable by the worke r s ,  but 

ACRf was found o b j e c t i o n a b l e ,  t h e n  i t  s u g g e s t s  h i g h  l e v e l s  

o f  t h i s  cornpo~lrid and i t  is p o s s i b l e  that adverse e f f e c t s  

c o u l d  b e  found. 

These d i r e c t  and i n d i r e c t  observations on a limited number 

o f  s o l v e n t s  show t h e  need for f u r t h e r  i n v e s t i g a t i o n s  i n t o  

u s e  o f  t h e  rmre  b i o l o g i c a l l y  ha rmfu l  s o l v e n t s  u s e d  i n  l o w  

volumes and not  g e n e r a l l y  found i n  t h e  f a c t o r y  a tmosphe re .  

T h e  computer  g e n e r a t e d  s h e e t s  giving the  menu f o r  

r f~anufac tu r ing  p a i n t s  h a v e  t h e  b l a n k e t  s ta temlent  

" S a f e t y  I n s t r u c t i o n s  : wear f u l l  safety equipment  

d u r i n g  weighing and  r(ianufacture".  

These i n s t r u c t i o n s  are echoed  by s i g n s  showing  a man 
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wearing a full protective hood and clothing but are not 

e n f o r c e d .  I t  is  more c r e d i b l e  to concentrate o n  t h e  f e w  

highly i r r i t a n t  and biologically damaging s ~ l v e n t s  (and 

additives) than t o  attempt a b l a n k e t  cover on all 

niater i als. I f gor:~d p r a c t i c e s  a r e  established f o r  w h a t  is  

reasonable, t h e n  i t  may b e  possible t o  change general 

attitudes towards c a r e  with m a t e r i a l  hand l ing .  



S gONf:LYSlQfii 

The f a c t o r y  H e a l t h  and Safety  Policy is a n  i n o p e r a t i v e  

do~zuritcnt and is re f lected i n  the lack  sf h e a l t h  and  safety 

m o t i v a t i o r ~  by  t h e  wages workforce .  There is a n e e d  f o r  

h e a l t h  and s a f e t y  awareness  of the materials used and  i n  

w h a t  c a n  b e  done  t o  l i m i t  exposure t o  them. Since t h e  

i n f a r m a t i a n  is u s e d  i n  an i n h o u s e  computer  system for t h e  

p r o d u c t  1 abcll i n g  r e q u i r e m e n t s ,  t h e  same mechanism sh~z~uld 

w o r k :  t o  i n f o r m  t h e  wages employees of  t h e  hazards of the 

components.  A t r a i n i n g  programme aimed at s u p e r v i s o r s  is 

a p p r o p r i a t e  at t h i s  s t a g e .  

The i n v e s t i g a t i o n  showed at times t h e r e  w e r e  l o c a l  p o c k e t s  

of h i g h  s o l v e n t  vapour c o n c e n t r a t i o n s ,  b u t  g e n e r a l l y  t h e  

l e v e l s  w e r e  un i fo rm because of air  movements a n d  many 

sources of s o l v e n t  vapour . These i n c l u d e d  1 i d l e s s  v e s s e l s ,  

vessels w i t h  p o o r l y  f i t t i n g  or open l i d s ,  m i x e r s  w i t h  

l i t t l e  or no e f f e c t i v e  e x t r a c t i o n  v e n t i l a t i o n ,  solvent 

c l e a n i n g  of  machines and  floors, t r a n s f e r r i n g  s o l v e n t s  f r o m  

one  v e s s e l  to a n o t h e r  and r e g u l a r  use of  c o p i o u s  amoun t s  of  

s o l v e n t s  f o r  c l t a n i n g  pu rposes .  The more o f  these f a c t o r s  

p r e s e n t ,  t h e  higher t h e  s o I v e n t  vapour  c o n c e n t r a t i o n  i n  the 

room. 

A be1 i e f  t h a t  s n l v e t ~ t  v a p n u r s  are h e a v i e r  than air  is a 

myth a n d  the ground l eve l  e x t r a c t i ~ ~ n  does l i t t l e  to  r e d u c e  

solvent  vapour c o n c e n t r a t i o n s  for r e a s o n s  of h e a l t h  or 

s a f e t y .  

At113ther myth is evident i n  the design o f  must e x t r a c t i o n  

bonds, t h a t  of  t h e  c a p a c i t y  o f  hoods to draw air i n t o  them 

from a distance. T h i s  i n f e r s  t h a t  a l l  e x t r a c t i o n  mounted 
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n e a r  t h e  r i m s  o f  m i x e r s  is i n e f f e c t i v e .  

The a p p r o a c h  t o  e x t r a c t i o n  v e n t i l a t i o n  i n  t h e  f a c t o r y  has a 

l a r g e  h i d d e n  c m s t ,  e s t i r i ~ a t e d  t13 b e  it-,  e x c e s s  o f  S100,000 

p e r  y e a r  from s~=l lver i t  1  cssses, heat i nq 1 oases a n d  r - l e c t r  i ca l  

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

e f  feet on p r o d u ~ z t  qua1 i t y  due  to e t ihan~zed  e v a p o r a t i o n .  

Much of t h i s  p r o b l e m  is r e l a t e d  t o  hood d e s i g n .  E x p e r i m e n t s  

showed that e x t r a c t i o n  o f  t h e  a i r s p a c e  i n s i d e  m i x e r s  could 

i n c r e a s e  s o l v e n t  loss  f i v e  times i n  t h e  a b s e n c e  o f  

a g i t a t i o n  and a f u r t h e r  f a c t o r  o f  f o u r  i f  the mixers a r e  

on. T h e s e  losses w e r e  shown t o  be a l o t  less i f slot 

e x t r a c t i o n  o n  t h e  r i m  o f  t h e  m i x e r s  w a s  u s e d  and i f  the 

l i d s  were k e p t  c l o s e d  when a d d i t i o n  o f  materials or 

s a m p l i n g  is n o t  b e i n g  perf13rmed.  A push pull hood was 

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

houd which limited t h e  s i z e  o f  t h e  o p e n i n g  a n d  p r o m i s e d  

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

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

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

m a c h i n e s  a n d  a bench i n  t h e  SMALL ORDERS mom w a s  shown. 

M a i n t e n a n c e  o f  hoods ,  d u c t i n g ,  f a n s  and stacks is c u r r e n t l y  

breakdown m a i n t e n a n c e  and p e r f o r m a n c e  riloni t o r i n g  of  

v e n t i l a t i o n  sy~tetits is n o n e x i s t a n t .  The r i s k  of s t a t i c  

d i s c h a r g e  i n s i d e  d i r t y  d u c t s  favours r e g u l a r  c l e a n i n g  of  

d u c t s  e x t r a c t i n g  d u s t y  a i r .  S i m p l e  m a i n t e n a n c e ,  s u c h  as 

rep lac in^ f l e x i b l e  d u c t i  ng 13n flanges or c l e a r i n g  p a i n t  

b l o c k a g e s  i n  d u c t s  was n c ~ t  a p p a r e n t  b u t  i t  would be 

i m m e d i a t e l y  b e n e f i c i a l .  

D e s i g n  o f  some d u c t  r u n s ,  b r a n c h e s  a n d  i n l e t s  is poor. T h i s  
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is s e e n  i n  the u s e  o f  a small size of f l e x i b l e ,  floppy 

branch duct, branch ducts which j o i n  the main duct at r i g h t  

a n g l e s  without loss reducing gussets and sharp bends  i n  

r e c t a n g u l a r  d u c t  i n g .  

Whi l s t  i n s t a n c e s  of a c u t e  exposure to s o l v e n t  vapours w e r e  

t lated,  concern shcluld be  d i r e c t e d  towards hearsay rep13rts  

of irritabi 1 i ty, d r o w s i n e s s  and a lc~=thul  i n t o l e r a t l c c ,  backed 

by  measurements of l e v e l s  in the f a c t o r y .  
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6 REf:OMMENnAT IONS 

I n  o r d e r  o f  i m p o r t a n c e :  

- Update H e a l t h  and S a f e t y  Policy. 

- E f f e c t i v e l y  l i d  v e s s e l s  c o n t a i n i n g  s a l v e n t  so t h a t  a n e a r  

a i r t i g h t  seal is a c h i e v e d  and  t h e  l i d s  c a n  be removed  f o r  

 leaning. 

- U s e  s lot  extraction on m i x e r s .  A s t a n d a r d  hood is 

s u g p e s t e d  i t 7  the r e p o r t .  Ther7 revansp t h e  rest o f  the 

extraction c h a i n .  

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

v e n t i l a t i o n  i n  t h e  CLEANING SHED, SMALL ORDERS room, 

f i l l i n g  m a c h i n e s  and A t t r i t o r .  

- I n v e s t i g a t e  systematic m a i n t e n a n c e  o n  v e n t  i l a t  i on s y s t e m s  

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

- Pump s o l v e n t s  be tween  drums,  m o b i l e s  a n d  mixers. 

- F u r t h e r  i n v e s t i g a t e :  

- a t r a i n i n g  programme f o r  s u p e r v i s o r s  

- t h e  u s e  of  solvents fo r  c l e a n i n g  

- t h e  c h r o n i c  ef fects  of s o l v e n t  e x p o s u r e  Qn w o r k e r  

h e a l t h  

- t h e  a c u t e  e f f e c t s  iaf e x p o s u r e  t o  p o t e n t  b u t  Less 

u s e d  s o l v e n t s  (eg glycol e t h e r s > .  
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AE_PE_N_DI_X A 

~ 4 L ~ ~ ~ A T I l 3 b l  gE 0F:GANIE VAPOUR ANALYSER 

The rrreth~zld used fol l a w s  a s tar idard technique C 13). 

Temperature s f  atmosphere was 26' before  and a f t e r  t h e  

c a l i b r a t i o n  r u n .  

The f i g u r e  below shows t h e  norf~inal  i n s t r u m e n t  response  

against t h e  t r u e  response t o  i n d u s t r i a l  g r a d e s  o f  t h e  

s u l v e n t s .  D i a l  s e t t i n g  an t h e  instrurfient w a s  300. 

116 - 1 

I So BcTTANO L 

1 0 0  - 

90- 

- 
L. V 

a 
0 

0 2G 40 6 0  83 IGO 
O V A  4Esw.s ( p a )  

f i g u r e  25 OVA c a l i b r a t i ~ = l n c p p r ( ~ j  -- --- 
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The nominal f i g u r e s  for a ratige of solvents a r c  g iven  below 

.................................................. 
g,:~rf~equqd E e l  . l?2?~~~ti5e i:Lj I Z I D ~ I I D ~ ~ ~ ~  R e 1  . l??sp13t7se ( : X >  

A c e t o n e  60 Methyl I s o b u t y l  Ketone  80 

t~-Butanol  50 Octane  80 

>-hut a t i l ~ l  65 n-Pr o p a n ~ ~ l  40 

n-Eutyl  A c e t a t e  80 2-Pr opancrl 65 

Cyc 1 ohexanane 1 0 0  S t y r e n e  85 

Ethanol  To1 u e n e  1 1 0  

E t h y l  A c e t a t e  55 1 , 1 , 1  T r i c h l o r o e t h a n e  1 0 5  

Hept a n e  75 m - X y l  tne 111 

Hexane 70 a-Xyl e n s  1 1 6  

Methyl Alcohol 1 2  p-Xyl ene 116 

Methyl E t h y l  Ketone 80 

t a b l g  LZ OVA nominal response  (CENTURY INSTRUMENTS) 
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APPEND1 X _E -------- 
QYi3 SEtYENI YbEQQ!? SUEYEYS 

ENV 1 EIONMENTAL I ~ O N D  I T  I DNS 

Temeer at u r e  --- ------- 
.......................................................... 

d_&% k g ~ ~  o u t s i d e  f a c t o r y  I g v g l  1 I C Y ~ ~  2 o_Y_s~_: 

May 29 1000 14 14-19 20 - 6 

June 12 0930 16-5-13 17-19.5 17.5-20.5 20-21.5 3 

July 15 0700 22-25 23-26 26 24-26 1 

July 13 1600 23 29 32 35 6 

J u l y  29 0640 - - 18 - - 

- - - - - - - - - - - - - - - - - - - - - - - - -- - - 

t a b l e  18 t e m p e r a t u r e  IOC) during OVA surveys 

The t e m p e r a t u r e  a n  J u l y  29 is a g l o b e  thermometer 

measurement. The s u r v e y  thermometer had broken,  but o t h e r  

measurements i n d i c a t e d  t h a t  below 20- globe ( r a d i a n t  3 and 

air t e m p e r a t u r e s  were close. 

A l a r g e r  t e m p e r a t u r e  g r a d i e n t  would be e x p e c t e d  i n  w i n t e r  

from subjective reports  o f  c o n d i t i o n s  on  level  2 and t h e  

u s e  o f  c e i l i n g  h e a t  r e c o v e r y  v e n t i l a t i o n  i n  t h e  f a c t o r y .  
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NUTAT I ON -------- 

I j S o l  vent cgncentr a t  F o n s  gs&nq m-qg~jc vapour  a n a l  vser 

X x  : r e a d i n g  taker1 a t  c a r ~ ~ u s e I ,  e f f e c t i v e l y  t-wp 

f lolz~t-s up ,  c o r r e s p o n d i n g  t o  operator's b r e a t h i n g  

z o n e  

xx : r e a d i n g  taken on f i r s t  f l o o r  Cqiv ing  access t o  

m i x e r s  and  b a l l  m i l l s ) ,  c o r r e s p ~ x t d i n g  t o  

o p e r a t o r s  b r e a t h i n g  z o n e  

xx : r e a d i n g  t a k e n  on g round  l e v e l  at a h e i g h t  

c o r r e s p o n d i n g  t o  b r e a t h i n g  zone 

3- :no s o l v e n t  vapour  d e t e c t e d  

x x 0 2  :measurement  t a k e n  i n  w o r k e r s  b r e a t h i n g  zana 

whi 1st p e r f o r m i n g  a t a s k  

x x y m  :measurement  t a k e n  Y m e t r e s  f r o m  t h e  f l o o r  

(ground measu remen t s  t a k e n  5mm f rom the f l o o r )  

2 )  &iu goverfaet~t and t er11per a t  ~ t r  e 

y m ( s 4  :air  moving a t  Y metres p e r  s e c o n d ,  aa estimated 

f rom movement of  a c h e m i c a l  smoke 

++ : no  a i r  movement e v i d e n t  f rom l a c k  of movement of  

c h e m i c a l  smoke 

:where  drawn c l o s e  t o  f i g u r e  indicates lack of 

air movement where  measurement  w a s  made 

Yo :Y degrees c e n t i g r a d e  at  i n d i c a t e d  floor. A t h i n  

walled the rmometer  was u s e d  t o  g i v e  fast r e s p o n s e  



3 ., g th~.~:  

F X . X ~  : f i l l i n g  x . x  l i t r c  c a n s  

3 P  :~=lperat i l>ns  Dr work b e i n g  done i n v o l v i n g  solvents 

NO? : n o  o p e r a t i o n s  or w o r k  b e i n g  done involving 

sol vet1 t s; - : w a l l  e x t r a c t i o n  f a n  

a :500 l i t r e  wheeled vessel 

J : b a l l  mill or mixer on 
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A_P_P_E_N_DI_X G 

MAGNEHEL 111 C A L I  BRAT I ON ---------- ----------- 

start f i n i s h  

Temper a t  u r  e 22O c 22O C 

Pr essur  a 1 0  18mb lOl8mb 

f i g u r e  26 c a l i b r a t i o n  schematic -- --- 

A Mk 4.5 A i r f l o w  T e s t i n g  Set { S e r i a l  Number 26512) made b y  

AIRFLOW. DEVELOPMENTS w a s  used.  I t  w a s  mainly used on t h e  

0 -2" s c a l e  w h i c h  gave a n  increase of 1 0  i n  s e n s i t i v i t y .  

The f i r s t  clamp l i m i t e d  t h e  f l u c t u a t i o n s  i n  pressure and  

was a d j u s t e d  t o  g i v e  a steady r e a d i n g .  A t  c e r t a i n  c lamp 

p o s i t i o n s  a slight r e s o n a n c e  was set up and t h i s  had  to be 

avoided .  The s econd  clamp c o n t r o l l e d  p r e s s u r e  in t h e  system. 

---------------------------------------------------------- 
0-10" m e t e r  0 2 4 6 8 1 0  

manemet er 0 2.0 4.0 6 .0  8.0 10.2 

0-2" m e t e r  Q 0.25 0.50 0.75 1-00 1.25 1 - 5 0  1.75 2-00 

manometer 0 0.24 0.48 0.76 1.84  1.28 1.53 1-84 - 

0-0.5" meter 0 0 . 1 0  0.20 0.30 0.40 0.50 

manometer 0 0.10 0-20 0.30 0.40 0.50 

--------------------------------------------------------- 
table 12 magnehel i c c a1 i b r a t  i on 

One gauge  w a s  found to be e r r a t i c  and  i n s p e c t i o n  of t h e  

mechanism r e v e a l e d  corrosion i n  the m a g n e t i c  1  inkage. T h i s  

gauge w a s  n o t  used, but a l l  the  o t h e r  gauges were examined 
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for corrosion. None w a s  found. All meters had scales in 

'inches of water'. 

A f u r t h e r  test performed i n  the f i e l d  was akin t o  t e s t i n g  

bicycle v a l v e s  with slight suct ior i  t o  s e e  i f  t t ie seal was 

patent.  i s  is particularly i m p l r t a n t  on the pressure 

i n l e t  o f  the gauge w i ~ e r e  slight l e a k s  m a y  o c c u r  on the 

sealing '0' r i n g .  
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A_P_PE_NDI_X _D 

EVAPORATION EXPERIMENT ----------- ---------- 

?)Sizes ( a l l  dimensions in mm) ----- 
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Z s o  4 i t s  
s\& G A L  -5  
Jot area 6 . z ~ .  ld4mz 

f i qur e 2Z model di rnensi ons -- --- 

The above velocity estimates are derived from rotameter and 

bubble  t u b e  measurements nf flow (3.6 l p m ) .  

31 Per fnrrr~asce 

The t i n s  were filled with chemical smoke and the clearance 

times noted. 

The unextracted tins retained the smoke for minutes, though 

not  much longer than the t i n s  with slot extraction- 

The tin with lid extraction ( A )  cleared in about 10 seconds 

For : extraction 3.6 I p m  

volume above t ol uene = 0.90 1 

100% efficient extraction = 0.9 x 60 1 3.6 

= 13 seconds 

which  suggests very efficient e x h a u s t i ~ m  af t h e  entire tin 

vol urne. 
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On each model t h r e e  po in ts  were assessed f o r  toluene vapour 

u s i n g  the OVA, one  each side o f  t h e  opening one 3 c m  above 

the rim. 

f i qcrre 28 so l  vent vapour r n s n i  tor i ng pcei nts -- --- 
The models were s e q u e n t i a l l y  removed from t h e  room 

temperature (2l0 1 water bath  and placed 7upwindr o f  t h e  

exper iment  so that no i n t e r f e r e n c e s  could occur. The 

photograph  below shows t h e  OVA probe  approaching p o s i  t i a n  

'3' above model D. The OVA scale reads 20ppm toluene, The 

bubbler  and extraction are an. 

A t a b l e  showing t h e  r e s u l t s  for each titodel is  shown below. 

The solvent background near t h e  t i n  position was BOppm. 

t a b l e  ZQ 501 v e t ~ t  vapnur r:ppni> at  r i ~ c l n i  tori rig p o i n t s  

The toluene vapour ~ : n n c e n t r a t i o n  across the 1 i d  aperture 

was g r e a t e r  for C and D than for  A 12r E. The s l o w  m o v e m e n t  
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of a i r  i n t o  t h e  t i n  f o r  A and t h e  ' l i d 9  on C a c c o u n t  f o r  

t h i s .  The s o l v e n t  v a p o u r s  above  B w e r e  h i g h  b u t  a v e r t i c a l  

g r a d i e n t  e x i s t e d .  

The i m p o r t a n t  r e s u l t s  are t h o s e  at p o s i t i o n  q p ,  

c o r r e s p o n d i n g  t o  an  o p e r a t o r ' s  b r e a t h i n g  zone .  G r e a t e r  

p r o t e c t i o n  w a s  a f f o r d e d  by C and D t h a n  A, t h o u g h  t h e  l o w  

1 m /  f a c e  v e l o c i t y  w a s  d i s r u p t e d  when t h e  l a b o r a t o r y  

door  opened and  a cross d r a f t  a l l owed  a momentary rise t o  

30Oppm. The c o n c e n t r a t i o n  a t  p o s i t i o n  '1' and  '2' above E 

were l o w  but s i n c e  a i r  w a s  b e i n g  d i s p l a c e d  by the b u b b l e r ,  

t h e  l e v e l  at  '3' w a s  h igh .  
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APPENDIX _E -------- 
A STANDARD HOOD F O R  MIXERS - ---- --- ------ 

A rabust hacld design i s  presented w h i c h  w i l l  wort:, can fit 

m o s t  rnixers and w i l l  allow l o a d i n g   if the mixers from 60 c m  

w i d e  bags and a l l  mobi le vessels.  200 1 i t r e  drums s h o u l d  b e  

pumped i n t o  the  m i x e r  lnr a funnel  u s e d .  The design is  

i nf ended to mini m i  se evaporation 1 usses and w a r m  a i r  1 os5es 

i n  w i n t e r .  

f iqure  22 standard hood d e s i u n  -- --- 
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The design will produce a capture velocity o f  0 . 5 m / s  at the 

3 rim of a mixer and requires 0.5m / 5  to operate. Connection 

t o  a main d u c t  iilust be by  ZOc:)mm, srrrmoth d u c t i t ~ q ,  but i t  may 

b e  f l e x i b l e  and curves m u s t  be smooth. 

CALI3ULAT I ONS 

S11:tt a s p e c t  r a t i o  = 0 . 0 5 / O . G  

= 0.08 < .:',.(2 > 

The air f l o w  required is g i v e n  by 

Q = 2 . 6 x L x v x X  (8) 

where L 0.6~1, length of slot 

v  = 0 . 5 m / s ,  capture velocity 

X = O.6m, distance hood to m i x e r  rim 

8 = 0.468 m 3 / s  

Slo t  f a c e  v e l o c i t y  = Q/A 

= (:I. 468/0.03[3 

= 15.6 n r / s  ---- --- 
I f f langc angle 8 is 90 then 

K entry = 0.26 (7) 

A s s u m e  K hood  = 0.4 because of  upward bend. 

The s m o o t h e r  the upward bend, the m o r e  efficient the hood 

will be, hence the chamfers. 

DUCT DIAMETERS 

C ~ ~ n s i d e r  two  d u c t  diameters, 3 m  l o n g  t 1 2  a main duct. 

------------------_---------------------------- 

table 21 c o n n e c t i n g  d u c t i n g  and 5rno1~1th bends ( € 1  



where 

p a g e  ' 37  

g = pressure drop per meter  

Pa total  = hood and duct  pressure  loas 

=C(:).4 x P v T + C 3 x g )  

( a s s u m i n g  smooth branch duct and smooth bends) 

I f  the hoods w e r e  i n s t a l l e d  for mixers 262 to 271 u s i n g  

e x i s t i n g  fan and main  dutting, then Ghe e x i s t i n g  fan could  

only properly o p e r a t e  clnc hood at  a t i m e  with iSOmrn 

connect ing duc t ing .  S i n c e  t h e r e  is a noted t e n d a n c y  to 

leave l i d s  open, the l a r g e r  diameter connecting ducting is 

suggested. The main duct s h o u l d  then be  r e s i z e d ,  assuming 

(say? four hoods and a total f l o w  of 2rn3/s. This  would 

i n v o l v e  e x t e n d i n g  the 300rnrn sect  ion o f  t h e  d u c t  the 

r e m a i n i n g  I e n g t h  o f  the run. 

I t  would b e  possible t o  e x t e n d  t h e  main duct f u r t h e r ,  to 

serve m i x e r s  272 and 273 at t h e  end of the room. These 

mixers have n o  e x t r a c t i o n .  

I f t h e  hoods o n  270, 271, 272 and 273 were  ' on' , the s y s t e m  

could c o p e .  The schematic is shown below. 

f i g u r e  39 new hoods, 4 hoods 'on' -- --- 

T h i s  is backed by the calculations in the t a b l e  an the next 

page- 
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sire ---- 
C mril ? 

A 300 

A E  300 

BC 3(1)Q 

CD 300 

DE 3i)(:) 

EF 3(:m 

F G  300 

let1gth (I! --- 9 k - 

i m i  t :rt i3/s)  IPa/ra?  

branch . 5  

7J - - 5  2 

z e r  13 1. 0 

bend 1.0 0.15 

10 1.0 8 

1.5 1.5 17 

8 2.0 36 

GH 300/450 2.0 0.65 -312 155 

HI 450 6 2.0 4 2.6 95 24 189 

IJ 450 bend xZ 2.0 0.25 12.6 95 24 213 

JK 450 fan 2.0 

t<L 450 2 2.0 4 12.6 95 8 

---------------------------------------------------------- 

table  22 hood 270/273 calculations 

T h i s  may b e  r e p r e s e n t e d  g r a p h i c a l l y .  

tar, 

fiq~rre Ps and P v ,  r n i x e r  h c l o d s  270/273 -- --- 
The static pressure regain at the gradual  enlargement f r o m  

300 to 450 rim is i m p ~ r t a n t  since it corrtpensates for the 

losses i n  the long duct between mixers 272 and 271. 

T h i s  p r o d u c e s  a f l o w  which can easily b e  handled by the fan 

and d u c t i n g  w i t h  some allowance for leaks in hoods which are 



40 CM DIA. 8 BLADE. 2900 RPM 

CFM x 1000 

o i 2 3 MYSEC 

figure 32 n e w  fan d u t y  p o i n t  -- --- 

I BLADEANG"= 1 25" f 30" 135" 40" 
2.3 
83 

2900 RPM 
45" 
2.8 
85 

PEAK HP 1 0.9 f 1.4 1 1.9 
dBA AT3 x DLA's 1 75 1 77 ) 80 
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APPENDIX E -------- 

PUSH PULL HOOD DESIGN ---- ---- ---- ------ 
The t y p i c a l  extraction hot3d on t o p  o f  a mixer in the 

factory is a g r i d d e d  box a t  each s i d e  of  the mixer .  The 

hood woul'd  need a n  e x t r e m e l y  power fu l  f a n  to extract 

e f f i c i e n t l y  t h e  1-2m d i s t a n c e  across the open ing .  T h i s  

l a r g e  volume of  a i r  w ~ ~ u l d  d r a m a t i c a l l y  increase heat l o s s e s  

i n  w i n t e r  and solvent vapour  Iosses. A n  a l t e r n a t i v e  

a p p r o a c h  is t c ~  use a j e t  of  a i r  t o  assist t h e  movement o f  

air aver a d i s t a n c e  of a meter or mare. The air  volume 

extracted for the same p e r f o r m a n c e  is far less. The design 

for t h e  hood below was d e v e l o p e d  from o b s e r v a t i o n s  of  a 

push-pul l  s y s t e m  on a chroma p l a t i n g  bath  and f rom 

I n d u s t r i a l  Ventilation ( 8 ) .  

For the push  p a r t  o f  t h e  s y s t e m  a m e t r e  o f  37mm w a t e r  p i p e  

wi th  3mm h o l e s  a t  150mm c e n t r e s ,  capped at one end and 

f i t t e d  w i t h  a compressed a i r  l i n e  w a s  used. This 

approx ima ted  s y s t e m  w a s  s e e n  on a chrome p l a t i n g  b a t h  w h e r e  

25mm p l a s t i c  p i p e  w a s  used. The l a r g e r  p i p e  diameter w a s  

used to ensure a mare even p r e s s u r e  d i s t r i b u t i o n .  

A spread o f  10' o f  t h e  a i r  jet w a s  assumed i n  c a l c u l a t i n g  

the w i d t h  o f  t h e  hood s l o t .  The length o f  t h e  bond slot w a s  

d e t e r m i n e d  by t h e  m i x e r .  

f i q u r e  32 hued d e s i  gn -- --- 
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The p u s h - p u l l  s e p a r a t i o n  w a s  1 2 4 c m  i n  t h i s  c a s e  g i v i n g  a 

s lot  w i d t h  111f 124 t a n  l o0=  ---- 22cm 

The rim o i  t h e  m i x e r  w3.s 5-m above t h e  deck and khe hood 

wid th  w a s  d e t e r m i n e d  by t h e  s p a c i n g  be tween  m i x e r s .  It w a s  

f e l t  t h a t  a 15cm flange b u i l t  i n t c l  t h e  hood volume would 

h e l p  even the f l a w  at=r0rs t h e  t.rood. Sin::+ t h e  longer slot 

and flange made t h e  hood s t i c k  o u t  n e a r l y  30cm f u r t h e r  than 

the trtld htrrud, i t  was n o t  c u r v e d  arclund f h e , n r i x e r  i n  o r d e r  

not  t u  r e s t r i c t  a c c e s s  by ' m o b i l e s p .  

A f u r t h e r  f e a t u r e  o f  the hood w a s  t h a t  i t  o n l y  had one 

b a f f l e  t o  serve two  mixers. The b a f f l e  was large and  gave a 

smuo the r  e n t r y  i n t o  t h e  d u c t .  S i n c e  the air f l o w  thr~zlugh 

t h e  fan w a s  f a r  less t h a n  its design f l ow ,  i t  w a s  a c t u a l l y  

d e s i r a b l e  n o t  t o  be a b l e  t o  c u t  o f f  the f l o w  when a n o t h e r  

mixer was i n  use. 

f i g u r e  24 n e w  holz~d dirnensior is  c:nsmj -- --- 
C o n s t r u c t i o n  o f  the p r o t o t y p e  hood was f rom 3mrn hardboard 

tiel d t o g e t h e r  w i t h  pac kaginq t a p e .  



It was tsot p ~ ~ s s i b l e  t o  d i r e c t l y  measure the push manifold 

a i r  f low. A formula i 6 )  f or  a i r  f l a w  t h r o u g h  a n  o r i f i c e  was 

used. 

where 

a = 0.6, flow 8: :oef f ic ient  

e = 1.0, expansibility f a c t o r  for Ps< 1OOOPa 

P5= 500Pa (nominally) , mani f o l d  s ta t i c  pressure 

p = 1.2kg/m3 , a i v  density 

3 g iv ing  Q = Q,AZ m /s for six h o l e s  
/ 

a l s o  v = Q / a r e a  o f  o r i f i c e  

= 1 7 . 3 m / s  ------- 

The design o f  a pus!, pul l  hood 18) required t h e  f o l l o w i n g  

'entrainment fac tor s*  to be s a t i s f i e d :  

seear a t  i or?  EL e t ~ t r a i t ~ r i ~ e t ~ t  factor  

0-3 2.0 

3-5 1.4 

5-8 1.0 

>8 0.7 

t a b 1  e 23 entrainment f  act~zers fclr p~[st>  p ~ t l  1 t 7 n m d ~  

The o l d  ho~x i ,  o n c e  cleaned Ctable 121 could eas i l y  entra in  

3 t h e  required vl=llume ctf  2 x (:1.07 = (:).I4 m / s .  The h i g h  a i r  

v e l o c i t y  [17rrr/sj at a low pressure iSOOF'a! g r e a t l y  exceeds 

the capture v e l o c i t y  requirerr~ents Cabout (:).5nr/s). 
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APPENDIX 2 -------- 

VENTILATION gogrs 

T h e r e  are a number of direct and i n d i r e c t  c c ~ r t s  a s s o c i a t + d  

w i t h  m e c h a n i c a l  v e n t i l a t i c l n  i n  a p a i n t  factory. 

P i r g ~ t   st= i tic 1 ude  sc~l vent 1 crsses, heat  1 usses a n d  

u u t ~ t ~ i n g  I C Q E ~ S .  D t h e r  c o s t s  not i r i v t s t i g a t e d  a re  c a p i t a l  

c o s t s  a n d  m a i n t e n a n c e  (which  a p p e a r s  cnly t o  b e  b r e a k d o w n ) .  

I n d i r e c t  ~:cdst.s in1- lude  t h e  ewtra e f f o r t  and t i m e  r e l a t e d  t ~ r ~  -------- ----- 
a c h i e v i n g  the  d e s i r e d  q u a l i t y  ~ n f  t h e  f i n i s h e d  product i n  

t h e  face o f  i n d e t e r m i n a t e  e v a p o r a t i o n .  

C o n s i d e r  1x11 y t h e  f i r s t  t h r e e  d i r e c t  costs: 

1) SOLVENT LOSSES 

The f o l l o w i n g  d a t a  f o r  10 months t o  May 1986 w e r e  p r o v i d e d  

by t h e  company for  rnclst s i r lvent s .  

Usage ( A )  i n  p o u n d s  S 1 b 1 

D e n s i t y  (ti1 i n  p o u n d s  p e r  g a l l o n  

~ h s t  CC) i n  p e n c e  per pound 

E v a p o r a t i o n  CD) r e l a t i v e  t o  butyl acetate 

I f  t h e  e v a p o r a t i o n ,  as estimated by t h e  f a c t o r y  p r o d u c t i c ~ n  

rfianager, a v e r a g e s  6% t h e n  the a n n u a l  w e i g h t e d  cost o f  

e v a p o r a t  i on i s 

10/12 x 0.01 x 0.06 x E(A/B) x & < A  x C x D)/£CA x D/BI 

= £57. (300 ------- 
Campare t h i s  w i t h  a n  annual o u t l a y  o f  a b o u t  £1.15 million 

on s o l v e n t s .  (5.8%) 

S i m i l a r l y ,  the  weighted va lue  ctf the vapour  fas liquid) i s  

Z(A x C x D:J/ECA x D/Bj/4.54 

= 15- l p / l  i t r e  ( t o l u e n e  16.6p/litre! 

The e v a p o r a t i o n  e x p e r i r i ~ e n t  d e r n o t ~ s t r a t e d  t h e  ef  f c c t  o f  
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e x t r a c t i o n ,  e s p e c i a l l y  hood e x t r a c t i o n .  M u s t  evapor t io t - r  

w13uld cease w i t h  good l i d s  on a l l  v e s s e l s  and a p p r o p r i a t e  

extraction when the l i d s  are upen. Assurite 9 0 X  of the 

present  losses arc due  t c ~  l a c k  o f  l i d s  and l i d  e x t r a c t i o n .  

i e  Cos t  = 0.4 x 67,000 

= E52 . (:)(:)(:I ------- 
2:) HEATING ------- ------ LOSSES 

Assume 0 - 2  m /s per  c -xtract ian  s y s t e m  

and 50 e:.t t r ac t i on syst errts 

Then, annua l  v l~ luma  e x h a u s t e d  = 0.2 x 50 x 60 x 2000 

= 1.2 x 10 m 3  

Thamcs V a l l e y  d e g r e e  day  f i g u r e s  are used  (151: 

Degree Days = 1187 *C. days 

Cons ide r  a l l  h e a t i n g  i f compressed t o  8 hours. 

T o t a l  w a t t a g e  = 1.2 x 10 x 1.2 x 1187/365 x 1.02 

= --- 4 . 8  MI 

Company annua l  f i gur es f o r  heat i nq 13i 1 are £73,000. 

Assume 200 second  oi 1 at 15.1 p /l and 38.2 M J / 1  

Cie 4.83 x 1 0  l i t r e s )  

I f  o i l  is 38.2 M J / 1  t h e n  t o t a l  e n e r g y  is 1.85 x 10 M J  

or 1 .85  x 10 /CO x 60 x 8 = 5 4  Ml 

The loss estimate may be f o r t u i t o u s l y  below the a c t u a l  cost  

s i n c e  t h e  a v e r a g e  e x t r a c t i o n  f l ~ z l w  e s t i m a t e d  w a s   rude, and 

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

t h e  degree-day approach i g n o r e d  wind c h i  11. Other f a c t o r s  

such  as a c t u a l  f a c t o r y  t e m p e r a t u r e s ,  h o u r s  extracted and 

heated, and u n i f o r m i t y  o f  h e a t i n g  and extraction were 

un i::nc~wn. 

T h i s  e s t i m a t e  g i v e s  a ~ ~ 1 s t  o f  4 .8 /€ .4  x 73,00(3 = g52r4Q9 



3) RUNNINf3 COSTS 

Use a f i g u r e  of 3.350 p/kW.hr 

I f there are 50 fat?= ea8:h using  2 kW f r ~ u  2000 t ? ~ u r - , , ~ y e a r  

Then annual cost  = 0.~112250 x 50 x 2 x 2000 

= £.7(:)f:)(:) ----- 

I n  surnrfiary, the d i r e c t -  Ic7sses due +o poor lidding and l i d  

extraction are estimated as: 

501 vent 1 i1EiSeS 52,c)oc) 

heat 1 asses 55,000 

running c o s t  of fans 7,000 -------- 
J5 l C ) 4 ,  (30Q 

The exact contribution b y  each of  these is arguable,  but  

the estimate is felt reasonable. 



page 1C)G 

AE'F'E_NDIX H 

D I FFUS I VE SAMPLEFS --------- 

= c u r t  eeti TENAX d i  f f usi  ve samp l e r s wor e ox posed for a whol c 

s h i f t ,  a r o u n d  ttie f a c t o r y ,  on May 23. 

E i g h t  w e r e  wlsrn by wor kar5 c:personal  sampl ersS csti m a t e  

their i n d i v i d u a l  =~:tlvetit vapour  explzlsure, and six csed at a 

f i x e d  p v s i t i o n  Cared s a m p l e r s 3  t o  estimate t h e  t i m e  

we igh ted  a v e r a g e  s o l v e n t  v a p r ~ u r   conc cent rat i o n s .  

One area s a m p l e r  ( f rom MILL 2) was m i s p l a c e d  u n t i l  a f t e r  

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

c o l o u r  deve lopment  l a b o r a t o r y )  was dropped  i n t o  a cup of 

p a i n t  and t h e  r e s u l t s  are h i g h l y  s u s p e c t ,  t h o u g h  o n l y  the 

s e a l e d  end o f  t h e  tube was c o v e r e d .  P e r h a p s  t h e  wearer 

c l e a n e d  i t  w i t h  a s o l v e n t  s o a k e d  r a g .  

A c o n t r o l  s a m p l e r  - uncapped and r e c a p p e d  immedia te1  y - w a s  

A n a l y s i s  w a s  by  t h e r m a l  d e s a r p t i o n  and  c a p i l l a r y  g a s  

chromatography .  The t r a c e s  are a t t a c h e d ,  p a i r e d  worker and 

workp lace ,  where  a p p r o p r i a t e .  The a n a l y t i c a l  p e r a m e t e r s  

were s t o r e d  as a f i l e ,  'METHOD 6 DP BP 10 12PS. 

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

u p t a k e  r a te  (14) w a s  n o t  d e t e r m i n e d  f o r  a n y  s o l v e n t  and 

the r e t t n t  i on t imles on1 y d e t e r m i n e d  for s o m e  i m p o r t a n t  

m a r k e r  s o l v e n t s  CMEK, t o l u e n e  and  p,  m, 0 xy l  e n e s )  . 
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S a m p l e s  were t a k e n  i n  t h e  f o l l o w i n g  rooms: 

can filling c~pera t ion  (thinners) from mixer 262 i n  

MILL 2 

general mill hand i t 1  MILL 2 

b a l l  m i l l s  i n  MILL 3 

c a n  f i l l i n g  o p e r a t i o n  ( p a i n t )  from1 mixer 304 in 

M I X  2 

o p e r a t o r  i n  the H S D  

CLEANING SHED 

CLEAN I NG SHED 

COLOUE DEVELOPMENT LABORATORY CCDL) 

T h e  results, excluding the CDL results, a r e  compared below 

graphically f a r  one component,  t o l u e n e .  

T 13 L i-l E 1-4 E C ci 1.4 C E 14 T F: A 1 13 1-4 S B '-i' E tzi 111 M 

f i g u r e  23 TENAX diffusive sanrpler results -- --- 
The upper p l o t  labelled ABS is t h e  area under the 

chrumat~=lgraphic peak far toluene. Scaled for di ffusive 

uptake rate and exposure time t h e  g r a p h  would represent the 

t i m e  w e i g h t e d  a v e r a g e  vapctur c o n c e n t r a t  ion o f  toluene. B a t h  

p e r s o n a l  and a r e a  s a m p l e s  i t 1  t h e  I~LEANING SHED i n d i c a t e  

soritewhat h i g h e r  vapour c o n c e n t r a t i o n s  than other  parts of 

t h e  f ac to ry ,  thaugh o n e  a r e a  sampler i n  the CLEANING S H E D  
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showed a much l o w e r  c o n c e n t r a t i o n  t h a n  t h e  o t h e r s .  This 

o n e  was mounted on a w a l l  f a n  g r i l l e  i n  a less u s e d  p a r t  o f  

the room. I n  g e n e r a l  t h e r e  w a s  exceedingly good agreement 

between p e r s o n a l  and area samples .  

Ttic l o w e r  pint l a b e l l e d  'REL' is the area unde r  the 

~:h roma tog rap t> i c  peak  f u r  t o l u e n e  as p e r c e t ~ t a g e  ~ z t f  a l l  the 

peak areas f a r  t h a t  sample .  I t  r o u g h l y  c o r r e s p o n d s  to t he  

f r a c t i o n  o f  t o l u e n e  i n  the sample .  Where s a m p l e s  are p a i r e d  

worker and  wnrkp lace ,  t h e  c o r r c l a t i ~ m  is c l o s e  and t h e  

fraction of t o l u e n e  is between 10 and 50%. A figure o f  50% 

c o r r e l a t e d  w e l l  w i t h  a n a l y s i s  of a November 1985 r e p o r t  

(2) of the f a c t o r y  s o l v e n t  vapour concentrati~ns. 

f i g u r e  35 a n a l y s i s  of LSH&TM 1985 data ( 2 )  -- --d 

Here r e l a t i v e  c o n c e n t r a t i o n s  o f  s i x  key s o l v e n t s  from 

pumped TENAX tubes are p r e s e n t e d .  A figure of 40% (25-7SL3 

t o l u e n e  shows t o l u e n e  t o  b e  a r e a s o n a b l e  marker  s a l v e n t  i f 

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

of x y l e n e  and  t u l u e n e  w i t h  DRAGER t u b e s  would e n a b l e  a 

t o l u e n e  u r  xylene e s t i m a t i o n ,  p e r h a p s  doubled, to be a 

r e a s o n a b l  e s p o t  measurement for a r ( ~ i  xed sol v e n t  a t m o s p h e r e .  

A t t e m p t s  t o  p i c k  a m a r k e r  s o l v e n t  from key alccthols f r a n ~  

pumped t u b e s  i n  t h e  same s t u d y  d i d  not show a dominant 
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. s o l v e n t .  

figure QZ a l c o h o l  data  f r o m  LSHGTM 1985 C2) -- --- 
T h e  i m p o r t a n c e  o f  t h i s  s u r v e y  w a s  ta g i v e  s o m e  i n d i c a t i o n  

o f  t h e  r a n g e  and r e l a t i v e  c o n c e n t r a t i o n s  of  s o l v e n t s  when 

u s i n g  a non-speci f i c  i n s t r u m e n t  l i k e  a n  OVA t o  measu re  

o r g a n i  c vapour  s C t hough  a ch roma tography  o p t i o n  is 

a v a i l a b l e  for the  OVA which w i l l  g i v e  a s e p a r a t i o n  of 

s o l v e n t s ) .  The r e l a t i v e  r e s p o n s e  o f  the OVA t o  d i f f e r e n t  

s o l v e n t s  (Appendi x A) and  t h e  d i  f  f e r e n t  exposure 

lirnitsC4) make t h e  v a l u e  of  the OVA i n  a mixed s o l v e n t  

a t m o s p h e r e  l i m i t e d  u n l e s s  more is known a b o u t  t h e  m i x t u r e .  
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USING AN ADSORPTION TUBE 

Diffusive Sampling 

The tube IS removed from storage, the pen clto attached and 
the upoer storage cap replaced wlth a gauze drttus~on cap. 
Orpanlc vaDours are now belng aosorbed from tne environ- 
ment and the ruoe IS ~mmedrately cl~ooed :o the oreast pocnet 
or lapel ol the operator. AHernattvely, to mOndOr tne overall 
envtronmental level dunng a known penod. the tuoe can be 
placed ~n a s:atlonary posltlon In a partlcular work area. 
A~proprlale tnforrnat~on on tube number. operator ~dentlty. 
slte of exposure and exact moment of Issue (to tne neares! 5 
mtnutes) should be recorded. When the perlod of exocsure ts 
complete [th!s 1s normalry one sh~h penod bu: can vary from 
30 rnlnules to 24 hours), the tube IS re-capped wrth tne 
storage cap and sent for analysis 

Diffus~ve sampllng IS the more convenient method of sampling 
because no pumps need to be carried I t  1s used for most 
applicat~ons. the only excepl~ons king those l~sted oelow. 
where 11 ts necessary to use pumped tube sampltng 

Pumped Tube Sampling 

Tho lubo IS unsealed at both ends. a dtlluslon cap tlttcd to me 
upper end (above thc pen c l~p  ftxlng) and the pump Inlet tube 
flned to the lower end. The calibraled pump is switchedon tor 
the exposure penod. The calibration factor for the pump must 
also be recorded as this is used in the subsequent ca!culatron 
of component uptake. Thts form of sampling tsused when the 
period available lor sampling is limited or the concentration of 
the component fluctuates rapidly. Aflerthe exposure per& is 
complete the number of pump strokes used is recorded for 
each tube. the tubes are sealed with storage caps and sent to 
the laboratory for analysis. 

Analysls of Sample 

At the end of the monltorlng oerrod. the tube 1s sealed anb srnt 
13r anatvsls Ljnll~e cnareoa! Badpe moni:o,iq svsrcms. :ne 
adSOrDent IS no! removeC from tne tu3e lor anarys~s. DU! 
tnermallv deSOrDeC alrectly tnlo tne gas ChrOmalOCraSr. or 
otner analybcal system. 

The desorbed tube IS now comDletely clean and wltnout 
furtner treatment may be re-used for samole collect~on. 

Sample t u k s  may oe oesorbed manually uslng single or rwo 
stage desomtlon However, with fhe amen: of tne Peritln. 
Elmer ATD 50 mlcroorocessor controlred Au:onab; Tnena! 
Desorpt~on syslern, up to 50 samale tUDeS can be processed 
automatically by slngle or hvo stage desorptlon. 

All tubes and end caps are completely ~nlerchangeable and 
may be reused repeatedly without deleriorat~on. I 
When necessary aher prolonged use. luae sea!s may be 
replaced wlthout tne need to purchase cornDlrte httlngs I 
Speclal annrytlcal end caps are tlllrd wncn the tubes are to be 
analysed uslng the ATD 50 These sell-soalrng caps ensure 
that no sampte IS lost or contnmmotcd by lurfncr nrposure ot 
the lube sther before or purlng analysts. 

Adsorption tubes are supplied empty. w~ th  the diffunon-end 
gauze already positraned. sa that the diffus~on path length fs 
prectsely set. The tubes are easy to pack, and a w~de range of 
adsorbents su~table for all appllcat~ons IS available. 

'0' RING '0' RrNG 

DlF FUSION 
MEMBRANE ADSORBENT STAINLESS STEEL TUBE 

I 
RETAINING 

SPRING 
STAlNLESS STEEL DlF f USlON STORAGE CAP 

GAUZE CAP 

ORDERING INFORMATION 

1 Part No. Deseriptlon 
L407 0206 Empry tubes (pk 10) 
L407 0207 O~ffuslon caps (pk 10) 
L407 0208 Dinuston caps mth membrane (pk 10) 
L407 0205 Storage caps (pk 20) 
L407 0333 Analyltcal end caps (inner) (pk 10) 

Part MO. Destrfption 
L407 0334 Analyllcal end caps (outer) [ ~ k  10) 
L407 1034 Packtng retalnlng gauze (pk 100) 
L407 1723 Gauze reratnmng sprung (pk 50) 
La07 1029 Pen cllp (pk 101 
0497 0343 Cap seal '0' rlngs (pk 50) 

PrCmn-€1- Lhnmd. 8.acm8Md. Buclmghm.nJw H W  (DL Enplmnd 
mstrumnf Dmmlm, Pmrrln.Elma C-rmran. brr.lk CT DM%. Y S I  
O.kb.DOI Ill*lrunUnt8 DlnSIOn. ZVW VOrh a@. Oak €3-l, II SOS27. USA 
Brn.nm..*.rb Penan-Elmar Ce GmbH. PmO uwnmg.n. B ~ . ~ ~ ~ b l l l  -el.- 
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APPENDIX 1 -------- 
NO 1 SE ----- 

A b r i e f  n o i s e  s u r v e y  was done w i t h  a CEL 224 n o i s e  a n a l y s e r  

(serial number 020050). The meter w a s  checked  a d a y  b e f o r e  

t h e  s u r v e y  and  gave  89.9dBA for 90.0dBA. 

A s h e e t  is  a t t a c h e d  showing t h e  n o i s e  l e v e l s  a r o u n d  t h e  

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

o p e r a t i o n s  w e r e  i n  p r o g r e s s ,  v e n t i l a t i o n  on and  a number o f  

b a l l  m i l l s  on as i n d i c a t e d  by  a t i c k .  

The b a l l  m i l l s  469 and  410 i n  MILL 4 w e r e  r e p o r t e d  n o i s y  

b u t  ware n o t  u sed  d u r i n g  t h e  i n v e s t i g a t i o n  p e r i o d ,  The 

mixer  273 i n  MILL 2 w a s  n o t e d  t o  b e  n o i s y  ( s u b j e c t i v e l y  

> 90 dBA) a f t e r  t h e  su rvey .  Noisy  g e a r s  and  lack of a cover 

on t h e  g e a r  t r a i n  would a c c o u n t  f o r  t h i s .  

The f i l l i n g  machines  and h o i s t s  are  a l l  p n e u m a t i c a l l y  

o p e r a t e d  and  t h e i r  e x h a u s t s  h a v e  n o  d i  f f u s e r s ,  50 add 

several d B  to t h e  n o i s e .  D i f f u s e r s  c o s t  pence  and  s h o u l d  be 

c o n s i d e r e d .  

MILL 3 was t h e  n o i s i e s t  room measured b u t  t h e i r  o p e r a t i o n  

is i n t e r m i t t a n t .  Ear  m u f f s  could b e  p r o v i d e d  f o r  t h e  

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

A n o i s e  d o s e  a v e r  80dBA would n o t  b e  e x p e c t e d  on the b a s i s  

of  t h i s  survey and  s u b j e c t i v e  o b s e r v a t i t m s .  

A n  e x c e p t i o n  w a s  t w o  c o n t r a c t o r s  who w e r e  seen c l e a n i n g  a 

mixer w i t h  a c h i p p i n g  hammer. The n o i s e  i n s i d e  t h e  m i x e r s  

w a s  i n t e n s e .  They w e r e  u s i n g  c o t t o n  w o o l  a s  a n  ear p lug  for 

h e a r i n g  p r o t e c t i o n ,  which would give a f a l s e  i m p r e s s i o n  o f  

p r o t e c t i o n .  
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APPENDIX _J -------- 
FACTORY DETA I 1  

NOIAILIZN 

0 O : r n i x e r s  or  tanks of 2500 to 11000 litre capacity 

-:ball mi11 

:500 litre m i x e r  on wheels 

:bead m i l l  or sand  g r i n d i n g  m i l l  

=:can filling machines 

=:trough in cleaning shed 

x*x :number of  mixer  or b a l l  m i l l  

-....- : f i r e  door - s p r i n g  loaded 

M O  :no  door i n  doorway 

NC :door normal ly  closed 
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SOLVE_NF_S 

PURE GUM TURPENTINE 

TETRAL INE 

PINE O I L  

XYLENE 

DZ-ACETONE ALCOHOL 

REGULAR ICEEOSENE 

ETHYL ACETATE 

PHOSPHORIC A C I D  

S.B.P. N0.2 

ISO-BUTYL ACETATE 

METHYL O X I T O L  ACETATE 

ETHYLENE GLYCOL DI-ACETATE 

SHELLSOL ' R' 

PENTOXONE 

SHELLSOL ' A '  

METHYL AMYL ACETATE 

RECOVERED SOLVENT 

SOLVESSO 

ISO-PROPYL ALCOHOL 

S.B.P.NO. 3 

SHELLSOL T 

EENZYL ALCOHOL 

HEXYL CELLOSOLVE 

OCTANOL 2 ETHYL HEXONAL 

D. I . B . K .  

BUTYL GLYCOL ACETATE 

ACETONE 

CARB I TOL 

IZODE ---- 
1 s - S 1 0 2  

1 s - S 1 0 7  

1 S-S 108 

1 s - S 1  I 

1 s - S i l l  

I S - S 1 1 4  

1 s - S 1 Z  

1 s - S 1 2 6  

I S - S t 3 0  

I S - S 1 3 5  

1 s - S i 3 9  

1 s - S 1 4 1  

15-5 142 

1 s - S 1 4 8  

I S - S 1 4 9  

1 s - S 1 5 0  
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Kg - 

11 

2377 

90 

453090 

46'313 

660 

19615 

1464 

94476 

73812 

920 

? 

8256 ' 

13 

69497 

? 

243350 

5706 

90350 

61380 

2898 

? 

-? 

88 

732 

172 

701872 

3 
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SS)L!!@!!m ---- lZ0DE ,Kg 

IMSOL 'R'  I S - S 2 2 8  3420 

SOLVENT AW 240 1 S-S230 15649 

SOLVENT NLS 270 1 S-SZ31 399G40  

N METHYL PYEROLIDONE I S-S234 ? 

IMSOL PMA 

CYCLOHEXANONE 

SOLVENT NLS 128 

BUTYL ACETATE 

M. E. K. 

M. 1.B.K. 

WHITE SPIRIT  

N BUTANOL 

ISOBUTYL ALCOHOL 

BUTYL O X I T O L  

OX I TOL 

TOLUENE 

INDUSTRIAL METHYLATED SPIRIT 

OXITOL ACETATE 

S. B. P. NO. 6 

In figure 38 the f i r s t  peak is pa in t  and covers most 

solvents. The second peak is th inners  and gun wash on Cap 

o f  common p a i n t  solvents 1 ike t o l u e n e ,  xylene and acetone. 
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APPEND1 X -------- 

PRESSURE -------- MONITORING ---------- ------ P O I N T S  

A s t a t i c  measuring point which could not c a t c h  an o p e r a t o r s  

w a s  needed .  One based  c ~ n  r u b b e r  t u b i n g  and s h e e t i n g  w a s  

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

Approx ima te ly  40, 5cfi1 s q u a r e s  of  3 m m  r u b b e r  g a s k e t  riaater i a l  

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

bo red  w i t h  a s l i g h t l y  u n d e r s i z e  c o r k  borer i n  the c e n t r e s  

t o  t a k e  a 4cm l e n g t h  of 9mm l a b o r a t o r y  r u b b e r  tubing. 

f i g u r e  39 s t a t i c  p r e s s u r e  measu r ing  p o i n t  -- --- 

A c y a n e a c r y l a t e  g l u e  w a s  used  t o  j o i n  t h e  p i e c e s  once t h e y  

had been  c l e a n e d  w i t h  s o l v e n t .  A d e s t r u c t i v e  test  on t h e  

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

join. 

A d i f f e r e n t  t y p e  o f  bond was needed  f o r  the r u b b e r  to the 

e x t r a c t i o n  duct ing. A c o n t a c t  a d h e s i v e  was c h o s e n ,  and 

b a t c h e s  of  s i x  a f f i x e d  to a g i v e n  s y s t e m  once the h o l e  and 

g l u e i n g  had been p r e p a r e d .  

Fa r  e a c h  p o i n t  a i O m m  h o l e  was d r i l l e d  w i t h  a n  a i r d r i l l  i n  

the d u c t ,  u s u a l l y  i n  a v e r t i c a l  f a c e  where  i n t e r n a l  d e b r i s  

would b e  e x p e c t e d  t o  be  least .  I n i t i a l  a t t e m p t s  t o  produce 

a smooth h o l e  w e r e  u n s a t i s f a c t o r y  and s u b s e q u e n t  h o l e s  were 
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d r i l l e d  u n d e r s i z e  and  e n l a r g e d  t o  1Omm w i t h  a t a p e r e d  

reamer. T h i s  produced  a smooth hole almost f r e e  of b u r r s  o n  

the  i n s i d e  of  t h e  duct. 

The surface of the d u c t  was cleared back t o  a f i r m  base, 

usual 1 y the g a l  van i  sed metal, w i t h  a penkni  f e and  s a n d p a p e r  

and cleaned w i t h  501 ven t  b e f o r e  t h e  c o n t a c t  a d t ~ e s i v e  w a s  

a p p l i e d .  

To c e n t r e  t h e  unit ove r  the h o l e  when c o n t a c t  a d h e s i v e  w a s  

r e a d y  on both s u r f a c e s  a close f i t t i n g  m e t a l  r o d  w a s  

i n s e r t e d  t h r o u g h  the  rubber t u b i n g  to s e r v e  as a l o c a t i n g  

p i n ,  and the s u r f a c e s  pushed t o g e t h e r .  The bond w a s  l e f t  

o v e r n i g h t  t o  g a i n  f u l l  s t r e n g t h .  

I t  w a s  p o s s i b l e  t o  i n s e r t  a 3 0 c m  p i t o t  tube down the t u b e  

w i t h o u t  damage. T h i s  allowed o n l y  t w o  h o l e s  t o  be d r i l l e d  

at each m o n i t o r i n g  p o i n t  f o r  h o r i z o n t a l  and v e r t i c a l  p i t o t  

t r a v e r s e s ,  which wc~uld also d o u b l e  as the static m o n i t o r i n g  

p a i n t .  
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AEEENPLI! L 

f i g u r e  4P A t t r i t o r  e x t r a c t i o n  -- --- 
In t h e  t a b l e s  below, i m p e r i a l  u n i t s  are used except f o r  t h e  

v e l o c i t y  calculation, s i n c e  t h e  p i t a t  tubes were marked i n  

i n c h e s  and magnehel ic  i n  inches o f  water. A l l  dampers were 

open  u n l e s s  o t h e r w i s e  i n d i c a t e d .  

The traverses gave a m e a n  v e l o c i t y  of  10.32  EL^ 

The c e n t r e l i n e  ( 4" )  gave a velctt-ity 1 2 f  &Q,sJ 
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4; Dampers E, F closed for  t h i s  measurement only .  

The traverses gave a mean velocity of  10.02 fi/s 

The traverses gave a m e a n  velocity o f  10.53 mL2 

The centreline (4")  gave a velocity of  &1,1fl m/s 

13omparc these with A abclve 10.32 rnns 

The traverses gave a mean velocity o f  16-34 gL& 

The centreline (5") gave a v e l n c i t y  o f  13.67 F/& 

The traverses gave a mean velocity of  16.68 fins 

No centreline velocity was recorded. 
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2 )  Prcrnix e x t r a ~ z t i ~ : ~ t ~  

The t w o  t a b l e s  b e l o w  show the e f  feet 1-m f l a w  of cleaning 

and upgrading a ho1:ld cnti t h i s  s y s t e m .  

- QLd hgsa kg B w i  t t ~  ~ r i  1 1 & clehygd 

f i r g a i ~ 2 ~  PvlPal V ( r n / z l  D=v'. ------- A C ~ ~ / S I  --- FsCF'al 

A 0.114 5.3 2.98 0- 339 90 

b 0 . 09t3 4 .3  '2.67 ----- 0.240 88 

-. 
1, 0.090 93 

D 0.030 1.2 1.44 0.130 93 

E 0.114 2.9 2.2 0.250 112.5 

The f l o w  t h r o u g h  t h e  fan  is 0.589m Ls 

- ---- H ~ o d  59 B rernoyed 

I3 0.090 14.9  4.99 g:i!s!2 

- old h ~ m d  tz E 21 *atled gut 

E 0. 0'30 8.9 3.86 0 .  347 

- _N_w hot3d 

B 0.121 12.36 4.54 0,242 50.0 

--------------------------------------------------------- 
t a b l e  24 PREMIX hood f l o w  measurements 

In summary: 

d i r t y  g r i l l e  test) 112 Cest j r j . 8 3  CeSt 10.026 

cleaned g r i l l e  88 2- 67 

cleaned out 53 3.86 

new hood  50 4.54 0.54'3 

--cc---------------Il----------------------------------------- 

tab1 e 22 summary ~f PREMIX h o o d  f l a w  
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A_PE'E_N_D-T_X _M 

I NTER I M  EEPOET JUNE 1386 ...------ ------ ---- ---- 
DAVID E?OMWICH LSHSTM. 

Work t o  date h a s  been: 

I .  Reading o f  LSHYfTM November 1985 report. ( 2 )  

2. Dissemination of draft project proposal: 

-assessment o f  w o r k  practices 

-ventilation studies 

3. Surveys an two days: 

-sol vent 1 eve1 s usi ng OVA Organic Vapaur Anal yscr 

(intrinsically safe) to determine: 

ajsolvent concentration pattern 

-around factory at two levels 

-vertically from ground t o  carousels 

blchanges in levels during various work practices 

clqradicnts near m i x e r s  

-air movements using vane anemometer and smoke tubes 

a 1 bet ween roams 

b)into ventilation systems 

-temper at ur e measurements 

a)around factory 

b)vertically. 

4. Trial survey with diffusive samplers using TENAX and 

thermal desorption. (qualitative) 

alcouple with OVA results on that day (quantitative> 

bjdemonstrate that this technique could be used. 

5.  Photography of some w12rk practices and vtnti lation 

systems. <Mechanical  camera, 400ASA film) 
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6. C o l l e c t i n g  o f  d a t a :  

-mat rr i a 1  s used-so l  v e n t s  and p a i n t  a d d i  t i  ves- incompl  ete 

-Safety  P o l i c y  

- p l a n t  layl=tut 

- v e n t i l a t i o n  d r a w i n g s  - n i l .  

My w o r k  t o  date have been d i r e c t e d  a t  e s t a b l i s h i n g  a 

framework and background  f o r  the body 13f my p r o j e c t .  

A s  i n d i c a t e d  i n  my project p r o p o s a l  t h i s  w i l l  take  p l a c e  

between July 14 and August 1 when I w i  11  move t o  Perivale 

from Nor th ing .  

I n  t h a t  t i m e  I i n t e n d  to: 

1) F u r t h e r  s t u d y  work p r a c t i c e s .  

2) C o n s i d e r  f o u r  r e p r e s e n t a t i v e  v e n t i l a t i o n  s y s t e m s .  

T e n t a t i v e l y :  

a)Design a hood f o r  f i l l i n g  machine i n  Number 2 m i l l  

b)Design a hood f o r  a b a l l  m i l  1  i n  Number 3 b a l l  m i l l  

r 13orn 

c ) T e s t  a l t e r n a t i v e  hood f o r  a l a r g e  mixer  and e s t a b l i s h  

a st at i c p r e s s u r e  mon i to r  i ng s y s t e m  

d ) T e s t  m o d i f i c a t i o n  t o  fume hpod i n  s m a l l  o r d e r s  

c a n n i n g  area. 

Any m o d i f i c a t i o n s  w i l l  b e  t e m p o r a r y  and  made o f  h a r d b o a r d .  

3 l S e t  down v e n t i l a t i o n  r e q u i r e m e n t s  for o t h e r  areas where  

e x p o s u r e  t o  s o l v e n t s  is s i g n i f i c a n t .  

In  August I w i l l  w r i t e  up t h e  p r o j e c t  d e t a i l i n g  t h e  work 

done. In  the r e p o r t  I i n t e n d  to: 

1 j D e m u n s t r a t e  t h e  e x t e n t  of t h e  work r e q u i r e d  to 

c o n t r o l  s o l v e n t  exposure i n  t h e  f a c t o r y ,  giving 

v a r i o u s  o p t i o n s .  
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2)Esitirnat.e h o t  a i r  losses and power costs i n  running 

the existing ventilation systems. 

* i on5. 3 ) D e m o n s t r a t e  the solvent monitoring op" 

4)Devi se a programme for performance monitoring of the 

existing system. 
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APPEND1 X N -------- 

TESTING Ql VENTlLATION SYSTEMS ------- 
1 :I Pgrfomati~~ e T e s t  i nq 

Once a baseline has been e s t a b l i s h e d  for f lows i n  a 

v e n t i l a t i o n  system, then any changes will be r e f l e c t e d  in 

c h a n g e s  i n  t h e  s t a t i c  pressure Ps. P r e s s u r e  m e a s u r e m e n t s  

may b e  made w i t h  a water rtianometer, which at its simplest 

is a plastic U tube f i l l e d  w i t h  water but a commercial 

manometer is recommended. A smooth hole in a long s e c t i o n  

of d u c t  is e s s e n t i a l .  For r e p e a t a b l e  measurements a 

fixed m o n i t o r i n g  point (Appendix K) is recommended. 

i ,-Increased reading 

( a )  :ir:ieaner i s  clogged Near normal 
( d ]  Brancn p l u ~ g e d  a t  X 

1 ncreaseo readings 
Near normal 

. . 

(b )  K a i n  duct o r  branch plugged N e a r  n o m a l  

( e )  Sranch ~ i u q g e d  a t  X 
Decrersec readings 

Near normal 

- 
hear  normal Decreased 

:c) Reduced fac cer fonance .  discneroe 
s t a c x t d  plugy.5 o r  loose c z c t  ;o;nt ( f )  Main duct plugged a t  X 

Ventiiation system problems diagnosed by comparing static 
pressure readings wjth earlier tests. 

f i g u r e  Ps f a u l t  f i n d i n g  -- --- 
The f i g u r e  above from McDermott (9) i 1 l u s t r a t e s  t h e  use o f  

stat ic  p r e s s u r e  measurements i n  d i a g n o s i n g  faults i n  a 
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v e n t i l a t i o n  system.  

A d i f f e r e n c e  o f  10% is, s i g n i f i c a n t  and  should be 

i n v e s t i g a t e d .  

A s i x  mon th ly  s c h e d u l e  of static pressure m o n i t o r i n g  of a l l  

systems is recommended once apt i mum aperat i o n  i 5 o b t a i  ncd, 

and basel i n e  f 1 o w  and static p r e s s u r e  riteasurements m a d e .  

2) Smoke Tubes 

Smoke tubes arc cheap and show whether a n  e x t r a c t i o n  s y s t e m  

is work ing  f r o m  the d i r e c t i o n  and speed o f  t h e  f l o w  o f  a i r .  

I f  t h e  smoke is e x t r a c t e d  from near the l i k e l y  source of 

s o l v e n t  vapour  and away f rom the b r e a t h i n g  z o n e  of  t h e  

opera tor ,  t h e n  i t  is l i k e l y  that t h e  e x t r a c t i o n  is working. 

If i t  also e x t r a c t s  a l o t  o f  smoke from behind or to  the 

s i d e  o f  t h e  i n l e t ,  t h e n  the hood cannot be working  

e f f i c i e n t l y ,  and a change o f  i n l e t  or hood d e s i g n  is 

w a r r a n t e d .  

f i g u r e  42 a smoke t u b e  -- --- 
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Fan 

UnncaIed 
trnk 

la (bJ 
( c )  

Iio\r. l o  t1.w S I I I O ~ { I .  tt1111~s (11 { ~ ( . I ~ - I . I H ~ I ~ I . :  ( a )  tlisl1crsinn of cnn- 
L ; I I I ~ ~ I ~ ; I I I ~ S :  ( 1 ) )  t.:111f:i' 111 ~ : I I I L I I ~ . I .  v~.Iocity; (c) sr~ i l l :~~:~ .  f1.1>111 

on11op.v hootis 01. cnclosi~res. 

f i g u r e  43 use of  smoke tubes -- --- 

Fan 4 .- 

( a )  100 ft /min or g r e a t e r  0.5 m.GB 

( b )  50-75 f t / m i n  - 9 
0 . 2 5  - 0.38 mt-5 

- t 
( c )  30 f t / m i n  o r  lower a - 1 5  m-5 

Approximate behavior of a smoke jet in different velocity 
airstreams. 

f i g u r e  44 q u a n t i t a t i v e  u s e  o f  smoke t u b e s  -- --- 
3) Kata Thermometer 

The nomogram a t t a c h e d  was used f o r  c a l c u l a t i n g  a i r  f l o w .  

A range of kata  thermometers is a v a i l a b l e  for  d i f f e r e n t  air 

speeds .  Their use is t e d i o u s  and requires hot  water and a 

stop w a t c h ,  but t h e y  a r e  safe. 



Kata thermometer chart for temperature range 54.5- 
5 7.FC (After a withdrawn British Standard BS32 76, 7,0601 
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APPEND1 X C) -------- 
DUCT DESIGN ---- ------ 

The attached sheets a re  from 'Industrial Ventilation' (8) 

and w i l l  be useful in assessing good practice in the 

present ventilation systems. 



DESIGN PROCEDURE 6-37 

I 

I 
j 
1 

6 P  
Good 

3P $ga Y 

cp -1  a 
Good Poor Bod e 

BRANCH ENTRY 
m c h #  s l n v M  tn /s ,dgOdw/8~1017~ &ad~rw& 7b-W&S f m f e d l  
to 4.!Sg if ms#ry.  -b~*~ + Fair @ Bod 

BRANCH ENTRY 

Bmo3es s b c w k f ~ r m t g r ~ f f y ~ 5 ~  
e3cbm. 

1 

AMERICAN COHFELENCE OF 
GOVERNMENTAL IHDUSTXIAL HYGlENlm 

PRINC/PLES OF DUCT DESIGN 

DATE /-76 I Fig. 6-20 



DESIGN PROCEDURE 6-39 

L' / un/r chonqe i n h m e t e r  f# 
every 5 un~t chongc in /ength 

GODD BAD 

DUCT 

L a5= every lunlt 5 unit chonge change in diumdtw in /ength fw 4E33 
GOOD BAD 

See Fig 6-6 

STACKHEAD WEATHER CAP 

I Verfico/ discharge cop fhrows 
upword where dilutim will take 
place. 

Dium#lws 

WRONG 

Deflecting weofher cap discharges 
downward 

I AMERICAN CONFERENCE OF 

GOVERNMENTAL INDUSTRIAL HYGIENISTS I 
P W P L  ES O f  DUCT DESIGN 



DESIGN PROCEDURE 6-41 

I. Rah profecfim &oracferistics of these cws om super& 
to o deflecting cw kcafea' O. 750 fmm top of sf&. 

- 2. The length of upper sfock is re/uted to twh protecfim. 
Excessive odditionu/ &$)once mu7 cause "blowout of 
effueenf 4/ the pop between uppev ond /oww secfims. f86' 



CONSTRUCTIOh' GUIDE U N Z S  FOR LOCAL EXHAUST SYSTE &IS 8 -5 

~ u r ~ a u f  CAP I 

I 

I 

I 
I 

SPL/T SLEEVE I 

(ALSO FAN CONNEGTlONj 

AMERICAN CONFEZENCE OF 

F7 6-1 
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