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ABSTRACT 

Polyure thane  foam was an e f f t c i e n r  i d s o r b t n t  f o r  t r a p p i n g  v a ~ o r s  or' b u t y l  

*stem of  2.u-D (2.4-dichlorophenox?.acecic a c i d )  and cr ia l lace  (S-(2.3,3- 

~ c i c h l c r o a l 1 y l ) d i i ; o p r o p y l t h i ~ ~ ~ ~ b ~ ~ t e )  in .h igh  val~une a i r  m c n i t a r i n g  studies 

2nd of butyl esters of 2 . 4 4 .  *-wry1 cster of 2 . 4 4 ,  &-butyl  ester of 2,4.5-T 

(?.6.5-trichlorophenoxyacetic a c i d ) ,  bromoxynil o c t a n o a t e  (3.5-dibromo-4- 

h?draxybecronicri le) .  t r i a l l a t e ,  and t r i f l u r a l i n  ( . ,11 , . - t r i f l~0~0-2 ,6-d in i t~0-  

- _  r -a -d ipropy l -p to lu id ine )  i n  short-tern, l o w  voltme, worker inhalation exposure 

s tudies .  The c o l l e c t e d  h e r b i c i d e  vapor  vas r e a d i l y  desorbed  under  soxhlet 

extraccion w i t h  &-hexane and subsequently analyzed w i t h  e lec t rOn-cepture  GLC. 

The overall e f f i c i e n c i e s .  for b o t h  t r a p p i n g  and extraction, were over 90%. 

a single p l u g ,  f o r  all h e r b i c i d e s ,  except t r i a l l a t e .  In  t h e  Case of 



The a tmospher ic  compartment is  nov recognized  t o  b e  t h e  major route for;,, 

the widespread t r a n s p o r t a t i o n  and a temporary d e p o s i t i o n  o f  h e r b i c i d e  resid"$. 

The p e s t i c i d e s  i n  t h e  air may originare as d r o p l e t s  or vapor  d u r i n g  

s p r a y i n g  or a f t e r  a p p l i c a r i o n .  

use of  phenoxy h e r b i c i d e s  in t h e  Canadian prairies and e l s e w h e r e  h a s  

major concern as a so~rce a f  p o t e n r i a l  c o n t a m i n s t i o n  o f  t h e  a tmospher ic  

environment. 5 , 6  However, a c r i t i c a l  e v a l u a t i o n  of  t h e  c u r r e n t  methods of . 
c o l l e c t i n g  and measuring a t m o s p h e r i c  p e s t i c i d e  r e s i d u e s  a n d  e s p e c i a l  

h e r b i c i d e  r e s i d u e s ,  h a s  been u n d e r t a k e n  o n l y  r e c e n t l y .  

3 * 4  The off-Cargec d r l f z  from r h e  l a r g e  S 

',a,9 

E a r l i e r  m o n i t o r i n g  of 2 . 4 - 0  ester r e s i d u e s  i n  t h e  air used l i q u i d  6 

t r a i n .  t o  t rap a tmospher ic  r e s i d u e s .  s 9 i 0 . i i  Hovrver, s o l i d  adsorb  

u s i n g  s i l i c a  gel and XAD-resins have been e v a l u a t e d  r e c e n t l y  Loi t r a  

2 . 4 - 0  esters and ocher  v a l a i i l e  h e r b i c i d e s .  1 2 . 1 3  These s o l i d  sdsorbe  

have been used s u c c e s s f u l l y  LO w n i t o r  2 , 4 - 0  ester residues ii t h e  a i r  

Mote recer . t ly ,  s o l i d  o r g a n i c  polymzr foams. such  as polyurethane Toa 

be?" show. t o  s ~ c c e s s f u l l y  crap a t a o s p h e r i c  t r a c e  r e s i d u e s  o f  several h e r b  

such  as t r i f l u r a l i n ,  d a e t h n l .  chlorpropham and EPTC. L L 3 i 5 * 1 6  

These foams permit h i g h  air f l o v  races, t h u s  a l l o v i n g  h igh  a i r  ~Ontac 

v3lumes and t h e  a d s o r p t i o n  i s  u s u a l l y  r e a d i l y  r e v e r s i b l e .  

This r e p o r t  evaluates the use of p o l y u r e t h a n e  foam as a t r a p p i n g  medi 

for  a L m s 6 h e r i c  r e s i d u e s  o f  b u t y l  esters o f  2 , 4 - D  and r r i a l l a r e ,  a n o t h e r  

relarively v o l a t i l e  h e r b i c i d e  nov usad extensively on t h e  Canadian p l a i n s .  

a d d i t i o n .  s m a l l  p l u g s  of p o l y u r e t h a n e  foam vere e v a l u a t e d  f o r  t rapping  Seve 

commonly used h e r b i c i d e s  co assess t h e i r  potential as an a d s o r b e n t  f a r  wrk 

i n h a l a t i o n  s t u d i e s .  at f l o v  rates commensurate w i t h  the s t a n d a r d ,  b a t t e r y - :  

o p e r a t e d ,  p o r t a b l e  personal m n i t o r s .  

a 
MATERIALS AM) HETHODS :$ 

I 

1 H e r b i c i d e s  

A n a l y t i c a l - g r a d e  a - o e t y l  ester of 2 . 4 - 0  (Uni lab  Research Corp. Berkd 

i CA), bromoxynil ocfanoafe (Amchem P r o d u c t s  Inc.. Ambler. PA). t r i a l l a r e  



I- CTION I GROVER AND 

I recognized  LO be  t h e  major route f o  

lporary  d e p o s i t i o n  of h e r b i c i d e  resid 

i i n a t e  as d r o p l e t s  o r  vapor d u r i n g  

le o f f - t a r g e t  d r i f c  Pram t h e  large seal& 

i a n  p r a i r i e s  and e l s e v h e r e  has  been a '  

contaminat ion  o f  t h e  a tmospher ic  

e v a l u a t i o n  of t h e  current methods of 

e s t i c i d e  r e s i d u e s  and e s p e c i a l l y  rhe 

" o n l y  r e c e n t l y .  7-a.3 

r e s i d u e s  i n  t h e  a i r  used l i q u i d  samp 

-:'# I !  However, s o l i d  a d s o r b e n t  L t a  

cen evaludced r e c e n t l y  for  t r a p p i n g  0 

I s e s .  i 2 s i 3  These s o l i d  a d s o r b e n t s  

: : , k - D  escer r e s i d u e s  ii t h e  a i r .  

ioam.ch as polyure thane  foam. have 

crace r e s i d u e s  o f  several herb  

>*ham and QK. i'*L5,15 

:aces, t h u s  allowing high  a;r contac 

ceadi ly  r e v e r s i b l e .  

po lyurerhane  foam as a !rapping medi 

e r g  of  2,4-D and t r i a l l a t e .  a n o t h e r  

d e x t e n s i v e l y  On t h e  Canadian plains. 

' 
~ 

foam e v a l u a t e d  f o r  t r a p p i n g  $eve 

ensurate w i t h  t h e  S tandard ,  bac te ry-  

"f 2 , 4 - 0  (Unilab Research COT. Berke 

.oLs.uRETWNE FOAM 61 

(9nlanro co. .  S t .  Louis .  KO), r r i f l u r a l i n  (Eli L i l y  6 Co.. G r e e n f i e l d ,  I N )  

,,?d t echnica l -grade  &-butyl esters Of 2 , 4 - 0  (Oow Chemical, Midland,  M I )  and 

:,L,~-T (K 6 K L a b o r a t o r i e s  Inc., Jamaica ,  NY) were used throughout  t h e s e  

i rud ies .  

i s sorbent  

me gray ,  escer v a r i e t y  o f  p o l y u r e t h a n e  foam. about 5 cm in t h i c k n e s s ,  

ob ta ined  from.Reod P l a s t i c s ,  1°C.. Rockville.  W .  C i r c u l a r  plugs, 20 or 

:j i n  d i a  by 50 mm long ,  vere c u t  from t h e  s h e e t ,  using a s h a r p .  s c ~ i n l e s s -  

;reel, cork b o r e r  t y p e  C U L L ~ T -  mounted on a l a t h e .  The new p l u g s  r e q u i r e d  mre 

. 4 ~ ~ s t i v e  clean-up than was r e p o r t e d  e a r l i e r .  

-.xciaceed f o r  40 h w i t h  a 1:I m l X t Y 7 e  of acecone and &-hexane, u s i n g  a large 

;arhleL extractor (Corning NO. 3885) which a c e o m d a t e d  up LO 15 large sire 

plugs. hfrer the  initial clean-up. each p l u g  was s o r h l e c  e x t r a c t e d  f a r  a n o t h e r  

LO h i n d i v i i u a l l y .  us ing  :5G r n l  of 1:l acetone and p h e x n n e .  

rien a i r - d r i e d  ano s c o r e d  i n  wide-much j a i s  f i t r e d  v i t k  r e f l o n - l i n e d  screw 

2 i y 3 .  

:qor Samplinp. Procedure  

I' The plugs were s o x h l e t  

The plugs were 

An a l l -g las s  vapor sampling train, s i m i l a r  t o  one d e s c r i b e d  earlier, was 

.>sed. 

:o accept  snall or large foam p l u g s  in series. 

conraining 1 t o  100 yg o f  che a p p r o p r i a t e  h e r b i c i d e  was p i p e t r e d  ro t h e  bottom 

Of the U-tube and t h e  apparatus assembled i m e d i a t e l y ,  using t h e  spr ing- loaded  

?inch clamps. 

u i n t a i n e d  at 50 C t o  f a c i l i t a t e  v o l a t i l l r a t f o n  of the h e r b i c i d e s .  A i r  vas 

%en d r a m  over t h e  h e r b i c i d e  i n  t h e  U-tube and through t h e  foam plug chambers 

: O r  va ry ing  d u r a t i o n s  and at d i f f e r e n t  f l a w  rates. A t  che end o f  e a c h  run t h e  

'-'-zube was r i n s e d  v i t h  &-hexane and t h e  rinse made up t o  volume f o r  GLC 

l 3  IC c o n s i s t e d  of a U-cube and che adsorbene chan.bers vere modif ied 

One m l  of  &-hexane s o l u i i o n ,  

The lover h a l f  of t h e  U-tube vas i m e r s e d  in a vater bach, 

All exper iments  were c a r r i e d  out i n  d u p l i c a t e  and r e p e a t e d  as 

'equired. 
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I~ 

11 soxhlet  extTactorS and the 

2 h .  After  t h i s ,  the volume 

A" appropriate a l i q u o t  "a8 -! 

pped with 6 3 N i ,  l i n e a r i z e d  '. 

column. 4 mm i . d .  by 1 . 7 5  m I .  

f RFR Corp.,  Hope, RI). 

nd ;50 C ,  r e s p e c t i v e l y .  The 
<c 

d t r i f l u r a l i n .  200 C f o r  2.4-Dq 

anonre.  The f l o w  races of the% 
& 

e 60 and 20 ml/min. r e S P e C t f ~ I ~  

i l  

The ' .'' 

::< 

.x1 
- 

each 

.ON - 

dereraination 

:ham foam p l u g  rerained 99 t 

,t f l a w  races i n  the range of 

The ester was readi ly  desor 

. th  ;-hexane f a r  2 h ,  wi th  t 

~ 5 % .  The use of the  foam P 

! Sample volme over che 24- 

t s o l i d  adsorbents  such aS 

?oLYL'RETHANE FOAM 6 3  

TABLE 1 

C o l l e c t i o n  e f f i c i e n c y  f o r  2.4-0 b u t y l  ester on 

45 x 50 om polyurethane plugs over 2 4  hours 

:Air Total Amount b u n t  found Total 
il0" a i r  i n  U-cube in foam P l u g  Recovery 
rare volume added l e f t  1 2 

(llrni") (m3 ) (UP) (UP) (7.) 

0 . 8  l . 2  10 0 . 2 1  9 . 1  0.05 96 

lO.0 14.4  10 1 . 5 6  8 . 6  0.08 102 

20.0 2 8 . 8  10 1.02 c.1 0.02 9 3  

3 . 0  3 6 . 0  10 1.76 9.7  0.0 115 
1 ' . 3.39 0.53 0.0 92 

50.0 72.0 10 0.17 9.8 0.02 100 
1 0.05 1 . 3  0 .0  105 

h s ingle  65 om d i a  foam pluq also reta ined over 90% o f  f r i a l l a t e  B L  flaw 

rates of 10 to 15 linin ov?r rhe 24 h sampling period (Table 2 ) .  However. CWO 

?lugs in series were required to retain tr ia l late  vapor a t  higher f low rates .  

Trial lare was a l s o  readily desorbed from the foam plugs after Soxhlet  eXLraCtlOn 

'dith ;-hexane for 2 h, w i t h  total  recoveries aC the 1 t o  100 Ug range from 

97 to 112%. 

'docker Inhalation Studies  

A s i n g l e ,  20 m d i a  by 50 m long polyurethane p l u g  r e t a i n e d  97 t o  100% 

J i  rhe evaporated herbic ides  at a flow rate of 4 llmin over the 6 h period 

(Table 3 ) .  

*oxhlet extraction w i t h  2-hexane for 2 h .  wi th  t oca l  r e c o v e r i e s  a t  che lo ug 

l eve l  from 99 t o  inx. 

A l l  the h e r b i c i d e s  were r e a d i l y  desorbed from the foam Plugs after 





24 hours  

Amount found Total ;. 
i n  faam p1uq ReCQ"elY 
1 2 . .I 

(us) ( X )  '- .~ 

11.0 0.06 112 ? 
95.0 0.19 99 ,, 
67.5 27.61 97 ;s 

. 
30.0 7.48 98 ' 

-.- 
0.6 0.40 101 -. 
c.0 5.10 111 .. 

88.0 16.93 106 e< 
r- .- $9 
VI. 
< 

7 .. 

, '$ 
<$ 

&? 
3ir flow race of  4 l / r n i d  

. h C  

.e< . -,,, b u n t  found 

1 2 
i n  foam plug Recovery . >, - 

w ( X )  ', 

.- 
9 . 7  0 .7  104 

9.3 0.0 99 

10.0 0.0 100 

5.8 0.6 113  

9.8 0.3 101 

x,~yc@IHANE FOAM 65 

I,, conc lus ion ,  po lyu re thane  foam is an e f f i c t e n t  and s imple  t r a p p i n g  

f o r  che accmulative c o l l e c t i o n  of h e r b i c i d e  vapor  from an air Stream 

lycr  rise. The c o l l e c t e d  vapor  can t h e n  be  s o x h l e t  e x t r a c t e d  unchanged f o r  

i z J l r s i s  in t h e  l a b o r a r a r y .  

-.,; ir needed co d e t e c t  trace amounts, it is essential char c o l l e c t i o n  

Far a i r  moni tor ing  s t u d i e s ,  where h l g h  flow r a t e s  

.i:iciencieii be e s t a b l i s h e d  f o r  e a c h  compound to e s t a b l i s h  t h e  n e c e s s i t y  of 

one or more plugs i n  series. 

low flow rates o f  abou t  2 l /min  are s t a n d a r d  on por t ab le -bac te ry  o p e r a t e d  

However. f o r  worker exposure level s t u d i e s  

;c=ps and t h e  d u r a t i o n  of  s ampl ing  is ac t h e  mosc a 8-h work p e r i o d .  a S i n g l e  

ia ,m ?lug would be  adequa te  under most s i t u a t i o n s .  
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