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INTRODUCTION : TOX I COLOGY OVERVIEW 

Background Stat ement s concerni ng the chem i c a l  and phy s i c a l  
propert i e s , e f f ec t s  o n  p l ants  and anima l s ,  and the envi r on
ment a l  f a t e  of herb i c i d e s  u s ed i n  BPA's propos ed veg etat i on 
management program are  c ont a i ned i n  Append i x  A .  The s e  
statement s were comp i l ed u s i ng cur rent sc i ent i f i c  l i terature  
and r e f e rence book s on herb i c i des . Background s t a t ement s 
have been prepa r ed for the chem i c a l  act i ve i ngred i en t s  c om
pr i s i ng the c ommerc i a l  herb i c i d e  f ormulat i ons u s ed by BPA . 

In Append i x  A the statement s a r e  arrang ed i n  alphabet i c a l  
order by the c ommon names o f  the a ct i ve i ngredi ent s .  A 
number o f  the c omme rc i a l  herb i c id e  f ormulat i ons cont a i n  
several  d i f f erent act i ve i ngred i ents  ( s e e  Tabl e  3 - 2 ) . 
Sod i um chlorate and sod i um metaborate , act i ve i ngred i ent s i n  
Oxy Ur eabo r ,  a r e  t r eated t ogether i n  one background s t ate
ment ; 2 , 4-D and 2 , 4-DP al s o  a r e  treated together  i n  one 
s t at ement because o f  th e i r  chem i c a l  and t ox i c olog i ca l  
s i m i lar i t i e s . Al l o f  the other herb i c i d e s  a r e  the sub j ect 
of i nd i vi dual Background S tat ement s .  Background S t at ements  
for two d r i f t -control add i t i ve s  ( Norbak and Lo-Dr i f t ) and 
for d i e s e l  o i l  ( an herb i c ide c a r r i e r )  a r e  a l so cont a i ned i n  
Append i x A .  The s e  stat ement s a r e  the f ounda t i on f o r  the 
General Ha zard As s e s sment o f  He rbi c i de U s e  ( s ee Ch apter 7 
s ec t i on on Publ i c  Hea l th ) . 

The Background S t a t ements  a r e  p r e s ented accord i ng t o  the 
out l i ne shown in Tabl e A-1 . In the fol lowing para graph s , 
the c ontent o f  the statement s w i l l  be previ ewed . Methods 
and t echn i qu e s  u s ed to deve l op t e s t  data wi l l  be d e s c r ibed 
b r i e f ly ,  and the r e l evance of the data t o  herbi c i de hazard 
a s s e s sment wi l l  be i nd i c at ed . Per sons des i r i ng more 
detai l ed i n f ormat i on are  r e f er r ed to books such a s : 
Pe st i c i d e s  Stud i ed i n  Man ( Haye s  1 9 8 2 ) , Tox i cology: Th e 
Ba s i c  S c i ence of Poi s ons ( Dou l l ,  Kl a a s s en and Amdur 1 9 80 ) ; 
Herbi c i de s : chem i s t ry ,  Degradat i on ,  and � o f  Ac t i on 
( Kea rney and Ka ufman 1 9 7 6 }; and Herb i c i d e s : Phys i ol ogy , 
B i ochem i s t ry ,  Ecology ( Audu s 1 9 7 6 ) . A g l o s s a ry o f  t echn i c a l  
t erms f o l lows the Background Stat ement s .  
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Table A-1. Outline for Herbicide 
Background Statements 

Chemical Identification 

Action in Vegetation 

Utilization by BPA 

Chemical Fate and Distribution in the Environment 

A. Soil 
B. Water 
C. Air 

Chemical Toxicology in Animals and Humans 

A. Acute effects 
B. Chronic effects 

Potential Impact on Nontarget Organisms 

A. Vegetation 
B. Fish 
C. Wildlife 
D. Livestock 

Hazard Assessment for Current Use Practices 
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Chemical Ident i f i cat i on 

The herbi c i de s  wh i ch a r e  the act i ve i ngred i ent s o f  the 
var i ou s  c ommerc i a l  f ormulat i ons u s ed i n  vegetat i on manag e
ment a r e  spec i f i c chemi ca l s ,  k nown to mos t  peop l e  by the i r  
c ommon name s . The Envi ronment al Protect i on Ag ency a s s i gn s  
each formu l at i on a reg i s trat i on number and approve s each for  
c e r t a i n  u s e s  as  spec i f i ed on  the herb i c i de l abel . The 
syst emat i c  ( chemi c a l ) name o f  the herb i c i de mu s t  be  l i s t ed 
on the appr oved l abe l . Inqu i r i es about the f a t e  and e f f ec t s  
o f  herb i c i de s  c a n  b e  mos t  eas i ly addr e s s ed when a c omplete  
ch emi ca l  i dent i f i cat i on i s  k nown .  

Phy s i c a l  propert i e s o f  the chem i ca l s  are  br i e f ly l i s t ed . 
The s o l ubi l i ty o f  a n  herb i c i de i n  wat e r  and organ i c  
sol vent s ,  and the vapor pre s su r e  o f  the chemi c a l  a r e  t wo 
part i cu l a r ly i mportant propert i es wh i ch s t r ong ly i n f luenc e 
the substanc e ' s  envi ronment a l  behavi or . 

The herbi c i des  proposed for u s e  by BPA a r e  l i s t ed i n  Tab l e  
A- 2 .  Thr e e  i norgani c sal t s  and 1 3  o rgan i c  chem i c a l s  a r e  
u s ed i n  pres ent v egetat i on management pr ogr ams . The 
chem i c a l  and phys i ca l  prope rt i e s  o f  herb i c i d e s  wi th i n  each 
gr oup o f  chem i c a l s  ( i norgan i c  s a lt s ,  a c i d s , t r i az i ne s ,  
u r ea s )  a r e  s i mi lar t o  each othe r . Dec i s i on s  conc e r n i ng th e 
u s e  o f  part i cular s ubs tances may be ba s ed i n  part upon the 
tox i c  e f f ec t s  and the envi ronmental  behavi or o f  the 
chemi c a l s  wi thi n  a part i c ular gr oup . For example , e ach o f  
the i norgan i c  sa l t s  a r e  h i ghly wat e r  solub l e . The r e f or e , 
they may be  t oo eas i ly l eached to be e f fec t i ve i n  s andy , 
porous s o i l s  whi ch rec e i ve exces s i ve r a i nfal l .  S i mi l a r ly , 
each o f  the org an i c  a c i d s  are  s t r ong ly ads orbed by s o i l 
organi c mat t e r . Thu s ,  they t end t o  be mos t  conc entrated i n  
the upper l aye r s  o f  s o i l s  that a r e  r i ch i n  organi c matt er . 

Act i on i n  Vegetat i on 

The k i l l i ng act i on o f  herb i c i d e s  on p lant s ( phyt otox i c i ty )  
i s  the r e s u l t  of complex chem i c a l  and phys i ca l  proc e s s e s  
wh i ch det ermi ne the amount o f  herbi c i de r each i ng s ens i t i ve 
s i t e s  wi th i n  a plant . I n  order t o  deve l op an und e r s t and
i ng of the mode of ac t i on of herb i c i de s ,  proc e s s e s  i nc ludi ng 
absorpt i on , t rans locat i on ,  chem i c a l  degradat i on ( b i otrans
f ormat i on ) , and b i ochem i c a l  e f fects  a r e  s tudi ed . In sp i t e  
o f  i ntens i ve sc i ent i f i c  i nve s t i gat i on s i nc e  the m i d - 1 940 s , 
the pr ec i s e mecha n i sms o f  ac t i on o f  many herb i c i d e s  r ema i n  
unknown . Stud i e s  o f  mechan i sms  o f  act i on have con t r i bu t ed 
i mport ant knowl edge about how herb i c ides a f f ect p l ant s .  
Th i s  knowl edge g u i de s  the deve lopment , f ormu l at i on ,  and u s e  
o f  herb i c ides  i n  vegetat i on management . 
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Tab l e  A- 2 .  Ch em i c al Clas s i f i cat i on and Pr i mary 
Phytotox i c  Ac t i on o f  Herb i c i d e s  

Proposed f o r  U s e  by BPA 

Ch emi c al 
Cl as s i f i c at i on 

I norgan i c  
S alt  

Organ i c  
Ac i d  

Am i no 

Benz o i c  

Phenoxy 

Ni t r i l e  

Tr i azi ne 

Urac i l  

Urea 

FOOTNOTES : 

Herbi c i de 1 
Ac t i ve Ingredi ent 

Ammoni um s u l f amat e  

Glyphosat e  

Di camba 

2 , 4-D ( am i ne , 
e st er ) 

2 , 4-DP 

Di chloben i l  

Atrazi ne 

Promet one 

S i mazine 

Bromac i l  

Di u ron 

Monuron 

Tebu thiuron 

Phyt otox i c  
Ac t i on 2 

Unspec i f i c  metabol i c  
e f fect s 

Inh ib i t i on o f  
plant metabol i sm 

Prolong ed abnormal 
plant g r owth 

Prolong ed abnormal 
plant g r owth 

Prolonged abnormal 
plant g rowth 

Inhi bi t i on o f  
g e rm i nat i on and 
seed l i ng growth 

Inhib i t i on o f  
phot osynthe s i s 

Inhibi t i on o f  
photosynthe s i s  

Inh i bi t i on o f  
photosynthe s i s  

Inhibi t i on o f  
photosynthes i s  

Inhib i t i on o f  
photosynthes i s  

Inhibi t i on o f  
photosynthes i s  

Inhib i t i o n  o f  
photosynthes i s  

1 Common names acc ord i ng t o  the Herbi c i de Handbook ( Weed 
Sc i enc e  Soc i ety o f  Ame r i c a  1 9 7 9 ) . 

2 For detai ls ,  see  Mode o f  Ac t i on o f  Herb i c ides  ( Ashton 
and Craft s 1 9"'7"'3")." � 
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S e lect i v i ty i s  a part i c u lar ly i mport ant property o f  herb i 
c i de s . When one plant spec i e s  i s  mor e  suscept i b l e  t o  a 
part i cular  chem i c a l  than other spec i e s , the chemi c a l  i s  s a i d  
t o  be s e l ec t i v e  f o r  that spec i e s . For examp l e , 2 , 4-D i s  a 
s e l ec t i ve herb i c i d e  that i s  e f fect i ve i n  the c ontrol  o f  
annu a l  and perenn i a l  broad l ea f  weed s at l o w  rat e s  ( 1 / 2  t o  2 
pound s/ac r e )  and i n  the c ontrol o f  woody plants and b r u sh at 
h i gh rates ( t o 8 pound s /acr e ) . At the s e  rat e s , gr a s se s  are  
t ol er ant . Th i s  s e l ec t i v i ty i s  i mport ant f or the  ma i nt enanc e 
of gra s s e s  t o  avo i d  s o i l e ros i on on treat ed r i ght s-of -way . 

The pr i mary phytot ox i c  ac t i on s  o f  herb i c i d e s  u s ed by BPA a r e  
l i s t ed i n  Tab l e  A-2 . For the chem i ca l s  l i st ed , i t  i s  not e
worthy that only f i ve g eneral type s of e f f ec t s  a r e  l i st ed . 
Fur thermore , the proc e s s e s  tha t a r e  sens i t i ve t o  the herb i 
c i des  are  pr oces s e s  that are  u n i qu e  t o  p l an t s .  Th i s  f ac t or 
i s  i mportant i n  a s s e s s i ng the degree of hazard pr e s ented by 
these herb i c i des t o  anima l s  a nd humans . 

To be e f f ec t i v e , herb i c i d e s  mu s t  penetrate pl ant s and be 
ab sorbed by plant c el l s . Herb i c i d e s  appl i ed t o  s o i l may be 
taken up and transport ed wi th th e wa ter  transpi rat i on s t r eam 
f r om r oot s to a e r i a l  part s o f  plant s . Fo l i ar-appl i ed 
mat er i a l s  may be trans locat ed wi th plant nu t r i ent s or photo
synthat e s  i n  the ph loem or xylem ( i . e . , t i s su e s  i mport ant i n  
t ransport i ng wat er , nu t r i ent s ,  and phot osynthat e s  wi th i n  
pl ant s )  . 

Herb i c i d e s  that a r e  read i ly absorbed from s o i l i nc lude 
bromac i l ,  d i chloben i l ,  the u r ea s ,  the tr i a z i ne s , sod i um 
chlorat e ,  s od i um metaborat e , and p i c loram . Fol i ar spr ays 
that a r e  translocated i nc lude the i norgani c  sa l t s  and the 
org an i c  a c i d s .  Th e s e  categor i e s  a r e  not mutu a l ly exc lu
s i v e . For examp l e , p i c loram i s  phyt otox i c  both a s  a fol i a r  
spr ay and a s  a s o i l-appl i ed h erbi c i de o n  noncr opland s .  

Herbi c i d e s  a r e  metabol i zed ( d egraded ) i n  plant s a nd relat i v e 
r a t e s  o f  degradat i on c an be  an i mport ant s e l ec t i v i ty 
factor . Usua l ly the degradat i on produc t s  a r e  mor e  wat er 
solubl e than the par ent c ompound a nd are l e s s  phyt otox i c . 
The u l t imate  degradat i on o f  herb i c i d e s  i s  accompl i shed by 
s o i l m i cr o f l ora . Al l o f  the chem i c a l s  u s ed by BPA i n  
veget at i on management are  ext en s i vely metabol i z ed t o  
nontox i c  pr oduc t s . Pe r s on s  de s i r i ng deta i led d i sc u s s i on o f  
herbi c i d e  metabol i sm a r e  r e f er red t o  the comprehens i ve 
r e v i ew,  He rbi c i de s : Chemi s try , Degradat i on and Mode o f  
Act io n , ed i t ed by Kearney and Kau fman ( 1 9 7 6 ) . 

A-5 



Ut i l i za t i on by BPA 

Chem i c a l  haza rds t o  the publ i c  or t o  the envi r onment depend 
both on t ox i c i ty of a chem i c a l  and on the level of exposure 
t o  l i v i ng thi ng s . Thi s  sec t i on o f  the Bac kground S t a t ement s 
descr i be s  type s o f  s i t e s ,  methods o f  app l i cat i on ,  and appl i 
cat i on rat e s  f or each herb i c i de a s  u s e d  by BPA . For 
example , s ome h erbi c i de s  a r e  u s ed only a t  s ubst at i on s  f o r  
weed cont r o l : others  a r e  u s e d  i n  broadca s t  a e r i a l  app l i ca
t i on s  o n  r i ght s-of-way . BPA ' s sp ec i f i c patt ern o f  u s e o f  
herb i c i de s  therefore  determ i n e s  the probabi l i ty o f  expos i ng 
the pub l i c  o r  var i ou s  envi r onmenta l  c omponents  ( e . g . , 
s t r eam s , wi l d l i f e ) t o  a g i ven amount o f  herbi c i de . The 
pat t e r n  o f  u s e  i nc lude s measures t aken t o  m i n i m i z e  exposur e  
( e . g . , bu f f er s , d r i f t -control ) a s  we l l  a s  appl i ca t i on 
methods . 

Chem i c a l  Fa t e  and Di s t r i but i on i n  the Envi ronment 

Thi s  s ec t i on of the Background Statement s describe s the 
chem i c a l  f a t e  and d i s t r i but ion of the va r i ou s  h erbi c i de s  i n  
soi l ,  wat e r ,  and a i r .  The chemi c a l  fate and d i s t r ibut i on of 
herb i c i de s  i n  the envi ronment wi l l  determ i ne both the e f f ec
t i venes s o f  the agent s in vegetat i on management as we l l  as 
the mag n i tude o f  u n i nt ended and unavoi dab l e  exposu re s . 

In d i scus s i on s  o f  envi ronmenta l  r e s i du e s  and p e r s i st enc e o f  
herbi c i des , i t  i s  c r i t i ca l  that phytotox i c  l evels  and 
chemi ca l ly-det ectab l e  leve l s  be carefully d i st i ng u i shed . Of 
f i r st c oncern i s  s e lect i on of an appl i cat i on method whi ch 
wi l l  a chi eve the goa l s  o f  the veget at i on manag ement pro
g r am . For th i s  purpos e ,  r a t e s  o f  herb i c i de app l i ca t i on a r e  
most c ommonly measured i n  pound s o f  act i ve i ngred i ent /acre . 
The amount s o f  herb i c i de whi ch may be pre s ent i n  a i r ,  wat er , 
a nd soi l a s  a result  o f  the s e  operat i on s  a r e  usual ly 
expr e s sed i n  part s of herbi c i de per m i l l i on part s of med i um 
( a i r ,  wat e r ,  or soi l ) . Although i t  i s  pos s ib l e  t o  accur
a t e ly measure the amount s o f  herb i c i de u sed in  a part i cu la r  
vegetat i on management program , i t  u sua l ly i s  not pos s ib l e  t o  
a ccount t ot a l ly f or the u lt i mate  fate and d i st r i but i on o f  
any part i c u l a r  sub stance o r  i t s  degradat i on produc t s .  

The c ont i nual  need t o  pract i c e  veg etat i on management i s  
s t r ong evi dence that herbi c i de s  a r e  ne i ther  absolut ely 
e f f ect i ve nor et erna l ly per s i st ent . Phy t ot ox i c  amounts  o f  
herb i c i d e s  per s i s t f or di screte pe r i od s  whi ch a r e  det er
m i ned by thei r rates  o f  degr adat i on under  spec i f i c  envi r on
menta l  c ond i t i on s . Some factors  whi ch act to reduc e 
herbi c i de c oncent r at i ons i n  part i cular envi r onment a l  
c ompa rtmen t s  ( a i r ,  wat er , soi l ,  plant s )  a r e  d i s c u s s e d  i n  
thi s s ec t i on .  
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S t eady l o s s  o f  herb i c i de r e s idues  i n  s o i l r e s u l t s  f r om 
m i crob i a l  and chem i c a l  degrada t i on ,  ad sorpt i on , l ea c hi ng , 
volat i l i ty ,  a nd photodecompos i t i on .  The pr i nc ipal s o i l  
mi croorgan i sms a r e  a lgae , fung i , act i nomyc e s ,  and bac t e r i a .  
They must have f ood f or energy and growth . Org an i c  chem i 
c a l s  i n  s o i l prov i d e  thi s food supply , except f o r  a f e w  
organ i sms that u t i l i z e i norgan i c  s ubstanc e s . Herb i c i dal  
chem i ca l s  a r e  among the types  o f  degradat i on mat t er that can 
be d egraded and/or u t i l i zed by s o i l m i croorg an i sms . 
Favorable  envi ronment s  for s o i l m i croorgan i sms  have h i gh 
organ i c  matter  c ont ent s ,  are  mo i s t , wa rm , we l l -aerated and 
we l l -suppl i ed wi th m i neral  nutri ent s ( e . g . , n i trog e n , 
pho sphorou s ,  potas s i um ) . Und er f avor able  c ond i t i ons where  
s o i l m i croorgani sms are  abundant , o rg an i c  chem i c a l s  i nc lud
i ng herb i c i d e s  a r e  short - l i ved . M i c r obi a l  d egradat i on i s  
the pr i nc ipa l means o f  reduc i ng s o i l res i du e s  o f  herbi c i d e s . 

H i gh rates  o f  herb i c i de appl i cat i on may r e s u l t  i n  qua l i 
tat i ve and quant i t at i ve chang e s  i n  populat i on s  o f  s o i l 
m i croorgan i sms . H i gh rates  a r e  u s ed f or vegetat i on c ontrol 
at u t i l i ty s ubst at i ons where  " so i l s t e r i l i zat i on "  i s  
d e s i r ed . El i minat i on o f  s o i l m i cr oorg an i sms , i n  e f f ect , 
extends per s i s t ence o f  herb i c i d e s  i n  soi l and mak e s  i t  
p os s ible  t o  u s e  l ower amount s o f  herb i c i d e  over t i me f or 
c omplete  veg etat i on contro l .  

Chemi c a l  proc e s s e s  may r educe s o i l  l eve l s  o f  herb i c i des or 
the i r  degr ada t i on product s .  The s e  proc e s s e s  i nvo l ve 
r e ac t i ons between herb i c i de molecules  and other natural ly
occu r r i ng chemi c al s ,  wh i ch a l t er the s truc t u r e  and ther e fore  
the propert i e s o f  the  herb i c i d e molecules . Import ant 
chem i c a l  reac t i on s  wh i ch a l t e r  mo l ecular  s truct u r e s  o f  
herb i c i de s  i nc l ude ox i dat i on ,  ( i . e . , c omb i n i ng wi th oxyg en ) , 
r educ t i on ( i . e . , comb i n i ng wi th hydrogen ) ,  and hydro lys i s  
( i . e . , c omb i n i ng wi th wat e r  molec u l e s ) .  Usual ly the s e  
chem i c a l  proce s s e s  a r e  much l e s s  i mpo rtant i n  th e reduc t i on 
o f  s o i l r e s i dues than m i crob i a l  act i v i ty . 

Soi l s  cont a i n i ng h i gh amoun t s  o f  o rgan i c  mat t e r  and c l ay 
have a hi gh c apa c i ty t o  adsorb ( i . e . , t ak e  up and hold ) 
organ i c  herbi c i d e s . Sma l l  pa rt i c l e s  whi ch have extremely 
l a rg e  s u r f a c e  areas  i n  proport i on t o  the i r  volume a r e  
e spec i a l ly i mportant i n  hold i ng o rg an i c  substanc e s . 
Ad s orbed ( bound ) herb i c i des ex i s t i n  equ i l i br i um wi th 
he rb i c i d e s  i n  the soi l solut i on .  On ly unbound herb i c i d e s  i n  
the s o i l s olut i on a r e  ava i lab l e  f or adsorpt i on by p l ant s ,  
m i crob i a l  and /or chem i c a l  degradat i on , and leach i ng . Soi l 
adsorp t i on t ends t o  decrease phytot ox i c i ty bu t i nc r e a s e  the 
per s i s t ence  o f  herb i c i d e s  at a pa rt i cu l a r  s i t e . 

Leach i ng i s  the downward or l at er a l  ( o f f-t arget ) movement o f  
an herb i c i d e  i n  solut i on through the soi l .  Soi l adsorpt i on ,  
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wat e r  s olubi l i ty ,  and the amount o f  r a i nf a l l  a r e  the factors  
whi ch det ermine  the extent  o f  leach i ng . If  wat e r  evapor at e s  
f r om s o i l s u r f ac e s ,  herb i c ides  may m i grat e upward a nd b e  
depos i t ed a s  the wat e r  evaporate s .  Lat eral  m i gr at i on o f  
wat e r  and herb i c i de may a l so occur . Le ach i ng shou ld not be  
conf u s ed wi th surface  runof f .  If  r a i nfa l l  occ u r s  soon a f t e r  
appl i cat i on o f  herbi c i des , surfac e  r unof f  may r educe s o i l 
r e s i due s .  S t e ep s lope s ,  low soi l pe rmeab i l i ty ,  and lack o f  
gr ound c over t end t o  promot e surf ac e  runo f f  o f  herbi c i des . 

Soi l r e s i du e s  a l s o  may be reduc ed by volat i l i zat i o n ,  vapor 
pha s e  movement i n  s o i l ,  and evaporat i on at the s o i l sur
f ac e . Di chl oben i l i s  an herb i c i d e  u s ed by BPA whi ch mu s t  be  
i ncorporat ed i nto s o i l t o  avo i d  losses  via  vol at i l i zat i on .  
Photodecompos i t i on resul t s  from the absorp t i on o f  u l tr a 
vi olet sunl i ght . Al though many l i ght-c ata lyzed r e ac t i ons 
a r e  known , the pract i ca l  s i gn i f i cance o f  thi s proc e s s  i s  
uncert a i n .  Photodecompos i t i on i s  not a n  i mport ant means o f  
r educ i ng soi l r e s i du e s  o f  herb i c i des used by BPA . 

Wa t e r  and a i r  are  f lu i ds whi ch can be i mport ant i n  the 
movement o f  herbi c i de s . Mos t  o f  the herb i c i d e s  u s ed by BPA 
a r e  app l i ed t o  t arget vegetat i on through the a i r ,  but th e 
amount s  escap i ng t o  the envi ronment vi a that rou t e  a r e  
u nc e rt ai n .  Cont r ol l i ng the d r i ft o f  sma l l  droplet s 
( ae rosol s )  and control l i ng the format i on o f  vapor ( vo l a
t i l i zat i o n )  i s  neces sary t o  m i ni m i ze harm f u l  e f f ec t s  on 
uni nt ended t a rge t s  such as vegetat i on and bod i e s  of wat e r . 
Herbi c i de i mpac t s  on wat er are  m i ni mi zed by s tr i ct ob ser
vance o f  bu f f e r  zon e s  and dr i f t c ontrol mea sure s a s  
desc r i bed i n  the BPA Transmi s s i on L i n e  Ma i nt enanc e S t andard . 

Tox i c i ty t e s t i ng and r i sk a s s e s sment a r e  based upo n  the 
b i ol og i ca l  act i v i ty o f  the parent c ompound . The parent 
compound i s  i nva r i ably present i n  great er concent r at i on tha n 
any o f  the p r i mary or s econdary degradat i on produc t i ons . 
Degradat i on produc t s  are  tes ted only when spec i a l  conc e r n s  
about poss ible health e f f ec t s  are  pre sent . Two examples  o f  
t e st i ng o f  chem i c a l s  related to the parent compound a r e  
s t ud i e s  c onduc t ed u s i ng p o s s i ble 2 , 4-D c ontam i nant s and 
others  wi th hypothet i c a l  bromac i l  produc t s  ( s ee r e spect i ve 
background statement s ) . In n e i ther o f  the s e  c a s e s  d i d  
t ox i c i ty t e st i ng reveal tox i c i ty i n  exce s s  o f  tha t  o f  the 
par ent herb i c i de . 

I t  i s  i mport ant t o  recogn i z e  that knowl edge c oncerni ng env i 
ronment a l  f a t e  and chem i c a l  t ox i c i ty i s  be i ng deve l oped and 
r eport ed on a cont i nu i ng ba s i s .  Ef f i c i ent and e f fect i ve u s e 
prac t i ces  at any g i ven t i me r epres ent the be s t  prac t i cab l e  
method s accord i ng t o  data g athered by evalua t i ng herbi c i de 
per formanc e u nder  actua l f i eld  cond i t i on s  and by c a r e f u l ly 
c ont r o l l ed l aboratory studi es . 
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Chemi c al Tox i cology i n  An i mal s and Human s  

Tox i c i ty i s  d e f i ned as the i nherent c apac i ty o f  a s ubstanc e 
t o  produce harm or i n j ury i n  a l i vi ng org ani sm .  Tox i c i ty 
r e spon s e  i n  an o rg ani sm i s  described as ac ut e o r  chroni c ,  
d epend i ng on the amount and l eng th o f  exposu r e . Ac u t e  
tox i c i ty i s  a f ai r ly rapi d r e spons e  ( i . e . , death , sk i n  
i r r i t at i on )  o f  an org ani sm t o  a f ew r e lat i vely l arge  doses  
o f  chem i c al admi n i s t e r ed over  a short peri od o f  t i me . In  
c ont r ast , chroni c t ox i c i ty i s  a s l ow o r  d e l ayed r e sp on s e  i n  
an o rgan i sm ,  or i n  an organi sm's o f f spri ng , t o  exposure  ove r  
a r e l at i vely long peri od o f  t i me ( U .  S .  Forest  S e r v i c e  1 9 81 , 
Nor r i s 1 9 7 1 ) . A common mi sconcept i on i s  that " t ox i c i ty "  o r  
"poi soni ng "  m u s t  r e f er t o  death , when i n  f ac t  the s e  t erms do 
not nec e s s ar i ly mean that death mu st result . A t ox i c  or 
poi sonou s s ub s t anc e i s  a chem i c al that i mpai r s ,  i n j ur e s ,  o r  
k i l l s  an o rgan i sm by i nt e rf e r i ng wi th a body o r  c e l l u l ar 
f unc t i on .  

The t ox i c i ty o f  a part i cul ar herbi c i de c an be  e st ab l i shed 
read i ly and compared wi th that of other  chem i c al s  by appro
pr i at e  t e s t s  u s i ng l aboratory an i mal s .  Th i s  t e st i ng i s  a 
f undament al part o f  the cont i nuou s proc e s s  o f  hazard as s e s s
ment . As  not ed prev i ously , hazard as ses sment al so must  
c on s i de r  the pattern o f  u s e  o f  the herb i c i de and the 
r e sult i ng magn i t ude and durat i on of ani mal and human 
expos u r e . 

The l andmark measurement o f  t ox i c i ty i n  an i mal s i s  the acute  
oral LD5 0 ( le thal dos e  5 0 ) . The LD5 0  i s  expr e s s e d  i n  uni t s  
o f  mg chem i c al per  k i logram body we i ght . The LD5 0 i s  the 
do s ag e  ( mg /kg ) requ i red to k i l l  50 percent of a t e s t  popu l a
t i on o f  an i mal s ( u sual ly r at s ) .  The se t e st i ng procedures 
ut i l i ze s i ng l e  dos e s  and the oral rout e of e xpo su r e : ani mal s 
are usual ly observed for  short per i ods o f  t i me , most o f t en 
2 4  hour s .  LD5 0 dat a  are avai l ab l e  for  a v e ry l arge  numb e r  
o f  chem i c al s ,  and i t  i s  t h e  m o s t  bas i c  i nf ormat i on about the 
t ox i colog i c al ac t i vi ty of chem i c al s . 

Aquat i c  org ani sms are not f e d  a chem i c al , but r athe r  are 
expo sed t o  a chemi cal i n  the wat e r . As a result , the l and
mark measure of t ox i c i ty i n  aquat i c  an i mal s i s  the LC50  
( Lethal Conc entrat i on 5 0 ) . The LC5 0  may be  expr e s sed in  
u n i t s  of  mg chem i c al per l i t er o f  wat er ( mg/ l ) ,  wh i ch i s  
equi valent t o  un i t  par t s  per m i l l i on ( ppm ) , e . g . , 1 0  mg/ l  = 

1 0  ppm . 

Oc c as i onal ly one wi l l  f i nd i n  t ox i colog i cal l i te rat ure  a 
r e f erence t o  a t e st do s e  f ed t o  b i rd s  or mammal s ,  but 
expr e s s ed i n  ppm . Th i s  r e f e r s  t o  the rat i o  by we i ght o f  the 
chemi cal to the food o r  wat e r  i n  whi ch i t  i s  m i x ed . 
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Sk i n  and eye i r r i tat i on a re a l so e valuated u s i ng r abb i t s  
early i n  t ox i c i ty t e s t i ng . Sk i n  sens i t i zat i on i s  an 
a l l e rg i c r e sponse that i s  u sually stud i ed i n  g u i nea p i g s . 
Mea surement s o f  i nha l at i on t ox i c i ty are  al so mad e u s i ng 
l aboratory ani ma l s . 

Chr on i c  t ox i c i ty t es t i ng i s  perf o rmed u s i ng t wo-year f e ed i ng 
stud i e s  i n  rat s and dog s .  Doses  a r e  sel ected t o  i d ent i fy a 
probable  no- e f fect l evel as we l l  a s  a t  l ea s t  t wo h i gher 
l e ve l s  o f  e xposure . The g enera l cond i t i on ,  f ood con sump
t i on ,  g rowth , behavi or ,  b l ood and c l i n i ca l  chem i stry of the 
t e s t  ani ma l s  are  regu larly moni t ored . An i ma l s  a r e  k i l l ed a t  
t h e  e n d  o f  t h e  study and gross  a n d  m i croscopi c exam i nat i on 
o f  t i s s u e s  i s  pe r formed . Th i s  exam i nat i on wi l l  reveal 
t a rg et organ t ox i c i ty and c arc i nogen i c  act i v i ty ( i . e . , 
capab i l i ty t o  i nduce canc e r ) o f  the compound be i ng t e s t ed . 

Thr e e-generat i on r epr oduc t i on s t udi e s  are  c onducted u s i ng 
rat s f ed d i et s  cont a i n i ng a t e s t  chemi c a l . Dat a  c oncern
i ng r eproduct i ve pe r f ormanc e ,  i nc lud i ng f e rt i l i ty ,  g e sta
t i on , v i ab i l i ty ,  and lactat i o n ,  a r e  col lected . Pup s a r e  
f i r st exami ned gros s ly , then t i s sue c l ea rance i s  perf o rmed 
to e s t ab l i sh the i nt eg r i t y  of the skeletal  sys t em , the reby 
d e t e rmi n i ng the t e ratog en i c  potent i a l  ( i . e . , c apab i l i ty t o  
produc e b i rth defect s )  o f  the t e s t  chemi c a l . 

Mu tagen i c i ty t e s t i ng i s  another e l ement o f  t ox i c i ty t e s t i ng 
programs . Mut ag ene s i s i s  the a l t e rat i on ( i . e . , mut at i on ) o f  
i nheri t ed g enet i c  mat e r i a l  ( i . e . , a l terat i on o f  DNA i n  the 
pat erna l  o r  mat ernal reproduc t i ve c el l s ) .  Var i ou s  t e s t s 
have been u s ed t o  a s se s s  the capab i l i ty o f  a chemi c a l  t o  
a l t er i nhe r i ted genet i c  mat er i a l . Cytogenet i c  t e s t s  ut i l i z e 
mamma l i an c e l l s  c u l tured wi th a t e st substance : the ch romo
somes ( g enet i c  mat e ri a l )  i n  the c e l l s  a r e  exami ned for 
breakage and f a i lure  t o  func t i on norma l ly du r i ng the stages 
o f  c e l l  d i v i s i on . Hos t -med i ated test s emp l oy mi croo rgani sms 
g i ven t o  a host ( u sual ly a mou s e ) wh i ch i s  subs equ ent ly 
t reat ed wi th a t e s t  chem i c a l . The m i croorgan i sms a r e  
s ubs equent ly recla i med and exam i ned f o r  chang e s  i n  g rowth . 
" Dom i nant l etha l "  t e s t s  ut i l i ze treat ed mal e s  tha t a r e  mate d  
wi th untreated f ema le s . Lat er , the f ema l e s  are  k i l l ed and 
the numb e r  o f  dead or r e sorbed f et u s e s  i s  u s ed as an i ndex 
o f  mutagen i c i ty .  The pre sence o f  dead o r  r e s orbed f et u s e s  
i nd i ca t e s  that mutat i on s  have occu r r ed i n  the spe rm c e l l s ,  
s i nc e  the f ema l e s  wer e  not treated . 

In v i t ro mi crobi olog i ca l  assay syst ems ( i . e . , ou t s i de a 
l i v i ng body and i n  an a rt i f i c i al envi ronment ) u s ed t o  
exam i n e  chem i c al s  f or mutageni c i ty a r e  relat i ve ly recent 
add i t i on s  t o  t ox i c i ty t e st i ng programs . Bac t er i a l  o rg an i sms 
i nc lud i ng Salmone l l a  typhi mu r i um ( laboratory s t ra i ns : TA 
1 5 3 5 ,  TA 1 5 3 7 ,  TA 1 5 3 8 ,  TA 9 8 ,  a nd TA 1 00 ) : Escher i ch i a  
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col i ( WP 2 ) ;  r epa i r-d e f i c i ent and repa i r-pr o f i c i ent s t ra i ns 
0113ac i l l i s  s ubt i l i s  ( H  1 7  and M 4 5 ) and o f  E .  col i ( W  31 1 0  
and p 3 4 7 8 ) ; and the yeast Saccharomyc es c e r evi Sfae ( D3 )  a r e  
u s ed . The s e  a s say sys t ems may be supplement ed wi th t es t s  on 
rat l i ver enzyme s to provide  i nf ormat i on about chem i c a l  
e f fect s o f  metabol i c  degradat i on product s .  Th e goa l o f  
s t ud i e s  wi th the s e  org an i sms i s  i d ent i f i cat i on o f  mutagens 
and carc i nogen s . Bat t er i e s o f  t e s t s  are  usually u s ed and 
r e s u l t s  a r e  pr e s ent ly d i f f i cu l t  to r e late  to r i sk a s s es sment . 

Rad i o- l abeled chem i c a l s  ( u sual ly l 4c- or 3H- ) are  u s ed 
t o  mea sure  the upt ake , d i s tr i but i on , met abo l i sm ,  and excre
t i on o f  t e s t  chem i c a l s  i n  expe r i ment al  anima l s . Spec i e s-t o
spec i e s d i f ferenc e s  a r e  usual ly quant i tat i ve rather than 
qua l i t at i ve .  Knowl edg e g a i ned f rom stud i e s o f  th i s  s ort i s  
i mportant i n  det erm i nat i on of the cons equenc e s  o f  acc i 
dent a l , u n i nt ent i ona l , and unavo i dable  human exposu r e s . 

A very l i m i t ed amount o f  i nformat i on i s  ava i lab l e  concerni ng 
d i rect e f fect s i n  humans . In most i nstanc e s , data a r e  
l i m i t ed t o  br i e f  cas e reports  resu l t i ng from acc ident a l  
exposures . Th e s e  f e w  cases  have v a l i dated the u s e  o f  
anima l s  s uch a s  rat s ,  rabb i t s , and g u i nea p i g s  i n  t ox i c i ty 
t es t i ng . 

Ep i demi olog i cal  s t ud i es o f  the health i mpact o f  herb i c id e s  
are  extremely l i m i t ed i n  both number and scope . Ep i d em i 
o l og i ca l  s t ud i es are  c onducted t o  determ i ne the s ubt l e ,  
long-t erm e f fect s o f  exposure ; e f f e c t s  whi ch may not appear 
u nt i l  many years a f t e r  exposure  or many years o f  exposure . 
Ep i d em i o l og i c a l  s t ud i e s norma l ly requ i r e many hundred s ,  i f  
not thousand s , o f  people expos ed t o  an h erbi c i de b e f ore 
mean i ng f u l  conc l u s i ons can be mad e a s  t o  whether a real 
d i f f e rence e x i s t s  bwt ween the health o f  those people exposed 
and o f  tho s e  never havi ng been exposed t o  the herb i c i d e  
under c ons i d erat i o n .  Fu rthermore , a perc e i v ed d i f f er ence 
may not be  ea s i ly at t r ibut ed to the herb i c i d e  in que s t i on 
u n l e s s  the l i f es tyl e s , expo sur e s  t o  other chem i c a l s ,  etc . 
are  s i mi l a r  for a l l  t e s t  sub j ect s .  It  i s  qu i ck l y  obv i ou s  
that ep i d em i olog i ca l  stud i es a r e  d i f f i cu l t  t o  c onduc t . Wi th 
concern  for  ma intenance o f  s a f e  work i ng cond i t i on s ,  per s on s  
engaged i n  var i ou s  a spec t s  o f  herbi c i de u s e  have been 
stud i ed and cont i nu e  t o  be stud i ed . What i nformat i on i s  
avai lable i s  d i s c u s s ed i n  each o f  the Herb i c ide Backg round 
Stat ement s .  

Pot ent i a l  Impact on Nontarget Organi sms 

Thi s  s ect i on o f  the Background Statement s i nc ludes  c ons i d
erat i on o f  vegetat i on ,  f i sh and aquat i c  organi sms , wi ldl i f e ,  
and l i ve s tock that may be expos ed i nadvert ent ly t o  herb i 
c i des . Tox i c ol og i cal  i mpact s on f i sh and aquat i c  organi sms , 
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wi ld l i f e ,  a nd l i vestoc k  are  i nvesti gated a s  exten s i ons o f  
acut e and chron i c  t ox i c i ty test i ng . Pot ent i a l  i mpact s  a r e  
a l so c ons i d e r ed i n  v i ew o f  the pot ent i a l  f or b i oaccumu
lat i on .  In the abs enc e of bioaccumu l at i on stud i e s  or 
evi dence of b i oaccumu l at i on ,  acute or chr on i c  e f f ec t s  f r om 
d i rect  expos u r e  a r e  u s ed t o  a s s e s s  potent i a l  i mpac t s . 
Nont arg et vegetat i on ad j ac ent t o  t reated r i ghts-of-way o r  
other BPA f ac i l i t i e s i s  i nherent ly suscept i b l e  t o  the 
herb i c i d e s  u s ed i n  vegetat i on management . Dr i f t i s  an ever
present conc e r n  in a e r i a l  and broadca s t  appl i cat i on o f  
herbi c i de s . The pos s ibi l i ty of d r i ft c a n  b e  m i n i mi z ed by 
c a r e f u l  att ent i on t o  mai nt enanc e o f  equ ipment and envi ron
ment a l  c ond i t i on s  and by u s e  of spec i a l d r i ft control 
addi t i ve s , a s  deta i l ed in  the BPA Transmi s s i on Li n e  
Ma i nt enanc e St anda rd . 

Ha zard As ses sment for  Cur rent U s e  Pract i c e  

The f i na l  s ec t i on o f  the Background Statement s revi ews th e 
patt ern o f  u s e  o f  the part i cular herb i c i de by BPA and the 
a s s oc i at ed haza rd to human s  or the envi ronment . The c l a s s i 
f i cat i on o f  each o f  the herb i c ides  i s  i nd i cated u s i ng the 
Human Hazard S i gna l Word Sys t em ( 40 Code of Fed e r a l  Regula
t i on s  1 6 2 . 1 0 ) . The S i gnal Word c l as s i f i cat i on i s  o f  most 
va l u e  to person s  engag ed in handl i ng and appl i c at i on of the 
herb i c i de s . The envi r onment a l  f a t e  and r e s u l t s  o f  t ox i c i ty 
t e st i ng are  br i e f ly r evi ewed . When resul t s  o f  ep i d e m i 
l og i c a l  s t ud i es are  avai labl e ,  they are  i nc l uded . 

F i na l ly , the degree o f  hazard t o  personne l ,  the pub l i c  and 
the env i r onment f r om use of the herb i c i d e  i n  the manner 
pr oposed by BPA i s  i nd i cated . The degree o f  hazard i s  
g en e r a l ly c l a s s i f i ed a s  " no hazard " , " low" , " moderat e " , o r  
" h i gh " . The s e  g ener a l  categor i e s  a r e  ba sed on a s se s s i ng th e 
e s t i ma t ed r i sk t o  a popu l at i on o f  i nd i v i dua l s ,  whether i t  be 
the publ i c ,  BPA per sonne l ,  or popu lat i on s  of f i sh and 
wi l d l i f e  spec i e s .  Ri sk a s s e s sment i nc ludes not only the 
t ox i c i ty ( acut e )  of the herb i c i d e , but a l s o  i nc ludes th e 
pr obab i l i ty o f  exposure , the probable durat i on o f  exposure , 
the probab l e  degree o f  expo su r e , and the probabi l i ty o f  a 
catastroph e we i ght ed aga i nst  the bene f i t s  achi eved . In a 
programmat i c  s i t uat i on ,  the actua l calculat i on o f  probab l e  
r i sk i s  n o t  pos s i bl e . Ri sk a s s e s sment s f or herbi c i de appl i 
c at i on s  can only b e  made wi th great e f fort o n  a c a s e -by-ca s e  
ba s i s .  

Th e i nf ormat i on developed i n  the He rb i c i d e  Backgr ound 
Stat ement s i s  summa r i z ed and di s c u s s ed i n  the s ec t i on o f  
Chapter 7 ENVIRONMENTAL CONSEQUENCES on Publ i c  Hea lth and 
Occ upat i on a l  Sa fety . 
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AMMONIUM SULFAMATE 

Chem i c a l  Ident i f i cat ion 

Amrna t e  i s  the c ommon name for ammoni um s u l farnat e .  Amrnate X 
and Arnrnat e  X-NI a r e  the trade names o f  the t wo f ormu l a t i ons 
manu factured by E . I .  Du Pont d e  Nemour s  and Company ( I nc . ) .  
The EPA r eg i s t ra t i on number for Amrnat e  X i s  3 5 2 - 2 0 6-AA and 
the r eg i strat i on number for Amrna t e  X-NI i s  3 5 2 - 3 1 1 .  Amrnat e  
X cont a i ns sod i um d i chrornat e ,  a rather tox i c  corro s i on 
i nhibi tor , and i s  not c l eared for u s e  a d j ac ent t o  wat e r  
suppl i e s . Amrnat e  X-NI lack s th e corro s i on i nhibi t or a n d  i s  
c l eared for  u s e  r i ght up t o  the water ' s  edge . 

Ammon i um s u l farnat e  i s  an odor l es s ,  c rysta l l i ne sol i d . 
Techni cal arnrnate  i s  yel low. De compos i t i on occurs at 
1 6 0°c .  Ammoni um s u l farnat e has neg l i g ible  vapor pr e s sure . 
The c ry st a l s  abs orb wat e r  when exposed t o  a i r .  Arnrnat e  i s  
very solub l e  i n  water  ( 2 1 6  g / 1 0 0  m l ) . 

Act i on i n  Vegetat i on 

Amrnat e i s  an i norg an i c  herbi c i de wh i ch i s  e spec i a l ly e f fec
t i ve in control  o f  woody plant s (ha rdwood s ,  shr ub s , and 
c on i f e r s ) .  Annual and perenn i a l herbac eous plant s a r e  a l so 
s en s i t i ve t o  ammoni um s u l f arnat e . 

Amrnate i s  r api dly absorbed by plant f ol i age and s t erns . 
Li t t l e  i s  known o f  the mechani sm o f  ac t i on o f  i norgan i c  
herbi c i de s ,  i nc l ud i ng t ox i c i ty .  Ammon i um s u l farna t e  pro
long s the dormant per i od o f  plant s .  Dur i ng the prol onged 
d ormant s t ag e , s t arch and s ugar r e s erves are exhausted , 
wh i ch may be a s s oc i ated wi th death o f  the plant ( Robb i n s  e t  
a l . 1 9 5 2 ) . 

Ut i i zat i on by BPA 

Arnrna t e  X-N I i s  u s ed by BPA on r i ght s-of-way and at substa
t i on s  for the management o f  weed s and brush near surface 
wat e r . BPA used 9 6 9  pounds o f  ammoni um sul farnat e ( ac t i v e 
i ngredi ent ) between 1 9 7 8 and 1 9 81 . None wa s u s ed i n  1 9 7 9  
and none i s  proposed f or u s e  i n  19 8 3 . 

Amrnate X-NI i s  d i luted wi th wat e r  and appl i ed t o  f o l i age 
wi th portab l e  sprayer s  or h i gh pr e s sure hydraul i c  hose 
spr ayers  d ur i ng the full leaf stag e . Di lut i on prov i d e s  a 
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spray c onc entrat e o f  3 95 t o  575 grams ammoni um s u l f amat e  
( ac t i ve i ngred i ent ) p e r  l i t er .  Di rect ed appl i c at i on of  
ammat e c ry s t al s  or the aqueou s  s olut i on ( 3 9 5- 5 7 5  g / l ) al s o  
c an be mad e  t o  cut stumps or duri ng s i ng l e-stem treatment s .  

Chemi c al Fat e and Di s tribu t i on i n  the Env i ronment 

Soi l 

An early report ( Craft s  1 94 5 )  i nd i cat ed that ammon i um s u l f a
mat e  ( AMS ) i s  not ret ai ned i n  soi l but moves  wi th s o i l 
moi st ure l i k e  s od i um chlorat e . Craft s  ( 1 9 4 5 ) al s o  suggested 
the su l f at e  and n i trat e rel eas ed by AMS breakdown act e d  as 
p l ant nutri ents and s t imu l at ed growth at l ow rat e s  o f  
app l i c at i on . 

St rai n s  o f  t wo fung i ( Aureobas i dum pu llulan s , AphalosTori um 
acremon i um ) and t wo un1dent1f1ed speci e s  o f  bac t e ri a  Achro
mobac t er sp . ,  Flavobacteri um sp . )  c an ut i l i ze s u l f am i c  ac i d  
( s odium s al t ) as a s ou rc e  of n i trogen . The fung i and 
bac t e ri a  c onvert ed the s u l f amat e t o  s u l fat e  i n  the s ame 
proport i on as the amount of  n i trogen as s im i l ated ( Jens e n  
1 9 6 3 ) . 

Under hum i d  c ond i t i on s ,  AMS appl i ed at a rat e of  3 pounds/  
1 , 000  square feet i nhibi t ed germ i nat i on of  weed s e ed s ,  but 
phytotox i c i ty in vari ous gras s e s  and crops d i sappeared aft er 
s i x  t o  e i ght we ek s ( DeFranc e 194 3 ) . 

Wat er 

The f at e  o f  AMS i n  water has not been report ed .  Du e t o  i t s  
hi gh wat er solub i l i ty ,  any AMS i n  s u rfac e  runo f f  wou ld be 
rap i d ly d i luted . Ammat e X-NI i s  d es i gned spec i f i c al ly for 
c ontrol l i ng unde s i rabl e  vegetat i on growi ng on land ad j ac ent 
to and s u rroundi ng dome st i c  wat er s upply re servo i rs ,  s upply 
s t ream s , lak e s  and ponds ( Du Pont , no dat e ) . 

A i r  

The f at e  o f  AMS i n  ai r has not been report ed .  Phot odec ompo
s i  t i on i s  not i mport ant i n  the degradat i on o f  AMS . 

Chemi c al Tox i cology i n  An i mal s  and Human s  

Acu t e  Ef fect s 

The acu t e  oral LD5 0 o f  ammon i um s u l f amat e  i n  rat s i s  3 , 9 0 0  
mg /kg . It there fore i s  c lass ed as a s l i ght ly t ox i c  chemi c al 
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( Du Pont 1 9 7 2 ) . Vi nokurova and Ma l'k ova ( 1 9 6 3 )  r eport ed 
that the acut e ora l t ox i c i t y  of AMS wa s 4 , 4 0 0  mg/kg i n  rat s 
a nd 3 , 1 00 mg/kg i n  m i ce.  

Becau s e  o f  the i mport ant f lame reta rdant propert i e s o f  AMS ,  
s t ud i e s o f  s k i n i r r i tat i on and sens i t i zat i on i n  a n i ma l s  and 
humans h a s  been c onducted . Ne i ther s k i n i r r i tat i on n or 
sy st emi c t ox i c i ty wer e  observed i n  r at s followi ng repeated 
appl i cat i on o f  2 0  perc ent or 5 0  perc ent aqueous ammoni um 
sul f amat e  solut i ons ( WS SA 1 9 7 4 : Du Pont 1 9 7 2 ) . Sk i n  i r r i 
t at i on t e s t s  we r e  done i n  rats  and r abb i t s  t r ea t ed dai ly for  
2 0  day s  wi th 1 5 ,  2 0 ,  or 3 0  percent solut i on s  o f  AMS . One 
rat showed e rythema ( sk i n  i nf lammat i on )  on day 7 but no 
i r r i tat i on dur i ng the rema i nder o f  the t e s t . No h i s t o
patho logy wa s evident i n  rat s .  Sl i ght atrophy o f  the 
ep i d e rm i s wa s r eport ed i n  the rabbi t s  ( Du Pont 1 9 81 ) . 

Re s u l t s  o f  t e st i ng i n  humans have been con s i stent wi th 
f i nd i ng s  i n  rat s ,  rabbi t s ,  gu i nea p i g s ,  and m i c e . Tyvek 
f i ber c onta i n i ng 45 percent AMS produced m i ld i r r i tat i on i n  
5 o f  1 9 1  human sub j ec t s  who wore t e s t  pat che s o f  the 
mater i a l  f o r  s i x  days . One person of 2 0 5  s ubj ec t s  showed 
m i ld i r r i t at i on a f t e r  s i x  day s to a cotton den i m  patch 
c onta i n i ng 1 5  perc ent AMS . No evidenc e o f  a l le rg i c  s e ns i 
t i zat i on wa s seen i n  the s e  t wo t e s t  group s ( 3 9 6  human 
s ub j ec t s )  when a s econd app l i cat i on of the patch e s  ( Du Pont 
1 9 8 1 ) wa s made 10 day s  a f t e r  complet i on of the f i r s t  t e st . 

Aqueous s o lut i on s  i ns t i lled i nt o  the c on j unct i va l  sac o f  the 
eye s of f i ve rabb i t s  ( 0 . 5  ml  of a 4 percent solut i o n )  and 
appl i ed to the mucous membrane o f  a rabb i t 's eye ( dr op of a 
2 0  percent solut i o n ) d i d  not produc e i l l e f f ec t s  ( Du Pont 
1 9 81 ) . 

I nha lat i on o f  AMS dust s can produc e i l l  e f f ect s .  The 
thr e shold l i m i t  va lue ( TLV ) i s  1 0  mg/m 3 and the short
t e rm exposure  l i mi t ( STEL ) for 1 5-mi nu t e  excur s i on s  i s  
2 0  mg/m3 ( ACGIH 1 9 7 6 ) . The OSHA standard i s  1 5  mg/m3 

( Du Pont 1 9 81 ) . Laboratory worker s exposed to 1 0 0  t o  
2 0 0  mg/m3 pe rc e i ved a t i ck l i ng or i t ch i ng i n  the throat 
and a t i ng l i ng in the nose ( Du Pont 1 9 81 ) . 

In one method of i nterpret i ng t ox i c i ty data , i t  i s  p r e s umed 
that acut e ( LD5 0 )  t ox i c  doses for rat popu lat i on s  a r e  
s i mi la r  t o  that for  human populat i ons . Gi ven a n  LD5 0 o f  
3 9 00 mg/kg for rat popu lat i on s ,  i t  i s  pr esumed tha t the LD5 0 
dose o f  ammoni um sul famat e  ( act i ve i ngred i ent )  for  a popula
t i on of 1 6 5 -pound humans wou ld be 1 0 . 3  ounc e s  ( 0 . 06 3  oz/lb ) . 
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Chron i c  E f f ec t s  

Rat s  fed  d i et s  c onta i n i ng 1 perc ent ammoni um s u l f amat e  
( 1 0 , 000 ppm ) f or 1 0 5  day s  e xhibi t ed n o  c l i n i c a l  or h i s t o
l og i cal s i gns  o f  t o x i c i ty . Di e t s  cont a i n i ng 2 perc ent 
ammoni um s u l f amat e  i nhibi t ed growth but d i d  not i nduce  
h i stopatho logy ( Ambrose 1 94 3 ) . 

Du Pont ( 1 9 8 1 ) l i s t s  t e n  add i t i ona l ext ended stud i e s  o f  
chron i c  t ox i c i ty o f  AMS under l aborat ory c ond i t i on s . 
Un i f ormly , a low order o f  tox i c i ty wa s observed . Mos t  o f  
the stud i e s a r e  propr i et ary work c onduct ed by the 
manu f actur e r . 

Ten rats  or a l ly g i ven 1 ml  o f  a 5 0  percent AMS solut i on on 
a l t e rnate days we r e  k i l led a f t e r  9 or 15 treatment s .  Growth 
rate  wa s i n i t i a l ly r educed , but the rat s g a i ned we i ght 
norma l ly dur i ng the latter pa rt of the t e s t  per i od . No 
other s i gns of t ox i c i ty were ob served and ne i ther g r o s s  nor 
m i c ro sc op i c  l e s i on s  wer e  observed in t i s su e s .  

S i x  ma l e  rat s wer e  g i ve n  a d a i ly oral  dosage o f  2 , 2 00 mg/kg 
f i ve t i me s  a week for t wo week s .  Ani ma l s  ma i nt a i ned good 
c ond i t i on i nc lud i ng norma l body we i ght except f or occas i onal 
d i a r rhe a . Three  rat s we r e  k i l led a f t e r  the t enth treatment 
and showed e v i dence o f  chron i c  gastr i t i s .  When the other 
rat s wer e  k i l l ed 10 day s  lat e r , no evi denc e of ga s t r i t i s  wa s 
p r e sent . 

No t ox i c i ty wa s observed i n  a dog f ed 1 , 0 0 0  mg AMS d a i ly for  
13  day s . 

AMS wa s f ed f or 9 0  days t o  gr oups o f  3 2  rat s a t  d i et ary 
l ev e l s  o f  3 5 0  and 5 00 ppm . No c l i ni ca l  s i gn s  o f  t ox i c i t y  
wer e  observed and t i s sue h i stopathology wa s not r emarkable .  

Cupt a e l  a l . ( 1 9 7 9 ) publ i shed r e su l t s o f  90-day t ox i c o
l og i c a l  s t ud i e s i n  the rat . Ra t s  were g i ven e i ther 0 ,  1 00 ,  
2 5 0 ,  or 5 00 mg/kg for s i x  day s  per week . No adve r s e  e f fec t s  
wer e  obs e rved wi th r e spect t o  appearanc e , behavi or ,  or 
survi va l . We i ght gai n wa s reduc ed at the hi ghe s t  dosage 
a ft er 6 0  days . Food consumpt i on was g r adua l ly r educ ed and 
wat e r  i ntake  i ncreased in a l l  t reated rat s . No s i gn i f i cant 
chang e s  i n  r e lat i ve organ we i ght s wer e  obs erved . Hemato
log i ca l  s t ud i e s  at 3 0 ,  6 0 ,  and 90 day s  d i d  not reve a l  
s i gni f i cant chang e s . The l i ve r  o f  o n e  rat a t  t h e  h i ghest 
dose after  9 0  days showed s l i ght fatty degenera t i v e  
chang e s . Throughout the s t udy ,  the g eneral c ond i t i on and 
health o f  the a n i ma l s  r emai ned appar ent ly good . 

No e v i dence o f  c a rc i nogeni c i ty wa s obt a i ned i n  s t ud i e s  i n  
wh i ch rat s we r e  f ed e i ther 3 5 0  or 5 00 ppm AMS i n  the i r  d i e t 
f or 1 9  month s  ( Du Pont 1 9 81 ) .  
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Ammoni um s u l f amat e  wa s i nc luded i n  a n  evaluat i on o f  pos s i b l e  
mutageni c act i v i ty o f  1 0 0  herb i c i de s . Ammat e  d i d  n o t  i nduc e 
poi nt mutat i on s  i n  e i ght st r a i ns o f  h i st i d i ne-r equ i r i ng 
mutant s o f  the bac t e r i a  Salmone l la typh i mu r i um ( Ander son e t  
a l .  1 9 7 2 ) . 

Pot ent i a l  Impact  on Nontarget Organi sm s  

Vegetat i o n  

Ammoni um s u l fama t e  i s  a n  e f f ec t i ve contac t herb i c i d e  and 
spray or d r i f t  wi l l  i n j u re the fru i t  or f o l i ag e  of nont a rget  
spec i e s . Such damage wi l l  be l i mi t ed by the degr e e  o f  expo
sure , envi ronmen t a l  cond i t i on s  (part i c ular ly t emperatu r e  and 
the amount of mo i sture ) ,  and the i nnate s en s i t i v i ty of the 
spec i e s .  

F i sh a nd Other Aqu at i c  Organi sms 

The s e  f ac t s  wer e  taken f rom a summa ry provi ded by Du Pon t  
( 1 9 81 ) . Ammoni um s u l fama t e  has a low ord er o f  t ox i c i ty t o  
f i sh .  The 24-hou r , 48-hou r ,  and 96-hour LC 5 0 s  o f  AMS t o  
f i ng er l i ng channel cat f i sh we re 2 5 9 ,  206 , and 2 0 3  ppm 
( Cl emen s  1 9 5 9 ) . Young carp wer e  not k i l l ed by 4 8 -hour 
expo sures to 5 00 ppm AMS and the med i an thr e shold l i m i t  wa s 
1 , 0 0 0  to 2 , 000  ppm ( Ma k i  1 9 7 3 ) .  Ra i nbow trout , b l ueg i l l s ,  
a nd s ea l ampr eys survi ved a c onc entr at i on o f  5 ppm f or 24 
hou r s  i n  Lake Huron ( Appl egat e e l  a l . 1 9 5 7 ) .  

Ammoni um s u l f amate ( 3 0 ppm ) appl i ed t o  the h ead o f  a n  
a rt i f i c i a l s t r eam had no e f fect on the aquat i c  communi ty 
c ompo s ed of bottom-dwel l i ng and dr i f t i ng i nvert ebr a t e s  a nd 
r a i nbow trout ( Mak i 1 9 7 3 ) . 

Wi ldl i f e 

A low order o f  t ox i c i ty wou ld be expec t ed due t o  r e s u l t s  o f  
stud i e s  o f  rodent s ,  f i sh ,  and l i vestock . Li m i t ed data 
s upport th i s  g enera l i zat i on .  

The acut e oral  tox i c i ty o f  AMS i n  qua i l i s  3 , 000  mg /kg 
(Du Pont 1 9 81 ) . Body we i ght g a i n  and the general c ond i t i on 
of qua i l  we re not a f f ected by f e ed i ng AMS d i e t s  t o  g i ve 1 5 0  
and 5 90 mg/kg/day for 14  days . The f ert i l i ty o f  qua i l  wa s 
not a f f ec t ed by t wo 1 0 -day per i od s  o f  feedi ng d i e t  conta i n
i ng AMS ( dosage 1 5 0  mg/kg/day ) .  

AMS-treated s weet gum and post oak ( Querc u s  st e l lat a ) we r e  
n o t  t ox i c  t o  d e e r  ( Ha ugen 1 9 5 3 ) . Add i t i onal f e ed i ng t r i a l s  
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wer e  c onducted u s i ng c ry s tal l i ne ammon i um s u l f amate and 
thr e e  oth e r  spec i e s o f  tree s . 

L i vestock 

No adver s e  e f f e c t s  were r eport ed i n  catt l e  and sheep f ed AMS 
or d i e t s  c ont a i n i ng AMS i n  h i gh amount s ( Be l a s c o  1 9 5 4 ; 
Haugen 1 9 5 3 ; and other r e f erenc e s  i n  Du Pont ( 1 9 81 ) . 

Acu t e  t ox i c i ty of AMS i s  o f  a l ow order i n  l i ve s t ock . No 
fatal i t i e s  of sheep ( year l i ng ) occurred f o l l owi ng oral  
adm i n i strat i on o f  1 4 . 1  and 2 8 . 3  gram s /ani ma l .  S i m i l a r ly , 
pr egnant e we s  d e l i vered normal lambs f ol l owi ng oral  admi n i s
t ra t i on o f  1 1 2  grams AMS /sheep . Ora l  dos e s  o f  1 0 0  g rams 
wer e  l etha l to g oat s ( Du Pont 1 9 81 ) . 

Da i ly ora l adm i n i s trat i on for  ten day s  o f  2 8 . 3g AMS d i d  not 
a f fect the c ondi t i on of c a lves ( approxima t e  da i ly dosage 
0 . 4 2  grams /kg . No i l l e f f ec t s  wer e  obs e rved i n  sheep g i ven 
2 2 5  g rams AMS ( t otal ) i n  a f i ve-day peri od ( Du Pont 1 9 81 ) . 

Haz a rd As s e s sment f o r  Cur r ent Use  Pract i c e  

Ammon i um s u l f amat e  i s  u s ed t o  c ontrol brush beneath t rans
m i s s i on l i ne s  and t ower s .  Ammon i um s u l f amat e  i s  nonvolat i l e  
a nd v i r t u a l ly nontox i c  t o  humans o r  l i ve s t ock . As a r e s u l t , 
i t  may be appl i ed t o  weeds ad j ac ent t o  crops o r  t o  unwanted 
vegetat i on near bod i es o f  wat e r .  

Ba s ed upon t e st i ng i n  laboratory anima l s ,  part i cu l a r ly acute 
oral  and i nha lat i on t ox i c i ty and s k i n and eye i r r i ta t i on ,  
the Human Haz a rd S i gnal Word CAUT ION appea r s  o n  the herb i 
c i de l abe l . Ammon i um s u l famate  has a ve ry l ow order o f  
t ox i c i ty i n  a n i ma l s  and human s .  Because o f  i t s  potent i a l  
u s e  a s  a f i r e proo f i ng agent i n  c loth , ammoni um s u l f amat e  
has been sub j ected t o  more d i rect test i ng i n  humans than 
have most other herb i c ides . The r e s u l t s  o f  the s e  t e s t s  a r e  
c ons i st ent wi th dat a obt a i ned i n  work wi th anima l s .  

No evi denc e o f  c a rc i nogeni c ,  mutageni c ,  or t e ratogeni c 
act i v i ty ha s been obt a i ned . 

Ammon i um s u l fate  may break down i n  the envi ronment t o  
n i t r ogen and s u l f a t e  wh i ch can b e  ut i l i zed a s  nut r i en t s  by 
m i c r oorgan i sms  a nd plant s . 

The u s e  o f  ammon i um s u l famate  a s  d i rected on the pest i c i de 
labe l s  result s i n  a l ow degree o f  haza rd t o  personne l ,  the 
publ i c , a nd the envi r onment . 
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ATRAZ I NE 

Chemi ca l  Ident i f i cat i on 

At r a z i ne i s  the c ommon name f or 2 -chl oro-4-ethy lam i no- 6 -
i s opr opylami no-s-tr i az i ne . AAtrex i s  the trade name o f  
a t r a z i ne herbi c i de that i s  marketed by t h e  Agr i cu ltural  
D i v i s i on o f  Ciba  Gei gy Corporat i on ( Gr een sboro , No rth 
Ca rol i na ) . Two herb i c i da l  f ormulat i ons of a t ra z i ne a r e  u s ed 
by BPA, AAt r e x  B OW ( EPA Reg . No . 1 00-4 3 9 ) and AAt rex Ni ne-0 
( EPA Reg . No . 1 0 0 - 5 8 5 ) .  

At raz i ne i s  a whi t e ,  c ry sta l l i ne s ol i d  that me l t s  a t  1 7 3°c 
t o  1 7 5oc .  The vapor pres sure of atraz i ne i s  3 . 0x l o- 7  mm 
Hg at 20°c ,  a nd 2 . 2x 1 0- 5  mm Hg at 5 o0c .  The solub i l i t i e s 
of atraz i ne ( pa r t s  per mi l l i on by we i ght ) i n  d i methy l s u l 
f ox id e ,  chloroform , ethy l ac etat e ,  and methanol a r e  1 8 3 , 0 0 0 , 
5 2 , 000 , 2 8 , 000 , and 1 8 , 0 0 0 ,  r e spec t i vely . The l i m i t o f  
wat e r  solub i l i ty o f  atra z i ne i s  3 3  ppm . At r a z i n e  i s  sub j ect 
t o  decompos i t i on by u l traviolet  l i ght ( WS SA 1 9 7 9 ) . 

Ac t i on i n  Vegetat i on 

At raz i n e  i s  r eg i s t er ed for u s e  i n  the control o f  annu a l  and 
perenn i a l  g r a s s e s  and broad leaf  weed s in c orn , sorghum , 
rang e land , macadam i a  orcha rd s ,  pi neappl e ,  and t u r f  gra s s  
s od . I t  i s  a l so u sed for  s e l ec t i ve weed c ontrol i n  c on i f e r  
r e forestat i on ,  Chr i stmas tree  plantat i on s ,  and gra s s  weed 
f i e ld s ,  as we l l  as f or nons e l ec t i ve c ontrol of veg etat i on i n  
chem i c a l  f a l low ( WS SA 1 9 7 9 ) . 

Ab sorp t i on o f  a t r a z i ne oc curs  through both the root s and 
aer i a l part s of plant s .  Fol i ar absorpt i on o f  a t ra z i n e  i s  
u s ua l ly not i mport ant under f i eld c ond i t i ons . The herbi c i de 
can be wa shed o f f  t reat ed plant f o l i ag e  by r a i n  ( WS SA 19 7 9 ) .  

The mode o f  act i on o f  a t raz i ne i s  d i scussed i n  det a i l  by 
Ashton and Cra f t s ( 1 9 7 3 ) . Atraz i ne i nhib i t s  the growth o f  
a l l  organs o f  i ntact plant s .  Th i s  e f fect r e su l t s  f r om a 
de f i c i ency o f  photosyntha t e  due t o  atra z i ne ' s  pot ent i nh i b i 
t i on o f  phot o synthe s i s .  

The f a t e  o f  a t r a z i n e  i n  plant s i s  a l so r ev i ewed by Asht on 
and Cra f t s  ( 1 9 7 3 ) . Hydroxy lat i on and dea l kylat i on o f  
a t ra z i ne a r e  i mport ant metabo l i c  proc e s s e s . Sh i mabukuro and 
Swan son ( 1 9 6 9 ) revi ewed atraz i n e  degradat i on wi th r e spec t  t o  
the s e l ect i v e  t ox i c  act i on of atraz i ne . 
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Ut i l i zat i on by BPA 

At ra z i ne i s  used by BPA i n  noncrop areas at s ubstat i on s  for 
the control o f  weeds a l ong f ence l i ne s . BPA u s ed 1 3 2  pounds 
o f  a t ra z i n e ( ac t i v e  i ngredi ent ) bet ween 1 9 7 9  and 1 9 8 1 . Non e  
i s  pr opo sed f o r  u s e  i n  1 9 83 . 

AAtrex  BOW and AAt rex Ni ne-0 a r e  m i x ed wi th wat e r  and 
appl i ed wi th portable sprayer s  t o  we eds j u st be fore or s oon 
a f t er growth beg i n s . Di lut i on and appl i ca t i on r a t e s  pr ov i d e  
a n  e f f ect i ve app l i ca t i on rate o f  atraz i ne ( a c t i ve i ngre
d i ent ) between 5 3 6 and 4 , 4 80 mg/m2 , d epend i ng on the 
suscept ibi l i ty o f  the ta rge t vegetat i on .  

Chem i ca l  Fa t e  and Di str i but i on i n  the Env i ronment 

Soi l 

" At r a z i ne i s  more readi ly adsorbed on muck or c lay s o i ls 
tha n on soi l s  o f  low c lay and organi c mat t e r  cont ent . Th e 
downward movement or l each i ng i s  l i mi ted by i t s  ads orpt i on 
t o  c erta i n  soi l con s t i tuent s . Ad sorpt i on i s  not i r rever
s i ble and d e sorpt ion often occu r s  read i ly ,  d epend i ng upon 
such factors  a s  t emperat ure , mo i stur e , and pH . At ra z i ne 
norma l ly i s  not found below the upper f oot o f  so i l  i n  
detectabl e quant i t i e s , even a f t e r  yea r s  o f  cont i nuous u s e . "  
( WSSA 1 9 7 9 ) . 

When atraz i ne ,  s i mazi ne ,  or propa z i ne wa s surface appl i ed 
and l eached , mos t  o f  the herbi c i de remai ned i n  the f i rs t  
i nch o f  s o i l regard l e s s  o f  whether 2 ,  4 ,  or 8 i nch e s  o f  
wat e r  we r e  appl i ed .  At razi ne i s  th e mos t  wat e r  solub l e  o f  
the thr ee s -t r i az i ne s  a nd l eached t o  the greatest extent t o  
a s i x-inch

-
d epth ( Kozlowsk i  and Kunt z 19 6 3 ) . 

Kearney et a l . ( 1 9 6 9 )  c ons i dered the per s i st ence o f  pes
t i c i d e  c l a s s e s , i nclud i ng the t r i a z i ne s . They ranked 
chlor i nated hydr ocarbon i ns ec t i c i d e s  a s  most per s i s t ent , and 
organophosphate i n s ec t i c i de s  as least  per s i stent . Tr i a z i ne s  
wer e  g eneral ly o f  i nt ermed i at e  pe r s i st enc e wi th 2 t o  1 8  
months be i ng r equ i red for degradat i on .  

Chem i ca l  hydroly s i s o f  atraz i ne and other s -t r i az i ne s  has  
been revi ewed ( He l l i ng et a l . 1 9 7 1 ) . S i nc e  nonphyt otox i c  
2-hydroxy- s -t r i a z i nes a r e  formed , th e t r ans f ormat i on i s  
cons i dered a degradat i on .  Th i s  pr oduc t may const i t u t e  5 0  
perc ent o f  the extractable mater i a l  wi th i n  t wo month s ( Br own 
1 9 7 8 ) . 
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M i crob i a l  metabol i sm i s  another r out e o f  a t r a z i n e  d egr ada
t i on i n  s oi l .  Soi l mi croorgani sms , pa rt i cu la r ly s o i l fungi , 
r emove N-e thy l groups o f  a t r a z i n e . Ri ng c l eavage o f  
atra z i ne and s -t r i az i nes i s  a s l ow proc e s s  ( Kaufma n and 
Kea rney 1 9 70 ) . 

Wa t e r  

At r a z i ne ha s been measured i n  s u r f a c e  wat e r s  i n  I o wa where  
it  i s  ext ens i vely u s ed in  corn produc t i on . S evera l examp l e s  
a r e  c i ted i n  a r evi ew ( Brown 1 9 7 8 ) . Conc entr at i on s  i n  
d r i nk i ng wa t e r  i n  De s Mo i n e s  we r e  2 ppb i n  June and 0 . 2  ppb 
i n  Augu s t . 

Ru no f f  wa t e r  c ontai ned 3 ppm atra z i ne and s u spended s o l i d s  
cont a i ned 4 . 5  ppm f o l l owi ng the f i r s t  ra i n  o n  an Iowa 
cornf i e ld t r eated wi th 3 pound s/a cre . Th i s  s i l t l oam f i eld 
had a 1 0  t o  15  percent s l ope . A sandy loam f i e ld  wi th 6 
p erc ent s l ope lost  2 perc ent o f  the appl i ed a t ra z i ne wi th a 
0 . 5 - i nch r a i nfa l l . A 2 . 4-i nch ra i nf a l l  removed 7 perc ent o f  
the atraz i n e . 

Tr iplett  et a l . ( 1 9 7 8 )  s tudi ed the movement o f  atr a z i ne f r om 
c onvent i ona l and no-t i l lage corn watershed s .  Hi ghe s t  con
c entrat i ons of a tr a z i ne ( 0 . 48 ppm ) were measured in runo f f  
whi ch occ u r r ed short ly a f t e r  appl i cat i on .  Lat e r  runo f f  
c ont a i ned lower amount s .  A max i mum o f  6 perc ent o f  the 
appl i ed herb i c i d e  wa s transport ed from the f i e ld . The 
a verage for  a l l  wa tersheds wa s 2 perc ent . Le s s  runo f f  and 
atraz i ne tran sport occur red from no-t i l lage plot s than f rom 
c onvent i ona l p l ot s . 

At r az i ne wa s f ound i n  the New Or leans water  s upply at c on
centrat i on s  o f  4 . 7 , 5 . 0 , and 5 . 1  ppb . Di e thylatraz i n e , a 
d egrada t i on produc t ,  wa s present a t  0 . 2 7 t o  0 . 5 1 ppb ( NRC 
1 9 7 7 ) . A s urvey conduct ed by the Nat i ona l Re sea rch Counc i l 
( 1 9 7 7 )  showed that a l l  Iowa wa ter samp led cont a i ned a t r a z i ne . 

Ai r 

" The s i gn i f i cance o f  phot odecompos i t i on and/or volat i l i 
zat i on o f  a t ra z i ne from s o i l i s  not f u l ly underst ood . 
Ava i l abl e data i ndi cate that both occur t o  s ome ext ent i f  
hi gh t empera t u r e s  and prolong ed sunl i ght follow appl i ca t i on 
before precipi tat i on ,  but that the s e  factors a r e  o f  l i t t l e  
s i gn i f i canc e i n  At raz i ne di s s ipat i on under  mos t  f i e l d  
c ond i t i ons " ( WS SA 1 9 7 9 ) . 

A- 2 4  



Ch emical  Tox icology i n  An ima l s  and Humans 

Acute Ef f ec t s  

At razi ne h a s  a l o w  order of toxi c i ty i n  rat s . Th e acut e 
oral LD50 of technical  atraz i ne i s  3 , 080 mg/kg . The acut e 
oral LD5 0  i n  m i c e  i s  1 , 750  mg/kg . 

The tox i c i t y  of a formulated atraz i ne ( 8 0 percent we ttable  
powder ) v i a  the dermal route i s  a l so very low. The LD5 0 i n  
rat s i s  9300  ± 990 mg/kg . 

Ra t s  were exposed to At raz i ne aerosols conta i n i ng 1 . 8  t o  4 . 9  
mg /l i t e r . No deaths or s i gns of tox i c i ty were observed i n  
rat s exposed for one hour . There should be no acut e 
i nhalat i on hazard i nvol ved i n  the casual hand l i ng o f  thi s 
formulat i on ( WSSA 1 9 7 9 ) . 

There have been no report s of substant i a l  skin  i rr i ta t i on 
resul t i ng from experiment a l  or commerc i a l  appl icat i ons of 
atra z i ne ( WSSA 1 9 7 9 ) . 

The above acute tox i c i ty data are part of propr i etary 
i nformat i on pre sented by the manu facturer i n  support o f  th e 
herbic ide regi strat i on of atrazi ne . 

In one me thod of i nterpret i ng tox i c i ty data , i t  i s  pre sumed 
that acute ( LD50 ) t ox i c  doses for rat popu lat i ons a re 
simi lar to tha t for human populat i on s . Gi ven an LD5 0 o f  
3080 mg/kg f o r  r a t  populat i ons , i t  i s  presumed that the LD5 0 
dose of atrazine ( act i ve i ngred i ent ) for a popu l at i on of 
16 5-pound humans would be 8 . 1  ounc es ( 0 . 049 oz/lb ) . 

Chron i c  Effec t s  

" Two-year feed i ng stud i es ,  i n  wh i ch ma le and fema l e  rats 
we re g i ven da i ly dosages of a traz i ne at va r i ou s  l evel s ,  
showed no gross or mic roscopic s i gns of tox i c i ty due t o  
i ngest i on o f  leve l s  a s  hi gh a s  100  ppm i n  the tot a l  d i e t "  
( WS SA 1 9 7 9 ) . 

Ne wton and Dost ( 1 981 ) not e that stud i e s of carc i nogen i c i ty 
contrac ted by the manu facturer and conduc t ed at Indu s t r i a l  
B i otest Laboratori es were part i a l ly lost a s  a re sult of the 
fai lure of that laborat ory . Te st i ng i s  be i ng repeated and 
results  wi l l  be submi tted to the EPA a s  propr i etary i nfor
mat i on .  

No evi dence o f  carc inog eni c i ty wa s detected i n  t wo strains  
of mice  g i ven 83  ppm atraz i ne i n  the i r  d i et s  for  the i r  l i f e
t i me s ( Inne s et a l . 1 9 6 9 ) . 
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At ra z i ne has weak pot ent i a l  for cau s i ng chromo soma l damage 
ba s ed upon dom i nant l etha l t e st i ng u s i ng frui t f l y  
( Dr o soph i la melanoga st e r ) ( Mu rn i k  and Na sh 1 9 7 7 ) . Oth er 
i nvest igators  have reported that a traz i n e  doe s not cause 
point mut a t i on s  ( Ander son et a l . 1 9 7 2 ; S i ebe rt and Lemper l e  
1 9 74 ; Pl e wa and Gent i l e 1 9 7 6 ; Sei l e r  1 9 7 3 ) . 

P l e wa and Gent i l e ( 1 9 7 6 )  have r eport ed a dose-dependent 
i nc rease  i n  the mutageni c i ty o f  corn plant extrac t s . Th e 
p l ant s we r e  g r own i n  the laboratory i n  verm i cu l i t e  and wa t e r  
wi thout nut r i ent s .  Bak sh i et a l . ( 1 9 81 ) found tha t 
untreated and atraz i ne-t reated c orn plant extrac t s  produced 
muta t i on i n  vi tro . Younge r  pl ant s grown i n  a growth chamber 
d i d  not cont a i n  mutagen i c  ac t i vi ty .  At r a z i ne may have 
st i mulated  growth in the vermiculat e-water  cultured plant s 
u s ed by Pl ewa and Gent i l e . 

Ba r l ey anthers  wer e  soaked f or 1 2  hours  i n  1 , 0 0 0  ppm 
atrazine  ( Wuu and Grant 1 9 6 6 ,  1 9 6 7 ) . At r a z i n e  had a 
r e l a t i ve mutagen i c i ty o f  1 0  compar ed t o  c ontrol ( 1 )  and 
5 , 5 0 0  R x-rays ( 3 2 )  i n  a ba r l ey t e s t  sys t em . No f o l l o w-up 
s t ud i es by Wuu and Grant or other s  have been publ i shed . 

La rg e-sca l e  screen i ng t e s t s  for teratog eni c i ty wer e  
c onduc ted b y  B i onet i c s  Re s earch Laborat ori e s  o f  Li t t on 
Indu s tr i e s  und er a contrac t from the Nat i ona l Canc e r  
Inst i tute ( Mr ak 1 9 6 9 ) . At r a z i ne wa s adm i n i stered s ubc u
taneou s l y  in d i me thyl sulfox i d e  t o  rat s a t  a dosage o f  4 6 . 4  
mg/kg on days 6 through 14  o f  pr egnancy . No s i gni f icant 
i ncrease in f et a l  anoma l i e s  wa s ob served . 

The fate  o f  a t raz i ne i n  anima l s  ha s been extensi vely s t ud i ed 
u s i ng s eve r a l  anima l  mod e l s  ( Es s e r  et a l . 1 9 7 5 ) . Absorpt i on 
i s  rapi d f r om the g a s t r o i nt e s t i na l  tract and most o f  the 
metabol i t e s  are e l i m i nated in u r i ne . Atra z i ne i s  not s t ored 
in t i s s ue s . 

Bakke et a l  ( 1 9 7 2a )  stud i ed the metabo l i sm o f  atr a z i ne and 
2 -hydroxya t r a z i n e  in the rat . Seventy-t wo hou r s  a f t er 
d os i ng ,  u r i ne and f eces  c ontai ned 6 5 . 5  perc ent and 2 0 . 3  
�erc ent o f  1 4 c-a t r a z i ne and 7 8  perc ent and 5 . 5  perc ent o f  

4 c-hydroxyat ra z i ne ,  r e spec t i vely . Le s s  than 0 . 1  percent 
of e i ther substance wa s col l ec t ed in expi red a i r ,  i nd i cat i ng 
no c l eavage o f  the r i ng structure . At r a z i n e  ( a nd metabo
l i t e s ) i n  t i ssues  const i t u t ed 1 5 . 5  percent of the dose  and 
2 -hydroxyat r a z i ne ( and metabol i t e s )  in t i s sues wa s 0 . 1  
percent o f  the dos e . Ni neteen u r i na ry metabol i t e s  wer e  
s epa rated i n  the a t r a z i ne s t ud i e s i nc l ud i ng 2 -hydr oxy
atrazine  and i t s  mono-N-deethylated der i vat i ve s . 
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Corn and s orghum metabol i ze atra z i ne t o  methanol-i nsoluble  
res idues ( up t o  52  percent o f  the  rad i oac t i vi ty pre s ent 
a f ter  3 3 6 hour s )  whi ch were f ed t o  sheep and rat s . Both 
spe c i e s  e l i m i na t ed the s e  r e s i dues  i n  feces ( sheep , 1 0 0  
p erc ent ; rat s ,  8 8  t o  9 3  perc ent ) i ndi cat i ng poor absorp t i on 
of the s e  unex t ractable a t ra z i ne deri vat i ve s  ( Bakk e et a l . 
1 9 7 2b ) . 

The s e  s t ud i e s  i l lu s t ra t e  the pathway s o f  b i otrans f o rmat i on 
and rap i d  e l i m i nat i on o f  at ra z i ne . 

Pot ent i a l  Impact on Nont arget Organ i sms 

Vegetat i on 

At ra z i ne i s  a n  i mportant s e l ect ive  herb i c i de i n  v egetat i on 
management . It  i s  u s ed t o  control annual gra s s e s  and broad
l ea f  weeds in corn and s everal other crops . It may be 
appl i ed as a preem e rgence herbi c i de t o  annu a l  weed s . Th i s  
pa tt ern o f  u s e  i nd i cates  that atraz i ne c an be u s ed 
s e l ec t i ve ly . 

S e lect i ve weed c ontrol i n  c on i fer r e forestat i on and 
Chr i stmas t re e  plantat i ons requ i re s  l owe r app l i cat i on rat e s  
than nons e l ect i ve weed c ont rol o n  noncroplands . 

Tol e rance t o  atra z i ne may result  f rom reduced abs o rpt i on and 
t r an s l ocat i on or , more c ommonly , enhanc ed degradat i on .  
Reduced ab sorpt i on and tran s l ocat i on have been obs e rved i n  
atrazine- t o l erant f a l l  pani cum and green f oxtai l i n  c orn
f i elds  ( Kern et a l . 1 9 7 5 ) . Ashton and Cra f t s  ( 1 9 7 3 ) 
revi ewed examp l e s  o f  t ol erance resu l t i ng f rom rap i d  atrazine  
degradat i on in  hi gher plant s ,  the c l a s s i ca l  examp l e  be i ng 
c orn . 

Re s i stance o f  weeds t o  atraz i ne and s i maz i ne has been 
document ed in Wa shi ngton stat e .  Common ground s e l  t reated 
s i nc e  1 9 5 8  wa s t ol erant to s-tri az i nes in 1 9 6 8  ( Ryan 1 9 70 ) . 

Fi sh and Other Aquat i c  Organ i sms 

F i sh and aqua t i c  i nvert ebrat es are s ensi t i ve t o  pro long ed 
exposures to a t raz i n e  i n  pa rt s per  mi l l i on conc entrat i on s . 
Such l eve l s  a r e  extremely u n l i k e ly t o  r e sult from u s e  of 
atra z i ne herbi c i d e . 

The 48-hour LC5 0  of atra z i ne i n  r a i nbow t r out wa s 1 2 . 6  ppm 
and the 24-hour LC5 0  i n  har l e qu i n  f i sh wa s 0 . 5 5  ppm . Spot 
exposed t o  l ppm for 48 hou r s  exhi b i t ed no d e l eteri ous 
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e f f ec t s . B l uegi l l  and green s unf i sh f ry survi ved a three
day t e s t  in 10 ppm a t raz i ne ( Pi ment e l  1 9 7 1 ) . 

Bathe et a l . ( 1 9 7 4 ) : c i t ed i n  Newt on and Dos t , 1 9 81 ) 
tabulated 9 6 -hour LC 5 0s i n  va r i ou s  f i sh spec i e s . Va l u e s  
rang ed f r om 5 t o  m o r e  than 1 00 ppm . 

In  pond enc losure s ,  conc entrat i on s  of 0 . 5  t o  2 ppm r educed 
c lam populat i ons a nd i nc r ea s ed the numbers o f  s na i l s  ( Wa l k e r  
1 9 6 2 ) . 

She l l  growth o f  east ern oys ters  wa s not a f fected by 9 6-hour 
atra z i ne exposures o f  l ppm ( Bu t l e r  1 9 6 3 ) . 

Th e 4 8-hour LC 50 o f  a t ra z i ne i n  water  f l ea s  ( Daphn i a  magna ) 
wa s 3 . 6  ppm ( Pi ment e l  1 9 7 1 ) . He fu rther l i s t ed r e s u l t s  o f  
pond s t ud i es ( Wa l k er 1 9 6 2 ) i n  whi ch a t  l ea s t  5 0  perc ent 
decreases i n  the numbers of waterbug s ,  may f ly nymph s , hor s e 
f ly larva e , c ommon m i dges , mosqui toe s ,  phantom m i dg e s , 
b i t i ng midge s , cadd i s f ly larvae , ol i g ochaet e s , and leaches  
wer e  obs e r ved f o l lowi ng exposure t o  atra z i ne a t  0 . 5  t o  2 . 0  
ppm . 

U s i ng a three-stage m i crocosm cons i st i ng o f  a lga e ,  a sma l l  
crustacea n ,  and f i sh ,  El lgenhausen et a l . ( 1 9 8 0 ) s tudi ed th e 
uptake ( b i oaccumu lat i on )  of  atraz i ne and other pest i c i de s . 
Atraz i ne wa s rap i dly taken up by a lgae and conc ent rated 8 0  
t i mes above the l evel i n  water  ( 0 . 5  ppm ) . Algae d e sorbed 
atraz i ne very rap i d ly ( apparent ha l f -t i me of f i ve mi nut e s ) .  
The c r u s tacean ( Daphni a )  accumu lated ambi ent conc entrat i ons 
but e l i m i nated the herb i c i d e  l e s s  r eadi ly ( f i ve hou r s  ver s u s  
f i ve m i nute s ) . At ambi ent c oncentra t i ons o f  0 . 01 ppm , 
cat f i sh accumulated 0 . 0 5 t o  0 . 06 ppm and had a n  e l i m i nat i on 
ha l f-t ime of about 4 . 5  hour s . Gunkel  and St r e i t  ( 1 9 80 )  have 
a l s o  r eported rap i d  uptake and e l i m i nati on o f  a traz i n e  by 
f i sh .  

The s e  s t ud i e s i nd i cate that atraz i ne has l i t t l e  t end ency t o  
be bi oacc umu lated i n  an i ma l s .  Thu s , when the hea l th of 
aquat i c  organi sms i s  a t  i s sue , e f fects  a s  a c ons equence of 
d i rect exposure  rather than e f f ec t s  resu lt i ng from b i o
accumulat i on must be c ons idered . 

Wi ldl i f e 

U s i ng t wo-week-old ma l lard duckl i ng s , pheasant s ,  and 
bobwh i t e  qua i l ,  di etary LC5 0 s  of greater  tha n 5 , 000 , and 7 0 0  
t o  800  ppm , r e spect i ve ly ,  were e s t i mated . B i rd s  wer e  fed 
for f i ve days and obs er ved for thr e e  day s  in thes e  t e s t s  
l i s t ed by P i mentel ( 1 9 71 ) . 
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The ora l LD5 0 o f  atraz i ne i n  ma l lard s wa s g r eater  than 2 , 0 0 0  
mg/kg i n  another study ( Tuck e r  a n d  Crabtree 1 9 7 0 ) . 

Ne wt on and Nor r i s ( 1 9 6 8 ) measured atrazi ne i n  edible  t i s sues  
of deer f rom atraz i ne-treated f or e s t  land s . The max i mum 
f ound i n  a ny t i s sue that would be u s ed a s  f ood wa s 0 . 0 7 6  
ppm . The rapi d metabol i sm o f  a traz i ne and/or the f a i lu r e  o f  
d e e r  t o  absorb a t r az i ne r e s i dues  f r om t r ea t ed plants may be 
the bas i s  o f  thi s f i ndi ng . 

L i ve stock 

The t ox i c i ty of atraz i ne to c at t l e , sheep , and ch i ckens has  
been stud i ed by Palmer a nd Rade l e f f  ( 19 6 9 ) . The t ox i c  
d osage f or catt l e  wa s 2 5  mg/kg a f t er e i ght doses  by d r ench 
( wa t e r -di luted f ormulat i on adm i n i st ered ora l ly ) and a ft e r  
t wo doses by caps u l e . The t ox i c  d osage for  sheep wa s 5 
mg /kg . Ten dosag e s  o f  50 mg /kg produced s i gn i f i cant reduc
t i on i n  we i ght g a i n i n  chi ckens.  S i gn s  of poi s on i ng i n  
cat t l e  and sheep wer e  mu scular  spa sms o f  va ry i ng i n t ens i ty 
i n  the hi nd quart e r s , s t i l t ed g a i t  and s t anc e , and 
anorex i a . At necropsy , petech i a e  ( mi nu t e  hemmor rhag i c  
spot s )  on the s u r f ac e  o f  the ep i c a rd i um and c ong e s t i on o f  
k i dney s , l i ver , and lung s  wer e  g enerally present . 

Appl i cat i on r a t e s  o f  l e s s  than 1 ,  3 ,  a nd 6 . 4 pounds/acre  
wou ld render f eed t ox i c  t o  sheep , cat t l e , and  chi cken s ,  
r e spec t i vely ( Pa lmer a nd Rade l e f f  ( 1 9 6 9 ) . 

Hazard As s e s sment f or Cur rent Use  Pract i c e s  

At raz i ne i s  a wi dely u s ed herbi c i de that i s  deployed by BPA 
to a very l i m i t ed ext ent for the c ontrol of gra s s e s  and 
broadleaf weeds a t  s ubstat i ons . Broadcast o r  d i r e c t ed 
sprays a r e  u s ed whi ch r e s u l t  i n  sma l l  amount s o f  r e l e a s e  of 
herbi c i de i nt o  the g enera l envi r onment . The potent i a l  of 
nont a rget  exposu r e s  i s  vi rt ual ly ni l ba s ed upon th i s pat t e r n  
a nd extent o f  u s e .  

Ex t en s i ve l aborat ory and f i eld s t ud i es have shown that 
atraz i n e  i s  mod e ra t e ly per s i s t ent i n  soi l s ,  and a t  h i gher  
rat e s  o f  appl i cat i on may produce s oi l r e s idues wh i ch r e t a i n  
phytotox i c i ty for  a yea r  or mor e . Atra z i n e  i s  adsorbed by 
s oi l organi c  mat t e r. Mi crob i a l  and chem i c a l  d egradat i on a r e  
prima r i ly r e spon s i b l e  f or the los s o f  atra z i ne f r om soi l .  
S i nc e  a t r az i ne i s  t i ght ly s o i l-bound by organ i c  mat t e r  and 
ha s low wat e r  solubi l i t y ,  leach i ng r emove s sma l l  amount s 
s lowly f r om t reated a r ea s .  
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B a s ed upon t es t i ng i n  l aborat ory animal s ,  atraz i ne has a low 
order o f  t ox i c i ty . As  a resul t , CAUT ION i s  the Human Haz a rd 
S i gnal Word d i spl ayed on the herb i c i de l abe l . 

At raz i ne i s  r api dly metabol i zed t o  a l a rg e  numb e r  o f  met abo
l i t e s  wh i ch are readi ly exc r e t ed by anima l s .  As a r e s u l t , 
chron i c  t ox i c i ty o f  atra z i ne i s  l o w .  Atraz i ne ha s weak 
potent i a l  for cau s i ng mutageni c e f fect s ba s ed upon domi nant 
l e tha l t e s t s  i n  frui t f l i e s  ( Murn i k  and Na sh 19 7 7 )  but i t  d i d 
not produce poi nt mutat i ons i n  s everal t es t  systems ( Ne wt on 
and Dos t  1 9 81 ) . No r eport s o f  t eratog en i c  or c a rc i nogeni c 
act i v i ty have appeared i n  the s c i ent i f i c  l i t erature . 

I n  over 3 0  yea r s  o f  use , atraz i ne ha s no hi story o f  cau s i ng 
worker i n j u ry .  

U s e  o f  a t r a z i ne a s  i nd i cated on the pest i c i d e  l abe l r e su l t s  
i n  a l o w  degree o f  hazard t o  per sonne l , the publ i c , and the 
e nv i r onment . 
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BROMAC IL 

Chem i c a l  Ident i f i cat i on 

Bromac i l  i s  the c ommon name f or 5 -bromo- 3-s ec-butyl-6-
methy lurac i l .  Three herb i c i d e s  u s ed by BPA cont a i n  thi s 
ac t i ve i ngredi ent ; Hyvar X-L ( E .  I .  Du Pont d e  Nemour s  & 
Co . ) ,  Krova r I ( E .  I .  Du Pont d e  Nemou rs  & Co . ) ,  and Oxy 
Ureabor ( Oc c i d ental Chem i c a l  Company ) c onta i n  2 1 . 9 , 40 , a nd 
1 . 5  perc ent bromac i l ,  r e spec t i vely . 

Hyvar X-L Weed Ki l l er ( EPA Reg . No . 3 5 2-3 46-ZA ) i s  a wa t er 
solubl e l i qu i d  wh i ch conta i n s  two pound s o f  th e l i th i um s a l t  
o f  bromac i l  p e r  g a l l on .  Hyvar X-L i s  a c ombust i bl e  mi xture  
whi ch shou ld be kept away from heat and open f l ame . 
Bromac i l  i s  the only ac t i ve i ngredi ent i n  Hyvar X-L . 

Krova r I Weed Ki l l er ( EPA Reg . No . 3 5 2 - 3 5 2-AA ) i s  a l i ght 
br own powder w i th n eg l i g i ble  vapor pr e s s ure  and d i sper s i ble  
i n  wat e r . A s eparat e Bac kg round Statement on d i uron , the 
other act i ve i ngr edi ent i n  thi s product , ha s been pr epared 
( page A-6 7 ) .  

Oxy Ur eabor ( EPA Reg . No . 1 0 6 59-5 1 )  i s  an o f f-wh i t e ,  
odor l es s ,  granu l ar mat eri a l  that i s  nonvolat i l e and wat er  
solubl e .  A s eparat e Backgr ound Statement on bora t e  and 
chlorat e ,  the other act i ve i ngredi ent s in thi s produc t ,  ha s 
been pr epared ( page A-1 3 1 ) .  

Br omac i l  i s  a wh i t e ,  cry s t a l l i ne s o l i d .  It i s  odor l e s s  a nd 
m e l t s  at 1 5 8°C t o  1 5 9°c .  Subl i mat i on occurs  j us t  below 
the melt i ng poi nt . The vapor pre s s u r e  o f  bromac i l  i s  
2 . 5x l o- 7  mm Hg at 2 5°c and 0 . 8x 1 0- 3  mm Hg at l o ooc .  
Bromac i l  i s  stable i n  wat e r , aqueous bas e ,  and common 
org an i c  s o l vent s . Rap i d  decompos i t i on occurs i n  ac i d . 
Bromac i l  i s  solub l e  i n  acetone ( 2 0 . l  g / 1 0 0  g ) ,  absolut e 
ethanol ( 1 5 . 5  g / 1 0 0  g ) , aceton i t r i l e ( 7 . 7  g / 1 0 0  g ) ,  and 
xylene ( 3 . 3  g / 1 0 0  g ) . The l i m i t  o f  wat er  solubi l i ty i s  
81 5 ppm a t  2 5°c .  

Ac t i on i n  Veget at i on 

Bromac i l  i s  u s ed on noncropland areas  for cont rol  o f  a w i d e  
rang e o f  annual and perenn i a l  g r a s s e s  and broad lea f weed s , 
and c e rt a i n  woody speci e s . Many annual gra s s e s  and broad
l ea f  weeds are c ontrol l ed a t  rates  o f  three to f i ve pound s /  
acr e . Some perenn i a l  weeds and brush spec i e s a r e  control l ed 
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at rates  o f  s i x  t o  t en pounds/acre . Johnson-g r a s s  and 
r e s i stant perenn i a l  weed s may requ i r e 12 to 24 pound s /a cr e . 

Brornac i l  i s  r e adi ly absorbed by root s and rapi dly t r ans
located to ae r i a l  plant pa r t s  via xylem . Upt ak e fol lowi ng 
f ol i ar or s t ern app l i cat i on i s  s lower but the proc e s s  can be 
enhanc ed by i nc l ud i ng a sur factant in the herbi c i d e spray . 
Root uptake o f  brornac i l  i n  c i tr u s  ( a  c r op i n  wh i ch brornac i l  
i s  used s e lect i ve ly ) has been stud i ed by Ga rd i n e r  e t  a l . 
( 1 9 6 9 ) . 

The pr i mary t ox i c  a c t i on o f  brornac i l  i n  plants i s  i nhib i t i on 
o f  photosynthe s i s .  S i gn s  o f  tox i c i ty from brornac i l  a r e  
pr i ma r i ly ob servable  i n  plant l eave s . Depend i ng upon the 
degree of exposure and spec i e s  sens i t i v i ty ,  the leave s w i l l  
appear s l i ght ly yel low ( chlorot i c ) , wh i ch deve l ops s lowly , 
or they wi l l  have a wat e r -s oaked appearance and become 
necrot i c  w i th i n  a few days ( Kl i ngman and Asht on 1 9 7 5 ) . 

Ut i l i zat ion by BPA 

Br ornac i l  i s  u sed by BPA i n  noncr op areas at s ubstat i ons and 
a round pol e s  t o  control weeds and brush . BPA used  on the 
ave rage 6 6 6  pound s o f  brornac i l  ( a c t i ve i ngredi ent ) per year 
s i nc e  1 9 7 8 ,  and propos e s  t o  u s e  190 pound s o f  brornac i l  i n  
1 98 3 . 

Hyvar X-L i s  app l i ed undi luted i n  spr i ng or s ummer t o  root 
c o l l a r s  wi th an exac t -de l i ve ry handgun appl i cator ; e f f e c 
t i ve appl i cat i on r at e  o f  brornac i l  u s ing th i s  t ech ni que i s  
about 2 , 6 0 0  mg/stern . 

Krovar I i s  u s ed at substat i ons only , and i s  appl i ed t o  the 
soi l surface  i n  spr i ng or summe r .  Portab l e  spr ayer s d i rect 
an aqueous spr ay m i xture at a rate  provi d i ng an e f f ec t i v e  
appl i cat i on rate o f  brornac i l  ( act i ve i ngre d i ent ) between 1 7 9  
a nd 1 , 7 9 2 rng/rn2 . 

Oxy Ur eabor i s  a l so u s ed at substat i ons only , but may be 
appl i ed as the dry formu lat ion wi th portable  spreade r s  or a s  
a n  aqueou s m i xture w i th portab l e  sprayer s .  App l i cat i on t o  
the s o i l s u r face  i s  made du r i ng the grow i ng season a t  a rat e 
pr ov i d i ng an e f f ect i ve appl i c a t i o n  rate o f  brornac i l  be tween 
3 70 and 2 , 2 40 rng/rn 2 . 
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Ch emi ca l  Fat e  and Di str i but i on i n  the Env i r onment 

Soi l 

St eady l o s s  o f  bromac i l  r e s i dues i n  s o i l  r e su l t s  f r om 
volat i l i ty ,  leach i ng and mobi l i ty ,  phot odecompos i t i on ,  a nd 
bi olog i ca l  a nd/or chem i c a l  breakdown . 

Volat i l i za t i on i s  a mi nor rou t e  for  the r emova l o f  bromac i l  
f r om t r eated s o i l s .  The volat i l i zat i on o f  bromac i l  f r om 
t reated s o i l wa s l e s s  than 0 . 1  perc ent per week a t  e l evated 
t emperatures ( 4 9°c )  ( Hi l l  1 9 71 ) . Wh en ra d i olabe l led ( 2 - 1 4c ) , 
b r omac i l  was appl i ed t o  soi l s  i n  enc losed sy stems , only 1 4 co2 
was volat i l i zed and trapped i n  a ni ne-we ek study . Thi s  
r e s u l t  i ndi cated exten s i ve m i crobi al  breakdown and no l o s s e s  
v i a  volat i l i zat i on o f  bromac i l  from the treated soi l s  
( Ga rd i ne r  e t  a l . 1 9 6 9 ) . 

The d egr e e  o f  soi l adsorp t i on o f  bromac i l  w i l l  det erm i ne the 
ext ent of l eachi ng and mobi l i ty o f  the herbi c i de . The 
K-value i s  the r at i o  o f  the amount o f  herbi c i d e  ads orbed on 
soi l ( ppm ) t o  an equ i l i b r i um c oncentrat i on o f  1 ppm i n  
water . The h i gher the K-va lue , the more s t rongly adsorbed 
to soi l i s  the herb i c i d e . The K-va l u e  for bromac i l  i s  1 . 5 .  
At razi ne and d i uron are other herb i c i d es u s ed by BPA and 
the i r  K-va lues  are 2 . 8  and 5 . 0 , respect i vely . Thu s ,  
bromac i l  i s  l e s s  t i ght ly ad sorbed than e i ther o f  the other 
two herbi c i d e s . Leachi ng o f  bromac i l  w i l l  occ u r  fol lowi ng 
h i gh rates  o f  appl i cat i on ( Sk r och et a l . 1 9 71 ) . Ga rd i ne r  
( 1 9 7 5 ) stat ed that bromac i l  shou ld be con s i d ered nei the r  
exce s s i ve ly mobi l e  n o r  i mmobi l e  i n  so i l .  

Sun l i ght plays on ly a m i no r , or perhaps even i ns i gn i f i cant , 
r ol e  i n  the breakdown o f  bromac i l  r e s i dues i n  s o i l ( Ga rd i ner 
1 9 7 5 ) . B i ngeman e t  a l . ( 1 9 6 2 ; c i t ed in WS SA 1 9 7 9 )  conc l uded 
tha t volat i l i za t i on and photodec ompo s i t i on o f  bromac i l  f r om 
soi l we r e  neg l i g ibl e .  

B i olog i ca l  and chem i c a l  proc e s s e s  a r e  most i mport ant i n  the 
degradat i on o f  bromac i l  i n  so i l .  ( Ga rd i ne r  et a l . 1 9 6 9 ) 
mea sured 1 4c-bromac i l  d egradat i on and f ound that f i ve t o  
s i x  months we r e  requ i red t o  reduce soi l leve l s  t o  5 0  per
c ent o f  i n i t i a l  c onc entrat i ons . Degradat i on t o  1 4co2 as  
not ed ea rl i e r ,  sugge sts  exten s i ve breakdown by soi l m i cro
organ i sms . O f  the res idua l  radi oact i v i ty i n  s o i l ,  about 9 0  
percent wa s recoverabl e in ethanol extrac t s  as i ntact 
l4c-broma c i l .  M i nor amount s o f  hydroxylated metabol i t e s  
w e r e  formed ( Ga rd i ner 1 9 7 5 ) .  

M i crobi olog i cal organ i c  o f  bromac i l  and other u rac i l  herb i 
c i des  ha s been revi ewed ( Ga rdi ner  1 9 7 5 ) . To rgeson and Mee 
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( 1 9 6 7 )  report ed that a soi l i solate o f  Penec i l l i um 
pa raherqu e i  Abe . ,  a f ungu s ,  wa s pa rt i cula r ly act i ve i n  
bromac i l  degrada t i on .  No herb i c i da l  act i v i ty wa s observed 
in buckwheat 28 days a f t e r  appl i ca t i on o f  bromac i l  ( 1 2 
pound s/ a c r e ) t o  a s t e ri l e  soi l i noculated w i th P .  parahe r
que i . Z i mdahl et a l .  ( 19 7 0 )  have provided evidence o f  
chemi c a l  breakdown o f  broma c i l  i n  s oi l .  

Re sul t s  o f  s t ud i e s  i n  Florida  ( Tucker  and Ph i l l i p s  19 7 0 )  and 
Or e gon ( Mi gche lbr i nk 1 9 71 ) i nd i cate  the s t r ong i n f luence o f  
envi ronment a l  factor s ,  i nc ludi ng bromac i l  o rgani c i n  reduc
i ng soi l r e s i due s . Af ter f i ve succes s i ve appl i ca t i ons o f  
bromac i l  at a rate o f  2 0  pound s /a c r e /yea r ,  only o n e  pound / 
acre  wa s p r e s ent 1 3  months a f ter the l a st appl i cat i on i n  the 
upper 18 i nche s  of a f i ne sandy Flo r i da so i l . I n  Oregon 
a gr i cultu ral s oi l s ,  a pe r i od of two yea r s  may be nece s s a ry 
t o  permi t growth o f  sens i t i ve spec i e s  such a s  beans  
f ol l owi ng s o i l t rea tment s o f  0 . 8  pound/acre t o  e l imi na t e  
m i nt ( Mi gchelbr i nk 1 9 7 1 ) . 

Wa t e r 

Th e p o s s i b l e  c ontamina t i on o f  surface wat er  f ol l ow i ng the 
u se of broma c i l  for nonsel ect i ve weed control at an i nd u s 
t r i a l  s i t e w a s  s t ud i ed by Da v i s  a nd Rahn ( 1 9 7 0 ) . Surface 
runo f f  resu l t i ng from heavy ra i n s  two t o  f our  week s a f t e r 
appl i cat i on c ont a i ned i n s i gn i f i cant amount s o f  bromac i l . 
Thos e  amount s were below l eve l s known t o  be i n j u r i o u s  t o  
plant s or  animal s .  

I n  stud i e s  o f  photodecompos i t i on u s i ng d i lute a qu eou s 
solut i on s  ( 1  t o  1 0  ppm ) , bromac i l  and sma l l  amount s o f  
5 -bromo-6 -me thy lurac i l  were recover ed f o l l ow i ng prolonged 
exposure to sunl i ght ( Mo i lanen and Crosby 1 9 7 4 ) . 

Ai r 

Volat i l i za t i on o f  bromac i l  f r om t r eated soi l s  i s  not a n  
i mportant proc e s s  i n  the reduc t i on o f  soi l re s i du e ;  
the re fore , l i t t l e  bromac i l  should enter the a t mosphere . 

Chem i c a l  Tox i co l ogy i n  An ima l s  and Human s  

Acute  

Bromac i l  ha s a l ow order o f  acute ora l t ox i c i ty in  the  rat . 
The LD5 0 f o r  bromac i l  ( a s  a n  ac t i ve i ngred i ent i n  a n  80  
perc ent wettable  powder ) in  male rat s was  5 , 200  mg/k g . 
Inha l at i on exposures  o f  2 . 1  and 4 . 8  mg/l i t e r  for four hou r s  
d i d  not produce mort a l i ty ( Zapp 1 9 6 5 ) . 

A-3 7 



Admi ni strat i on o f  large oral dosages o f  bromac i l  ( 5 , 00 0  
mg/kg ) t o  dog s l i kewi s e  d i d  not produc e morta l i ty i n  dog s .  
Ex c e s s i ve vomi t i ng ,  s a l i va t i on ,  weakne s s , l o s s  o f  c oord i na
t i on ,  exc i tabi l i ty ,  d i a r rhea , and mydri a s i s ( prol onged , 
exc e s s i ve pup i l d i lat i on )  were observed ( WSSA 1 9 7 9 ) . 

A 7 0  percent wat e r  pa s t e  o f  bromac i l  appl i ed t o  i ntac t ,  
shaved rabb i t  s k i n  d i d  not cause  t ox i c i ty or g r o s s  t i s s u e  
pathology . Sk i n  i rr i ta t i on and a l l e rg i c  sens i t i za t i on 
s t ud i e s  were c onduct ed i n  gui nea p i gs . A 5 0  perc ent 
su spen s i on o f  br omac i l  caused mi ld i rri tat i on .  No sk i n  
s en s i t i zat i on wa s i nduc ed d u r i ng a three-week t e st per i od 
( Zapp 1 9 6 5 ) . 

Eye i r ri tat i on s t ud i es have been c onducted i n  r abbi t s .  Ten 
mi l l i grams of bromac i l  produc ed mild , t empora ry conj unc
t i vi t i s  in rabbi t s .  No c ornea l damage was observed ( Zapp 
1 9 6 5 ) . 

I n  one method of i nterpr e t i ng t ox i c i ty dat a ,  i t  i s  presumed 
that acut e ( LD5 0 )  t ox i c  doses for rat popul at i on s  a r e  
s i mi lar t o  that f or human popu l at i ons . Gi ven an LD5 0 o f  
5 2 00 mg/kg f o r  rat popu l at i on s , i t  i s  pre sumed that the LD5 0 
dose o f  bromac i l  ( a c t i ve i ngredi ent ) for a popu lat i on o f  
1 6 5 -pound humans  would be  1 3 . 8  ounce s  ( 0 . 08 3  o z / l b ) . 

Chron i c  E f f ect s 

Two-week t ox i c i ty t e st s i n  r a t s  g i ven dosages o f  6 5 0 ,  1 , 0 3 5 ,  
o r  1 , 5 0 0  mg/kg/day , f i ve t i me s/week , resulted i n  n o  d eath s 
a t  the l owe st dosage . Fi ve o f  s i x  survi ved the i nt e rmed i a t e  
dosag e . Four  o f  s i x  r a t s  d i ed a t  the hi ghest dosage . 
Li ver s o f  r a t s  at each dosage showed hypert rophy ( ex c e s s  
growth ) and hyperpla s i a  ( ex c e s s  cel l prol i f era t i on ) . The s e  
e f f ec t s  i n  sur v i vor s were r e ve r s i ble  and d i sappear ed a f t er 
1 4  day s . 

Two-yea r f eed i ng stud i e s  were conduc ted i n  male and f ema l e  
rat s u s i ng di etary leve l s  o f  0 ,  5 0 ,  2 5 0 , and 1 , 2 5 0  ppm . The 
d i etary l eve l s  were f i xed dur i ng the t es t  pe r i od . There
fore , the da i ly dosage decreased a s  the rat s ga i ned wei ght , 
e . g . , at  1 , 2 5 0  ppm , the bromac i l  c onsumpt i on wa s i n i t i a l ly 
1 5 4 . 2  mg/kg and f i na l l y  3 8 . 7  mg /kg . Hemat ol ogy , u r i na ly s i s ,  
and c l i n i c a l  chemi stry were c onducted at i nt erval s ,  and were 
unremarkab l e . We i ght ga i n  in f ema l e  ra t s  wa s reduced at the 
h i ghest dose . Gro s s  patho l og i c a l  l e s i ons were absent . 
Foca l  l i ght c e l l hyperp l a s i a  and foc a l  fol l i cu l a r  c e l l  
hyperpla s i a  were obs erved i n  the thyro i d s  o f  c ontrol  a nd 
hi gh-dose rat s . The e f f ec t  wa s more preva l ent at the 
hi ghest dose . One f ol l i cu l ar c e l l  adenoma ( beni gn g l andu lar  
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tumor ) occurred i n  a f ema l e  rat at the h i ghest  dose . Th ere 
were no exc e s s i v e  t i s su e  r e s idu e s  o f  bromac i l .  

The above studi e s ,  a s  r eport ed by Sherman a nd Kap l an ( 1 9 7 5 ) , 
are  summa r i zed ( EPA 1 9 7 5 ) a s  part o f  the Subs t i tu t e  Chem i c a l  
Program . 

A 90-day chron i c  f eedi ng s t udy was c onducted by Zapp 
( 1 9 6 5 ) . Ma l e  and f ema l e  rat s ( 1 0 each ) were f ed 0 ,  5 0 ,  or 
5 0 0  ppm f or 13 week s , o r  2 , 5 00 ppm ( we ek s  1 through 6 )  
ad j u sted t o  5 , 0 0 0  ppm ( week s 7 thr ou gh 1 3 ) or ad j u s t ed t o  
5 , 0 0 0  ppm ( week s 7 through 1 0 ) , a nd t o  6 , 0 0 0  ppm ( 1 1 th week ) 
and 7 , 5 00 ppm ( we ek s  1 2  and 1 3 ) . Nei ther death s  nor s i gn s  
o f  t ox i c i ty were observed . Reduced w e i ght g a i n  w a s  i nduced 
i n  the two subgroups wh i ch began at a dose o f  2 , 5 00 ppm . 
Hematology and u r i na ly s i s  were norma l .  No patholog i ca l  
l e s i on s  we re  observed a t  5 0  and 5 00 ppm bromac i l .  At 5 , 0 0 0  
ppm , m i cro scop i c  chang e s  suggest i ve o f  i ncr eased thyr o i d  
ac t i vi ty we re  report ed ( Zapp 1 9 6 5  a s  c i ted i n  EPA 1 9 7 5 ) . 

Dog s  were f ed f or two yea r s  w i th d i et s  c ont a i n i ng 0 ,  5 0 ,  
2 5 0 ,  and 1 , 2 5 0  ppm bromac i l .  At the hi ghest  do s e  the r e  wa s 
early we i ght l os s , but we i ght s s t ab i l i zed 1 t o  1 . 5  kg b e l ow 
other dog s i n  the study . No s i gn s  o f  t ox i c i ty wer e  
obs erved . Hematology , u r i nalys i s ,  and c l i ni c a l  chemi s t ry 
were not remarkab l e . Organ we i ght s wer e  not a f fected  by the 
t r eatme nt s  and no s i gn i f i cant t i s sue accumu lat i on o f  
bromac i l  wa s observed ( EPA 1 9 7 5 ) . 

The metabol i c  f a t e  o f  bromac i l  has been s t ud i ed i n  r a t s  f ed 
for one month w i th d i e t s  c ont a i n i ng 1 , 2 5 0  ppm broma c i l  
( Ga rd i ner e t  a l . 1 9 6 9 ) . S i x  b romac i l  metabo l i t e s  were f ound 
i n  the u r i n e . The pr i ma ry metabol i t e  wa s the wat e r  solub l e  
c on j uga t e  o f  5 -bromo- 3 - s ec-butyl-6-hydroxy-methy l u r ac i l .  
M i nor metabol i t e s  i nc l uded thr e e  other hydroxylat ed 
der i vat e s , 3-s ec-butyl-6-methy l u rac i l  and an unknown 
brom i n e -c ont a i n i ng chem i ca l . 5 -Bromourac i l ( a  pot ent  
mut agen ) i s  not  a bromac i l  metabol i t e  ( Ga rd i ne r  1 9 7 5 ) . 

Reproduc t i on stud i e s  were i nc luded i n  th e Bromac i l  Repo rt 
( EPA Pe st i c i de Pet i t i on No . 6F0 4 9 9 ,  Sect i on C )  s umma r i zed i n  
the EPA revi ew ( EPA 1 9 7 5 ) . An i ma l s  wh i ch were fed  2 5 0  ppm 
b romac i l  were u s ed i n  the thre e-g enerat i on studi e s . Th e 
reproduc t i ve p e rf ormanc e s  ( f e rt i l i ty ,  g e s t at i on ,  v i ab i l i t y ,  
and lactat i on s t ud i e s )  o f  c ontrol and bromac i l - f ed rat s were 
not d i f f e rent . No young we re  deformed . 

I n  add i t i on t o  the above s tudy , Paynter ( 1 9 6 6 )  r eport ed 
resu l t s  of t eratogen i c i ty stud i e s  i n  rabb i t s  f ed 0 ,  5 0 ,  and 
2 5 0  ppm f r om the 8th to the 1 6th day of pr egnancy . On the 
2 8th or  2 9th day a f t er breed i ng , three does from the c on t ro l  
and 5 0  ppm group s were k i l l ed .  Fou r does on the 2 5 0  ppm 
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d i et were k i l l ed . Af t er part u r i t i on ,  the r ema i n i ng does 
were k i l l ed . One-th i rd o f  the young from each group were  
c l eared a nd s t ud i ed f or s k e l etal a nomal i e s .  No  t erata 
( se r i ou s  d e f ec t s )  were observed ( EPA 1 9 7 5 ) . 

Because o f  the p o s s ibi l i ty o f  f orma t i on o f  5 -b romourac i l  ( a  
pot ent mut agen ) a s  a bromac i l  metabo l i t e , expe r i ment s on the 
metabo l i c  f a t e  and mutageni c i ty o f  bromac i l  have been per
f ormed . 5 -bromourac i l  i s  not f ound i n  rat u r i ne o r  f ec e s  
( Ga rd i ne r  e t  a l . 1 9 69 ) and i s  not pr e s ent i n  u r i ne o f  
bromac i l  product i on plant worker s ( Anonymou s  1 9 6 6 ) . Sho r t 
t erm t e st i ng f or mutageni c i ty u s i ng a var i ety o f  t e s t i ng 
protoc o l s have shown tha t  bromac i l  does not appear t o  be  
mutageni c .  The abs ence o f  mutagenic  e f f e c t s  o f  bromac i l  has  
been reported by McGahen and Hof fman ( 19 6 3 ,  1 9 6 6 ) , And er son 
et a l . ( 1 9 7 2 ) , S i ebert and Lemper l e  ( 19 74 ) , Ep s t e i n  et a l . 
( 1 9 7 2 ) , Fi c sor and Ni i Lo Piccolo ( 19 7 2 ) ( re f erence s f r om 
EPA 1 9 7 5 ) . 

No evi denc e o f  carc i nogen i c  act i v i ty o f  bromac i l  wa s f ound 
i n  two-year chron i c  stud i e s  i n  rat s or dog s ( Sherman and 
Kap lan 1 9 7 5 ; Zapp 1 9 6 5 ) . An ovar i an f ol l i cular c e l l  adenoma 
i n  a f ema l e  rat f ed 1 , 2 5 0  ppm bromac i l  wa s reported by 
Lawl e s s  ( 1 9 6 6 ) . 

Potent i al Impac t  on Nontarget Organi sms 

Vegetat i on 

Bromac i l  i s  u s ed t o  s e l e c t i vely c ontrol weed s  by c i tr u s  and 
pi neapp l e  producer s .  Re s i due tol eranc e s  o f  0 . 1  ppm have 
been e s tab l i shed . Bromac i l  i s  pr i mari ly a broad spec t rum , 
nons e l ect i ve herbi c i d e and i s  used prima r i ly i n  noncrop
land s . The r e f ore , r e s i du e  t ol eranc e s  do not e x i s t  f o r  c r ops 
other than c i tr u s  and pi neapple .  

Fi e ld appl i c at i on s  o f  bromac i l  a nd p i c loram were l e s s  
e f f ec t i ve than bromac i l  a l one i n  control l i ng sever a l  weed s 
i nc l ud i ng brooms edg e , dal l i sgra s s ,  and s everal pan i c ums . 
Laboratory t e s t i ng u s i ng oat s showed that p i c loram reduced 
bromac i l  absorpt i on ( St errett et a l . 1 9 7 2 ) . 

The sen e s c enc e o f  c orn l eave s wa s markedly retarded by 
s ubletha l soi l r e s i dues  ( 0 . 0 3 t o  0 . 0 9 ppm ) o f  b romac i l  
( Hi ranprad i t  and Foy 1 9 7 3 ) . Plant s treated wi th bromac i l  
exhib i t ed i ncrea sed chl orophy l l  retent i on .  

Fi sh and Aquat i c  Organi sm s 

Bromac i l  i s  s l i ght ly t ox i c  t o  f i sh .  Forty- e i ght -hou r s  LC 50s  
in  blueg i l l s ,  r a i nbow trout , and c a rp a r e  71 , 7 5 ,  and  1 6 4  
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ppm . Some evidence o f  c umulat i ve t ox i c i ty was obt a i ned i n  
rai nbow t rout i n  wh i ch the 24- , 48- , and 7 2 -hou r LC 5 0s were 
1 2 0 2 ,  7 5 ,  and 3 8  ppm ( EPA 1 9 7 5 ) . 

Yoshi da a nd Ni shi uchi  ( 1 9 7 2 ) repo rted 4 8-hou r  med i an 
threshold l i m i t s  ( TLm ) o f  1 0  t o  40  ppm i n  carp , Japane s e  
goldf i sh ,  a n d  k i l l i f i sh .  Othe r 4 8-hour TLms we r e  grea t e r  
than 40  ppm f o r  loach and 2 3 0  ppm f or t adpole s . Th e 7 2 -hour 
TLm for crayf i sh wa s 40 ppm and the thre e-hou r  TLm for wa t er 
f l eas was greater  than 40 ppm . 

Hof fman ( 1 9 7 2  c i t ed i n  Asht on and Cra f t s  1 9 7 3 )  r eport ed that 
monuron-r e s i s tant Eugl ena , a prot ozoan ( s i ng l e-c e l l ed 
anima l ) ,  showed s i mi l a r  r e s i st anc e to bromac i l .  The 
r e s i st ant s t ra i n  wa s not a f fec t ed at 40  ppm bromac i l ,  and 
phot osynthe s i s  wa s only part i a l ly i nhibi ted at 1 0 0  ppm . A 
wi ld  s t ra i n  o f  Eug l ena wa s ma rkedly i nhibi t ed at 2 ppm and 
c ompletely i nhibi ted at 10 ppm . Ne i ther s t ra i n  wa s s ens i 
t i ve t o  bromac i l  i n  the dar k , i nd i cat i ng that i nh i b i t i on o f  
phot osynthe s i s  i s  one of the phytot ox i c  act i ons o f  b r omac i l .  

Wi l d l i fe 

The t ox i c i ty o f  bromac i l  to wi ldl i f e i s  s i mi lar t o  i t s  l ow 
orde r o f  t ox i c i ty t o  labora tory test  spec i e s . Th e e i ght 
day d i eta ry LC50s for ma l l a rd duck l i ng s  and bobwh i t e qua i l  
were each great e r  than 1 0 , 000 ppm . 

Li vestock 

The t ox i c i ty o f  bromac i l  t o  l i ve s tock i s  s i mi lar t o  i t s  l ow 
order  o f  t ox i c i ty t o  l aboratory t e s t  spec i e s . Pa lme r and 
Rade l e f f  ( 1 9 6 9 )  r ecorded the t ox i c i ty of bromac i l  and other 
organ i c  he rbi c i d e s  t o  catt le , sheep , and ch i cken s . No i l l  
e f fects  were appa rent i n  c a t t l e  g i ven caps u l e s  o r  drenched 
w i th 10 doses of 1 00 mg/kg . A s i ng l e  dos e of 2 5 0  mg /kg 
produced t ox i c i ty in a year l i ng c a l f wh i ch survi ved , but 
susta i ned a 14 pe rcent we i ght lo s s .  

She ep were more s ens i t i ve t o  bromac i l  ( Pa lmer and Rad e l e f f  
1 9 6 9 ) . Tox i c i ty wa s observed i n  sheep g i ven capsul e s  
c ont a i n i ng 5 0  mg/kg each day for  1 0  days . An 8 perc ent 
we i ght l o s s  wa s reported . Te n dos e s  of a bromac i l  dre nch a t  
1 00 mg/kg produced t ox i c i ty a n d  9 perc ent we i ght los s . 

Othe r stud i e s i n  sheep ( Palmer 1 9 64 ) revealed that adm i n
i s t rat i on o f  f i ve doses o f  2 5 0  mg/kg produc ed tympany 
( swe l l i ng f rom abdom i na l  ga s )  and s t i lted ga i t  w i th i n  four 
hours  a f t e r  adm i n i strat i on o f  the f i r st dose . Af ter  the 
l a s t  dose , the anima l s recovered s l owly and had ma rked 
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lamenes s .  A l ower dosage ( 1 00 mg/kg ) d i d  not produc e 
t ox i c i ty a f t e r  adm i n i s trat i on o f  1 1  doses but the r e  was an 
11 perc ent w e i ght l os s . Pa lmer and Radel e f f  ( 1 9 6 9 ) c on
c l uded that rat e s  of bromac i l  app l i c at i on i n  exc e s s  of f i ve 
pounds/ac r e  would be  hazardous t o  sheep . 

Ch i c k en s  t ol erat ed dosag e s  o f  5 0 0  mg/kg , w i th reduced wei ght 
ga i n  b e i ng the only e f f ect observed . We i ght g a i n  was a l so 
r educ ed i n  ch i ckens g i ven 2 5 0  mg/kg , but that paramet er wa s 
not a f f ec t ed a t  1 0 0  mg/kg ( Pa lmer and Rad e l e f f  1 9 6 9 ) . 

Tympan i t e s  i n  cat t l e  and sheep g i ven bromac i l  may r e s u l t  
f r om t h e  e f fect o f  bromac i l  o n  rumen m i cr o f l ora . H i gh 
bromac i l  c oncentrat i on s  ( 5 0 0 ,  7 5 0 ,  and 1 , 0 0 0  ppm ) i n  rumen 
f l u i d  i n  v i t r o  r educ ed c i l i at ed protozoans and i n  v i t r o  
forag eCii ge s t ibi l ity ( Kutcher et a l .  1 9 7 0 ) . Pe s t i c i d e  
r e s i dues  o n  c ontami nated f eeds t u f f s  would b e  expe c t ed t o  
c ont a i n  much lower amount o f  bromac i l  than tho s e  u s ed i n  the 
s t ud i es of Kut cher et a l .  ( 1 9 70 ) . 

Hazard As ses sment for Cur r ent Use Pract i c e s  

Br omac i l  i s  e f f ec t i ve f o r  the c ontrol o f  herbac eous and 
woody plant s in BPA vegetat i on manag ement programs . 
Br omac i l  i s  a l so an a ct i ve c on s t i t uent o f  Oxy Ureabor , u s ed 
i n  soi l s t er i l i za t i on program s . In  comb i nat i on w i th s od i um 
chlorate and metaborat e ,  bromac i l  i mproves the e f f ect i ve
ness  of Oxy Ureabor aga i n s t  c e rt a i n  perenn i a l  gra s s e s .  

The Human Haza rd S i gna l  Word sys t em i s  u s ed t o  c l a s s i fy 
herb i c i d e  produc t s  ba s ed upon ora l , derma l , and i nha l at i on 
acute  t ox i c i ty a s  w e l l  a s  the pot ent i a l  f or c aus i ng s k i n  and 
eye damage . Oxy Ureabor i s  labe l l ed DANGER ba s ed upon 
c orros i vene s s  due to the i norgan i c  act i ve i ngredi ent s .  
Hyvar X-L i s  labe l l ed WARNING and Krova r I i s  labe l l ed 
CAUT ION . Th e s e  bromac i l-conta i n i ng herb i c i des i l lu s t r a t e  
the f l ex i b i l i ty o f  the Human Ha zard War n i ng Sys t em whi ch i s  
based upon the t ox i c i ty o f  the f ormulated produ c t s  rathe r 
than the t ox i c i ty o f  i nd i v i dua l ac t i ve formulated 
i ngredi ent s E!:.£ � · 

Br omac i l  i s  rap i dly ad sorbed , metabo l i zed , and excr e t ed i n  
anima l s  and does not accumu l at e i n  animal t i s s ue s . No 
evi dence of c arc i nogeni c ,  t e ratogeni c ,  or mutagen i c  act i v i ty 
has been report ed . Spec i f i c  s t ud i e s  o f  bromac i l  metabol i sm 
have c onc l u s i vely d emonstrated that 5-bromour-a c i l  ( a  pot ent 
mutagen ) i s  not a produc t of bromac i l  degradat i on i n  e i ther  
a n i mal s or  the  envi ronment . 

Phyt otox i c  r e s i dues  o f  bromac i l  per s i st i n  s o i l s  f o r  a year 
or more at the h i gh rat e s  of appl i cat i on u s ed in s o i l 
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s t e r i l i zat i on .  Lo s s es o f  s o i l phyt otoxi c i ty a r e  pr i mar i ly 
the r es u l t  o f  m i crob i a l  and chem i c a l  degradat i on rather than 
the c ons equence of volat i l i ty ,  phot odec ornpos i t i on ,  or s o i l 
leach i ng . No s i gni f i cant c ontami nat i on o f  wat er  w i l l  r e s u l t  
f r om l each i ng o r  s urface runo f f  o f  brornac i l .  

I f  nont arget vegetat i on i s  i nadvert ent ly exposed t o  bromac i l  
dur i ng weed c ontrol operat i ons , the degr ee o f  exposure  w i l l  
determi ne the ext ent o f  damag e .  Aquat i c  organi sm s ,  
w i ld l i f e ,  and l i vestock a r e  unl i k e ly t o  be  exposed . In 
cases o f  acc i dent al  exposure , no harmful  e f fect s wou ld be  
expec t ed due t o  the l ow t ox i c i ty o f  brornac i l .  

U s e  o f  brornac i l  herb i c i d e s  a s  i nd i cated on the l abe l and i n  
accordanc e w i th the Transm i s s i on L i ne Ma i n t enanc e S t andard s 
r e s u l t s  i n  a low degree o f  ha zard t o  per sonne l ,  the pub l i c  
and the env i ronment . 
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DI CAMBA 

Chemi c a l  Ident i f i ca t i on 

D i c amba i s  the c ommon name f or 3 , 6-d i ch l oro- 0-an i s i c  ac i d  
( 2-methy l - 2 , 6-d i chlorobenzoi c ac i d ) . Fi ve herb i c idal  
formulat i on s  c onta i n i ng d i camba a r e  u sed by BPA . The i r  
trade names and EPA reg i st rat i on numbers a r e  Banve l 4- 0 . S . 
( Reg . No . 8 7 6- 1 5 5-AA) , Banvel 4-W . S .  ( Reg . No . 8 7 6- 1 5 9-AA ) , 
Banvel 5G ( Reg . No . 8 7 6 - 1 03-AA ) , Banvel 5 2 0  ( Reg . No . 
8 7 6- 1 6 8-AA ) , and Banvel 7 2 0  ( Reg . No . 8 7 6- 1 7 7-AA) . Each o f  
the s e  f ormulat i on s  i s  a product o f  Vel s i col  Chem i c a l  
Corporat i on .  Banve l 4-W . S .  and Banvel 7 20 c ont a i n  d i camba 
a s  a d i methy l amine  salt ; the other thre e  formu l at i on s  
c onta i n  d i camba i n  the a c i d  f orm . 

Di c amba i s  a wh i t e ,  cry stal l i ne sol i d  wh i ch i s  odor l e s s  i n  
i t s  pure f orm . Techni cal  d i camba ( i . e . , d i camba i n  the f orm 
manu factu red for sa l e )  i s  a brown , crysta l l i ne sol i d . The 
melt i ng poi nt o f  d i camba i s  1 14-1 16°c .  Di camba i s  re s i s
t ant t o  s t r ong alka l i  and ac i d  and i s  stab l e  t o  ox i dat i on 
and hydrolys i s .  The vapor pr e s sure o f  d i camba i s  3 . 7 5  x 
l o- 3 mm Hg at l OOOC ; the r e f ore , d i camba i s  relat i ve ly 
volat i l e .  Dicamba i s  solub l e  i n  ethanol ( 9 2 . 2  g / 1 0 0  m l ) , 
heavy a roma t i c  naphthanes ( 5 . 2  g / 1 00 m l ) , and xylene ( 7 . 8  
g / 1 0 0  m l ) . Wat e r  solubi l i ty o f  the ac i d  i s  0 . 4 5  g / 1 0 0  m l  
( 4 , 5 0 0  ppm ) and that o f  the d i me thy lami ne salt  i s  gr eater 
than 72  g / 1 00 m l  ( 7 2 0 , 0 0 0  ppm ) . 

Ac t i on i n  Vegetat i on 

Broad l e a f  herbaceous pl ant s ( annual s and perenn i a l s )  and 
woody p l ants ( shrub s ,  hardwood s , and c oni f e r s ) are sen s i t i ve 
t o  d i camba . When appl i ed w i th 2 , 4-D or when the formul at i on 
i nc l udes  2 , 4-D a s  an act i ve i ngredi ent , the appl i cat i on rate  
o f  d i c amba i s  one-ha l f  that o f  2 , 4-D . In add i t i on t o  the s e  
f ormulat i ons d e s i gnated f or u s e  o n  noncr opland , d i camba i s  
an e f f ec t i ve pos t -emerg ence herb i c i d e  aga i n s t  broad l e a f  
herbaceous weeds i n  l awns and t urf , establ i shed g r a s s  c r ops , 
w i nt er wheat , f a l l bar l ey , oat s  and wheat , and f i e l d  corn 
( Ashton and Cra f t s  1 9 7 3 ) . 

Di camba i s  read i ly absorbed by l e aves and root s and i s  
rea d i ly trans located throughou t treated pl ant s ( Asht on and 
Cr a f t s  1 9 7 3 ) . It  c oncentrates  i n  metabol i c a l ly act i ve part s 
o f  plant s .  Di c amba degradat i on rates  i n  h i gher p l ant s 
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vary gr eat ly w i th spec i es . In  purp l e  nut s edge , no metabo
l i sm o f  d i c amba wa s detected a f t er 10 days ( Magalhaes e t  a l ,  
1 9 6 8 ;  Ray and Wi lcox 1 9 6 9 ) , but i n  wheat , d i camba was c om
p l et e ly metabo l i zed wi th i n  18 day s  a l though some per s i s t ed 
a s  a conj ugat e a f ter 2 9  days ( Br oadhu rst et a l . 1 9 6 6 ) . 
Hydroxybenzo i c  ac i d s ( f ree or con j ugated w i th norma l plant 
cons t i t uent s )  are the pr i mary degr ada t i on product s .  Th e i r  
forma t i on i s  r e sponsible  for t ermi nat i on o f  ac t i on o f  
d i camba i n  t r eated plant s . The relat i ve amounts  o f  d i camba 
and metabo l i tes  recovered from treated plant s i s  concentra
t i on ,  t i me , and spec i es dependent . Tox i c  e f fec t s  o f  d i camba 
a r e  r elat ed t o  i t s  growth-regu lat i ng prope rt i e s  wh i ch a r e  
s i mi lar  t o  thos e  o f  2 , 4-D . Roger son and Foy ( 1 9 6 8 )  r eport ed 
that di camba cau s ed prol i ferat i ve growth and a con s equ ent 
i ncrease  i n  d i amet er of s t ems . S t em swel l i ng wa s a s soci ated 
w i th decreased amount s o f  anthocyan i n ,  a plant pi gment . The 
mode o f  act i on o f  d i camba and other benzo i c  a c i d  herbi c i d e s 
i s  d i scu s s ed by Asht on and Cra f t s  ( 1 9 7 3 ) . 

Ut i l i zat i on by BPA 

Di camba ( Banve l ) i s  u s ed by BPA i n  noncrop area s on r i ght s
o f -way for the management o f  weeds and brush beneath t rans
mi s s i on l i nes  and tower s .  BPA u s ed on the averag e  the 
equ i va l ent of 1 4 , 6 2 8  pound s of d i camba ( ac t i ve i ngredi ent ) 
per year s i nc e  1 9 7 8 ,  and propo s e s  to u s e  1 1 , 9 5 0  pound s o f  
d i camba i n  1 9 8 3 . 

Banvel 4- 0 . S .  i s  d i luted w i th an o i l  solut i on o f  2 , 4-D a nd 
appl i ed wi th port able sprayers for ba s a l -s t em treatment t o  
the point o f  runof f .  

Banve l SG i s  a p e l let f ormu lat i on appl i ed w i th port ab l e  
spreade r s  t o  the so i l  surfac e beneath shrub s  and tre e s . 
App l i cat i on i s  made j u st pr i or t o  or  early i n  the r a i ny 
s ea s on and result s i n  an e f f ec t i ve appl i cat ion rat e of 
d i camba ( act i ve i ngredi ent ) between 448 and 896  mg/m 2 . 

Banve l  4 -W . S .  and Banvel 7 2 0  a r e  broadcast  by a i r  or ground 
equ ipment a f t er l eaves are f u l ly developed and unt i l  thr e e  
week s b e f o r e  frost . Banvel 4-W . S .  may be di luted w i th a n  
aqu eous 2 , 4-D solut i on b e f o r e  broadcast whereas Banv e l  7 20 
i nc ludes 2 , 4-D a s  an ac t i ve i ngred i ent . Di lut i on and 
app l i ca t i on rates  prov i d e  an e f fect i ve appl i cat i on r a t e  o f  
d i camba between 1 1 2 and 3 3 6  mg/m 2 . Banve l 4-W . S .  and 
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Banvel 7 20 a r e  a l so d i luted wi th a n  equa l quant i ty o f  wa t er 
and appl i ed t o  cut  surfac es a t  any t i me o f  the yea r . Appl i 
c at i on o f  0 . 5  t o  1 m l  o f  solut i on i s  made t o  each notch o r  
i n j ec t i on poi nt . 

Ch emi ca l  Fa t e  and Di str i but i on i n  the Envi ronment 

Di camba does not per s i st i n  th e envi ronment due to phys i ca l ,  
chem i ca l , and b i o l og i ca l  proces ses . Th e most i mportant 
phys i ca l  cha rac t e r i st i c  of d i c amba i s  i t s  h i gh wat e r  solu
b i l i ty wh i ch results  in  h i gh s o i l mobi l i ty . 

Soi l 

Di c amba i s  l eached f rom s urface  s o i l s  and i s  one o f  the most 
mob i l e  herb i c i d e s  a f t er i t  ent e r s  soi l ( Ve l s i c o l  1 9 81 ) . 
Soi l mobi l i ty ha s been s t ud i ed by Ha rr i s  ( 1 9 6 7 )  a nd Weber 
and Best ( 1 9 7 1 ) . Di camba moves  lat era l l y , upwa rd l y , and 
d ownward ly i n  the soi l ba s ed upon s t ud i e s o f  d i camba 
movement i n  runo f f  wat er  ( Tr i chel et a l . 1 9 6 8 ) and i n  
l eachea t e  o f  s o i l column s ( Ha r r i s 1 9 6 7 ) . 

A study o f  the fat e o f  d i camba i n  a f i eld lys i met e r  wa s 
c onduc t ed by Gla s s  a nd Edward s ( 1 9 7 9 ) . Fol lowi ng appl i ca
t i on o f  5 . 6  kg/ha , runo f f  and p e rcolat i on wat e r  and soi l 
s amples  were ana lyzed . So i l  c oncentrat i ons d ec l i ned f r om 
1 5 0  ppm t o  l e s s  than 1 ppm d u r i n g  the 1 1 -month obs e r vat i on 
per i od . Af t e r  1 1  months , 1 ppb was detec t ed i n  percola t e  
wat er  at a d epth o f  2 . 4  met e r s . It  wa s conc lud ed that l o s s  
o f  d i camba i n  runo f f  and percolate wat e r  would not l i k e ly 
pol l u t e  groundwat er . 

S t eward a nd Ga ul  ( 1 9 7 7 )  measured d i camba i n  s o i l f o l l ow i ng 
appl i cat i on o f  the ami ne sa l t  at rat e s  o f  1 . 1 ,  2 . 2 , and 4 . 5  
kg/ha . So i l  r e s i dues were c oncentrat i on-d epend ent . Af t er 
42 days 0 . 02 -0 . 1 2 ppm were pres ent a t  soi l depth s o f  1 0- 2 0  
cm  but n o  d i camba wa s detected a t  2 0 - 3 0  cm . Re s i dues f r om 
trace amount s t o  0 . 0 3 ppm were pr es ent at 2 6 5  day s i n  the 
1 0-2 0 cm z one . On ly t race  amount s were d e t ectabl e  i n  a l l  
soi l samp l e s  a f t e r  3 8 5  day s . 

M i c r o f l ora a r e  i mport ant i n  d i camba d egradat i on i n  s o i l .  
Sm i th ( 1 9 7 3 ) e s t i mat ed tha t four we ek s wa s requ i red f o r  
d egradat i on o f  5 0  perc ent o f  d i camba r e s i dues  ( ha l f- l i fe )  i n  
so i l .  

Al t on a nd S t r i t zke  ( 1 9 7 3 )  r eport ed that the d i camba ha l f
l i f e i n  var i ou s  soi l s  rang ed between 1 7  and 3 2  days . 
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Water 

Nor r i s  and Montgomery ( 1 9 7 5 ) mea sured d i camba r e s i dues  i n  
s t r eams a f t e r  forest spray i ng i n  the Northwes t . They 
c onc l uded that there  was l ow probabi l i ty of the h e rb i c i d e  
ent e r i ng s t r eam s i n  over land runo f f  except dur i ng the f i r s t  
i nt en s i ve s t orms a f ter d i camba app l i cat i on .  

Ai r 

App l i c at i on o f  d i c amba sprays through the a i r  r e s u l t s  i n  the 
format i on o f  aerosol s whos e  fate  and propert i e s  w i l l  be 
d etermi ned by the i r  i nher ent phy s i c a l  charac t er i st i c s . 
Di c amba volat i l i t y  a l s o  i s  a s ou rc e  o f  the herb i c i d e  i n  
a i r .  Other report s i nc lude Eggemeyer ( 1 9 71 ) and Wa x e t  a l . 
( 1 9 6 9 ) . Burns i d e  and La vy ( 19 6 6 ) reported extens i v e damage 
to s oybeans f r om part i c l e  d r i f t  r e s ul t i ng f r om use  of  
d i c amba in  pos t-emerg enc e spray i ng o f  cor n .  

Vapor s  d e r i ved f rom f ol i ar herb i c i d e  app l i cat i on t o  c orn 
c a u s ed phytotox i c i ty in s oybeans for thr e e  days f o l lowi ng 
appl i cat i on i n  f i eld exper i ment s ( Behr ens and Lu e s chen 
1 9 7 9 ) . Dicamba vapors c au s e  phytotox i c i ty to soybeans when 
6 0  meters downwi nd f r om t r eated c orn . Vo l at i l i ty was 
reduced at l ower t emperatures  and hi gher relat i v e humi d i t i e s  
i n  s upport i ng laboratory s tud i e s . The volat i l e phy t otox i c  
c omponent of d i c amba formula t i on s  wa s free o f  d i c amba ac i d . 
Th e chem i c a l  fate  of d i camba i n  a i r  has not been s t ud i ed . 

Chem i c a l  Tox i cology i n  An imals  and Humans 

Di c amba was i ntroduced a s  a c omme rc i a l  product i n  the 
1 94 0 s . It  ha s been extens i v e ly used a s  a herbi c i d e ; 
however , very l i t t l e  t ox i colog i cal data have been 
publ i shed . The ma j o r i t y  of data summari zed here are 
prov i ded by an unt i t l ed document provi ded by th e 
manu facturer ( Ve l s i co l  1 9 81 ) , a s  revi ewed by Newton and Do s t  
( 1 9 81 ) . 

Ac ute  Ef f ec t s  

The rat oral  LD5 0  f o r  the a c i d  i s  2 , 900  + 800  mg/kg body 
we i ght ( WS SA 1 9 7 9 ) . On e mea surement i n  mi c e  i nd i cat e s  a n  
LD5 0 o f  gr eater than 4 , 600  mg/kg . The r a t  o r a l  LD5 0 for the 
d i methylami ne s a l t  i s  1 , 0 2 8  mg/kg ( WS SA 1 9 7 9 ) . Ba s ed upon 
the s e  e s t i mates , d i camba would be  c la s s ed a s  " s l i gh t l y  
tox i c " .  
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Re search w i th rabbi t s  i nd i cates  that s k i n  i rr i t at i on occurs  
w i th ext ended contac t . At a l l  dosages ( up t o  2 , 5 00 mg/kg/ 
day ) , n o  other s i gn s  o f  t ox i c i ty were observed . The r e  wa s 
exc e s s i ve mortal i ty ( 7  o f  3 2  rabb i t s )  related t o  nontreat
ment - r e l at ed caus e s . De rma l s ens i t i za t i on was produc ed 
fol lowi ng a three-week exposure per i od i n  whi ch d i camba wa s 
appl i ed three t i mes per week . An i ma l s  were cha l l enged 
( t e s t ed for sk i n  sens i t i vi t y )  2 week s a f t e r  the l a s t  dose  
and  a ga i n  4 8  hou r s  lat e r .  Di camba wa s c on s i d ered t o  have 
moderate sens i t i zat i on potent i a l . 

Ac u t e  toxi c i t i e s o f  i nhal ed d i camba d u s t s  a r e  var i abl e . 
Banve l ( t echni c a l )  ha s an LD50 ( 4-hour du s t ) o f  grea t e r  than 
9 . 6  mg/l i te r . Banvel D ( t echn i c a l ) ha s an LC 5 0  ( 4-hour 
dust ) o f  great er  than 200  mg/l i t e r . The ba s i s  f o r  the 
d i screpancy between the LC 50s i s  not known . 

In one method o f  i nt e rpre t i ng t ox i c i ty dat a , i t  i s  pre sumed 
that acute  ( LD5 0 )  t ox i c  doses  f or rat popu l at i on s  a re 
s i m i l a r  to that for human popu lat i on s .  Gi ven r e spect i ve 
LD5 0s o f  2 90 0  and 1 0 2 8  mg/kg f or rat populat i on s ,  i t  i s  
pre sumed that the LD5 0 dos e  o f  d i camba a c i d  and d i camba 
d i methy l am i ne s a l t  ( ac t i ve i ngredi ent ) f or a popu l a t i on o f  
1 6 5 -pound humans  wou ld be 7 . 7  ounc e s  ( 0 . 04 6  o z / l b ) and 2 . 7  
ounc e s  ( 0 . 01 6  oz/lb ) , r e spec t i vely . 

Chron i c  E f f e c t s  

A 3 -week s t udy i n  wh i ch d i etary c onc entrat i on s  o f  6 5 8- 2 3 , 5 0 0  
ppm d i c amba w e r e  f ed t o  rat s ( 1  o f  each sex p e r  dose  l e ve l ) 
produced no evi dence o f  t ox i c i ty i n  a ny o f  the a n i ma l s .  

A 9 0 -day st udy i n  rat s  and dog s  wa s conducted u s i ng a 
pr i nc ipal metabol i t e  o f  d i camba , 2 -methoxy- 5 -hydroxy- 3 , 6-
d i chl orobenzo i c  ac i d . At 1 0 0  a nd 2 5 0  ppm i n  the d i e t no 
chem i ca l , behavi oral or o ther evi dence of t oxi c i ty wa s 
obse r ved . 

Di etary l evel s o f  5 , 0 0 0 , 7 , 5 0 0 , 1 0 , 0 0 0 , 1 2 , 5 00 a nd 1 5 , 0 0 0  
ppm w e r e  f ed to rat s ( 5  o f  each s e x  per dose l eve l ) for f o u r  
week s . We i ght ga i n  was decr eased ( t o  40  percent ) a t  the 
hi ghe r  d i e t a ry l e ve l s .  Seven o f  1 0  o f  the rat s a t  the 
h i ghest dose  and one a t  1 2 , 5 0 0  ppm d eveloped pos t e r i or 
weakne s s . 

A " no e f f ec t "  d i etary l evel o f  5 , 0 0 0  ppm was suggested i n  
rat s a s  a r e s u l t  o f  a 1 3 -week study i n  whi ch 1 0 , 0 0 0  ppm 
d i camba ( t echn i cal ) produced hi stol o g i c a l  chang e s  i n  l i ve r .  
At the hi gher dos e , the number o f  cytopla sm i c vacuo l e s  wa s 
r educed i n  l i ver  parenchyma . 
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Two-year f eed i ng s t ud i e s  were c onduct ed i n  rats  and beag l e  
dogs . Th e rat s were fed 5 0 0  ppm i n  th e di et and the d og s  
w e r e  f ed 5 0  ppm i n  the d i et . Inc i dence a nd t i me o f  f i r s t  
appea rance o f  t umor s  w e r e  the same i n  control and treated 
gr oups . A s tudy of the ca rc i nogen i c  pot ent i a l  o f  d i camba 
wa s a l s o  c ond uc t ed on m i c e . Mi c e  were g i ven 1 0 0 , 1 , 0 00 , and 
1 0 , 0 0 0  ppm i n  th ei r d i et duri ng an i nt ended 2 4-month t e s t  
per i od . The r e  wa s i ncreased morta l i ty at the hi ghest  t e s t  
l evel , and the h i gh-dose s t udy was t erm i nated at 14  months . 
The rema i nder o f  the st udy wa s t e rm i nated a f t e r  1 9 . 5  months 
rath er than c ont i n u i ng t o  2 4  months . Th e Ve l s i col  s umma ry 
does not i nd i cat e why the study wa s shortened . At th e 
h i ghest  dose , d ecreased body w e i ght and i ncreased l i ver 
we i ght were report ed . The only dos e -d ependent e f fect  noted 
in the s umma ry was an enlarg ement of l i ver  c e l l s . Wh ether 
the e f f ec t  wa s rever s ib l e  wa s not det ermi ned . No evi denc e 
o f  carc i nogen i c i ty was r eport ed . 

Th e two -year st udy wi th rat s a l s o  addressed th e i s s u e  o f  
whether d i c amba a l t ered repr oduct i on .  W i th i n  the gr oup o f  
rat s f ed 5 00 ppm d i camba , two ma l e s  and four f ema l e s  were 
mated . Al so two tr eat ed males and f our t r eated f ema l e s  were 
ma t ed wi th untreated rat s .  No e f fect s on reproduc t i on were 
ob ser ved . A thr ee-g enerat i on r epr oduct i on s t udy a t  d i et ary 
leve l s  up to 5 0 0  ppm us i ng th e second l i t t e r  of each genera
t i on i ndi cated no chang e in f ert i l i ty ,  g e s t a t i on ,  v i ab i l i ty ,  
or lactat i on i n  any group . 

Terat ogen i c i ty s tud i es were c onducted i n  rabb i t s . Th ey were 
g i ven 1 ,  3 ,  1 0 , or 2 0  mg techni c a l  d i camba/kg/day on day s 
6 - 1 8  o f  g e s tat i on . Post- i mplantat i on l o s s e s  and a d ecreased 
number o f  l i ve fetus e s  were record ed at 1 0  and 2 0  mg/kg/ 
day . Th ere was no e f fect a t  3 mg/kg/day . A nont r ea tment
related decrea s e  i n  pos t -implantat i on l o s s  wa s obs erved i n  
the l /mg/kg/day gr oup . No evi dence o f  t eratogeni c i ty wa s 
obt a i ned a t  1 0  mg/k g /day or the l ower dos e s . Fet a l  we i ght 
was decrea s ed and post- i mplantat i on l os s e s  were obs e r ved a t  
1 0  mg/kg /day . Th i s  dose wa s c ons idered nont eratog en i c . 

Th e r e s u l t s  o f  the above study a r e  the bas i s  f or the 
repr oduc t i v e no-e f fect l evel for d i camba ( 3  mg/kg /day ) u s ed 
by Do st ( 1 9 8 3 ) i n  a wor s t-ca s e  analys i s  o f  envi ronmenta l 
herbi c i d e  expos ure . 

Te s t s  o f  the mutagen i c  pot ent i a l  o f  d i camba have produced 
negat i ve result s .  A dom i nant l etha l test in ma l e  m i c e  
t r eated w i th e i ther 1 , 000  mg/d i camba/kg o r a l ly or  3 0  mg/kg 
i n t raperi t onea l ly caused no ear ly embryon i c  death fol low i n g  
weekly mat i ng s  w i th f ert i l e f ema l e s . 
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Rec omb i na t i on a s says w i th bac t er i a  ( Bac i l lu s  subt i l l u s ) 
exposed t o  d i c amba c oncentrat i on s  o f  1 mg/ml were negat i v e . 
S a l mone l l a  ( a  bact e r i um )  a n d  Saccharomyce s  ( a  y ea s t ) r ever
s i on a s says wi th and wi thout l i ver enzyme a c t i vat i on we r e  
negat i ve u p  t o  0 . 50 0  m g  d i c amba per plat e ,  t h e  h i ghest  
c onc entra t i on u s ed . A negat i ve host  med i at ed a s say ( 3 0 0  
mg/kg , r out e n o t  spec i f i ed )  wa s a l so r eport ed i n  the 
Vel s i co l  ( 1 9 81 ) summa ry . 

Di c amba wa s one o f  1 8  chemi c a l s  t e s t ed f or mutageni c i ty a nd 
i t s  e f fect  on unschedu led DNA synthe s i s a s  part o f  a n  EPA 
subst i t u t e  pest i c i d e  program . Fi ve short - t e rm t e s t s  were 
per formed . The mi crob i a l  a s say sys t em s  i nc luded : ( 1 )  the 
h i s t i d i ne r ever s e  mutat i on i n  f i ve stra i ns o f  Salmonel la 
tyrh i mur i um ( TA 1 5 3 5 ,  TA 1 5 3 7 ,  TA 1 5 3 8 ,  TA 9 8 ,  and TA 1 00 ) ; 
( 2 the t ryptophan mutat i on sys t em i n  E sche r i ch i a  c o l i  WP- 2  
( a  bact e r i um ) ;  ( 3 )  m i t ot i c  recomb i na t i on i n  Saccharornyc e s  
c e revi s i ae D3 ; ( 4 )  u nschedu l ed DNA synthe s i s  i n  human 
f ibrobl a s t s ( WI - 3 8 ) ;  and ( 5 )  relat i ve t ox i c i t y  a s says i n  DNA 
r epa i r-pro f i c i ent and -de f i c i ent s t r a i n s  o f  E .  c o l i  ( W3 1 1 0  
and P 3 4 7 8 ) and Bac i l l u s  subt i l l u s  ( H l 7  and M45 ) � 
metabol i c  act i va t i on system prepar ed f r om Aroch lor 1 2 5 4 
pretreated rat s wa s u s ed i n  a l l  a s says except i n  the 
r e la t i ve t ox i c i t y  t e st s . Di c amba was negat i ve i n  each of 
the t e s t s  except for relat i ve t ox i c i ty . On th i s  bas i s  
d i c amba i s  not c ons i de r ed mutageni c .  

Pot ent i a l  Impact on Nontarget Organi sms 

Vegetat i on 

Spray aerosol a nd vapor dr i f t o f  d i camba t o  nontarget vege
t at i on c a n  have harm f u l  e f fec t s .  Sens i t i v i t y  o f  plant s t o  
d i camba i n j ury var i e s c on s i derably . 

Pat r i c  and Campbe l l  ( 1 9 7 0 ) c l a s s i f i ed We s t  Vi rg i n i a  plant s 
( number o f  spec i e s  i n  parenthe s e s ) a s : l ea s t  s u s c ep t i b l e  
( 1 0 ) ; i nt e rmed i a t e  i n  suscept i b i l i ty ( 1 6 ) ; a n d  mos t  s u s c ep
t ib l e  ( 1 6 ) . Di c amba p e l l e t s  ( Ba nve l XP ) were l e s s  potent 
than l i qu i d  spray s appl i ed d i r ec t ly t o  foli age . Max i mum 
e f f ec t i venes s  of pel l e t s  wa s obt a i ned dur i ng peri od s  o f  
rap i d  plant growth and h i gh soi l moi sture . 

Ne e l  ( 1 9 7 6 )  r ec ord ed the s u scept ibi l i ty of 2 3  spec i e s  o f  
" c ont a i ne r i zed env i r onmenta l  plant s '' t o  d i camba app l i ed a t  
r a t e s  o f  2 a n d  4 pound s p e r  a c r e . Phytotox i c i ty wa s 
ob s erved i n  1 7  spec i e s  a t  2 pound s per a c r e  and i n  1 6  
spec i e s  a t  4 pounds per a c r e  f o l l owi ng r oot uptake o f  
d i c amba . Lea f  d i st ort i on and epi na sty ( mo r e  rap i d  growth on 
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upper surface  o f  p lant t i s sue c au s i ng i t  t o  bend downward ) 
were a l s o  observed . Plant s were not k i l led a t  the s e  
appl i ca t i on rat e s . App l i cat i on o f  d i camba above root z one 
o f  sens i t i ve spec i e s  wi l l  cause phyt otox i c i ty r e su l t i ng from 
root uptake of the herbi c i de . 

Fi sh and Aquat i c  Organi sm s ( WS SA 1 9 7 9 )  

Ac u t e  t ox i c i ty t e s t s  have been c onducted w i th r a i nbow t rout 
and blueg i l l . At 2 4 ,  4 8 ,  and 9 6  hou r s , the LC 5 0 s  i n  ra i nbow 
t r out were 3 5 ,  3 5 ,  and 28 ppm ( mg d i camba/ l i t er wat er ) . At 
2 4  and 96 hour s ,  the LC 5 0 s  i n  blueg i l l s  wer e  1 3 0  and 2 3  ppm , 
r e spec t i v e ly . 

Further t ox i c i ty t e s t i ng i n  sma l l  carp showed that the LC50  
for the d i methylam i n e  sa l t  o f  d i camba wa s 659  ppm a t  2 4  
hou r s  a n d  4 6 5  ppm a t  48 hour s . The med i an t ol eranc e l i m i t s  
for d i camba i n  j uveni l e  coho salmon were 1 5 1  and 1 21 ppm a t  
2 4  and 4 8  hour s ,  r e spec t i ve ly . 

Wi ld l i fe ( WS SA 1 9 7 9 ) 

The a c u t e  oral  t ox i c i ty o f  the d i methylam i ne d i c amba ( LD5 0 )  
i n  rabbi t s  and pheasant s i s  5 6 6  mg/kg and 800  mg/kg , 
r e spec t i vely . 

Li ve stock 

Me t abo l i c  s t ud i es have shown that d i camba a nd i t s metabo
l i t e s  a r e  rap i dly c l ea red by dai ry cows ( St .  John and Li sk  
1 9 6 9 ; Oeh l e r  and Iv i e  1 9 80 ) . Do sages o f  2 . 2  mg d i camba/kg 
( or about 6 0  ppm o f  d i etary d i camba ) were  adm i ni stered for 
f i ve days by Oehl er a nd Ivi e ( 1 9 80 ) . Wi th i n  s i x  hou r s  of  
the last t r ea tment , 8 9  percent o f  the total adm i n i s t ered 
dose wa s recovered i n  u r i ne and l e s s  than 0 . 0 2 perc ent wa s 
recovered f rom mi l k . Low-level exposures of rumi nan t s  
through c ontam i nated f eed , f orag e , or  wat e r  w i l l  not r e s u l t  
i n  apprec i ab l e  ret ent i on o f  re s i du e s  by edibl e t i s s u e s  or  
the i r  s ec r e t i on i nto mi l k . 

The l etha l i ty o f  d i camba ( d i methy lamine salt ) i n  ch i ckens 
( LD5 0 6 7 3  mg/ kg ) i s  s i mi l a r  t o  the acu t e  tox i c i ty i n  oth e r  
vert ebra t e  spec i e s ( WS SA 1 9 7 9 ) . 

Hazard As ses sment f o r  Cur rent U s e  Pract i c e s  

Di camba i s  a n  e f f ec t i ve herbi c i de for vegetat i on management 
of a nnua l and perenn i a l  broad lea f weeds and woody plant s on 
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r i ght s-of -way and other noncropland s .  Di c amba a nd 2 , 4-D a re 
u s ed i n  c ombi nat i on t o  control brush and weeds below 
t ransmi s s i on l i ne s  and t owe r s .  

Ba s ed upon t ox i c i ty t e st i ng i n  laborat o ry a nima l s ,  d i c amba 
i s  c l a s s ed a s  s l i ght ly t ox i c  a nd d i camba herbi c i de f ormula
t i on s  c a r ry the Huma n  Haz a rd S i gna l Word "caut i on " . No 
evidenc e o f  c a rc i nog en i c  o r  mutageni c hazard has  been 
obt a i ned . Te ra t og en i c  haz a rd appear s  to be  l i m i t ed t o  
h i gher , a lbe i t  s ubl etha l doses . 

Metabol i c  stud i e s  i n  anima l s  i nc l ud i ng laborat o ry and 
d ome s t i c  spec i e s have shown tha t d i camba i s  r apidly excr e t ed 
and not st ored i n  t i s s ue s . Rapi d  e l i m i na t i on reduc e s  the 
pos s ibi l i ty of chron i c  t ox i c i ty . 

The envi ronmental fate  of d i c amba has been eva luated und e r  a 
va r i ety o f  l aborat ory a nd f i eld c ond i t i on s . Di c amba i s  not 
a per s i s t ent envi r onmenta l  pol lutant . Di camba i s  h i ghly 
wat e r  solub l e  a nd mob i l e  in s oi l .  Runof f  water r e sult i ng 
f r om r a i n f a l l  i mmedi ately a f t e r  appl i c at i on wi l l  c ont a i n 
d i camba a t  t ox i c ol og i ca l ly i ns i gn i f i cant leve l s .  The 
amount s i n  runo f f  dec l i ne wi th t ime . 

S oi l m i c r oo rgani sms a r e  o f  pri mary i mport ance i n  d i camba 
degradat i on .  Some chem i c a l  degradat i on of d i c amba occ u r s  i n  
s oi l .  Di camba i s  a r e lat i vely vola t i l e  herbi c i de , a nd 
ther e f or e  i s  formulated t o  mi n i m i z e  los s e s  by thi s r ou t e  and 
to max i m i ze  absorpt i on and herb i c i da l  e f f ec t s .  

The ma j or hazards  a s soc i at ed wi th u s e  o f  d i c amba r e s u l t  from 
mobi l i ty i n  g roundwat er , the potent i al d r i ft o f  the herbi 
c i d e  t o  nontarget plant s ,  and from the pos s i b l e  movement o f  
d i camba i nt o  the r oot z one o f  nontarget plant s .  Al though 
c ontam i na t i on o f  groundwater  i s  unl i k e ly , the probabi l i ty o f  
g roundwater  c ontam i nat i on can be  m i ni m i zed by n o t  u s i ng 
d i c amba i n  areas  wi th hi gh wat e r  t abl e . Dr i f t  o f  the 
herb i c i de to n onta rg et plant s can a l so be  m i n i mi zed by 
appropr i at e  appl i ca t i on t echni qu e s . The herbi c i de ha s a l ow 
order or t oxi c i ty t o  f i sh ,  w i ldl i f e ,  and l i vestock . Expo
sure  o f  the s e  organi sms  i s  unl i kely . U s e  o f  d i c amba a s  
i nd i c a t ed o n  the pest i c ide  l abel r e s u l t s  i n  a l ow d egree  o f  
hazard t o  personne l ,  the publ i c  a n d  the env i ronment . 

Re f erenc e s  
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Weed S c i . 2 1  ( 6 ) : 5 5 6-5 6 0 .  

A-5 5 



Asht on , F .  M . , and A .  S .  Cra f t s . 1 9 7 3 .  Mode o f  ac t i on o f  
herbi c i d e s . John Wi l ey & Son s , Inc . , Wi l ey-Int e r s c i enc e , 
New York , NY, 5 04 PP• 

B ehrens , R . , a nd W .  E .  Lueschen . 1 9 7 9 .  Di camba volat i l i ty .  
Weed S c i enc e 2 7  ( 5 ) : 48 6-4 9 3 . 

Broadhu r s t , N .  A . , M .  L .  Montgomery , and V .  H .  Fr e ed . 1 9 6 6 .  
Metabol i sm o f  2 -methoxy- 3 , 6-d i chlorobenzo i c  ac i d  
( d i camba ) by wheat and b luegr a s s  plant s .  J .  Agr . Food 
Chem . 1 4  ( 6 ) : 5 8 5- 58 8 .  

Burns i d e , o .  C . , a nd T .  L .  Lavy . 1 9 6 6 . Di s s ipat i on o f  
d i camba . Weeds 14 : 2 1 1 - 21 4 .  

Dos t , F . N .  1 9 8 3 . An a nalys i s  o f  human health ha zard s 
a s soc i a t ed wi th some herb i c i de s  u s ed i n  fores t ry . 
Pr epar ed for the Bureau o f  Land Management , Or egon S t a t e  
O f f i c e , Portl and . 3 9  pp . 

Eg gemeyer , L .  1 9 71 . Rec ogn i z i ng sympt oms for herb i c i d e  
d r i f t  a n d  reduc t i on o f  dr i f t probl ems . Proc . No rth 
Cent . Weed Control Conf . 2 6 : 1 08-1 09 . 

Gl a s s ,  R .  L . , and W .  M .  Edwa rd s . 
runo f f  a nd p erc olat i on water . 
( 4 ) : 5 0 9-909 . 

1 9 7 9 . Di camba i n  lys i me t e r  
J .  Agr . Food Ch em . 2 7  

Har r i s ,  C .  I .  1 9 6 7 . Movement o f  herbi c i d e s  i n  s o i l .  Weed s 
1 5 : 214-21 6 .  

Mag a lhae s ,  A .  c . , F .  M .  Asht on,  a nd C .  L .  Foy . 1 9 6 8 .  
l oca t i on and fate  o f  di camba i n  pu rp l e  nut s edge . 
S c i . 1 6  ( 2 )  : 240-245 . 

Trans
Weed 

Ne e l , P .  L .  1 9 7 6 . Compari sons o f  phyt otox i c i ty between 
soi l appl i ed d i camba and two rates  o f  a n  expe r i ment a l  
d i camba ana l ogue on twenty-three c ont a i ne r i zed spec i e s 
o f  envi ronment a l  plant s .  Proceed i ng s  Fla . S t at e  Ho rt . 
Soc . 8 9 : 3 41 - 3 4 3 . 

Newt on , M .  a nd F .  N .  Dost . 1 9 81 . Envi ronmenta l e f f ect s o f  
vegetat i on management prac t i c e s  o n  DNR f ore s t  land s . 
S ta t e  o f  Wa shi ngton , Dept . o f  Na t ura l Re sourc e s . 

Nor r i s ,  L .  A . , and M .  L .  Montgom e ry . 1 9 7 5 . Di camba re s i dues  
in  s t r eams a f t e r  forest spray i ng . Bul l .  Envi r on . 
Contam . Tox i col . 1 3  ( l ) : l -8 . 

A-5 6  



Oeh l e r ,  D .  D . , a nd G .  W .  I v i e .  1 9 80 . Metabol i c  f a t e  o f  the 
herbi c i de d i camba i n  a l actat i ng c ow . J .  Agr . Food 
Chem . 28 ( 4 ) : 6 8 5 -689 . 

Pat r i c ,  J .  H . , a nd J .  Campb e l l . 1 9 7 0 . S ome expe r i ence w i th 
d i camba i n  c ontrol l i ng revegetat i on o f  de f o r e s t ed land 
i n  We s t  Vi rg i ni a . N .  E .  Weed Cont rol Conf . Proc . 
24 : 6 1 - 6 8 . 

Ray , B .  R . , a nd M .  Wi lcox . 1 9 6 9 .  Trans locat i on o f  the herb
i c i de d i camba i n  purp l e  nut sedg e , eyperus  rot undu s .  
Phy s i ol . Pl ant . 2 2 : 5 0 3 - 5 0 5 . 

Roger son , A .  B . , and C .  L .  Foy . 19 6 8 .  E f f ec t  o f  d i camba 
a nd p i c l oram on gr owth and anthocyani n c ontent i n  B l ack 
Va l ent i ne beans  under d i f ferent envi ronmental  
c ond i t i on s . Proc . 21st  Southern Weed Conf . ,  p .  3 4 7 . 

Smi th , A .  E .  1 9 7 3 . Degrada t i on o f  d i camba i n  pra i r i e s oi l s .  
Weed Re s .  1 3 : 3 7 3-3 7 8 .  

S t . John , L .  E . , Jr . ,  and D .  J .  Li sk . 
Banve l -D herbi c i de i n  a da i ry cow .  
( 3 ) : 3 9 2 - 3 9 3 . 

19 6 9 .  Metabo l i sm o f  
J . Da i ry S c  i . 5 2 

St eward , D .  K .  R . , and S .  O .  Ga u l . 1 9 7 7 .  Pe r s i s t enc e o f  
2 , 4-D , 2 , 4 , 5-T and d i c amba i n  a dyk e l and soi l .  Bu l l .  
Envi ron . Contam . Tox i col . 1 8 : 21 0- 21 8 . 

Tr i chel l ,  D .  W . , H .  L .  Morgan , and M .  G .  Merke l .  1 9 6 8 . Los s  
o f  herb i c i d e s  i n  runo f f  water . Weed S c i . 1 6  ( 4 ) : 447-449 . 

Ve l s i col . 1 9 8 1 . Unt i t led doc ument . Vel s i col  Chemi c a l  Corp . 
( a s  c i t ed i n  Newton and Dost , 1 9 81 ) . 

Wax ,  L .  M . , and L . A .  Knuth , and F .  W .  S t i f e . 1 9 6 9 . 
Re spons e  o f  s oybeans t o  2 , 4-D , d i camba , and pi c loram . 
Weed Sc i . 1 7 : 3 88-3 9 3 . 

Weber , J .  B . ,  a nd J .  A .  Be s t . 1 9 71 . Ac t i v i ty and movement 
of 1 3  soi l appl i ed herb i c i d e s  as i nf luenced by s o i l 
reac t i on .  Southern Weed S c i . Soc . Proc . 2 4 : 40 3-41 3 .  

Weed Sc i enc e Soc i ety of Ame r i ca . 19 7 9 .  Herb i c i d e  Handbook ,  
4th ed i t i on .  4 7 9  pp . 

A-5 7  



DI CHLOBENIL 

Chemi c a l  Ident i f i cat i on 

Di ch l obeni l i s  the c ommon name f or 2 , 6-d i ch l orobenzoni tr i l e .  
Cas a ron G-4 ( EPA Regu lat i on No . 148-614 ) i s  an herbi c i de 
whi ch c ont a i n s  d i chloben i l and i s  manu factured by Thornps on
Hayward Chemi c a l  Company . 

Di chl obe n i l i s  a whi te cry st a l l i ne sol id  w i th an a r omat i c  
odor . The me l t i ng po int i s  1 45-146°c ,  and the boi l i ng 
poi nt i s  2 70°c .  Di chlobeni l i s  therma l ly s t able  and doe s 
not decompos e  i n  dayl i ght . The vapor pre s s u r e  o f  d i ch l o
ben i l i s  5 . 5x l o-4 mm Hg at 20°c and l . 5 x l o- 2  mm Hg a t  
5 0°c .  Fi ve t o  1 0  perc ent s olut i ons o f  d i chlobe n i l may be  
made i n  a va r i ety o f  organ i c  solvent s .  The wat e r  s o lub i l i ty 
o f  d i ch l oben i l i s  appr ox i ma t e ly 1 8  ppm and the s o l ub i l i ty o f  
techn i c a l  d i chlobeni l  i s  approx i mately 2 5  ppm . 

Ac t i on i n  Vegetat i on 

The herb i c id a l  prope rt i e s  o f  aromat i c  ni t r i l e s  we r e  d i s 
c overed i n  the late  1 9 50s  and early 1 9 60s . Di ch lobeni l 
i nhibi t s  g e rmi nat i on o f  seeds o f  annua l and perenni a l  
g r a s s e s  a nd broad lea f p l ant s a nd k i l ls weed s e edl i ng s  be fore 
or j us t  a f t er emergence , but doe s not control f u l ly emerged 
weeds . In agr i cu lture , i t  i s  u s ed t o  c ont rol  annual weeds 
i n  orchards  and in sma l l  fru i t s  such as bluebe r r i e s  and 
raspberri e s . Di chlobeni l  i s  a l s o  u s ed i n  aquat i c  weed 
cont rol ( Corne s  and Morrow 1 9 7 1 ) . 

Di chl obeni l act s pr i ma r i ly on metabo l i ca l l y  act i ve buds , 
growi ng poi nt s ,  and root t ips . I t  caus e s  gro s s  d i srupt i on 
o f  p l ant t i s sue whi ch shows a s  a burn i ng o f  fol i age . 
B l i s t ered or necrot i c  ( dead ) spot s may appe ar wi th i n  2 4  
hours . Plants  w i th waxy c ut i c l e s  have only i nt e rmed i at e  
suscept i bi l i ty t o  fol i a r  app l i c at i on s  o f  d i chloben i l .  Slow 
t r anslocat i on o f  d i chloben i l  i n  exposed plants i s  not 
related to i t s  herb i c i d a l  act i o n . 

Abs orbed d i chloben i l  i s  volat i l i zed and me t abol i zed i n  
plant s .  Metabol i c  s tudi e s  i n  bean plant s ( Ver loop a nd Ni mmo 
1 9 6 9 )  have r e s u l t ed i n  a d egrada t i on scheme i n  wh i ch 
aromat i c  hydroxylat i on and con j ugat i on o f  the pr oduc t s  wi th 
nat ural  s ubstrates  are quant i tat i vely most i mport ant . 
Hydroly s i s i s  the source o f  m i nor  amount s o f  2 , 6-d i chl oro
benzo i c  ac i d  f ormed in s ome plant s . Swanson ( 1 9 6 9 )  has 
revi ewed the degradat i on o f  d i chlobe n i l and othe r aromat i c  
ni t r i le  herb i c i des . 
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Ut i l i za t i on by BPA 

Di chloben i l  i s  u sed by BPA t o  con t ro l  weed s i n  ornamenta l  
plant i ng s  a t  s ubstat i on s . BPA u sed on the average the 
equ i va l en t  of 1 3 5  pound s of d i chloben i l  ( act i ve i ngred i en t ) 
per year s i nc e  1 9 7 8 .  None i s  proposed for u s e  i n  1 9 8 3 . 

Ca saron G-4 i s  appli ed t o  the soi l su rface w i th portab l e  
spr eader s i n  w i nter and e a r ly spr i ng .  Appl i ca t i on o f  the 
formu lated herbi c i d e  i s  made  a t  an e f fe ct i ve appl i ca t i on 
rate  o f  d i ch l oben i l  ( a c t i ve i ngredi ent ) between 4 5 0  and 9 0 0  
mg/m2 . 

Soi l 

Chemi cal Fa t e  and Di str i but i on 
i n  the Envi ronment 

The i ncorporat i on o f  d i ch l oben i l  i nt o  the soi l l engthens i t s  
p e r i od o f  herb i c i d a l  act i v i ty . Los s e s  by l ea chi ng a r e  
m i nor . S l ow mi crob i o log i ca l  degrada t i on o f  d i ch l oben i l  
reduces soi l r e s idu e s . 

Wh en d i ch l obeni l i s  i nc orporated i nt o  s o i l , a d sorpt i on on 
l i gn i n  or hum i c  substanc e s  account s for exten s i v e soi l 
b i nd i ng . As a r e su l t , extens i v e  r a i n f a l l  d oes not l each 
d i chloben i l t o  a depth be low 4 i nche s  ( Swan s on 1 9 6 9 ) . Ve ry 
l i t t l e  l each i ng o f  d i ch l oben i l  has been observed i n  soi l s  i n  
the f i e l d  under a var i et y  o f  c l imat i c  condi t i on s  ( Barns l ey 
a nd Ro sher 1 9 61 ; Sh eets  e t  a l . 1 9 6 8 ; Beynon a nd Wr i ght 1 9 7 2 ) . 

The movement o f  d i chl obeni l i n  runo f f  wa t e r  from four soi l 
types wa s s tud i ed by Ba i l ey e t  a l . ( 1 9 74 ) . The herbi c i de 
wa s surface appl i ed and i ncorpora t ed . Simulated h i gh 
i nt en s i ty r a i nfa l l  ( 5  i nche s  i n  2 hou r s ) c ommenced 1 hour 
a ft e r  appl i ca t i on . 

H e rbi c i de t r ansport occur red a s  d i screte pa rt i c l e s  and a s  
soi l adsorba t e . The grea t e s t  amounts were transported i n  
runo f f  but h i ghest c oncentrat i on s  were f ound on s e d i ment s .  
Dur i ng the 2 -hou r t e s t  per i od , 70-80  percent o f  the d i ch l o
ben i l  l os s  occur red i n  the runo f f  under the s e  e x t r eme t e st 
c ond i t i on s . 

S t ud i e s o f  d i ch l obeni l under f i eld  a nd l abora tory cond i t i on s  
( Beynon a n d  Wr i ght 1 9 7 2 ; Ver l oop and Ni mmo 1 9 7 0 ) have 
demon s t r a t ed the f ormat ion of 2 , 6-d i chlorobenzam i d e . Th r e e  
other unknown produc t s  w e r e  a l s o  obs erved by Ver loop and 
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Ni mmo ( 1 9 70 } . Soi l s t e r i l i za t i on by heat b locked the 
d egrada t i on proc es s .  The benzami d e  i s  more per s i s t ent and 
mobi l e  i n  s o i l than d i ch l obeni l  but i t  l acks t ox i c i ty to 
e i ther plant s or anima l s .  

Othe r  stud i es under  l aborat ory cond i t i ons u s i ng a vari ety o f  
soi l types have a l s o  ident i f i ed 2 , 6-d i chlorobenzami d e  a s  a 
degradat i on product . Di chl oben i l  degr adat i on r at es were 
i nver s ely r el a t ed t o  the soi l : wa t e r  part i t i on coe f f i c i ent s 
and were r educed i n  the p r e s enc e o f  h i gh org an i c  s o i l matt er . 

Wat e r  

Di chl oben i l  i s  r elat i vely p e r s i s t ent i n  pond wat e r  a nd muds 
( revi ew by Newbold 1 9 7 5 } . Frank and Come s  ( 1 9 6 7 } r eport ed 
that d i ch l oben i l  per s i s t ed i n  muds f or 1 6 0  days . Ex t r eme s 
of per s i s t ence i n  wat e r  a r e  r epresented by the s t ud i e s o f  
Ogg ( 1 9 7 2 }  and Cope et a l . ( 1 9 6 9 }  who measured r e s i du e s  up 
to 1 6  and 1 8 9  days , respec t i vely . Formu l at i on s  u s ed i n  
wat e r  f o r  aqua t i c  weed c ontrol a r e  s l ow-r e l ea s e  preparat i ons 
d e s i gned t o  max i m i z e  phyt otox i c  e f f ec t s .  

Ten weeks a f t e r  d i chloben i l  appl i cat i on t o  t wo unl i ned 
i rr i ga t i on channel s ,  the amount rema i n i ng on the soi l wa s 6 
perc ent o f  the i ni t i a l  appl i cat i on .  About 4 month s l a t e r , 
wat er wa s f l u shed through the channe l .  I t  cont a i ned 0 . 1 8 
ppm d i ch l obeni l and r epr e s ent ed no hazard t o  c r ops . 

Di chl oben i l  metabol i sm by mi c roorgan i sm s  i n  pond wat e r  and 
sedi ment was s t udi ed by Mi yazak i et a l .  ( 1 9 7 5 } . Mor e  than 
75 perc ent of d i chloben i l add ed to wat er and s ed iment wa s 
vola t i l i z ed f rom the t e st systems . Unknown metabo l i t e s  and 
2 , 6-d i chlorobenzamide were f ormed . 14ca rbon d i ox i d e  wa s 
formed i n  fol low-up stud i e s  ut i l i z i ng a c e l l  suspens i on o f  
Arthrobac t e r  sp . ( a  bac t er i um } . 

Sel ect i ve enri chment o f  total  bact er i a  i n  freshwa t e r  lake s 
wa s obs er ved a f t er aqua t i c  weed c ontrol t r eatments  w i th 
d i chloben i l  and several other he rb i c i d e s  ( Camper and Shi ve l y  
1 9 7 4 } . 

Ai r 

Di chl oben i l  i s  a volat i l e  herbi c i de whi ch i s  read i ly l o s t  
from soi l s  unl e s s  i ncorporat ed . Soi l and fol i a g e  res i du e s 
may be l o s t  a s  a vapor , e spec i a l ly at e l evat ed h i gh t emper
atur e s . Stud i e s  o f  the fate  o f  d i chl oben i l  i n  a i r  a r e  
l ack i ng . 
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Ch em i c a l  Tox i cology i n  An i ma l s  and Humans 

Acu t e  Tox i c i ty 

Re s u l t s  o f  acute  t ox i c i ty s t ud i es have been revi ewed by Va n 
Genderen and Va n Es ch ( 1 96 8 ) . Th e acute ora l LD5 0s  o f  
d i chloben i l  i n  ra t s ,  rabbi t s ,  and m i ce w e r e  4 , 5 0 0 , 2 7 0 , and 
2 , 1 0 0  mg/kg , r e spec t i vely . In rat s ,  l i ve r  and k i dney damage 
wa s r epor t ed . Li ver damage a l so was obs erved i n  rabbi t s .  

The acute  derma l LD5 0 i n  albi no rabbi t s  i s  1 , 3 5 0  mg /kg . Th e 
s ubacute 21 -day d ermal LD5 0 o f  d i chlobeni l i n  r abb i t s  i s  5 0 0  
mg /kg /day , and the appa r ent no ef fect l e v e l  i s  1 0 0  mg /kg/ 
day . No s i gni f i cant dermal t ox i c i ty wa s noted at a ny of the 
doses  t e s t ed ( WS SA 1 9 7 9 ) . 

In one method o f  i nt erpr et i ng t ox i c i ty data , i t  i s  pre sumed 
tha t acute  ( LD5 0 ) tox i c  dos e s  for  rat popu la t i on s  a r e  
s i m i lar t o  that f or human populat i ons . Gi ven a n  LD5 0 o f  
4 , 5 0 0  mg/kg f o r  rat populat i ons , i t  i s  pr esumed tha t th e 
LD5 0 dose o f  d i chlobeni l ( a c t i ve i ngredi ent ) for a 
populat i on of 16 5 -pound humans wou ld be 1 1 . 9  ounc e s  ( 0 . 0 7 2  
oz/lb ) . 

Ch ron i c  Ef fects  

Va n Genderen and Va n Esch ( 1 9 6 8 )  have a l so s umma r i zed the 
r e su l t s o f  sho r t -t erm and long-t erm feed i ng studi e s . 

Short-t erm t e s t s  were c onduct ed i n  rats , p i g s , and rabbi t s .  
Ma l e  and f ema l e  rats  were fed 1 2  week s on d i e t s  cont a i n i ng 
O ,  5 0 ,  1 0 0 ,  2 0 0 ,  3 0 0  or 5 0 0  ppm d i chlobeni l .  Two f ema l e  
p i g s  wer e  fed , 0 ,  2 0 ,  5 0 ,  o r  1 00 ppm f o r  2 6  week s .  Ma l e  and 
f ema l e  rabb i t s  were f ed 0 ,  1 0 ,  2 0 ,  5 0 ,  5 0 0 , or 1 , 0 0 0  ppm f o r  
1 2  week s .  Organ wei ght s and hi stopa tho log i ca l  stud i e s  were 
c onducted on s el ected t i s sues . It  was conc l ud ed tha t 5 0  ppm 
wa s the appa r ent di etary no e f f ect l eve l . 

Subs equent 2 -year f eed i ng s t udi es i n  rats  u s ed d i etary 
l e ve l s  o f  0 ,  2 0 ,  5 0 ,  and 1 0 0  ppm di chlobeni l .  Hi s t o
patholog i ca l  s t udy wa s c onducted on l i ver , k i dney s ,  l ung , 
heart , bra i n ,  l eg mu sc l e , p i t u i tary , adrena l s ,  ga s t r o i n 
t e s t i na l  t r act , pancr ea s ,  bladder , thyr o i d , t e s t e s , s al i va ry 
gland s ,  spl ee n ,  and uteru s .  At the s e  di eta ry leve l s ,  no 
t r eatment-r elated hi stopatholog i ca l  e f f ect s ,  i nc l ud i ng the 
i nc i d ence o f  tumor s ( ca rc i nog eni c i ty ) , were observed . 

Ra t s  f r om the 2 -year study were a l so u s ed i n  r eproduct i on 
s t ud i e s . Af ter  3 month s o f  d i chloben i l  feed i ng , 1 0  pa i r s  
f r om each gr oup were ma t ed and the of f spr i ng ( F1 g enera
t i on )  we r e  fed the same di etary l eve l as th e i r  pa r ent s .  

A-6 1 



From these g r oups ( Fi ) , s ome rat s were u s ed for  other s t ud i e s  
a nd other s were bred t o  produce the F2 g enerat i on .  Repro
duc t i on e f f i c i ency wa s j udged on the number o f  f ema l e s  w i th 
l i t t e r s , the t ota l number o f  young a ft e r  1 ,  5 ,  a nd 2 1  day s ,  
and the body wei ght o f  the l i tt e r  a f t e r  2 1  day s . Gr owth , 
haematology a nd organ we i ght s a nd h i st opathology a t  necrop sy 
were s tudi ed i n  par ent s a nd the Fi g enera t i on .  Gr owth 
retardat i on wa s observed at 50 and 1 00 ppm d i eta ry d i chlobeni l .  
Mo re ma rked e f f e c t s  were s een i n  the Fi g enerat i on .  No 
haematolog i ca l  e f fect s were observed . Some treatment -related 
i nc r e a s e s  in  organ weight s ( l i ve r ,  t e s t e s , k i dney ) were 
ob served . The revi ewers  conc luded tha t d i chloben i l  had no 
appar ent e f f ec t s  on r eproduct i on a t  d i etary l e ve l s  o f  5 0  ppm or 
below . 

A s tudy o f  f et a l  abnorma l i t i es was c onducted i n  m i c e  g i ven 
60  mg d i chloben i l /kg by the ora l rout e on days 3 - 1 4  of 
pr egnancy . The m i ce were k i l l ed on day 21 . No d i f f erenc e s  
between control a n d  trea t ed group s wer e  observed w i th 
r e spect t o  t ot a l  number o f  f etus e s ,  l i tt e r  s i ze ,  or 
percentag e o f  dead fetuse s .  

Potent i a l  Impact on Nontarg e t  Vegetat i on 

Vegetat i on 

U s e  o f  d i chlobeni l  granu l e s  i n  ornamental p l ant i ng s  r e su l t s  
i n  cont rol o f  weed s . I n j u ry t o  viburnum , t a l lhedg e , and 
buckthorn i n  Oh i o  nurser i es r e sul t ed f r om appl i cat i on of 6 
lb . d i chloben i l /acre . Chloro s i s a long the leaf  ma rg i n s , 
browni ng ,  and s t unt i ng were r eport ed . The plants r ecovered 
the i r  f ormer c ond i t i on and no l a s t i ng e f fect s ( othe r  than 
t emporary g r owth s etback ) were ob ser ved ( Sm i th 1 9 7 2 ,  c i t ed 
i n  U . S .  For e s t  Serv i c e  1 9 81 ) . 

U s e  o f  d i chlobeni l  i n  c r oplands a l so d emonstrates  the 
pot ent i a l  for phytotox i c i ty ,  perhaps resu lt i ng from 
a cc umulat i on o f  2 , 6 -d i chlorobenzami d e  a l ong l ea f  marg i n s  
( Ve r l oop 1 9 7 2 ) . Areas where  the r e  i s  rap i d  lea f transp i r a
t i on may be more pr one t o  th i s  type o f  damag e .  

Fi sh and Aquat i c  Organi sms 

Ac u t e  t ox i c i ty t e s t i ng in f i sh has i nc luded 2 4- and 48-hour 
LD50 det erm i nat i on s  i n  pumpk i nseed , blueg i l l ,  and l a rgemouth 
ba s s . The LD5 0s r ang ed between 1 0  and 2 0  ppm . 

S i nc e  d i chl obeni l i s  used i n  aquat i c  weed c ontro l , the r e  
have been opportuni t i e s t o  obs erve the r e sponses  o f  a qua t i c  
organi sms t o  herbi c i da l  conc entrat i ons o f  d i chlobeni l .  

A-6 2 



B o l l e r  e t  a l . ( 1 9 7 3 )  descri bed the r e spon s e s  o f  gold f i sh t o  
an appl i cat i on o f  d i chlobeni l t o  control su rface growth o f  
weed s . At the h i ghest c onc entr at i on ( 6 . 4  m g  d i ch l obeni l/ 
l i t e r  [ 6 . 4  ppm ] ) ,  f i sh body we i ght and abnorma l behavi o r  was 
observed . No f i sh d eaths were r eport ed . At l ower 
herb i c i da l  c oncentrat i on s , no e f f ec t s  were obs e rved . 

The s ens i t i v i ty o f  e i ght sp ec i es o f  aquat i c  i nvert ebr a t e s  
ha s b e e n  est abl i shed ( revi ewed b y  Bunt i ng and Rob e rt son 
1 9 7 5 ) . Under l aborat ory c ond i t i ons , the LC50s r ang ed f rom 
3 . 7  ppm ( 4 8 hou r )  i n  Daphn i a  pu l e( ( a  wat e r  f l e a )  t o  3 4  ppm 
( 4 8 hou r )  i n  As e l lus brevic audus an i sopod ) . Th e s en s i 
t i vi ty o f  the s e  i nvertebrat e s  i s  s i mi l a r  t o  tha t o f  the f i sh 
that have been t e sted . 

A f i eld s t udy wa s c onduc t ed by Cooke ( 1 9 7 7 )  t o  evaluate the 
sens i t i vi ty of thr e e  amphibians  t o  concentrat i on s  of d i ch l o
ben i l  u s ed i n  aquat i c  weed c ont r o l  ( mg/ l i t er ) . Caged f r og s ,  
toad tadpol e s ,  and unc ag ed smooth newt s were observed . 
Tadpol e d evelopment and act i v i ty were not a f f ec t ed and no 
morta l i ty was obs erved . Tadpol e s  from the t reat ed pond wer e  
heavi e r  than c ontrol s a f t e r  1 8  and 3 2  days d u e  t o  a bloom o f  
a d e s i rab l e  algae . The c aged f rog s showed no t ox i c  
e f f ec t s .  Ba s ed upon l ong e r  t e rm obs ervat i ons , the s u i ta
bi l i ty o f  the pond a s  newt hab i t a t  was r ed uc ed by the 
herbi c i de t r eatment . 

Wi ld l i f e 

The d i etary LC50s ( 8  day ) f or Japane se qua i l  and r i ng-necked 
phea sant were 5 , 0 0 0  and 1 , 5 0 0 ,  r e spect i ve l y  ( Hi l l e t  a l . 
1 9 7 5 ) . 

Benyon and Wr i ght ( 1 9 7 2 )  r e vi ewed the envi ronmental fat e o f  
d i chloben i l and conc luded tha t t e r r e s t r i a l  anima l s wou ld be 
unl i kely t o  c ontact apprec i able amount s of the h e rb i c i d e  
dur i ng or a f t er appl i cat i o n . Di ch loben i l  i s  r ap i d l y  
e l i m i nated f rom r a t s  ( Gr i f f i ths  et a l . 1 9 6 6 ; W i t  a n d  Van 
Generen 1 9 6 6 ) , beag l e  dog s ( Gr i f f i th s  e t  a l . 196 6 ) , and 
r abb i t s  ( W i t  and Va n Generen 1 9 6 6 ) i n  u r i ne . No t i s sues  
r et a i n d i chl oben i l  r e s i d ue s ,  the r eby redu c i ng the 
p o s s i b i l i ty o f  chron i c  t ox i c i ty .  

Livestock 

Di chlobeni l  i s  r ap i d ly e l i m i nated f rom dai ry c ows ( St .  John 
and Li sk 1 9 6 7 ) . 
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Ha zard As s e s sment f or Cu r r ent U s e  Prac t i c e  

Di chloben i l  i nhibi t s  g e rm i nat i on o f  seed s o f  both gra s s e s  
and broad l e a f  p l ant s ,  but i t  does not a f fect emerg ed 
plant s .  BPA make s  very l im i t ed u s e  o f  th i s  herbi c ide , 
spec i f i c a l ly i n  the c ontrol of weeds i n  ornament a l  p l ant i ng s  
a t  substat i on s . 

Ba s ed upon t ox i c i ty t es t i ng i n  l aboratory anima l s ,  d i ch l o
ben i l has a low order of tox i c i ty . As a result , CAUT ION i s  
the Human Hazard S i gnal Word d i sp layed on the herbi c i de 
labe l . 

Metabol i c  s t ud i e s  u s i ng l aboratory r odent s and domest i c  
anima l s  have shown that d i chloben i l does not accumu l a t e  i n  
t i s sues . No evi dence o f  c arc i nogeni c ,  t eratog eni c ,  or 
r eproduc t i ve act i v i ty has been obt a i ned in tox i c i ty 
t e s t i ng . Mut ag eni c i ty data are  not avai labl e . 

The envi ronment a l  fate o f  d i chlobeni l  ha s been eva luat ed 
under a vari ety o f  l aborat ory and f i eld c ond i t i ons . Du e t o  
i t s  relat i ve ly h i gh volat i l i ty , i t  i s  most e f fect i v e when 
m i xed w i th s o i l or l eached i nto s o i l w i th r a i nf a l l  or 
i r r i g at i on shortly after appl i cat i o n . Di chl obeni l i s  
s t r ong ly ad sorbed t o  s o i l whi ch ,  c ombi ned w i th i t s  l ow wat e r  
solub i l i ty ,  keeps the herb i c i d e  i n  p l a c e  for long pe r i od s . 
It  may rema i n  e f f ec t i ve for a year or mor e . 

U s e  of d i ch l oben i l  a s  i nd i cated on the pest i c i d e  label  
results  in  a l ow d egree of ha zard t o  personnel , the publ i c , 
and the env i ronment . BPA makes  very l i m i t ed u s e  o f  d i ch
l oben i l  i n  ornamenta l  plant i ng s  at s ubstat i ons . 
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DIURON 

Chem i c a l  Ident i f i cat i on 

Di u r on i s  the c ommon name for  3 - ( 3 , 4-d i chloro-pheny l ) - l 
d i methylu rea . Ka rmex i s  the t rade name o f  a n  herbi c i d e  
c onta i n i ng d i uron and u sed by BPA unti l r ecently . Di u ron 
now i s  u s ed by BPA only as formu lated i n  Krovar I ( EPA Reg . 
No . 3 5 2- 3 5 2 -AA ) . Di u ron a nd b r omac i l  a r e  ac t i ve i ngredi ent s  
i n  Krova r I .  A s eparate Herbi c i de Background Statement ha s 
been prepared f or bromac i l  ( page A-3 4 ) . 

Di u ron i s  a whi t e , c ryst a l l i ne s ol i d . I t  i s  odor l e s s  and 
melt s a t  1 5 8- 1 5 9°c .  Therma l dec ompos i t i on occ u r s  a t  
1 8 0 - 1 9 0°c .  The vapor p r e s sure  o f  d i uron i s  0 . 3 1 x 1 0- 5  

mm H g  a t  5 o0 c a n d  1 4 8  x l o-5 m m  H g  a t  l 0 0°c .  Di u r on 
i s  chem i c a l ly s table t oward ox i da t i on and moi s t u r e  under 
n orma l c ondi t i ons . Di u ron hydrolys i s  i s  negl i g ible at 
ordi nary temperatures a t  neu t r a l  pH . Elevated temperatures  
and a lkal i ne o r  acid  c ond i t i ons cause  r api d hydroly s i s .  
Sma l l  amount s o f  d i u ron are  s olub l e  i n  wat e r  and hydroc a rbon 
s ol vent s . The l i m i t  of wa ter s olubi l i ty i s  42 ppm ( Kl i ngman 
and Ashton 1 9 7 5 ) . 

Ac t i on i n  Vegetat i on 

Many annual and perenn i a l  gra s s e s  and herbaceou s weeds on 
nonc r opland areas are  sens i t i ve to d i uron .  Di u r on i s  u s ed 
a s  a preeme rgenc e t r eatment . 

Di u ron i s  read i ly absorbed by r oot s and r ap i d ly t r a n s l oc ated 
to uppe r  plant pa rt s .  App l i cat i on s  to leave s are not 
t rans l ocated to u ntreated l eaves to a s i gn i f ic ant extent 
( Asht on and Cra f t s  1 9 7 3 ) . 

The p r i mary t ox i c  ac t i on o f  d i uron i n  p l ant s r e su l t s  f r om 
i nh i b i t i on o f  photosynthe s i s ( Asht on and Cra f t s  1 9 7 3 ) . The 
t o x i c  e f fec t s  o f  d i uron are  pr i mar i ly observable i n  l eave s . 
Leave s may me rely show s l i ght yel l ow i ng o r  chloros i s ,  whi ch 
deve l ops du r i ng a per i od o f  s ever a l  days f o l l ow i ng exposur e 
t o  the herbi c i de . H i gher  amount s produce leave s whi ch 
appear water-soaked and become nec r ot i c  w i th i n  a f ew days 
( Ashton and Cra f t s  1 9 7 3 ) . 
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Ut i l i za t i on by BPA 

Di u ron i s  used  by BPA to control weeds a t  substat i on s  i n  
noncrop a rea . BPA u sed the equi valent o f  2 0 2  and 340  pounds 
of di uron ( act i ve i ngred i e nt ) i n  1980  and 1 98 2 ,  r e spec
t i vely , a nd propos e s  t o  use 230 pounds of d i uron i n  1 9 8 3 . 
Di u ron wa s not used i n  1 9 7 8  and 1 9 7 9 .  BPA i s  currently 
replac i ng Ka rmex ( Du Pont ) wi th Kr ova r I ( DuPont ) :  59  perc ent 
of the di uron appl i ed i n  1 9 8 1  wa s f ormu l ated as Ka rmex , 
whereas  only 1 8  perc ent o f  the d i uron t o  be appl i ed i n  1 9 8 2  
wi l l  come from rema i n i ng Ka rmex suppl i e s .  

Krovar I i s  u s ed a t  substat i ons and appl i ed t o  the so i l  
surface  i n  spr i ng or summe r .  Portable sprayer s d i re c t  an 
aqueous spr ay m i xt ur e  a t  a rate prov i d i ng an e f fect ive  
appl i cat i on rate o f  d i u r on ( ac t i ve i ngredi ent ) between 1 7 9  
and 1 , 7 9 2 mg/m2 . 

Ch emi cal Fa t e  and Di s t r i bu t i on i n  the Envi r onment 

So i l  

Urea-ba s ed herbi c i de s  s uch a s  d i u ron a r e  r e l at i vely 
per s i stent i n  soi l s .  Where  complete  cont rol of veg e t a t i on 
has been obt a i ned and w i th l i t t le or no l each i ng ,  di uron may 
pe r s i s t  for  24 month s . The pr i nc i pl e factors a f f ect i ng 
pe r s i st ence o f  d i uron i n  soi l a re m i c r oorgan i sm decompo
s i t i on ,  leachi ng , adsorpt i on on soi l col loi d s ,  and photo
d ecompo s i t i on .  Photode composi t i on i s  only i mport ant dur i ng 
the t i me the herbi c i de rema i n s  on the soi l surfac e . Vo l a 
t i l i ty and chemi cal decompos i t i on are  o f  m i nor i mport ance i n  
the r educ t i on o f  soi l d i u ron concent rat i on s  ( Kl i ngman and 
Asht on 1 9 7 5 ) . 

Mi croorgan i sm d ecompos i t i on i s  most i mport ant t o  the 
r educ t i on of soi l d i uron concentrat i ons . So i l  ba ct e r i a 
i nc luding Ps eudomonas sp . ,  Xanthomona s sp . ,  Sarc i na sp . ,  and 
Bac i l lu s  sp . and fung i i nc l udi ng Penec i l l i um sp . and 
Aspergi l lu s  sp . c a n  ut i l i ze d i uron a s  a d i r ect s ourc e o f  
ene rgy ( Hi l l  and McGahen 1 9 5 5 ) . 

Cond i t i on s  wh i ch f avor m i c r oorg an i sm decompos i t i on i nc lude 
moderate t emperatur e s , moderate moi sture , and soi l aera
t i on . Ex t r emes o f  cold , wetness , o r  dryne s s ,  the r e f or e , 
cause ext ended per s i st enc e o f  di uron . 

Soi l adsorp t i on i s  r e l a t i vely more i mport ant than wat e r  
solubi l i ty i n  det e rm i n i ng the rate o f  leach i ng o f  urea-ba sed 
herbi c i de s  ( WSSA 1 9 7 9 ) . The wa t e r  solubi l i t i e s o f  d i uron,  
monuron ,  and bromac i l  at 2 5°c a r e  4 2 ,  2 30 and 81 5 ppm , 
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r e spec t i vely . Each o f  the s e  herbi c i des i s  u s ed i n  BPA 
vegetat i on management . Adsorpt i on on Keypor t  s i l t  l oam wa s 
measured a s  the amount o f  urea herbi c i de p r e s ent on s o i l i n  
equi l ib r i um w i th l ppm i n  s o i l solut i on a t  about 2 2°c .  
Di uron adsorpt i on wa s 4 . 0- 5 . 2  ppm . I t  wa s more extensi vely 
adsorbed than e i ther monuron ( 2 . 6  ppm ) o r  bromac i l  ( 1 . 5  ppm ) . 

L i u  et a l . ( 1 9 7 0 ) stud i ed d i uron per s i st enc e i n  s o i l under  
gr e enhou s e  a nd l aborat ory c ond i t i ons . Th i rt een Pu e rt o  Ri can 
soi l s  wer e  u s ed and oat s  were the bi oas say plant s .  Us i ng an 
a g i tated s l ur ry t echn i qu e ,  the s e  workers  measur ed the r at i o  
o f  the amount o f  herb i c i d e  adsorbed t o  the amount i n  
solut i on a t  equ i l i br i um . Th i rty- f our s o i l types were  
stud i ed . Ads o rpt i on o f  d i uron h i ghly correlated wi th s o i l 
org ani c mat t e r  and c at i on exchang e c apac i ty . So i l  magnes i um 
was a l s o  correlated w i th d i uron ads o rpt i on .  

B owme r  ( 1 9 7 2 )  and Khan e t  a l . ( 1 9 7 6 )  have shown that d i u ron 
does not accumu l a t e  i n  o rcha rd s o i l s  as a r e s u l t  o f  annual 
appl i cat i on s . Herbi c i de re s i due s were g enerally c onf i ned to 
the upper 15  cm o f  soi l .  Degrada t i on rat e s  a t  any t i me we r e  
gener a l ly proport i onal t o  the herbi c i de c onc entrat i on i n  the 
s oi l .  

Di u ron l each i ng i n  f i e l d  lys i meters  was s t ud i ed by Li u  
( 1 9 7 4 ) . Di uron l eached t o  a max i mum depth o f  3 6  i nche s  and 
the h i ghest  c onc ent r at i on was detected in water s ampl e s  
taken one week a f t e r  appl i cat i on .  Mos t  ext en s i ve leach i ng 
oc curred dur i ng week l and no l each i ng was measur ab l e  1 6  
weeks a f t e r  appl i ca t i on . The leach i ng los s o f  d i u ron wa s 
3 . 6 perc ent o f  the t otal appl i cat i on .  

S u r fac e-appl i ed d i u ron i n  the f i e l d  d i d  not move below 5 cm  
in  a Monona s i l ty c l ay l oam whi ch r e c e i ve 20  cm  o f  wat e r  
dur i ng a 54-day t e s t  per i od ( Ma j ka and La vy 1 9 7 6 ) . The 
movement o f  d i uron i n  hand-pack ed s o i l  c olumns i n  the 
l aborat o ry was s i mi l a r  to movement in the f i e ld . Di uron 
broke down more r eadi ly a t  3 5°c than at 5 ,  2 0 ,  or 5 o0c 
i n  20 week s .  

Re search on the f at e  o f  d i uron i n  s o i l h a s  f ocused upon 
t e r r e s t r i a l  u s e  at rates  of 2 pound s /acre  or l es s . Unde r  
th e s e  c ond i t i ons , m i n i mal  problems  o f  chem i cal c a r ryover 
occu r . 

Under  most c l i mat i c  a nd s o i l c ond i t i ons , the rate o f  d i uron 
di sappear anc e wi l l  equal or exceed 80  perc ent per  y ea r ,  
d epend i ng on s o i l type . The p r i nc ipa l s o i l f actor  i s  
organi c  c ont ent whi ch i s  i nversely c or r el a t ed wi th pers i s 
t enc e a nd p os i t i vely correlated w i th the rate  o f  m i crob i a l  
degradat i on ( U . S .  Forest  Serv i c e  1 9 81 ) . 
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Water 

Di u ron has been evaluat ed a s  a broad- spec t rum , aquat i c  
herbi c i de ( Johnson and Ju l i n  1 9 7 4 ) . Fac tors  a f f ec t i ng the 
e f f i c acy o f  d i uron i n  th i s  u s e  i nc lude l i ght , t emperatur e , 
and wat e r  qua l i ty . Adsorpt i on by organ i c  mat t e r  and c l ays 
a l s o  c an i nf lu enc e phytot ox i c i ty .  Di u ron i s  r eg i s t er ed f or 
aquat i c  u s e  i n  three  states  and a t  least  four for e i gn 
c ount r i e s , a l though a Federal l abel ha s not been r eg i s t ered 
( Johnson a nd Ju l i n  1 9 7 4 ) . Eva luat i on o f  thi s  pat t e r n  o f  u s e  
o f  d i uron w i l l  c ontribut e t o  k nowl edge o f  e f f e c t s  o n  aquat i c  
organi sms that m i ght r e su l t  from acc ident a l  o r  uni nt ent i ona l 
i nt roduc t i on i nt o  water . 

When u s ed f o r  aquat i c  weed c ontrol i n  d r a i nage d i tch e s , 
d i uron i s  nonpe r s i stent ( Johnson and Ju l i n  19 7 4 ) . Wat e r  
c oncentrat i ons w e r e  10-20  perc ent o f  t h e  i ni t i al c oncen
trat i on w i th i n  10 days a f t e r  appl i c at i on . Mos t  r e s idual  
d i u ron was f ound in  the upper 0-5 cm o f  bottom s ludg e . 
Af t e r  thr ee months res i dues  were not detectable . 

Di u ron may be a c ontami nant o f  i r r i gat i on water a s  a r e su l t  
o f  i t s  u s e  at h i gh appl icat i on rat e s  ( 3 0 pound s /a cr e ) f o r  
aqua t i c  weed c ontrol . Water samples  t aken f r om water a t  
d i stanc e s  o f  1 0  and 100  feet  be low the treated s i t e  c on
t a i ned 0 . 7 2 t o  1 . 7 8 ppm and nondet ectab l e  t o  0 . 9 3 ppm , 
r e spec t i ve ly . Water  taken 1 , 000  f eet be low the treated s i t e  
d i d  not cont a i n  d et ectable amount s o f  d i uron . 

S t ud i e s  o f  estuari e s  r ec e i v i ng wat e r  from plantat i on s  
t r eated w i th d i uron showed soi l and s ed i ment r e s idues o f  the 
herb i c i d e  ( Green et a l . 19 7 7 ) . Af t e r  s i x  month s , s ed i ment 
c onc ent rat i ons were g eneral ly 5 0 0 ppb ( oven-dry b a s i s ) . 
H i gher conc entrat i ons wer e found i n  s i t e s  sub j ec t  t o  loc a l  
c ontam i nat i on f r om spray equ ipment load i ng a r ea s . 

Di u ron i s  t ransport ed i n  solut i on rather than adsorbed t o  
s o i l  part i c les . Max i mum d i uron c onc entrat i ons i n  runo f f  
were mea sured fol lowi ng rai nstorms that occur red s oon a t e r  
appl i cat i on ( Wi l l i s  et a l . 1 9 7 5 ) . I n  a three-year per i od ,  
max i mum sea sona l los ses  we r e  0 . 1 2 perc ent . In th i s  st udy , 
d i uron d i s s ipated primar i ly by mi crob i a l  d egradat i on .  
Tog ether the s e  factors resulted i n  a soi l hal f -l i f e o f  about 
two month s at rates  of appl i c at i on u s ed i n  agr i cu l ture . 

Chem i c a l  br eakdown of d i uron i n  natu r a l  su rface wat e r  i s  a 
mi nor rout e o f  d egradat i on i n  the aquat i c  envi ronment . 
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Ai r 

Lo s s e s  f rom s o i l v i a  volat i l i ty and photodecompos i t i on a r e  
n o t  s i g n i f i cant except when d i uron i s  exposed on th e soi l 
surface  f or several days or weeks under dry c ond i t i ons ( WS SA 
1 9 7 9 ) . Demethylat i on o f  d i uron may occur  i n  sunl i ght 
( Cr o sby 1 9 7 6 )  w i th r esultant loss of phyt ot ox i c i ty . 

Chemi c a l  Tox i cology i n  Anima l s  and Humans 

Acu t e  Ef fec t s  

Di u ron h a s  a l ow order o f  acut e oral t ox i c i ty i n  the rat . 
The LD5 0 ( 14 -day ) for ma l e  rat s wa s 3 , 400 mg /kg body we i ght . 

A 5 0  perc ent water paste o f  d i u ron was not i r r i tat i ng t o  
i ntact sk i n  o f  gui nea p i g s . Moderate i r r i t at i on occ u r r ed o n  
broken sk i n .  A 1 0  perc ent s uspens i on i n  water c a u s ed m i ld 
i r r i t at i on .  Diuron d i d  not produc e a l l e rg i c  sk i n  sens i t i 
zat i on .  

Ey e t e s t s w i th Ka rmex weed k i l l er ( wettable powder ) i n  
rabb i t s  produc ed very mi ld con j unct i va! i r r i t a i o n . No 
e f fect s on c ornea or i r i s  were observed . ' 

In one method o f  i nt erpret i ng tox i c i ty dat a , i t  i s  pr esumed 
that acute ( LD5 0 )  toxic  doses f or rat popu l at i on s  are  
s imi lar t o  that for human populat i on s . Given an LD5 0  o f  
3 , 400 mg/kg for rat popu lat i on s , i t  i s  pre sumed that the 
LD5 0 dose of d i uron ( ac t i v e i ngred i ent ) for a popu lat i on o f  
1 6 5-pound humans would be  9 . 0  ounc e s  ( 0 . 05 5  oz/lb ) . 

Chroni c Ef f ect s 

A 90-day f eed i ng study i n  r at s  d i scl osed no growth d epre s
s i on at a d i et a ry l eve l of 400 ppm or l e s s . S l i ght growth 
depr e s s i on occur red i n  males at 2 , 00 0  ppm and the e f f ec t  was 
marked in both sexes at 2 , 5 0 0  ppm and h i ghe r . Sl i ght anemi a 
a nd enhanc ed e rythropoi es i s  ( r ed b l ood c e l l  pr oduc t i on )  were 
obs erved at 250 ppm in f ema l e s  and in both sexes at 2 , 5 00 
ppm and above . An abnormal blood p i gment , su lphaemog lobi n ,  
was detected a t  the h i gher feed i ng leve l s  ( 2 , 0 00 ppm and 
h i ghe r ) . 

· 

Feed i ng s t ud i e s  u s i ng two dogs r evealed no e f f ect s at 1 6 0  
ppm i n  d i e t  f o r  one month . Sl i ght growth retardat i on and 
moderate anem i a  were i nduced by two-month f eed i ng s  o f  
i ncreased di etary leve l s  c ommenc i ng at 400  ppm and t e rm i 
nat i ng a t  2 , 400  ppm . 
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Two-year f eed i ng s tud i e s  were c onduc ted i n  r a t s  and dogs a t  
d i etary l eve l s  o f  0 ,  2 5 ,  1 2 5 ,  2 5 0 , and 2 , 5 0 0  ppm . No e f f e c t  
w a s  s een a t  2 5 ,  1 2 5  and 2 5 0  ppm i n  e i ther spec i e s ,  w i th the 
exc ept i on s  of a trace o f  abnorma l blood p i gment in some 
animals  at 1 2 5  and 2 50 ppm d i uron and a t r end t owa rd r educ ed 
red blood c e l l count s i n  dogs at 2 5 0  ppm . At the h i gh e s t  
c onc ent rat i on ( 2 , 500  ppm ) , t h e  pri nc ipal f i nd i ng s  i n  dogs 
and rat s we r e  growth retardat i on ,  s l i ght anemi a ,  pres enc e o f  
abnorma l b lood p i gment , enlarg ement o f  t h e  spl e en ( occa s i on
a l ly i n  r at s )  and l i ver ( dog s )  and i ncrea sed e rythropoi e s i s  
wi th sp l e n i c  haemos i deros i s  ( a  symptom o f  e l evated l eve l s  o f  
i ro n ) . No h i stological  chang e s  were seen i n  the bra i n ,  
l u ng s ,  heart , k i dney , u r i na ry b ladde r ,  adrenal , g onad s ,  
stomach , sma l l  and large intest i ne , musc l e , and thyr o i d  
g l a nd . 

The r e  was no evi dence i n  these s t ud i es that d i u ron wa s 
c a rc i nogen i c . 

A three-g enera t i on r eproduct i on s t udy i n  r a t s  ma i nt a i ned on 
0 and 1 2 5  ppm d i uron yi elded no evidenc e of ha rmf u l  e f f ec t s .  

Metabol i c  s t ud i es u s i ng dogs and rats  f ed 2 5- 2 , 50 0  ppm 
d i u ron for  n i ne months t o  two yea r s  showed t i s s u e  conc en
t rat i on s  to be  proport i ona l to d i etary i ntake . No e v i dence 
o f  t i s s u e  s t orage wa s obt a i ned . Di uron wa s ex c r et ed i n  
u r i ne and f ec e s . Di uron , d emethylated d e r i vat i ve s ,  a nd 
3 , 4-d i chloroani l i ne ,  and 3 , 4-d i chlorophenol wer e  detec t ed . 

The above f i nd i ng s  were r eported by Hodge et a l . ( 1 9 6 7 ) . 
Th i s  r eport i s  the most ext en s i ve c ompi lat i on o f  d i uron 
t ox i c i ty data in the l i terature . 

Two add i t i onal stud i e s  on c a rc i nogeni c i ty a r e  a va i l abl e . 
Innes et a l . ( 1 9 6 9 ) u s ed max i mum t o l erated doses i n  m i ce i n  
r e s ea rch conduct ed by Bi onet i c s  Re sea rch Labora t or i e s  a nd 
the Na t i ona l Canc e r  Inst i tut e . Di uron wa s among 8 9  c om
pounds wh i ch gave no i nd i ca t i on o f  tumori geni c i t y  a f t e r  oral  
adm i n i strat i on for  7 8  week s .  Rubench i k  et a l . ( 1 9 7 3 )  
studi ed the relat i onsh i p  between chem i c a l  s tructu r e  and 
c a rc i nogeni c act i vi ty o f  u rea d er i va t i ve s  i nc l ud i ng d i u ron . 
Hi stolog i c  exam i na t i on o f  the va r i ou s  o rgan s  of th e 3 0  ra t s  
necrop s i ed ( o f 40 anima l s  a t  the start ) showed 2 0  t o  have 
t umor s in va r i ou s  organ s ,  i nc l ud i ng the l i ve r  ( 1 4 ) , stomach 
( 1 3 ) , l ung s ( 3 ) , i nt est i ne ( 6 ) , pancreas ( 6 ) , and k i dney 
( 3 ) . The d i et l eve l i n  th i s  st udy ( 4 , 5 0 0 - 9 , 000 ppm ) and th e 
durat i on o f  the observa t i on p e r i od ( 1 16 week s )  both exceed ed 
those  u sed i n  the stud i e s  o f  Hodge et a l . ( 1 96 7 ) . The 
r e s u l t s  o f  the c a rc i nogen i c i ty i nves t i ga t i on s  o f  Hodg e  e t  
a l . ( 1 96 7 )  a n d  Innes  et a l . ( 19 6 9 ) contra s t  with  tho s e  o f  
Rubench i k  e t  a l . ( 1 9 7 3 ) . Di u ron i s  not c l a s s ed a s  a 
c a rc i nogen i c  herbi c i d e  by the U . S .  Env i ronment a l  Protec t i on 
Agency . 

A- 7 2  



S t ud i e s o f  the t erat og en i c  pot ency o f  d i uron have b e en 
c onduc t ed ( Mrak 1 96 9 :  Khera e t  a l . 1 9 7 9 ) . No s i g n i f i cant 
i nc r e a s e  in a noma l i e s in l i t t e r s  of two s t r a i n s  of m i c e  were 
observed fol l ow i ng adm i n i stra t i on of 2 1 5  mg di uron/kg i n  
larg e- s ca l e  s c r e en i ng studi es by B i onet i c s  Re s ea rch Labora
tori e s  und e r  a c ontrac t for the Na t i ona l Canc e r  Inst i tu t e  
( Mrak 1 9 6 9 ) . Ka rmex a t  2 5 0  and 5 0 0  mg/kg dosages once da i ly 
from the 6th t o  the 1 5th day o f  g e stat i on "mani f e s t ed an 
i nc r e a s ed i nc i denc e o f  ma l formed f et u s e s  o r  ma t ernal  
tox i c i ty "  in  ra t s .  The lowe s t  dosage ( 1 2 5  mg/kg ) cau s ed a 
s i ng l e  anoma ly o f  d e layed o s s i f i ca t i on o f  the c a l var i um 
( uppe r  skul l )  wh i ch wa s not dose-dependent and was o f  
bord er l i ne s tat i s t i cal  s i gn i f i cance ( Khera e t  a l . 1 9 7 9 ) . 

Pot ent i a l  Impac t  on Nont a rget Organi sm s 

Vegetat i on 

To evaluate  the e f f ec t s  o f  d i uron on c r ops , numerous s t ud i e s  
o f  per s i s t ence and r e s i du a l  t ox i c i ty ( ca r ryove r ) have been 
c onduc t ed . Luk i n  ( 1 9 7 0 ) appl i ed d i uron to pot ato p l ant i ng s  
and c onc l uded that when e f f ect i ve weed c ontrol  wa s obt a i ned , 
no e f f ect on the c u l i na ry and f ood qual i t i e s o f  the c r op was 
evi dent . Bog er and Schlue ( 19 7 6 )  reported tha t d i uron d i d  
not c a u s e  e f f ec t s  o n  photosynthes i s  i n  a lgae f ol l ow i ng l ong
t e rm exposure s . Ni trate and n i t r i t e  metabo l i sm a nd prot e i n  
synthe s i s  were  not c orrelated w i th the s ens i t i v i ty o f  f our 
plant s t o  f ol i ar di u ron treatment s ( Santakumo r e  and Roma Da s 
1 9 7 7 ) . 

Fi sh and Aquat i c  Organi sms 

An extensi ve r ev i ew of l i t e rature  and other data on d i uron 
t ox i c i ty wa s pub l i shed by Johnson and Ju l i n  ( 19 7 4 ) . The 
l ethal c oncentra t i ons o f  d i u ron t o  5 0  perc ent o f  t e s t  
popu l at i on s  ( LCS O )  were det e rmi ned f o r  1 2  spec i e s  o f  f i sh 
i nc l ud i ng r a i nbow t r out ( Sa lmo ga i rdneri ) ,  lake t rout 
( Sa l vel i nu s  namaycush) , and c oho salmon ( Oncorhynchu s 
k i sutch ) . The LCSOs r anged f r om 1 . 2  t o  g r eater  than 3 2  ppm 
for t e s t  pe r i od s  from 2 4  t o  9 6  hour s i n  the 1 2  spec i e s 
r eport ed . Th e 96-hour LC SOs  i n  the r a i nbow t r ou t , l ak e  
trou t , a n d  c oho sa lmon w e r e  3 . 5 , 2 . 5 , a n d  1 - 1 0  ppm , 
r e spect i vely . 

Th e acute  t ox i c i ty o f  d i uron was not s i gni f i cantly a l t ered 
by wat e r  pH and ha rdne s s . Increased t emperat u r e s  i ncrea sed 
the t ox i c i ty o f  d i uron t o  blueg i l l s  ( Lepomi s macroch i ru s ) 
( LCSO  9 . 1  ppm at 7oc ,  2 . 1  ppm a t  3 o0c ) . 
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Conc ern i ng u s e  o f  d i uron i n  aquat i c  weed c ontrol , Johnson 
and Ju l i n  ( 1 9 7 4 )  s tated : " Relat i vely few report s i nd i cat e 
that d i uron i s  acutely t ox i c  t o  f i sh i n  ponds treated a t  
recommended l evel s .  On the contrary , mos t worker s  have 
c onc luded that d i uron i s  r e lat i vely nontox i c  at  these l eve l s  
and mort a l i t i e s  a r e  more often due t o  i nd i rect e f f ec t s  such 
a s  oxygen deplet i on . " Di u ron i s  s omet i mes  u s ed i n  f i sh 
hatche r i e s  f o r  aquat i c  weed c ontrol . Concerns rema i n  about 
pos s ible  chron i c  t ox i c i ty s i nce  s ome workers  have r eport ed 
decreased rates of growth ( Johnson and Jul i n  1 9 7 4 ) . 

Othe r  s t ud i es revi ewed by Johns on and Jul i n  ( 1 9 7 4 )  noted 
pathol og i c a l  e f f ec t s  on blood , l i ve r ,  g i l l , mu sc l e ,  ga l l 
bladder ,  pancrea s ,  spl een , gonads , k i dney , bra i n ,  and h ea rt 
i n  c ont rol led laboratory stud i e s . The pot ent i a l  tox i c i ty o f  
d i uron t o  f i sh has been extens i ve ly d ocumented i n  the 
l i t eratu r e . 

The t ox i c i ty o f  d i uron t o  fre shwater and mar i ne i nverte
brates  has been revi ewed by Johnson and Jul i n  ( 1 9 7 4 )  i n  
c on j unc t i on w i th the i r  work w i th f i sh .  Es t i mates  o f  t ox i c 
or  letha l leve l s  i n  1 3  spec i e s o f  freshwa t e r  i nve rtebrat e s  
and three spec i e s  o f  mar i ne i nvert ebrates were made . Tox i c  
c oncent rat i ons were below or  w i th i n  one order o f  magn i t ude 
of the s olub i l i ty l i m i t  ( 4 2 ppm ) i n  a l l  but one c a s e . The 
48-hou r LCS O  for d i uron i n  cray f i sh wa s 800  ppm . Di uron 
t ox i c i ty to i nvert ebrate s  i s  o f  a magni tude s i mi lar  to that 
in f i sh .  

W i ldl i f e 

Feed i ng s tud i e s i n  w i ldl i f e  a r e  u s ed t o  a s se s s  t ox i c i ty t o  
s evera l i nd i cator spec i e s . Res u l t s  o f  the s e  stud i e s a r e  
s umma r i zed i n  a Techni cal  Data Sheet ( Du Pont 1 9 80 ) . The 
e i ght-day d i etary LC5 0 s  for di uron were determ i ned i n  
bobwh i t e  qua i l ,  Japanes e  qua i l ,  r i ng-neck phea sant ch i ck s ,  
and ma l lard duck l i ng s . The LCS O  for  bobwh i t e  qua i l  wa s 
1 , 7 30 ppm . In the othe r three cases , the LCSO wa s g r eater 
than 5 , 0 0 0  ppm . No evidenc e o f  except i ona l toxi c i ty t o  
w i ld l i f e r e lat i ve t o  that i n  l aborat ory r odent s was obt a i ned . 

Li ves t ock 

Cat t le and she ep were  dosed by e i ther drench or  c apsule  and 
ch i ckens by capsule only . S i gn s  o f  poi son i ng i n  c at t l e  and 
sheep were anorex i a ,  depr e s s i on ,  dyspnea ( short n e s s  o f  
breath ) , and pro s t rat i on . Uncoord i nated ga i t  wa s obs erved 
in poi s oned sheep . Ch i ck ens showed w e i ght l os s ,  and 
nec r opsy revealed c onges t i on of the intest i na l  mucosa and an 
enlarged , c ongested l i ver . 
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Feed c ontam i nated by d i uron c ould be t ox i c  t o  l i ves t ock . 
Rat es  i n  exc e s s  o f  one pound /acre would be hazardou s t o  
ch i c k ens . Rat e s  up t o  9 . 6  pounds/acre would not be 
hazardous for cat t l e  and sheep ( Pa lmer and Radel e f f  1 9 6 9 ) . 

Ha zard As s e s sment for Current U s e  Pr act i c e  

Herb i c i d e s  cont a i n i ng di uron a r e  used to a very l i m i t ed 
ext ent by BPA . Karmex wa s u s ed t o  c ontrol weeds a l ong 
s t r eet s and s i dewa l k s  at BPA fac i l i t i e s . Krova r ( wh i ch 
c ontai ns bromac i l  and d i uron ) i s  u s ed at s ubstat i ons a s  a 
broadca s t  o r  d i r ec t ed spray appl i ed us i ng portab l e  spraye r s . 

Di uron i s  e f fect i ve f or the c ontrol o f  g r a s s e s  and b roadleaf  
weed s . Di uron i s  appl i ed t o  the s o i l su rface and t o  newly 
emerged , r ap i d ly g r owing weed s . 

Ba s ed upon test i ng i n  laborato ry anima l s ,  d i uron has  a low 
order of t ox i c i ty .  As a resul t , CAUTION i s  the Human Ha zard 
S i gnal Word d i splayed on the herb i c ide  label ( s ee Tox i cology 
Overvi ew) . 

Me tabol i c  s tud i es i n  m i croorgani sms , plant s ,  l aboratory 
rodent s ,  and domest i c  anima l s  have revea l ed tha t d i uron i s  
ext ens i vely metabo l i zed and i s  not retai ned i n  t i s s u e s . No 
evi dence o f  mutagen i c  ac t i vi ty has  been repo rted . 

Di uron has been shown by Ru s s i an i nves t i gators t o  have 
carc i nog en i c  ac t i vi ty in rat s . Two stud i e s  i n  roden t s  and 
the l ong-t erm f eed i ng s t udy i n  dogs d i d  not demonstrate  that 
d i uron caused exc e s s  t umor s . The d i s crepanc i e s  between 
r e s u l t s  of these  s tud i es have not been resolved . 

No ep idem i ol og i cal  stud i e s  have been performed t o  a s s e s s  the 
extent to human exposure a s s oc i ated w i th the u s e  of d i uron . 
The extent o f  exposure can be reduced by good hyg i ene . The 
extremely sma l l  scale  o f  d i uron u sage by BPA f u rther m i n i 
m i zes  any rea l o r  apparent threat t o  hea l th .  

The envi ronmenta l  fate o f  d i uron has been s t ud i ed under a 
var i ety o f  l aboratory and f i e ld  cond i t i on s . Mi crob i a l  
degradat i on i s  the pr i mary factor i n  the d i sappearance o f  
d i uron f rom soi l s .  The extent o f  s o i l ad sorpt i on i ncrea s e s  
a s  c lay and/or o rgan i c  mat ter i ncreases . Leach i ng i s  not an 
i mportant rou t e  of loss except in sandy soi l s .  Los s e s  by 
volat i l i zat i on a nd photodecompos i t i on a r e  neg l i g ib l e . 
Di uron i s  su f f i c i ently per s i s t ent that  phytotox i c i ty wi l l  be 
retai ned at  l ea s t  one season , and l onger at  h i gher rat es  o r  
i n  dry c l i mates . 
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Ba sed on avai lable evidenc e , the l ow acute t ox i c i ty ,  and the 
degradat i o n  o f  d i uron under envi ronmental cond i t i on s ,  u s e  of 
d i uron as i nd i cated on the pest i c ide  label r e s u l t s  i n  a l ow 
degree o f  hazard t o  per sonnel , the publ i c , and the env i ron
ment . 
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GLYPHOSATE 

Chemica l  Ident i f i c at i on 

Glyphosate i s  the c ommon name for �- (phosphonomethy l ) g lyc i ne .  
Roundup i s  the t rade name o f  the herb i c i da l  formu lat i on o f  
the i sopropylam i n e  salt  o f  g lyphosat e manu factured by 
Monsant o Company . The EPA reg i s trat i on number i s  5 24- 3 0 8-AA . 

Glyphosate i s  a wh i t e , odor l e s s  s ol i d  wh i ch mel t s  a t  
2 o ooc .  It  h a s  a " n egl i g ible"  vapor pr e s sure ( Monsant o ,  
1 9 80 )  and the pure mater i a l  has a d ens i ty o f  0 . 5  g/cm3 . 
The solub i l i ty o f  g lyphosat e i s  1 . 2 percent ( 1 2 , 0 0 0  ppm ) i n  
wat er a t  2 5°c .  

Roundup i s  a v i scou s , golden y e l l ow l i qu i d  wh i ch has  a 
spec i f i c  gravi ty o f  1 . 1 7 gm/ml and i s  completely mi s c i b l e  
w i th wat er . Th e f ormu lat i on i s  chemically s table and has a 
she l f l i f e o f  at  least 4 yea r s  und er warehouse  c ond i t i on s .  
( Monsanto 1 9 80 ) . 

Ac t i on i n  Vegetat i on 

Glyphosat e i s  a broad-spec trum , nonselec t i ve herb i c i d e  
appl i ed a s  a s olut i on i n  wat er t o  the f ol i age o f  target 
plant s .  Glyphos ate i s  ef fecti ve on deep-rooted perenn i a l  
sp ec i e s and o n  a nnual and b i enn i al spec i es o f  g r a s s e s , 
sedge s ,  and broadleaf  weed ( WS SA 1 9 7 9 ) . 

In add i t i on t o  i t s  u s e  i n  vegetat i on manag ement on n on
croplands , g lyphosate i s  used exten s i vely i n  agr i c ult ure . 
Toleranc e s  ( i . e . , maxi mum perm i s s i ble r es i due leve l s )  a r e  
es tabl i shed i n  over 5 0  fe ed or  f ood crops . 

Ba i rd et  a l . ( 1 9 71 )  i nt r oduced g lyphosate a s  a broad
spec trum , pos t -emergenc e herbi c i de . Glyphosate  i s  read i ly 
ab sorbed by plant f ol i age and i s  t rans l ocated t o  undergr ound 
root s or rh i zome s ; i t  i s  a s trong i nh i b i t o r  o f  sprout i ng by 
perenn i al spec i e s . Cont rol o f  most annual weeds i s  c omplete 
at  l ow rat e s  of app l i ca t i on ( 0 . 3 -1 . 0  pound /a cr e ) . 

Phyt ot ox i c i ty i s  s l owly evi dent and , d epend i ng upon spec i es ,  
may not appear f or 2 -4 days for annual spec i e s and a f t e r  
7 - 1 0  days or  l onger for perenn i a l s . Vi s ible  s i gns o f  
t ox i c i ty i nc lude wi l t i ng and yellow i ng o f  the plant wh i ch 
advanc es t o  c omplete brown i ng and deteri orat i on o f  plant 
t i s sue ( Monsanto 1 9 7 3 ) . 

A-7 9  



The mechan i sm o f  act i on o f  g lyphosat e i s  not k nown . Th e 
herbi c i de i nh ib i t s  aromat i c  am i no ac i d  b i o synthe s i s  
( Jaworsk i 1 9 7 2 ) . Further s tud i e s  have shown that g lyphosate 
i nh ib i t s  synthe s i s of essent i a l  ami no ac i d s  ( Shan er and Lyon 
1 9 80 ) and pr omotes destruc t i on o f  photosynthet i ca l ly act i ve 
p i gment s i n  fol i age ( Hoagl and 1 9 80 ) . Studi es  u s i ng 14c
rad i olabel led g lyphosate hav e shown that the herbi c i d e  i s  
not metabol i zed i n  pl ant s . 

Ut i l i zat i on by BPA 

Glyphosate ( Roundup ) i s  u s ed to a l i mi ted extent by BPA t o  
control weeds and brush beneath transmi ss i on l i nes and 
t owers , arou nd poles , and at substat i ons . Portabl e spr ayers  
are used t o  d i rect spr ay to fol i age of target plant s late in  
the grow i ng s eason or after  target plant s have reached 
matu r i ty . Roundup i s  d i luted w i th water ( 1 0 qua rt s per 1 0 0  
gallons ) ,  r e sult i ng i n  a n  e f fect i ve g lyphosate c oncentrat i on 
o f  2 5 , 000  ppm . Plant fol i age i s  sprayed unt i l  wet , but not 
to the po i nt of runo f f . BPA recomends an e f fec t i ve appl i ca
t i on rate of abou t 30 gal lons d i luted solut i on/acre ( 140·  
mg/m2 ) .  BPA u sed on the average the equ i valent of 4 5 0  
pound s o f  g lyphosate ( ac t i ve i ngred i ent ) p e r  year s i nce  
1 9 7 8 ,  and proposes  to u s e  1 2  pound s o f  g lyphosat e ( a c t i ve 
i ngred i ent ) i n  1 9 8 3 . 

Chem i cal Fa te and Di str i but i on i n  the Env i r onment 

So i l  

Glyphosate i s  very st rong ly adsorbed by so i l ;  a s  a result  
i t s  phytotox i c i ty is  low follow i ng soi l appl i cat i o n . 
Ac cord i ng ly , g lyphosate l each i ng i s  a l so very low ( WSSA 
1 9 7 9 ) . 

The i n i t i a l  rap i d  i nac t i vat i on o f  g lyphosate i n  the s o i l 
resul t s from adsorpt i on on soi l part i c l e s  ( Hanc e 19 7 6 ) . 
Further i nac t i va t i on i s  due t o  m i crobi al  br eakdown . 
Glypho sate i t s e l f  doe s not sust a i n  m i crob i a l  growth but soi l 
bacter i a  are respons ibl e for extens i ve g lyphosate degr ada
t i on ( Sprank le et al . 1 9 7 5 ) . Rueppe l et a l .  ( 1 9 7 7 )  a l s o 
conc luded that phy s i cal  adsorp t i on was more i mportant than 
chemical  breakdown i n  the degradat i on of g lyphosate . 

Wa ter 

The fate o f  g lyphosate in water was stud i ed by Come s et  a l .  
( 1 9 7 6 ) . Glyphosate wa s app l i ed at h i gh rat e s  ( 5 . 6  kg/ha ) t o  
d i tch bank s o f  dry cana l s . Ne i ther g lyphosate nor i t s ma j or 
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soi l metabo l i t e ,  ami nomethy lphosphon i c  ac i d ,  were pre sent i n  
the f i r s t f low o f  wat er 5-6  month s later . 

Newton and Dost ( 1 9 81 )  stud i ed the pat tern o f  g lyphosate 
behavi or in wat er ; c onc en trat i on s  in a forest s tream 
d i mi n i shed rap i d ly ,  part i a l ly through adsorp t i on to bot t om 
sed i ment s  where ext en s i ve mi crob i a l  br eakdown occur r ed . 
Af t er aer i a l  appl i c ati on o f  3 . 3  kg/ha t o  an open s t r eam, 
max i mum c oncentrat i ons wer e 0 . 2  ppm i n  a beaver pond , 0 . 0 8 
ppm wi th i n  6 hour s ,  and 0 . 0 0 5  ppm by day 3 .  Th ey c onc luded 
that c onc entrat i on s  observed i n  s t ream s were at  no t i me h i gh 
enough t o  c au s e  i n j ury t o  aquat i c  organi sms . 

Ai r 

Glyphosate volat i l i ty i s  " n eg l i g i ble " ( Monsant o 1 9 80 ) . 
Los s e s  from soi l and wat er du e t o  volat i l i za t i on a r e  very 
sma l l  ( Rueppel  et a l . 1 9 7 7 ) . Th e fate o f  aerosol i zed 
glyphosate  ha s not been described . 

Ch em i c a l  Tox i c ology i n  An i ma l s  and Human s  

Few publ i shed report s o n  g lyphosate exi s t  i n  the a rch i va l  
sc i ent i f i c  l i t erat ure . Sa fety-hazard a s s e s sment s t ud i e s on 
Roundup have been pr epared and f i l ed wi th the u .  s .  Envi ron
mental Protec t i on Ag ency as  r equ i r ed by the Fed eral I n s ect
i c i de , Fung i c i d e ,  and Rodent i c i d e  Ac t .  S i nc e  th e subst anc e 
o f  the se  report s i s  propr i etary i nf ormat i on ,  the f o l l ow i ng 
i nf ormat i on i s  ba sed upon summar i e s provi ded by th e manu fac
turer and a r ec ent r evi ew by Newton and Do st ( 1 9 81 ) . Th e 
mo s t  rec ent Roundup Herb i c i d e  Bu l l et i n  ( Monsanto 19 8 2 )  a l s o  
revi ews health and envi ronmental s t ud i e s c onducted by 
Mon santo Co . 

Ac ute Ef f ec t s  

Glyphosate and Roundup have a l ow order o f  acute t ox i c i ty . 
Th e i r  ac ut e oral LD5 0s  i n  rat s are 5 , 6 0 0  mg g lyphosat e/kg 
and 5 , 400 mg Roundup/kg . Th e ac ute oral LDSO i s  3 , 800  mg 
g lyphosat e/kg i n  rabbi t s . Glyphosate and Roundup a l s o  have 
l ow t ox i c i ty f ol low i ng dermal exposure . Th e dermal LD5 0 i n  
rabbi t s  f or each mater i a l  i s  greater than 5 , 000 mg/kg . 

Glyphosate i s  s l i ght ly i r r i tat i ng t o  the rabb i t  eye ( 6 . 9  on 
a scale o f  0 t o  1 1 0 . 0 ) . Roundup i s  moderately i r r i tat i ng t o  
the rabb i t  eye based upon a batt ery o f  studi es . Pr i mary 
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sk i n  i r r i tat i on t e s t i ng i n  rabb i t s  revealed that g lyphosate 
wa s non i r r i tat i ng and that  Roundup wa s moderately i r r i tat i ng 
t o  rabb i t  sk i n .  Ra t s  exposed for 4 hou rs  t o  a i r  c onta i n i ng 
1 2 . 2  mg Roundup/l i t e r  survi ved and showed no abno rma l 
reac t i ons . Those rats  were necrops i ed 1 0  days l a t e r . No 
t reatment -re lated gro s s  patho logy wa s noted . 

In one method of i nterpre t i ng t oxi c i ty data , i t  i s  pre sumed 
tha t acut e ( LD50 ) tox i c  dos e s  for rat popu lat i on s  a r e  
s i m i lar t o  that f or human popu lat i on s . Gi ven an  LD50 o f  
5 , 6 0 0  mg/kg for r a t  popu lat i ons , i t  i s  presumed that  the 
LD5 0  dose of g lyphosate ( a c t i ve i ngredi ent ) f or a popul at i on 
o f  1 6 5 -pound human s wou ld be 1 4 . 8  ounc e s  ( 0 . 09 0  o z / lb ) . 

Ch roni c E f fect s 

Longe r  t e rm s tud i es have been c onducted i n  rats  and d og s  
g i ven d i f f e rent leve l s  o f  techn i c a l  g lyphosat e . " Techn i ca l "  
i nd i cates  that the chemical  was i n  the form manufactu red f or 
s a l e . Ni nety-day feedi ng stud i e s  i n  rat s used d i eta ry 
l evels  o f  2 0 0 , 6 0 0 , and 2 , 0 0 0  ppm . Control s and t r eated 
rat s d i d  not di f f er wi th respect t o  mean body wei ght , f ood 
c onsumpt i on ,  behav i oral reac t i on s ,  mortal i ty ,  hema t ology , 
blood chem i s t ry ,  and uri nalys i s .  At necropsy , no re levant 
g r o s s  or h i stopatholog i c  chang e s  were observed . 

Two-year feed i ng stud i e s  u s i ng rat s and dog s at d i eta ry 
leve l s  o f  3 0 ,  1 0 0 ,  and 3 00 ppm i nd i c ated no e f fect leve l s  o f  
1 0 0  ppm and 3 00 ppm i n  the rat and dog , respect i ve l y . A 
three-generat i on rat reproduct i on st udy was negat i ve a t  3 0 0  
ppm . Two t eratol ogy stud i e s  i n  rat s were nega t i ve at 3 0  
mg/kg/day ( the h i ghest dose t es t ed ) ( Newton and Dos t  1 9 81 ) . 
Th i s  resu l t  i s  the bas i s  for the reproduc t i ve no-e f f ec t  
l evel f or g lyphosat e ( 3 0 mg/kg /day ) u sed b y  D o s t  ( 1 9 8 3 ) i n  a 
wor s t -ca s e  analys i s  o f  env i ronment al  herbi c i de  exposure s .  

The herb i c i de bu l l et i n  ( Monsanto 1 9 80 ) c ontains  the f o l l ow
i ng i nformat i on conc erni ng g lyphosate metabol i sm and 
potent i a l  f or b i oaccumu lat i on :  "Metabol i sm t e s t  r e sul t s  
show that g lyphosate does not accumu late i n  ani mal s ,  b i rd s  
and aquat i c  spec i e s ,  and thus w i l l  not b e  pa ssed u p  the f ood 
cha i n .  The lack of accum·u lat i on i s  a l s o  supported by the 
h i gh wat er s o lub i l i ty of Roundup herb i c ide and rap i d  
deplet i on o f  g lyphosat e from the body . In f ac t , wh en mi l k  
f rom l actat i ng c ows and eggs from ch i ckens f ed d i et s  w i th 
g lyphosat e were analyzed , res i du e s  were not detectable ( l e s s  
than 0 . 0 2 5  ppm parent and metabol i t e ) . "  
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Newton and Do s t  ( 1 9 81 ) report that EPA has i nd i cated that 
" add i t i ona l oncolog i c a l  studi e s "  w i th g lyphosa t e  are des i r
able , but that avai lable l i fet i me s t ud i e s  i nd i c ate that 
g lyphos at e has low oncogeni c potent i a l . EPA has s e t  a human 
acceptable dai ly i ntake s tandard of 50 mg g lyphosat e/kg/day . 

The resu l t s  o f  t wo addi t i ona l i nqu i r i e s  c onc e rni ng glypho
sate t ox i cology are a l s o  s ummar i zed by Newton and Do s t  
( 1 9 81 ) . EPA h a s  c onc luded tha t there i s  ne i ther c onsumer 
nor app l i cator ha zard r elated t o  N-ni trosog lyphosate whi ch 
may be pr esent a s  a glyphosate contami nant . Glyphosate  i s  a 
phosphonoalky l  c ompound , s i mi lar i n  s ome r e spec t s  t o  s ome 
i nsec t i c i d a l  acetylchol ines terase i nhibi tor s . The rev i ewe rs 
c onc luded that g lyphosate was not an ant i chol i ne s t era s e . 

Although tox i c i ty t e st i ng data rema i n  propri etary , a revi ew 
of a l l  ava i l able i nf ormat i on has been c onducted by F .  N .  
Do s t  and J .  M .  Wi t t  o f  Oregon State Un i vers i ty .  The 
revi ewers  had access  t o  every document pert i nent t o  a hazard 
as ses sment and were sat i s f i ed i n  a l l  respec t s  that  pre
s c r i bed use of Roundup repr esent s no human health hazard s  
( Newton and Dos t  1 9 81 ) . 

No c a s e s  o f  poi s oni ng i n  humans have been observed or 
reported ( WS SA 1 9 7 9 ) . 

Pot ent i a l  Impact on Nont arget Organi sm s  

Vegetat i on 

Stud i es o f  the f ate  o f  g lyphosat e i n  f orest f ol i age have 
been conducted by the Forest  Resea rch Laboratory at  Oregon 
State U n i ver s i ty :  a s ummary of results  was prepared by 
Newton and Dos t  ( 1 9 81 ) . As appl i ed in fores try , an 
app l i ca t i on rate of 3 . 3  kg g lyphosate/ha ( 2 . 9  lb/ ac ) r e s u lt s 
i n  a leve l o f  about 300  ppm on overstory fol i age ( i . e . , 1 0 0  
ppm/kg/ha appl i ed ) . Th i s  appl i c at i on rate r e s u l t s  i n  2 0 - 2 0 0  
ppm at the t op o f  the brows e laye r ( i . e . , the h e i ght deer 
and elk can reach on shrubs and t r e es ) . Unders tory shrub 
canop i e s  can be expected t o  have approx i mately one-th i rd the 
level of overs t ory f ol i age . 

Af ter app l i c at i on ,  g lyphosat e degrades or otherwi s e  d i sap
pears  from each layer of vegetat i on rapi dly . Ha l f -l i ves  i n  
every c omponent o f  vegeta t i on were l e s s  than 2 weeks and 
were as  l i tt l e  as  one day i n  overstory fol i age ( Newton and 
Do s t  1 9 81 ) . Th e pos s ibi l i ty o f  phytotox i c i ty f r om r e s idual 
amount s o f  g lyphosate in soi l i s  unl i k e ly due t o  rap i d  and 
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t enac i ou s  s oi l ad sorpt i on .  S o i l-adsorbed g lyphosate i s  
unava i labl e f o r  root absorpt i on :  s imi larly , r e s idu e s  a r e  not 
avai lable t o  a f fect germ i nat i ng p lant mat e r i al . 

Glyphosat e ha s been exten s i vely eva luated for u s e  i n  a g r i 
c u l t ure , ornamental and l and scape plant i ng s ,  a nd w i ld land 
management of nox i ou s  weed s . The eval uat i on related t o  
f orest  management i s  l e s s  c omprehens i ve .  Th ese  eva l uat i ons 
c on f i rm that glyphosa t e  i s  an  extreme ly broad-spec trum 
herb i c i de ,  and they provi de g u i dance f or the s elect i ve u s e  
o f  g lyphosate i n  vegeta t i on management . Lund-Hoi e ( 1 9 7 6 ) 
f ound g lyphosate sens i t i vi ty among a l l  c ommon brush a nd 
broad l ea f  spec i e s  that we re abundant i n  Norway fore s t  
plantat ions . 

Newton ( 1 9 7 8 )  demonstrated u s e  of glyphosate t o  c ont rol 
dec i duou s  brush i n  Oregon . Salmonbe r ry ,  ca scara , b i t t e r  
che r ry , ocean spray , thi mbleberry , Cal i forn i a  ha zelnu t , red  
elderber ry , and vi ne mapl e we re suscept ibl e t o  g lyphosat e a t  
appl i ca t i on r a t e s  o f  0 . 5 6-1 . 1 2 lbs/acre ( 0 . 6 3 -1 . 2 5 kg/ha ) . 
Control o f  red alde r ,  b i g l e a f  mapl e ,  and poi s on oak wa s 
vari abl e at  rates  up t o  1 . 5  lbs/acre ( 1 . 6 8 kg/ha ) . He rba
ceous vegetat i on i n  ac t i ve growth wa s sens i t i ve t o  the 
phy t ot ox i c i ty o f  glyphosate . Douglas-f i r ,  noble f i r ,  grand 
f i r ,  and s i tka spruc e  were not a f fected except f o r  mi nor t i p  
i n j ury a t  rates  o f  appl i c at i on up t o  0 . 7 5 lbs/acre ( 0 . 84 
k g /ha ) . Di eback of 3-1 2 i nche s  o f  term i na l occurred at  1 . 5  
lbs/acre  ( 1 . 6 8 kg/ha ) . Everg reen shrubs ( e . g . , green l ea f  
manzan i ta , Pac i f i c  madrone , sala l , and eve rgreen huck l e
berry ) were not severely a f fected at  rates o f  g lyphosate 
whi ch caused damage t o  coni fer s .  

At an  appl i ed rate o f  3 . 3  kg/ha ( 2 . 9  lb/ac ) ,  g lyphosate 
suppr e s s e s  nearly all vegetat i on recept i ve at  t i m e  o f  
appl i c at i on .  Evergr een shrubs and t r ee s ,  however , a r e  
h i ghly t ol e rant ( Newt on a n d  Dos t  1 9 81 ) . 

Glyphosate gave 1 0 0  percent c ontrol at  f u l l  and . quarter
s treng th c oncentrat i on s  when used in the a x - fr i l l  method of 
s t ump sprout c ontrol of blue g um eucalyptus i n  the e a st San 
Franc i sc o  Bay h i l l s  ( Hami l t on et a l . 1 9 7 6 ) . 

Al though g lyphosate i s  c l a s s i f i ed a s  a broad spec t r um h e rb i 
c i de , there i s  cons i derable evidenc e t o  demon s trate  relat i ve 
degrees o f  sens i t i v i ty and t olerance among var i ou s  pl ant 
spec i e s . The factor most ea s i ly related t o  plant suscept i 
bi l i ty i s  r at e ,  method and t i mi ng o f  appl i c at i on and the 
resul t i ng glyphosat e  exposu re . Limi t ed g lyphosate uptake 
wa s r e lated t o  g lyphosate tol erance o f  Norway spr uce ( Lund
Hoi e  1 9 7 6 ) and Canada thi st l e  ( Gottrup et a l . 1 9 7 6 ) . 
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Fi sh and Other Aquat i c  Ani ma l s  

The fol l ow i ng stud i e s  have bee n summa r i zed by Sandqu i s t  
( 1 9 7 9 ) . The acute t ox i c i ty ( 9 6-hour TL5 0 )  o f  t echn i c a l  
glyphosat e t o  ra i nbow trout wa s 3 8  ppm . The TL5 0 f o r  blue
g i l l s  was 78  ppm . Roundup TL5 0s were 48 and 2 4  ppm f or 
r a i nbow t rout and blueg i l l s . I n  carp ,  the TL5 0 s  a t  4 8  and 
96 hour s were 1 1 9  and 1 1 5 ppm , r e spec t i ve ly . 

Blueg i l l s  were exposed t o  a mean conc entra t i on o f  0 . 6 1 2  
mg/ l i t e r . On day 1 ,  the mean t i ssue c oncentrat i on ( t o  
res i due mea sured a s  carbon 14 ) wa s 1 . 0 2 mg /kg . No i ncrea se  
in  t i s sue c onc entrat i on was observed dur i ng the s ubsequent 
28-day t e s t  peri od . A bi oconcentrat i on factor ( ed i b l e  
t i s sue 1 4c/wat er 14c )  o f  1 . 6  w a s  calculated . 

Short-term t e s t s  w i th wat er f leas ( Daphni a  sp . ) ,  At lant i c  
oyst ers , g r a s s  shr i mp ,  and f i dd l er crabs have be en 
conduc t ed . The 48-hou r LC 5 0  of Roundup i n  Daphn i a  sp . wa s 
1 9 2  ppm ( on a volume/volume bas i s ) . No e f fect on embryon i c  
development o f  oys t er larvae wa s observed followi ng 4 8-hour 
exposures t o  g lyphosate c oncentrati ons o f  1 0  ppm . Th e 
9 6 -hou r TL5 0 s  i n  gra s s  shr i mp and f i ddler  crabs were 3 81 and 
9 3 4  ppm , r e spect i vely . Th e no-e f f ect l eve l s  i n  those t wo 
animal s were 2 1 0  and 6 5 0  ppm . 

Wi ld l i f e  

Re s u l t s  o f  t ox i c i ty t e st i ng i n  s everal w i ld l i fe  spec i e s  have 
a l s o  been summa r i zed by Sandqu i s t  ( 1 9 7 9 ) . The s e  r e su l t s  are 
s i mi lar to the f i nd i ng s  o f  toxi c i ty t e s t i ng i n  laboratory 
roden t s  and dog s ( Chem i c a l  Tox i cology sect i on ) . 

Th e acut e oral t ox i c i ty ( LC50 ) o f  t echni cal g l yphosate i n  an 
8-day study i n  bobwh i t e  qua i l wa s greater than 4 , 640 ppm i n  
d i et . Wh en carbon-1 4  glyphosat e was g i ven t o  qua i l no 
s t orage o f  l4c was f ound i n  musc le  and f at . Li ver and 
k i dney cont a i ned trace level s o f  radi oac t i vi ty . An 8-day 
s t udy i n  mal lard duck l i ng s  i nd i cated that  the acute d i etary 
LC 5 0  wa s great er than 4 , 640 ppm techn i c a l  g lyphosat e i n  d i et . 

Techni cal g lyphosate and Roundup have a 4 8-hour LD5 0 o f  1 00 
mg/bee fol lowi ng t op i ca l  or ora l ( f eedi ng ) admi n i s trat i o n .  

L i vestock 

No evidenc e o f  spec i a l  hazard s t o  l i vestock i s  ava i lable . 
Very rap i d  c learanc e o f  g lyphosat e i n  da i ry cow s  has been 
obs erved ( Monsanto 1 9 80 ) . 
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Ha zard As s e s sment f or Current U s e  Prac t i c e  

Glyphosate  i s  a n  e f f ec t i ve herbi c i de whi ch c a n  b e  u s ed i n  
vegeta t i on management to accompl i sh the selec t i ve o r  g eneral 
el i mi nat i on o f  target vegetat i on .  App l i cat i on rat e , me thod 
and t i mi ng d e term i n e  suscept ibi l i ty of plant s to g lypho sa te 
due t o  i t s broad spectrum herbi c i dal  act i vi ty . 

Roundup i s  rated a s  moderately i rr i tat i ng and c a r e  shou ld be 
taken to m i n i mi ze c ontact wi th sk i n ,  eye s ,  and c l oth i ng . 
The human ha zard s i gnal word on the herbi c i de label i s  
therefore WARNING . The Roundup Herb i c i d e  Bul l e t i n  ( Monsant o 
1 9 80 ) r eport s that evaluat i on o f  the i rr i tat i on p ot ent i a l o f  
u s e  c oncentrat i on s  ha s been made . The Bul l e t i n  s ta t e s : 
" Pe r s onnel handl i ng and human patch t e s t  r e su l t s  i nd i ca t e  
that i rr i ta t i on t o  norma l sk i n  from c ontact t o  u s e  solu t i on s  
o f  Roundup i s  h i ghly unl i kely . "  

Me tabol i c  s t ud i e s  us i ng laboratory rodent s ,  dome s t i c  animal s 
i nc l ud i ng c a t t l e  and chi ckens , and wi ldl i f e have shown that 
g lyphosat e does not accumu lat e i n  t i s sue s .  No evidenc e of 
c arc i nogen i c ,  t e ratogeni c ,  or mutagenic  act i vi t y  has been 
obta i ned i n  t ox i c i ty test i ng . 

The env i r onmental fate o f  g lyphosate has been evaluated 
under a var i ety o f  laboratory and f i el d  cond i t i on s . Glypho
s a t e  has been f ound t o  be nonper s i stent . Glyphosate i s  
relat i vely i mmobi l e  i n  soi l and leachi ng o f  phytotox i c  
amount s f r om tr eat ed areas i s  unl i k ely . S o i l and water 
m i c r oorgani sms  are act i ve i n  the degradat i on o f  glyphosa t e  
t o  nat ural p r oduc t s  ( i . e . , carbon d i ox i de , wa ter , n i trog e n ,  
and phosphat e ) . Due t o  soi l adsorpt i on ,  the phytotox i c  
e f f e c t s  o f  g l yphosate are l i mi ted t o  those r e s u l t i ng f r om 
d i rect fol i a r  appl i cat i on or  from acc i dental  or unavo i dabl e 
dr i f t o f  aeroso l i zed herb i c ide  f ormula t i on .  

Use o f  Roundup a s  i nd i cated on the pe s t i c i d e  labe l r esul t s  
i n  a l ow degree o f  hazard t o  personnel , the publ i c  and the 
envi ronment . 
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MONURON 

Chem i c a l  Ident i f i cat i on 

Monuron i s  the c ommon name f or 3- ( p-ch loroph enyl ) - 1 -d i methy l
urea . Monuron 80 WP i s  the trade name ( Aceto Agr i cultural  
Chem i c a l s  Corp . ) o f  a wet table powder c ont ain i ng 8 0  perc ent 
monuron as the ac t i ve i ngred i ent ( EPA Reg . No . 2 7 4 9-60 ) .  
Th i s  f ormulat i on i s  c urrently u s ed by BPA ;  the f ormulat i on 
i s  noncor ros i ve t o  equ ipment , nonvolat i l e ,  and nonf lammable . 

Pr e v i ou sly , the i dent i c a l  ( 80 perc ent ) f ormulat i on was 
ava i lable as Te lvar ( Du Pont trade name , USDA Reg . No . 
3 5 2 -246 ) . Te lvar ' s  reg i strat i on was t ermi nated r ecent ly and 
Te lvar i s  no longer ava i labl e .  BPA ha s rec e i ved spec i a l  
perm i s s i on f rom the U . S .  Env i ronmental  Protec t i on Ag ency t o  
u s e  up i t s  ex i st i ng s tock o f  Telva r  i n  accordanc e w i th labe l 
i nstruc t i ons f or s ubstat i on weed c ontrol dur i ng Spr i ng 1 9 8 2 . 

Monuron i s  a wh i t e  cry s ta l l i ne s o l i d  whi ch melt s at  1 7 4°c 
t o  1 7 5°c .  Th e spec i f i c  gravi ty o f  monuron i s  1 . 2 7 .  The 
vapor pr e s sure  o f  monuron i s  5x 1 0- 7  mm Hg at 2 5°c and 
3 . 4x 1 0-6 mm Hg at 5 0°c .  The l i m i t  o f  water s olub i l i ty 
o f  monuron i s  2 3 0  ppm . 

Ac ton i n  Vegetat i on 

Monuron i s  an ef fec t i ve general herb i c i d e  f or the control o f  
many annu a l  and perenn i a l  g r a s s e s  and herbac eous weeds o n  
noncrop land area s . Monuron i s  more ef f ec t i ve a s  a s oi l 
appl i cat i on than a s  a f ol i ar app l i cat i on ( McCa l l  1 9 5 2 ) . 

Monu ron i s  readi ly abs orbed throu gh the root sys t em and i s  
taken up t o  a l i m i ted e xtent by s t ems and f o l i age ( Haun a nd 
Pet er son 1 9 5 4 ) . When app l i cat i on i s  made t o  upper plant 
part s ,  l i t t le or no monuron i s  detected below the l owe s t  
poi nt o f  app l i c at i on .  Trans locat i on from t h e  root s i s  
pr i mar i ly upwa rd through the xylem v i a  the transp i rat i on 
stream ( Ashton and Cra f t s  1 9 7 3 ) . 

The pr i mary t ox i c  a c t i on o f  monuron i n  p l ant s r e s u l t s  f r om 
i nhibi t i on o f  photosynthe s i s  ( Ashton and Cra f t s 1 9 7 3 ) . 
Wi thi n a f ew days f ol l ow i ng exposur e ,  plants e xh i b i t  leaf
tip di eback f o l l owed by progre s s i ve chl oros i s  and reduc ed 
g r owth . 
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Urea herb i c i des i nc l ud i ng monuron a r e  metabol i zed by h i gh e r  
plant s .  Spec i e s  d i f ferenc e s  i n  relat i ve rat e s  of  metabo l i sm 
may be re lated to s e lect i ve tox i c i ty . Demethy l at i on i s  the 
pr i ma ry detox i cat i on react i on . Hydrolys i s  of monuron 
i nvol ves a deamina t i on and a d ecarboxylat i on wh i ch yi elds  
p-chloroan i l i ne ( Smi th and Sheet s 1 96 7 ;  Swanson a nd Swanson 
1 9 6 8 ) . Oth e r s  ( Frear and Swanson 1 9 7 2 ; Ge i s sbuhler  1 9 6 9 )  
fa i l ed t o  demonstrat e ani l i ne met abol i t e s  and sugg e s t ed that 
pr evi ous report s of ani l i ne metabo l i t e s  may have re f lected 
samp l e  impu r i t i e s  or breakdown by phot ochem i c a l  or m i c rob i a l  
d egradat i on before absorp t i on by plant t i s sues . The wat e r  
soluble metabo l i t e s  are formed by reac t i on wi th natura l 
c on s i tutent s and a r e  not b i oaccumulated ( Kea rney a nd Kau fman 
1 9 7 6 ) . 

Ut i l i zat i on by BPA 

Monuron i s  u s ed by BPA at substat i ons to control weed s . BPA 
u s ed on the average the equi val ent of 2 70 pounds o f  monu ron 
( ac t i ve i ngred i ent ) per year s i nc e  1 9 7 8 ,  and propos e s  to u s e  
1 , 3 70 pound s i n  1 9 8 3 . 

An a queou s mi xture of  monu ron i s  appl i ed w i th port abl e  
sprayer s t o  t h e  soi l s u r f a c e  sho rt ly before weed growth 
beg i ns . Di lu t i on a nd appl i cat i on provide a n  e f fect i ve 
app l i ca t i on rat e o f  monuron ( ac t i ve i ngred i ent ) between 
1 , 3 50 and 3 , 6 0 0  mg/m2 . 

Ch em i c a l  Fa t e  and Di str ibut ion i n  the Env i ronment 

So i l  

Ur ea-ba sed h erbi c i de s  s uch a s  monuron a r e  relati vely 
per s i stent in soi l s . Pr i nc iple  factor s a f fect i ng 
per s i s t enc e of  the ureas i n  the soi l a r e  mi croorgani sm 
decompos i t i on , leach i ng , adsorpt i on on soi l col loi d s , and 
photodecompos i t i on .  Photodecompo s i t i on i s  an i mport ant 
cons i derat i on only wi th respec t to the amounts of h erb i c i d e  
wh i ch rema i n  on the soi l s u r f ac e . Vo lat i l i ty a nd ch em i c a l  
decompos i t i on a r e  of  m i nor i mport anc e .  

The behav i or of  monuron i n  d i f f erent soi l types h a s  been 
revi ewed by Sheet s ( 19 64 ) . Ad sorpt i on on organ i c  part i c l e s  
and var i ou s types o f  c lay c ol l o i d s  c ontrol s the remova l o f  
monuron from soi l and i nf luenc e s  the rat e of mi crob i a l  
decompos i t i on .  Ad sorp t i on i s  l owest i n  sandy soi l s  and 
h i ghest i n  soi l s  wi th h i gh organi c mat t e r  c ontent . Other  
stud i es have shown that i norgan i c  solutes  in  soil  wat e r  
r educ e  t h e  solubi l i ty of  monuron ( Hu r l e  a n d  Freed 1 9 7 2 ) . 
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The pre s enc e o f  solutes i n  soi l wat er wi l l  t e nd t o  f avor 
ad sorpt i on and p e r s i st enc e of u rea herbi c i de s  i n  soi l .  
Monuron i s  more t i ghtly adsorbed t o  soi l t han d i uron 
( Kearney and Kau fman 1 9 7 6 ) . 

More s t r ongly adsorbed herb i c i de s  a r e  l e s s  a va i l abl e a s  
c omponent s o f  the soi l solut i on t o  bi olog i c a l  sys t em s  
i nc l ud i ng m i croorgani sms and p l ant s . Monuron i s  d egraded 
l e s s  read i ly than d i u ron ( Sheet s 1 9 5 8 ) . S i nc e  rat e s  of 
d egradat i on a l so w i l l  be  d ependent upon the k i nd a nd number 
of  mi croorgani sm s pre s ent , bi nd i ng v i a  ad sorpt i on a l one 
cannot pred i c t  p e r s i stenc e . Cond i t i on s  f avor i ng m i crob i a l  
growth and monuron d egrada t i on i nc lude e l eva t ed t empera
tures , h i gh moi sture content , pr e sence of  organic  matt e r ,  
and soi l c u l t i va t i on ( Kearney a n d  Kau fman 1 9 76 ) . Rat e s  o f  
d i sappearanc e o f  monu ron a r e  s l ower i n  s t e r i l i zed soi l s  t han 
in nonst er i l i zed  soi l s .  Hi l l  et a l . ( 1 9 5 5 ) have i solated a 
Ps eudomona s sp ec i e s capab l e  o f  u t i l i zi ng monuron a s  s o l e  
c arbon sou rc e . Other common soi l bact e ri a ,  i nc l ud i ng 
Xanthomona s ,  S a rc i na ,  and Bac i l lu s ,  can  u t i l i z e  monu ron a s  a 
c a rbon sou r c e  (Hi l l  and McGahen 1 9 5 5 ) . Survey stud i e s  
( Borner e t  a l . 1 9 6 9 )  have shown that a l arge number o f  soi l 
fungi and bac t e r i a  can d e grad e monuron and oth e r  u rea 
herb i c i de s . 

Wat e r  

The per s i s t enc e a n d  d i s t r ibut i on o f  monuron i n  a n  a qua t i c  
envi ronment wa s studi ed by Frank ( 1 9 6 6 ) . The d i s t ribut i on 
of  herb i c i d e  between soi l and wat e r  and the per s i st ence i n  
wat e r  and submersed soi l we re  mea sured . Soi l from a n  i r r i 
gat i on c ana l wa s c overed w i th wat er and s t abi l i zed for one 
month . Wettab l e  powder suspens i on s  were appl i ed ( 40 
pounds/acr e ) . Appr ec i able  l o s s e s  were evident a f t e r  1 6  
we ek s . Forty percent o f  the monuron wa s lost  between the 
1 6th and 3 2nd week s . Monu ron moved qu i ckly down i n  the 
soi l ,  but more monuron wa s found i n  wat er  than i n  soi l 
du r i ng the f i rs t  3 2  week s .  

E i chelberger and Li cht enberg ( 1 9 71 ) stud i ed monuron p e r s i s
t ence i n  r i ver wat e r  du r i ng an e i ght -week t e s t  per i od . The 
r i ver recei ved d ome s t i c  and i nd u s tr i a l  wa st e a nd f a rm 
runo f f . The monuron conc entrat i on d e creased i n  c l osed g l a s s 
c ont a i ne r s  f rom 80 perc ent a t  z e ro t i me t o  4 0  perc e nt a f t e r  
one week t o  2 0  p e rcent a f t e r  four week s . Non e  was detec t ed 
a f t e r  e i ght week s . 

Mi kha i l ov ( 1 9 6 7 ) measured monuron i n  re s ervoi r wat e r s  t o  
establ i sh permi s s ib l e  c oncentrat i on s .  Monu ron c ou l d  b e  
d e t ec t ed by smel l a t  5 ppb ( mg/ l i t er ) a nd by t a s t e  a t  6 . 6  
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ppb . The smell of monuron was s t abl e . Monuron i ncreased 
the bi ochem i c a l  oxygen demand ( BOD ) and i nhibi t ed ammoni
f i cat i on a nd n i t r i f i cat i on a t  2 5  t o  5 0  ppb . Ba sed upon 
the s e  r e s u l t s  the permi s s ib l e  conc entrat i on wa s e st abl i shed 
at 5 ppb . 

Gr owth o f  cotton plant s wa s r educed when they were wat er ed 
w i th wat e r  cont a i n i ng 1 . 04 and 0 . 44 ppb monuron . The 
r e spons e wa s dos e-dependent . Be r s onova ( 1 9 6 7 ) c onc l uded 
that i rr i ga t i on systems  bei ng treated w i th herbi c i de s  cou l d  
b e  u s ed f o r  i r r i gat i on of  c ot ton plants  because c oncentra
t i on s  u s ed in f i el d  pract i c e  were below the t ox i c  thre shold . 

Ai r 

The vapor pr e ssure of  monuron i s  very l ow ,  there fore l i tt l e  
monuron shou ld volat i l i z e i nt o  the atmosphere . A me thod ha s 
been d eveloped for s ens i t i ve mon i tori ng of  a i r  for monuron 
( Vengerska i a  and Kur 1 9 6 9 ) , but thi s  procedur e  has  not been 
u t i l i zed t o  d et ermi ne amount s of  monuron in  a i r  a ss oc i a t ed 
w i th veget a t i on management . 

Chem i ca l  Tox i cology i n  Ani ma l s  a nd Humans 

Acu t e  

Monuron has  a l ow ord er o f  a c u t e  oral t ox i c i ty i n  t h e  rat . 
The LD50 wa s det ermi ned i n  two s eparate  stud i e s  t o  be 3 , 6 0 0  
mg monuron/kg ( Zapp 1 9 5 5 )  and 3 , 400 mg/kg ( Hodge et a l . 
1 9 5 7 ) .  Al l of  the rat s that d i ed had pulmonary edema ( f l u i d  
accumulat i on )  a nd c ongest i on .  S u rvi vors s howed s i gn s  o f  
methemoglob i nemi a ( presenc e o f  a c erta i n  hemoglob i n  i nc a
pable of  b i nd i ng oxygen ) i nc l ud i ng cyanos i s  ( blue s k i n ) , 
enla rged dark spl een,  and compensatory red blood c e l l  
f ormu l at i on i n  spleen and bone marrow . Ki dney pathology wa s 
s omet imes  pre s ent . 

Techni cal monuron ( 94 perc ent ) i n  d i et was f ed t o  rat s ( Boyd 
and Dobos 1 96 9 ) . The LD5 0 wa s 1 , 48 0  + 2 1 0  mg monuron/kg 
when fed i n  s t andard l aboratory chow .

-
An ima l s  g i ven l ow 

prot e i n  d i et s  ( 3 . 5  perc ent cas ei n )  from weani ng t o  t wo 
months of  age  were 3 . 5  t i me s  more s ens i t i ve than r a t s  fed  
normal ( 2 6 percent ) cas e i n d i et s  ( LD5 0 9 50 mg/kg v s  2 , 88 0  
mg/kg ) .  

Other e s t imates o f  the approx i mate  l ethal dose ( ALD ) have 
been made in rat s ( ALD 7 , 5 00 mg/kg ) ,  guinea p i g s  ( ALD 6 7 0  
mg/kg ) ,  rabb i t s  ( ALD 1 , 5 0 0  mg/kg ) ( Zapp 1 9 5 5 ) . 
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Subacute s t ud i es i n  rats  were a l so c onducted ( Zapp 1 9 5 5 ) . 
Dosages o f  1 , 5 00 mg /kg were g i ven f i ve t i mes per week for 
e i ght days by s tomach tube . Di scomfort , weakness , and 
wei ght los s were observed , and pulmona ry edema and damage t o  
l i ver ,  k i dneys , and sp leen were a l so r eport ed . Ra t s  g i ven a 
lower dosage ( 5 00 mg/kg ) a l so showed di scomfort , we i ght 
los s , and cyano s i s  a fter  two weeks o f  t reatment s .  Du r i ng 1 0  
days o f  pos t -t reatment obs ervat i on ,  we i ght wa s rega i ned to 
almost the ori g i nal  l evel . Spl eens were dark , enlarg ed , and 
congested . 

A 20  perc ent suspens i on o f  monuron i n  d i emethyl phtha late 
appl i ed t o  shaved rabb i t  sk i n  gave an exposure equ ivalent to 
2 , 2 5 0  mg/kg i n  e i ght hour s . The rabbit  showed n e i ther 
c l i n ical  s i gns of tox i c i ty no r c l i n i c a l  pa thology when 
k i l l ed 11 days later ( Zapp 1 9 5 5 ) . A 33 perc ent wa ter  pa ste  
wa s pract i c a l ly noni rri tat i ng and did  not cause a l l e rg i c  
s k i n  s ens i t i zat i on following appl icat i on t o  the s k i n  o f  
gu i nea p i g s . It  wa s conc luded tha t moderate s k i n  contact 
would not be ha rmful ( Zapp 1 9 5 5 ) . 

In one method o f  i nt e rpre t i ng tox i c i ty data , i t  i s  presumed 
that acute ( LD5 0 )  t ox i c  doses f or rat popu lat i ons are 
s i mi lar to tha t for human populat i on s . Given an LD5 0 of 
3 , 5 00 mg/k g for rat populat i ons , it  i s  presumed that the 
LD5 0  dose of monuron ( ac t i ve i ngred i ent ) for a popu lat i on of 
1 6 5-pound humans wou ld be 9 . 3  ounces ( 0 . 0 56  oz/ lb ) . 

Chroni c Ef f ects  

Si x-week f eed i ng t r i a l s  were c onduc ted u s i ng d i et s  c onta i n
i ng 0 . 0 05 , 0 . 0 5 ,  and 0 . 5  percent ( 5 0 ,  5 0 0 , and 5 , 000 ppm ) 
monuron ( Zapp 1 9 5 5 ) . At the lowest  level , no d i f f erences 
between t reated and control groups were observed wi th 
respec t to food consumpt i on ,  w e i ght ga i n ,  and c l i n i cal  
chem i s t ry . At nec ropsy , two o f  f i ve ma l e s  showed evi denc e 
o f  methemoglob i nemi a and/or compensatory r ed blood c e l l  
format i on . No s i gni f i cant pathology wa s obs erved i n  
f ema l es . At the i ntermed i ate l evel , the only t ox i c  e f f ect s 
noted were methenog lob i nemi a and compensatory r ed blood c e l l  
format i on i n  the spl een o f  both males and f ema le s . At the 
h i ghest l eve l ,  food consumpt i on and we i ght ga i n  were 
reduc ed . Si gns o f  toxi c i ty were s i m i l a r  to thos e  ob s erved 
i n  acute s t udi e s  a l though no mo rtal i ty oc curred . 

Subs equent two-year feed i ng s t ud i es ut i l i zed d i et s  c onta i n
i ng 0 ,  2 5 ,  2 5 0 ,  and 2 , 5 0 0  ppm monuron ( Hodg e et a l . 195 8 ) . 
No e f fect s were observed at 2 5  and 2 5 0 ppm . At the h i ghest 
l evel , we i ght ga i n  wa s reduced . Surv iva l  t i me wa s not 
a f fected by the t r eatment s al though 70 to 90 percent of the 
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groups had d i ed by the end o f  the second year due t o  upper 
respi ratory i nf ect i on . At ne cropsy , l i ver and sp leen 
we i ght s were higher in treated than control rat s .  No 
hi stopatho log i c a l  ef fect s were observed i n  e i ther k i dney , 
heart , bra i n ,  lung , sp leen,  l i ve r ,  adrenal , bladder , g onad , 
stomach , i nt e st i ne ,  or bone marrow . The i nc i denc e o f  tumo r s  
wa s n o  h i gher i n  treated than i n  c ontrol groups . 

Feed i ng studi es  u s i ng two beag le  dog s revea l ed no e f fect s .  
Gr oups  o f  a male and a f ema le were g i ven 0 ,  2 . 5 ,  1 2 . 5 , and 
2 5 . 0  mg monuron/kg /day for one yea r ( Hodg e et a l . 1 9 5 7 ) . 

Reproduc t i ve studi es  have been c onducted i n  rat s ( Sherman 
and Cul i k  1 9 7 1 ) . Ma l e s  and fema l e s  were f ed ei ther 0 ,  1 2 5 ,  
o r  2 , 500 ppm monuron i n  the d i et f or th ree generat i ons . Two 
l i t ters  we re produced per generat i on .  Average l i t t e r  s i z e 
wa s lower i n  the 2 , 5 00 ppm gr oup than i n  c ont rol and 1 2 5  ppm 
groups . Ma l e  and fema l e  rat s from the th i rd generat i on we re 
evaluated and no t r eatment-r e lated hi stopatho logy wa s 
obse rved . 

Monuron wa s i nc luded i n  a t e ratogen i c i ty survey o f  
pe s t i c ides  ( Mrak 1 9 6 9 ) . No s i gni f i cant i ncrea s e  i n  feta l 
anoma l i e s wa s s een i n  three s t r a i n s  o f  m i c e  g i ven 2 1 5  mg/kg . 

Two carc i nogeni c i ty studi e s  ( Rubench i k  1 9 7 0 ; Inn es  et a l . 
1 9 69 ) have been descr ibed i n  add i t i on t o  the earl i e r 
ob serva t i ons  of Hodge et a l . ( 19 5 7 ) . Innes et a l . ( 1 969 ) 
u s ed max i mum t ole rated dos e s  i n  two hybr i d  m i c e  s t r a i n s  o f  
monu ron a s  one of 1 3 0  chem i ca l s  t e st ed f o r  carc i nogen i c i ty . 
Ma les  and f ema les  were g i ven 2 1 5  mg/kg/day by st omach t ube 
from day 7 unt i l wean i ng at four week s of age . Th e same 
da i ly dosage wa s admi ni st ered in the d i et unt i l  necropsy at 
18 months o f  age . 

M i c e  f ed monuron had el evated t umor i nc i denc e ,  but not 
s i gni f i cant enough to plac e the c ompound i n  the ca rc i nogeni c 
cat egory . Fu rther evalua t i on wa s recommended . Rubench ik  et 
a l . ( 1 9 7 0 ) admi n i s t er ed monu ron t o  rat s and two stra i n s  of 
m i c e . Increa sed t umor i nc idence wa s observed . 

A study o f  the chron ic  t ox i c i t y  o f  monu ron under the 
sponsorship of the Nat i onal Ca ncer I n s t i tute i s  i n  progr e s s  
u s i ng rat s and m i c e  at max i mum t olerated and ha l f -max i mum 
t ol erated dosages ( EPA 1 9 7 5 ) . A revi ew by the Internat i onal 
Agency for Re sea rch on Canc er ( 1 9 7 6 ) concl uded that monuron 
wa s carc i nog en i c . 
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Pot ent i a l  Impac t  o n  Nontarget  Organ i sms  

Vegetat i on 

Increased i nc i denc e of m i ldew Erys iph e  grami ni s i n  w i nt e r  
a n d  spr i ng wheat a f t e r  app l i cat i on wa s report ed ( Brande s and 
He i t e fu s s  1 9 71 ) . The r e spon se was r e lated t o  the s tage of 
pl ant development , l i ght i ntens i ty ,  and the amount of herb i 
c i de t r eatment . The author s conc luded that monuron c au s ed 
i ncreased d i seas e suscept ib i l i ty by chang i ng the phy s i o
log i cal  cond i t i on of the host p l ant . 

Fi sh and Aquat i c  Organi sms 

Ac ute  t ox i c i ty data i nc l ude LC50s or med i an t ol e ranc e l i mi t s  
( 2 4- o r  4 8 -hou r )  wh i ch range from 1 0  t o  180  ppm i n  s i x  
spec i e s ( EPA 1 9 7 5 ) . The 4 8-hour LC50 o f  monuron i n  r a i nbow 
t rout was 1 0 0  ppm and the 4 8-hour TLm i n  coho s a l mon wa s 1 1 0  
ppm . The t r i ch l oroace t i c  a c i d  formu l at i ons of  monuron a r e  
mor e pot ent than wettab l e  powd e r s  t o  blueg i l l s ,  brown bu l l 
head s , sunf i sh ,  a nd l a rg emouth ba s s  ( Wa l k e r  1 9 6 5 ) . Gold f i sh 
survi ved f i ve-day exposure s t o  5 9 . 5  ppm monu ron and 3 5 -day 
e xposures to 1 4 . 9  ppm ( Lawrence 1 9 6 2 ) . Ed son ( 1 9 5 8 )  
e s t i mated the thr e e -hou r approx i ma t e  s a f e  upper l i m i t  of  
monuron to be 2 0  ppm . 

Komarov sky and Popov i ch ( 1 9 7 1 ) ob served 4 6  perc ent mort a l i ty 
and decrea s ed hemog lob i n  and hematocr i t s  i n  f i sh expo s ed t o  
monuron ( i n i t i a l  c onc entrat i on 2 0  ppm ) for 7 5  day s . 

Fi sh mo rta l i ty ( not quant i f i e d )  wa s obs e rved i n  sma l l  golden 
shiners exposed i n  the f i e ld t o  2 0  ppm monuron . Bond e t  a l . 
( 1 9 5 9 )  report ed no mo rta l i ty i n  e i ther  coho salmo n ,  frog s ,  
or t adpol e s  expos ed t o  5 a nd 1 0  ppm monuron . 

I n  adu l t  wh i t e  shr i mp ,  no death , para lys i s ,  or los s of 
equ i l i br i um were obs erved a t  the h i gh e s t  concentrat i on 
t e s t ed ( 4 8 hou r s ; l ppm ; But l e r  1 96 3 ) . Two ppm monu ron 
r educ ed rate of  shell  g r owth ( 1 2 perc ent ) in the ea s t e rn 
oyster  a f t e r  an exposu r e  of  96 hou r s . Monuron had 4 8 -hou r 
and 1 2 -d ay TLm s of  g r eater than 5 ppm i n  the e a s t ern oys t er 
and hard-sh e l l ed c l am ( Davi s and Hi du 1 9 6 9 ) .  

Conc entrat i on s  up t o  20  ppm monuron d i d  not c a u s e  mort a l i ty 
i n  amph i pod s or i sopod s ( Spr i ng e r  1 9 5 7 ) . Immobi l i zat i on of 
wat er f l eas  ( Daphni a magna ) occurred a t  1 0 6  ppm i n  water  
conta i n i ng l ppm non- i on i c  su rfac tant ( Tween 2 0 ) ( Crosby and 
Tucker 1 9 6 6 ) . Ni shi uch i ( 1 9 7 4 )  r eport ed a thre e-hour TLm 
for D .  pu l e x  of  g r e a t e r  than 0 . 0 5 ppm . 
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Walker ( 1 9 6 5 )  evaluat ed monuron and other u rea h e rbi c i des  a s  
aqua t i c  herbi c i d e s . Monu ron w a s  l e s s  t ox i c  tha n other 
r epr e s entat i ve s  of th i s  g roup . Wa lker ( 1 9 6 5 )  c onc l ud ed tha t  
the herb i c i d e s  " . . .  d i d  not appea r t o  s e r i ou s ly r educ e 
f i sh-f ood organ i sms , and no f i sh mort a l i t i es were ob s e rved 
under f i eld  cond i t i on s  at  conc en t ra t i on s  up t o  10 ppm o f  
monuron " . 

Wi ldl i f e 

Di etary LC 50s  o f  monuron were det ermi ned i n  four spec i es o f  
bi rds . Two- t o  three-week-old b i rd s  wer e  f e d  t re a t ed d i et 
for f i ve days fol l owed by a three-day obs ervat i on per i od . 
The LC 5 0  i n  r i ng-necked phea sant s was 4 , 68 2 ppm . Tne LC 5 0  
wa s g r ea t e r  than 5 , 0 0 0  ppm i n  bobwh i t e  quai l ,  Japane s e  
qua i l ,  and Ma l l a rd ducks ( Hea th e t  a l . 1 9 7 2 ) . 

At k i n s  et a l . ( 1 9 7 3 )  r eport ed that monu ron was moderat ely 
t ox i c  t o  honeybe e s . The LD5 0 o f  monu ron wa s 1 1 0  mi crograms 
per bee when the h erbi c i d e  was app l i ed as a dust . 

Li ve s t ock 

Ca t t l e  and sheep were dosed by e i ther d r ench or c apsu l e  and 
chi ck ens by capsu l e  only . S i gn s  o f  po i s on i ng were wei ght 
l o s s  and d i a r rhea i n  c a t t l e  and sheep at h i gh dai ly dosages 
( 5 00 mg /kg and 1 0 0  mg /kg , respec t i ve ly ) . At  necropsy , the 
lung s  of the sheep were engorg ed w i th blood and r e sp i rat ory 
mucosa we r e  cong e s t ed . Li ver and k i dneys were cong e s t ed and 
enlarg ed . Men i ngeal ves s e l s  of the bra i n  were e ng org ed . 
Ch i ck e n s  at  1 0  mg/kg/day for  1 0  days generally  showed 
c ong e s t i on of the i nt e st i na l  mucosa and a t r oph i ed sp l e en s . 

Feed c ontam i nat i on by monu ron c ou l d  be t ox i c  t o  l i ve s t ock . 
Ra t e s  o f  app l i c a t i on i n  e x c e s s  o f  three pound s/ac r e  wou ld be  
haza rdou s to  chi ck en s . Ve ry h i gh appl i c a t i on rat e s  ( 80 
pound s/ac r e )  wou ld be  hazardous t o  cat t l e  and sheep ( Pa lmer 
and Rad e l e f f  1 9 6 9 ) . 

Ha zard As s e s sment f o r  Curr ent U s e  Pr act i c e  

Herbi c i d e s  cont a i n i ng monu ron a r e  used  t o  a l i mi t ed e x t ent 
by BPA for  the c ont rol  o f  weed s at  s ubstat i ons . 

Based upon t e s t i ng i n  laboratory an imal s ,  monu ron has  been 
shown to have a l ow ord er of t ox i c i ty .  Te s t i ng r e l a t ed t o  
acut e o ra l  ( i ngest i on ) , sk i n ,  and ey e expo s u r e s  i s  e spe
c i a l ly i mport ant t o  a s s e s s  the hazard to per s on s  who must 
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work w i th c onc ent rated formu lat i on s . As a r e s u l t  o f  thi s 
t e st i ng ,  the Human Hazard S igna l Word CAUT ION i s  d i spl ayed 
on the h erbi c i d e  l abel . 

Metabol i c  s t ud i e s u s i ng s o i l m i croorg ani sms , pl ant s ,  
laboratory rodent s ,  and domest i c  a n i ma l s  have shown tha t 
monuron i s  ext ens i vely met abol i z ed and i s  not r e t a i ned i n  
t i s su e s . No ev i d enc e of  t eratogeni c  or  mutage n i c act i vi t y  
h a s  been r eport s .  

Monuron h a s  c a u s ed exc e s s  t umor s  i n  exper i mental s t ud i es i n  
rodent s  and i s  the r e fore c l a s sed a s  a n  ani ma l c a rc i noge n . 
The c arc i nogen i c  pot ent i a l  o f  monuron i s  c urrently under 
eva luat i on by the Env i ronmen t a l  Prot ec t i on Agency . 

No epi demi olog i ca l  stud i es w i th work e r s  have been performed 
t o  a s s e s s  the extent of  human exposure a s soc i a t e d  w i th the 
u s e  of  monu ron . As i s  a l ways the c a s e , exposure c an be  k ept 
at a low l evel by c a r e f u l  adherenc e to appl i cat i on i n s t ru c 
t i on s . The e x t r eme ly sma l l  s c a l e  of  monu ron u s eage b y  BPA 
m i n i m i z e s  any rea l or apparent threa t to hea l th . 

The envi ronmental f a t e  o f  monuron h a s  been s t ud i ed under a 
va r i ety o f  laborat ory and f i e l d  cond i t i on s .  Mi crob i a l  
d egradat i on i s  the p r i mary f ac tor r e spon s i b l e  for the 
reduc t i on o f  monu ron concentrat i on s  i n  s oi l s .  Th e ext ent of  
s o i l adsorp t i on i nc r ea s e s  as  c l ay a nd/or organi c  matter  
i ncreas e .  Leach i ng i s  not a n  i mportant rou t e  o f  l o s s except 
in s andy s oi l s .  Lo s s e s  by volat i l i za t i on a nd photodecompo
s i t i on a r e  negl i g ibl e .  Monuron i s  su f f i c i en t l y  per s i stent  
that phytot ox i c i ty w i l l  be reta i ned at l ea st one  s eason,  and 
long er  a t  h i gh e r  rat e s  of  appl i cat i on .  

U s e  of  monuron a s  i nd i cated on the pest i c i d e  l abel  and i n  
l i mi t ed quant i t i e s a t  substat i on s  r e su l t s i n  a low degree of  
hazard t o  per sonne l ,  the publ i c ,  a nd the envi ronment . 
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P I CLORAM 

P i c l oram i s  the common name of  4-am i n o- 3 , 5 , 7-tri ch l oropi co
l i nic  ac i d .  Tordon i s  the name o f  the p i c loram-c ont a i ning 
herb i c i d e  tha t i s  marketed by th e Dow Chem i c a l  Company , 
Mi dl and , Mi ch i gan . Tordon l OK pellets  ( EPA Reg . No . 
464- 3 2 0AA- 2 6 4 ) i s  formulated for soi l appl i ca t i on for 
c ontrol o f  unde s i rable woody plant s . The herbi c i de conta ins 
1 1 . 6  percent pi c loram as  the pota s s i um salt . Tordon 1 0 1  
( EPA Reg . No . 464-306AA-264 )  i s  a m i xture conta i n i ng 
p i c loram and 2 , 4-D . The tri i s opropanolami ne sa l t s  o f  
p i c loram and 2 , 4-D cons t i tute 1 0 . 2  and 3 9 . 6 perc ent o f  the 
herbi c i de . A separat e ba ckground statement has been 
prepared for 2 , 4-D . 

Pi c loram i s  a whi t e  powder wi th a ch lor i ne-l i k e odor at room 
t emperature . Chemical  decompos i t i on occur s be fore me l t i ng 
( a t  approx i mat ely 2 1 s 0c ) . Th e vapor pressure o f  p i c loram 
i s  6 . 16x l o- 7  mm Hg at 3 s0c and l . 0 7x 10-6 mm Hg at 4 S0c . 
The solub i l i ty o f  pi c loram ( grams per 1 00 ml solvent ) i n  
ac etone , ac etoni tri le , benzene , and methylene ch lor i ne i s  
1 . 9 8 ,  0 . 1 6 ,  0 . 0 2 ,  and 0 . 0 6 ,  re spect i vely . The l i mi t o f  
water solubi l i ty o f  p i c loram i s  0 . 043 g / 1 0 0  m l  ( or 430  ppm ) . 

Ac t i on i n  Vegetat ion 

As a pota s s i um salt ( Tordon l OK )  ( EPA Reg . No . 4 6 4-3 20AA-
2 6 4 ) , p i c loram i s  ef fect i ve aga i n s t  shrub s ,  ha rdwood s ,  and 
c oni fer s .  Wh en m i xed w i th 2 , 4-D and formulated as Tordon 
101 ( EPA Reg . No . 464-306AA- 2 6 4 ) , the herbi c i de i s  e f fec t i ve 
agai nst  annua l and perenn i a l  broadlea f weeds and woody 
plant s ( shrubs , ha rdwood s ,  and coni fer s ) . 

P i c loram i s  readi ly absorbed by both foli age and root s .  It  
is  trans located in the ph loem and xylem . Si gns  o f  phyto
toxi c i ty are promi nent in l eave s ,  wh i ch deve l op i r regu
larly . The t i ps o f  new leave s may deve lop i nto extens ions 
of the m i dr i b  and th i ckening of the mesophy l l . Leaves may 
become pucke red , cupped , or stunted . Ti s su e  growth along 
the s t em may occur . Crack i ng or sp l i t t i ng o f  the s t ems and 
deteri ora t i on o f  root s may be ob s erved be fore th e plant di e s  
( Ashton and Cr a f t s  1 9 7 3 ) . Pi c loram i s  c l a s s ed a s  a 
aux i n-l i k e , growth-i nhibi t i ng herbi c i de . 

Pi c loram i s  remarkably s table  i n  plants . Sharma and Va nden 
Born ( 1 9 7 1 )  found l e s s  than l percent of the tot a l  dos e 
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appl i ed t o  Canada thi st l e , s oybea n ,  and corn to b e  d egraded 
to c arbon d i ox i d e  i n  2 0  day s . 

Ut i l i zat i on by BPA 

P i c loram ( Tordon ) i s  u s ed by BPA on ri ght s -o f -way and a t  
s ubstat i on s  i n  noncrop areas  for t h e  management o f  woody 
spec i e s  ( shrubs and tree s ) .  BPA u s e d  on the avera g e  the 
e qu i va l ent o f  3 , 4 2 6  pound s of p i c loram ( act i ve i ng r ed i ent ) 
p e r  year s i nc e  1 9 7 8 . Non e  i s  propos ed for u s e  i n  1 9 8 3 . 

Tordon l OK i s  u s ed on r i ght s-o f-way and a t  s ubstat i on s  where 
woody pl ant s a r e  a nui sanc e . I t  i s  appl i ed by portabl e 
spr eade r s  onto the soi l s u r f ac e  beneath the t arg et vegeta
t i on a t  any t i me the soi l i s  not frozen .  Ef fect i ve appl i 
c a t i on r a t e  o f  p i c l oram ( ac t i ve i ngredi ent ) i s  be tween 2 60 
a nd 1 , 0 80 mg/m2 . 

Tordon 1 01 i s  u sed t o  c ontrol weed s  and woody plant s on 
r i ght s-of-way and at substa t i on s . The herbi c i de i s  app l i e d  
a s  a h i gh-volume , g round-ba sed broadcast spray , a s  a 
d i rected ( spot ) spray , a s  a n  a e r i a l  trea tment broadca s t  by a 
h e l i copter , or w i th s i ng l e- s t em and cut- s t ump t re atment 
devi ce s . Appl i ca t i on i s  made a ft er fol i a g e  i s  wel l  
developed , but wh i l e weed s a nd brush a r e  act i vely g r ow i ng . 
Di lut i on ( w i th wat e r ) and broadca st app l i ca t i on rat e s  
provi d e  a n  e f fect i ve appl i cat i on r a t e  o f  p i c loram ( ac t i ve 
i ngr e d i ent ) between 5 6  a nd 1 6 8  mg/m2 . When appl i ed 
d i rec t ly t o  s i ng l e  stems or c u t  stumps , d i lut i on y i e ld s  6 0  
a nd 2 40 grams/ l i te r  p i c loram and 2 , 4-D , r e spec t i ve l y . 

Chem i c a l  Fa t e  and Di s t r i but ion i n  the Env i ronment 

Soi l 

Lo s se s  o f  p i c loram f rom soi l were measured by Gor i ng e t  a l . 
( 1 96 5 ) . Los se s  rang i ng f rom 5 8- 9 6  percent occurred wi th i n  
one year a nd 7 8  t o  1 00 perc e nt w i th i n  t wo year s . At t wo 
l ocat i on s , h i gh e s t  concentrat i on s  wer e  found i n  the upp e r  
3 0 . 5  cm  o f  soi l a nd d e t ec tabl e  amount s w e r e  recovered a t  
soi l depth s o f  1 2 1 . 9  cm  below the soi l s u r fac e . S i m i l a r  
observat i on s  have been made by Keys and Fr i e sen ( 1 9 68 )  a nd 
S c i fre s e t  a l . ( 1 9 6 9 ) . 

I f  r a i nf a l l  occ u r s  short ly a ft e r  p i c loram appl i ca t i on ,  
s i gni f i cant  amount s may be  r emoved f rom treated a r e a s  by 
s ur f a c e  runof f .  In one c a s e , p i c l oram was appl i ed a t  a r a t e  
o f  1 . 1 2 k g /ha . Heavy ra i nfa l l  t w o  days lat e r  r e s u l t e d  i n  
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conc entra t i on s  of  2 6 . 2  to 8 9 . 7  ppb p i c loram i n  runof f 
wat e r . Ei ght month s a f t e r  t r eatment , runo f f  wat er cont a i ned 
less  than l ppb . 

P i c loram ha s l ow v apor pr e s sure a nd i s  not lost  t o  a s i g
n i f i cant ext ent from soi l by volat i l i zat i on ( Young son e t  a l .  
1 9 6 7 ) . 

Pi c loram can be e a s i ly l eached fr om soi l by heavy r a infa l l  
and i s  very per s i s tent duri ng i t s  downwa rd movement i nt o  th e 
soi l co lumn ( Hamaker e t  a l . 1 9 6 3 ,  c i ted i n  Foy 1 9 7 6 ) . 

Mi n i ma l  soi l adsorpt i on of  pi c loram occur s u nder  neu t r a l  or 
a lka l i ne cond i t i on s  i n  s andy loam so i l . Ad sorpt i on i n
crea s e s  wi th decrea s i ng pH , i ncrea s i ng organ i c  mat t e r , and 
i ncrea s i ng l evel s of hydr a t ed i r on a nd a lumi num ox i de s  
( Hamak er e t  a l . 1 9 6 4 , c i t ed by Foy 1 9 7 6 ) . 

Nonbi olog i ca l  ch em i ca l  breakdown of  p i c l oram occ urred i n  
soi l a t  h i gh soi l :herb i c i d e  rat i o s  ( 1 0 : 1 )  ( Hanc e 1 9 6 9 ) . 

S t e r i l i za t i on of  soi l e l im i na t ed p i c loram degrada t i on i n  
so i l . Con s i derabl e va r i ab i l i ty i n  the extent o f  de gradat i on 
wa s found i n  a s er i e s  of  natu r a l  s oi l s  and i n  pure c u lture s 
of a va r i ety of soi l organ i sm s . Increa s i ng t empe r a t u r e  and 
organ i c  matt e r  i ncrea s ed the r a t e  of p i c loram dec ompo s i 
t i on . The amount s degraded were very sma l l  i nd i c at i ng tha t  
the herbi c i de wa s not u t i l i zed a s  a n  e nergy s ourc e .  Af t e r  
one yea r ,  80 t o  9 7 . 5  percent of  rad i oac t i vi t y  wa s pr e sent a s  
the parent compound ( Young son e t  a l .  1 9 6 7 ) . 

The per s i s t ence  of  p i c loram i n  no rthwe s t  soi l s  h a s  been 
s t ud i ed by Nor r i s ( 1 9 71 ,  1 9 7 2 ,  1 9 7 3 ,  1 9 74 ,  1 9 7 5 ,  1 9 7 6 ,  a nd 
1 9 7 9 ) . The se stud i e s  wer e  condu c t e d  t o  eva luat e the f a t e  of 
s el e c t ed h e rb i c i de s  u s ed i n  BPA vegetat i on management pro
grams . Chem i c a l s  stud i e d  i n  add i t ion t o  p i c l oram i nc luded 
2 , 4-D a nd d i c amba . Te st s i t e s  were chosen t o  repr e s ent 
typ i ca l  s e t t i ng s  whe r e  chem i c a l  vegetat i on management wa s 
prac t i c ed . The u s e  of p i c loram r e su l t ed i n  detectab l e  s o i l 
r e s i dues  i n  l i t t er and upper soi l l ayer s but i t  wa s not 
found below the 1 8- i nch l evel of  the soi l prof i l e . The 
re s i du e s  were detectab l e  for pe r i od s  up t o  thr e e  year s .  

At Re ston-Fa i rvi ew,  Car son Tap , a nd Long v i ew-As t ori a ,  s o i l 
samp l e s  were collected  f i ve or s i x  month s a f t e r  To rdon 1 0 1  
appl i c at i on a t  rates  o f  t wo g al lons/acr e . Herbi c i de re s i 
dues were u su a l ly found i n  s u rfac e l i t t e r  or the 0 - t o  6-
i nch soi l l ayer . In one c a s e , r e s i du e s  of p i c loram we r e  
detected i n  the 6 - t o  1 2 -i nch l aye r . The amount pre sent i n  
soi l a t  lower d epths was l e s s  than the amount a t  the 
surfac e . The two lowe s t  laye r s  cont a i ne d  no pi c loram 
re s i due s .  When these three s i t e s  were s ampl ed about a year 
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later  ( 1 6 t o  1 8  months post spray ) ,  the r e s i due l e ve l s ,  i n  
nearly a l l  cas e s , were s i mi l a r  t o  tho s e  measured a t  s i x  
month s po st spr ay ( Norri s 1 9 7 2 ) . Some r e s i due l eve l s  a t  
Re ston-Fa i rvi ew apparent ly were h i gh e r  i n  the upp e r  l i t t er 
l ayer i n  the s ec ond s e t  o f  s o i l  t e st s .  No e v i denc e  o f  
l each i ng wa s obt a i ned . A th i rd s e t  o f  long-t erm s ampl e s  wa s 
obt a i ned 2 4  month s post spr ay a t  Re st on-Fa i rvi ew and 2 5  
month s post spray a t  Longvi ew-Astor i a  ( Norri s 19 7 3 ) . ( Th e  
Car son Tap s i t e  wa s r e sprayed i n  1 9 7 2  a n d  was , th ere f ore , 
not sampled  i n  1 9 7 2 . ) Two o f  thr e e  l i t t e r  samp l e s  a t  
Re s t on-Fa i rvi ew c onta i ned d e t ec tabl e ( 0 . 0 2 a n d  0 . 0 5 ppm ) 
p i c l oram . None wa s pre s ent a t  Longvi ew-Astori a .  Ana lys i s  
o f  s oi l t o  d epths o f  3 0  i nch e s  provi ded no evi dence o f  
l ea ch i ng ( not s u rpr i s i ng s i nc e  l eve l s i n  upp e r  soi l l eve l s  
were very l ow ) . Only th e Re ston-Fa i rvi ew s i t e  was s ampl ed 
i n  May 1 9 7 3  ( three year s post spray ) .  At tha t  t i me , p i c l oram 
r e s i du e s  were no l ong er d e t ec table i n  l i t t er or  s o i l ( No r r i s 
1 9 7 4 ) . The r e su l t s obta i ned a t  the s e  s i t e s  a r e  quant i t a
t i vely and qua l i ta t i vely s i m i lar  t o  thos e  obt a i ned a t  
l ong-t erm st udy s i t e s  tha t we r e  e s t ab l i shed lat e r  b y  Nor r i s 
( 1 9 7 2 ,  1 9 7 3 , 1 9 7 4 ,  1 9 7 5 , 1 9 7 6 ,  1 9 7 9 ) . 

The per s i st ence o f  p i c l oram i n  Oregon and Wa sh i ng t o n  soi l s  
tha t  had been spr ayed a t  s i mi lar r at e s  ( about t wo g a l l ons/ 
a c r e ) wa s a l so e st ab l i shed . Pi c loram wa s not detected 3 1  
a nd 4 3  months post spray a t  t wo s i t e s  i n  Oregon , b u t  i t  wa s 
detected i n  upper soi l l ayer s ( t o 1 2  i nche s )  5 2  month s 
pos t spray a t  Reedsport-Fa i rvi ew a nd s even month s post spr ay 
at Florenc e Top t owe r . At th e l a t t e r  s i t e , herbi c i d e  wa s 
appl i ed three t i mes betwe en 1 9 6 5  a nd 1 9 70 . Th e l e ve l s  
detected ( t o 0 . 1 5 ppm )  gave n o  i nd i c at i on o f  herbi c i de 
bui ld-up i n  th e s oi l .  Ana ly s i s  o f  s oi l f r om four Wa shi ng t on 
s i t e s  treat ed 2 2  t o  5 8  month s ear l i er d i d  not revea l 
s i gn i f i cant r e s i dues . 

Wat e r  

P i c l oram h a s  s u f f i c i ent mobi l i ty i n  t h e  e nvi ronment that the 
early runo f f  wat er s from treated a r e a s  have frequent ly been 
shown to c ont a i n  det ectable r e s i due s . 

F i r s t  fal l runo f f wat e r s  c onta i ned up t o  7 8  ppb pi c l oram 
f ol low i ng s ummer t r ea tment of 6 7  perc ent of a n  Oregon 
wa t er shed . No r e s i dues  were detect ed i n  runo f f f rom areas  
l e s s  extens i vely t r ea t ed . Af t e r  l a t e  Oc t ober , n o  p i c l oram 
wa s detec t ed ( Norr i s 19 7 1 ) . I n  Cal i forn i a  chapa r ra l , an 
August  appl i ca t i on of one , t wo , and f our pounds/acre  
p i c l oram resulted  i n  f i r s t  runo f f  wat e r  c oncentra t i on s  of  
0 . 1 ,  0 . 5 ,  a nd greater  than 0 . 5  ppm p i c l oram , r e spec t i vely . 
Af t er 1 5  i nche s  o f  r a i n f al l ,  pi c l oram c oncentra t i on s  were 
r educed t o  0 . 01 ,  0 . 0 3 , and 0 . 0 3 ppm ( Gr e en 1 9 70 ) . 
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Wa t e r  that c o l l ec t ed i n  pond s ad j ac ent t o  treated a r ea s  
cont a i ned u p  t o  1 8 4  ppb p i cloram wh en rai nfa l l  occur r ed 
w i th i n  two weeks o f  appl i cat i on ( Ha a s  et a l . 1 9 71 ) . Wh en 
th e f i r st r a i n wa s s i x  week s a f t er the appl i c at i on ,  the 
max i mum pond c oncentra t i on was 2 8  ppb . Dur i ng th e f i r s t  1 0 0  
day s , th e concentrat i on decreased rap i d l y  a n d  stab i l i zed a t  
approx i mat e ly 5 ppb . 

Fo l lowi ng t r eatment o f  a n  80-acre area  w i th one pound/acr e ,  
f i r s t  runo f f  wat e r  cont a i ned 2 9  ppb pi c l oram . Af t e r  f i ve 
month s , det ectable l eve l s  were pr e s ent i n  water 0 a nd 0 . 5  
m i l e s  down s t ream from the s i t e . No pi c l oram wa s det ectab l e  
dur i ng a two-y ear obs erva t i on pe r i od i n  w e l l  wa t e r  f r om 
ad j acent a r e a s  ( Haas et a l . 1 9 7 1 ) . 

The out f l ow o f  a 1 6-acre Oregon watershed c ont a i ned 0 . 2 8 
percent o f  the total  p i c l oram du r i ng the thr e e  year s 
f o l low i ng th e appl i ca t i on o f  p i c l oram a t  two pound s / a c r e . 
The f i r s t  wat er  t o  f l ow from th e wat e r shed cont a i ned 2 0  ppb 
p i c loram . No herb i c i d e  was d e t ec t ed a f t e r  s even months . 
Pi c loram wa s a l s o  appl i ed t o  a d ry s t ream channe l  wh i ch 
repr e s ented 0 . 21 perc ent o f  the a rea o f  the wat er shed . 
Norr i s  et a l . ( 1 97 6 )  conc luded tha t  p i c l oram i n  th e ou t f low 
wat e r  re sul ted pr i mar i ly f r om ma t e r i a l  appl i ed to d ry str eam 
channe l s . 

Herb i c i d e  mon i tor i ng s t ud i e s c onduc t ed by BPA have revea l ed 
l i tt l e  or no contam i nat i on o f  s t reams wh i ch cro s s  treated 
r i ght s-o f-way ( No r r i s 1 9 7 9 a nd previ ou s  report s ) . Wa t e r  i n  
two o f  the s t udy s i t e s  e s tabl i sh ed i n  1 9 7 0  wa s samp l e d  
appr ox i ma t e ly s i x  months a n d  1 6  or  2 4  month s post spr ay . The 
s i t e s  we r e  Car s on Tap and Longvi ew-As t or i a .  No r e s i du e s  o f  
e i ther 2 , 4-D or  p i c loram were f ound i n  water at e i ther  o f  
the two s i t e s . 

In 1 9 7 1 , f our add i t i onal l ong-t erm s i t e s  we re  s e l ec t ed and 
the sampl i ng program wa s ext ended by establ i shment of spray 
i nt erc ept i on d i s c s  to obt a i n  measurement of ch em i c a l  i nput . 
The s i t e s  d e s i gnated Monroe- Cu s t er and Snohom i sh-Bel l i ngham 
were sprayed w i th two g a l lons Tordon 1 0 1 /acre . Wa t e r  
c o l l ec t ed fr om the Snohom i sh-Bel l i ngham s i t e  s e v e n  months 
a f t e r  the spr ayi ng c on t a i ned no d et ectab l e  2 , 4-D and a t r a c e  
o f  p i c l oram . 

Wa t e r  f rom th e Coos Tap Tower s i t e was s ampled i n  a more 
exten s i ve program . No e v i d enc e o f  2 , 4-D or  p i c loram i n  
wat e r  was obt a i ned , i nd i cat i ng that n e i the r l each i ng nor 
surface runo f f of  p i c l oram wa s occur r i ng . At the f ou rth 
s i t e ,  Vantage-Raver , wat e r  w a s  s ampled f r om a spr i ng ,  a U . S .  
Bureau o f  Rec l ama t i on cana l , a creek cros s i ng the r i ght
o f-way , and f rom a domest i c  w e l l . The spr i ng s amp l e  ( one 
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only ) c ontai ned 0 . 00 3  ppm p i c loram i mmed i a t e ly a f t e r  th e 
he l i c opt e r  spray operat i on . 2 , 4 -D was pre s ent i n  three  
c r e ek s ampl e s  and i n  th e sp r i ng water ( 0 . 0 20  ppm ) . No 
p i c l oram r e s i du e s  were detectab l e  i n  any o f  th e oth e r  wat er 
s amp l es t ak en a t  the Va ntage-Raver s i te . S i mi l a r ly , no 
wa t e r  r e s i dues wer e  det ec t ed a t  th e Big Cl i f f -De t ro i t  s tudy 
s i t e two and f our month s a f t e r  Tordon appl i cat i on .  

The s e  mon i to r i ng s tudi e s  showed tha t  trac e  amount s o f  
h e rbi c i de c an enter wa ter  a s  a c ons equenc e o f  spr ay opera
t i on s . The amount s detec t ed do not const i tu t e  b i o l og i c a l ly 
s i gni f i cant exposures  ( s ee Po t ent i a l  Impact on Nont a rg et 
Organ i sm s ) .  

Bu f f er s t r i ps o f  1 0 0  f e et have been shown t o  be  an e f f ec t i v e  
mean s t o  m i n i m i z e  herbi c i d e entry i nt o  s treams . At th e 
Olympia-Port Ang e l e s  s i t e ,  u npr otected c r e ek wat e r  c ontai ned 
0 . 0 1 0  ppm 2 , 4-D and 0 . 00 7  ppm p i c l or am i mmedi a t e l y  a ft e r  the 
spr ay operat i on .  In the a rea i n  wh i ch the bu f f er z one was 
ut i l i z ed ,  no herb i c i d e  wa s detectab l e  in creek wat e r . Af t e r 
2 4  hour s ,  p i c loram was d et ec tabl e i n  wat er a t  both s i t e s ,  
bu t 2 , 4-D wa s pr e s ent on ly i n  wat e r  from the u npro t ec t ed 
c r e ek . The amounts detec t ed ( 0 . 0 0 7  ppm i mmed i a t e ly a f t e r  
sprayi ng to 0 . 00 3  ppm i n  2 4  hour s )  w e r e  n o t  o f  bi o l og i c a l  
s i gni f i c anc e t o  aquat i c  organi sms o r  t o  d owns t r eam wat er 
u s e r s  ( Nor r i s  1 9 7 3 ) . 

A more i ntens i v e  s ampl i ng protocol a l so has been u s ed by 
Nor r i s ( 1 9 7 6 ) . The John Day-Ma r i o n  s i t e  wa s treat ed i n  Ju ly 
1 9 7 6  wi th 2 , 4-D a m i n e  ( s i x  pounds ) and p i c l oram ( one pound ) 
and wat e r  was sampled for  near ly f i ve month s . Herb i c i d e  wa s 
pr e s ent a f t e r  3 0  m i nut e s  i n  l ow c onc entr at i ons ( 0 . 0 44 ppm 
2 , 4-D and 0 . 0 1 5  ppm p i c l oram ) . Af t e r  9 0  mi nut e s , 2 , 4-D 
l eve l s  dropped to 0 . 00 3  ppm and no p i c loram was d e t ec t ab le  
( l e s s  than 0 . 0 0 3  ppm ) . Th e o ther sampl e s  o f  th e s e r i e s  a l s o  
d i d  not c ont a i n  detectabl e h e rb i c i de . The r e s i du e s  l i kely 
resulted  f r om the spray oper at i on i t s e l f . No evi denc e o f  
l ong-t e rm movement o f  t h e  h e rb i c i de f rom t r ea t ed s o i l and 
vegetati on wa s obt a i ned . 

On Ju ly 5 ,  1 9 7 2 ,  a c ontractor ' s  t r uck overt u rned o n  a r i ght
o f -way ac c e s s  r oad near Olympi a ,  Wa sh i ng t on , spi l l i ng 1 , 2 5 0  
g a l lons o f  1 0% Tordon 1 01 i n  Norbak c a r r i er . Al though the 
acc i dent occ u r r ed on a st eep s l ope ( 6 0-90%  s l op e ) ,  80%  o f  t e  
sp i l l ed mat e r i a l  r ema i ned a s  a s ol i d ,  g e l at i nous ma s s  i n  the 
f i r s t  50 feet  of sp i l l . Fol l owi ng c l ean-up , an e s t i ma t ed 2 5  
g a l lons o f  Tordon 1 0 1 r ema i ned on th e spi l l  s i t e , a nd 
r e s u l t ed i n  low-l eve l c ontami na t i on o f  the we l l  wat e r  o f  a 
r e s i denc e near the spi l l  s i t e on the Olympi a-Po rt Ang e l e s  
l i ne ( No r r i s 1 9 7 9 ) . I n  November 1 9 7 4 ,  th e amount o f  
p i c loram i n  u nf i l t e r ed w e l l  wat er was 0 . 1 6 ppm a nd i n  Apr i l  
1 9 7 8  a s i m i l a r  samp l e  c onta i ned 0 . 00 1 6  ppm . The s e  data 
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i nd i cated that p i c loram wa s a pe r s i st ent c ontami nant i n  the 
wat e r  supp ly as a resu l t  of th e acc i dent . Cha rcoa l f i l t ra
t i on wa s u s ed t o  r educe the amount in wat e r  in one c a s e  f r om 
0 . 0 0 0 3 3 4  ppm ( . 3 34  ppb ) t o  0 . 000042 ppm ( . 04 2  ppb ) ( l e t t e r  
o f  August  1 ,  1 9 7 8  - No rr i s t o  Gr a s s e l ) .  

Ai r 

Vo lat i l i zat i on i s  o f  m i nor i mport ance i n  the r educ t i on o f  
soi l leve l s  o f  p i c l oram . Some p i c l oram may b e  degraded 
du r i ng a e r i a l  appl i cat i on by photodecompos i t i on .  S t ud i e s o f  
photodecompo s i t i on on soi l s u r f a c e s  and i n  wat e r  have amply 
demonstrated that sunl i ght can supply s u f f i c i ent energy t o  
degrade p i c loram ( Newton and Do st 1 9 81 ) . The quant i tat i ve 
s i gn i f i cance o f  these t r a n s f ormat i ons i s  ne i ther k nown nor 
ha s it been autho r i tat i ve l y  e s t i mated . 

Ch em i cal Tox i cology i n  An i ma l s  a nd Humans 

Acute  E f f e c t s  

Pi c loram has  a l ow o rder  o f  a c u t e  oral  t ox i c i ty i n  a n i ma l s . 
Th e acute o r a l  LDS O i n  th e ra t i s  8 , 2 0 0  mg /kg . I n  m i c e , the 
LDS O  i s  w i th i n  the range of 2 , 000  to 4 , 0 0 0  mg/kg . Th e 
approx i ma t e  LDS Os  i n  rabb i t s ,  g u i nea  pi g s , and ch i ck s  a r e  
2 , 0 0 0 , 3 , 0 0 0 , and 6 , 000  mg/kg . Th e LDS Os o f  p i c l oram a r e  
g r eat e r  tha n 1 , 000  mg/kg i n  sheep and grea t e r  tha n 7 5 0  mg /kg 
i n  c a t t l e  ( WSSA 1 9 7 9 ) . 

Inha l at i on o f  p i c loram d u s t s  may be i r r i tat i ng but i s  not 
l i k ely to cau s e  i l lne s s  ( WS SA 1 9 7 9 ) . 

The LDS O f o r  r abb i t s  r e sult i ng f r om sk i n  app l i c a t i on 
great e r  than 4 , 000 mg/kg ( the  hi gh e s t  l eve l t e st e d ) . 
s k i n  i r r i tat i on ,  but no s k i n  s ens i t i zat i on ,  has  b e en 
ob s erved i n  human s .  Sk i n  abso rpt i on i s  " not l i k e l y "  
1 9 7 9 ) . 

i s  
M i ld 

( WS SA 

Mode rate  eye i r r i tat i on whi ch h e a l s  r e ad i ly i s  l i s t ed a s  a 
hazard i n  WSSA ( 1 9 7 9 ) . No c ornea l i n j u ry i s  l i k e l y  ( WS SA 
1 9 7 9 ) . 

Nau sea may r e s u l t  f r om i ng e s t i on o f  ma s s i ve amount s o f  
p i c l oram ( WS SA 1 9 7 9 ) . 

I n  one method o f  i nterpr e t i ng t ox i c i ty data , i t  i s  p r e s umed 
that acute ( LDS O )  tox i c  dos e s  for rat populat i ons a r e  
s i m i lar  t o  that f or human popul a t i ons . Gi ven a n  LDS O o f  
8 , 2 0 0  mg/kg for rat popu l a t i on s , i t  i s  pre sumed that  the 
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LD5 0 dose o f  p i c l oram ( ac t i ve i ngredi ent ) for a popu lat i on 
o f  16 5-pound humans wou l d  be 21 . 7  ounc e s  ( 0 . 1 3 1  ox/lb ) . 

Chroni c E f fects  

Ni nety-day s t ud i e s  in  rat s u s i ng d i et s  c ont a i n i ng up to  
1 , 000  ppm produced no i l l  e f fect s ( Mccol l i s t e r  and Leng 
1 9 6 9 ) . Two-y ear f eed i ng s t ud i e s i n  rats  a nd beag l e  d og s  
resulted  i n  da i ly exposures  o f  1 5  t o  1 5 0 mg/kg . No adver s e  
e f f e c t s  were d etect ed w i th r e spec t t o  we i ght g a i n ,  f ood 
consumpt i on ,  behavi or , mortal i ty ,  hematology , and c l i n i c a l  
ch emi s t ry ( b lood and u r i ne ) . 

On the bas i s  o f  the above s t udy , Do s t  ( 1 9 8 3 )  c ons i dered 
80  mg/kg/day t o  be the n o-e f f ec t  reproduc t i v e level f or 
p i c loram i n  a worst-case  a nalys i s  o f  env i r onmenta l e xposu re . 

Over  90  perc ent o f  a dose  o f  1 4c-c a rboxy p i c loram ( 9 7 ppm 
i n  d i et ) wa s e l i m i nated wi thi n 48 hou r s  o f  the feed i ng .  
Ti s sues d i d  not accumula te th e herbi c i de and d ecarboxyl a t i on 
wa s not a n  i mportant d e gradat i on proc e s s  ( Mccol l i s t e r  and 
Leng 1 9 6 9 ) . Mcco l l i ster and Leng ( 1 9 6 9 )  sugg e s t ed that 
rap i d  c l earanc e and e l i mi na t i on i n  u r i ne mi n i mi z ed p i c loram 
metabol i sm i n  l i ver . 

The repr oduct i on t ox i c i ty o f  p i c loram was s t ud i ed ( Thompson 
et a l . 19 7 2 )  i n  rat s g i ven 5 0 0 , 7 5 0 ,  and 1 , 000  mg/kg on days 
6-1 5 o f  g e s t at i on . Twenty- f i ve r a t s  were k i l l ed and stud i ed 
for fetal  abnorma l i t i e s ,  and ten  were a l l owed t o  de l i ver  
pups wh i ch were  s t ud i ed f or postnatal  e f f ec t s . Ten mate rnal 
deaths oc cur red at the hi gher dosag e s , and i n  the g roup held  
f or postnatal ob s ervat i on f or materna l d eaths a t  the  h i gher 
dosag e s . Ev i d enc e o f  delayed deve lopment of th e f e t u s e s  but 
no t eratogeni c ac t i vi ty was a s soc i ated w i th the h i gher  
dosage s .  No  po stnatal e f fect s were  observed ( Thompson e t  
a l . 1 9 7 2 ) . 

An ear l i e r three-genera t i on s t udy wa s conducted u s i ng a 
l ower dose and long er exposu r e  pe r i od . Four  ma l e  and 1 2  
f ema l e  rat s were g i ven 1 5 0 m g  p i c l oram/kg/day beg i nn i ng 2 8  
days be fore the f i r s t  ma t i ng . No e f f ec t  o n  reproduc t i ve 
capac i ty was d e t ec t ed ( Mcco l l i ster a nd Leng 1 9 6 9 ) . Some 
s t i l lbi rths in the f i r s t  generat i on and reduc ed f e rt i l i ty i n  
the s econd g enerat i on were obs e rved but the i r  i nc i denc e  was 
not related t o  dos e . 

In a mutagen i c i ty s c r e en o f  1 1 0 herbi c i de s , Ande r s on et a l . 
( 1 9 7 2 ) f ound tha t p i c loram d i d  not produce po i nt mut at i on s  
i n  e i ght h i s t i d i ne-requ i r i ng s tr a i ns . 

Ca rc i nogen i c i ty stud i e s  have been pe rformed a s  pa rt  o f  
long-t erm f e ed i ng exper i ment s by the manu facturer and l a ter 
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as e l ement s o f  work o f  the Na t i onal Cancer I n s t i t ut e . The 
result s o f  two c a r c i nogeni c i ty stud i e s  f a i l i ng to 
d emonstrate i nc r eased t umor i nc i denc e have r e c ent ly been 
dec l ar ed i nva l i d  by EPA , and a th i rd test h a s  been f ound to 
have s er i ou s  d e f i c i enc i e s .  E PA h a s  ord ered th e t e s t s  t o  be  
repeat ed . In an unrelated s t udy , no evi denc e o f  i ncreased 
t umor i nc i denc e was obt a i ned a t  d o s e s  o f  1 5 0  mg/kg /day f ed 
t o  rat s ( NRC Canada 1 9 7 4 ) . 

F i fty m i c e  a nd 5 0  r a t s  o f  e ach s e x  were u s ed a t  t i me
wei ght ed average doses  of 5 , 06 2  and 2 , 5 3 1 ppm i n  th e mou s e  
d i et s  a nd 1 4 , 8 7 5  and 7 , 4 3 7  ppm i n  th e r a t  d i et s .  Th e rats  
and m i c e  were exposed t o  th e proc edu r e  f or 80  week s .  They 
were necrops i ed a f t er an addi t i ona l 3 3  and 1 0  week s ,  
r e spec t i vely . An i ncrease  i n  thyroi d  adenomas (beni gn 
g l andu lar t umor ) i n  r a t s  was not s t at i s t i cal ly s i gn i f i c ant , 
and the e f f ec t  was not obs e r ved i n  m i c e . A s i gni f i cant 
i nc r e a s e  in n eopla st i c  ( t umorou s )  nodu l e s  was obs e rved i n  
f ema l e  rat s . I t  wa s conc luded tha t  p i c l oram wa s not 
carc i nogen i c  i n  m i ce or i n  ma l e  rats . Hi gh s u sta i ned d o s e s  
o f  p i c l oram c o u l d  i nduc e ben i gn tumor s i n  f ema l e  rat s ( Inne s 
et a l . 1 9 6 9 ) . 

Pot ent i a l  Impact on Nontarg et Organ i sms 

Veget at i on 

Pi c loram i s  a pot ent herb i c i d e  f or g eneral woody plant 
control  and control of mos t  a nnua l  and perenn i a l  broad l e a f  
weed s . Most g r a s s e s  a r e  r e s i s tant , mak i ng i t  f ea s ib l e  t o  
control broad l e a f  weed s i n  gra s s  crops . Broad lea f crops a r e  
s en s i t i ve e xc ept Cr uc i f erae ( e . g . , c abbage , bru s s e l  sprout s ,  
and broccol i ) . 

Fo l i age a nd bark s amp l e s  f rom Bonnev i l l e-Th e  Da l l e s  l i ne 
( between s t ructures  3 / 5  and 3/ 7 )  were col l e c t ed from damag ed 
t r e e s  o f f  th e r i ght -of-way . Th e f o l i age of damaged t r ees  
cont a i ned pi c loram { up t o  6 . 9  ppm ) . Th e degree o f  damag e 
was r e l a t ed t o  the ext ent o f  herb i c i d e  c ontami nat i on . Th e 
u l t i mat e source o f  pi c l oram was not estab l i shed a l thou gh 
p i c loram had b een u s ed on th e r i ght-of-way . It  was sp ecu
lated that e i ther t r e e -t o-tr e e  trans f e r  v i a  root gr a f t s  or 
runo f f  may have been r e spon s ib l e  for th e damag e ( Nor r i s 
1 9 7 5 ) . 

Doug l a s-f i r  s eed l i ng s  were d amaged by r e s i du a l  p i c loram i n  
s o i l r e su l t i ng from To rdon 1 0 1  spray i ng ( 1 . 5  g a l lons/acr e ) . 
The s eed l i ng s were p l anted about 1 8  month s a f t e r  the spr ay
i ng and f ol i ag e  wa s sampled a mon th l a t e r . Soi l c ont a i ned 
0 . 0 8 ( under heavy l i t t er ) and 0 . 3 3 ppm ( bare s o i l )  p i c loram 
and f ol i ag e  cont a i ned 0 . 1 1  to 0 . 1 7 ppm . Damag e wa s not 
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severe on most t r e e s  a nd the d i str i but ion o f  damaged t r e e s  
wa s i r regular ( Norri s 1 9 7 2 ) . 

F i sh and Aquat i c  Organi sms 

P i c loram ha s a l ow ord e r  of a c u t e  t ox i c i ty t o  f i sh a nd other 
aquat i c  organ i sm s . LC 5 0 s  for p i c l oram a c i d  a nd i t s  i mpor
t ant s a l t s ( i nc l ud i ng pot a s s i um a nd t r i i sopropanolami ne ) 
have been measured i n  a var i ety o f  f i she s .  The 2 4 -hour 
LC50s of the pota s s i um s a l t  i n  h a r l equ i n  f i sh ,  channel 
c at f i sh ,  and blueg i l l  were 6 6 ,  41 , and 69  ppm , r e spec
t i vely . Th e 2 4-hour LC50 o f  the t r i i sopr opanolam i ne s a l t  
wa s 2 9 7  ppm i n  r a i nbow trout ( Foy 1 9 7 6 ) . 

Some aquat i c  i nvert ebrates  have b e en t e st ed for s en s i t i v i ty 
t o  p i c loram . Stone f l y  nymph s were k i l l ed at h i gh c oncen
t r at i ons w i th a n  LC50 o f  120 ppm . Th e 4 8-hour LC 50 i n  
amph ipod s was 4 8 , 000 ppm ( we l l  above the solub i l i t y  l i m i t ) . 
Daphn i a  were not a f fected i n  2 4-hour t e s t s  a t  3 80 ppm but 9 5  
perc ent were k i l l ed a t  5 3 0  ppm ( Foy 19 7 6 ) . Ea s t e r n  oys t er s  
expos ed t o  l ppm p i c l or am f or 4 8  hou r s  d i d  not show any 
adver s e  e f fect s on she l l  growth ( Pi ment e l  1 9 7 1 ) . 

The anima l s  i n  an aquat i c  m i cr ocosm cons i s t i ng o f  a lgae , 
Daphn i a ,  gupp i e s ,  and g o ld f i sh were  not a f fected  by a 
t en-week exposure t o  l ppm p i c loram ( Foy 1 9 7 6 ) . 

Woodwa rd ( 1 9 7 6 )  ha s shown that low conc entrat i on s  o f  
p i c loram c an r educe surviva l  a nd gr owth o f  l ak e  t r ou t  fry . 
Cont i nu a l  exposure  t o  concentrat i on s  o f  0 . 0 3 5  ppm began 1 0  
d ays be fore hatch i ng a nd c ont i nued f o r  60  d ay s  a f t e r  
hatch i ng . The r e s u l t s  i n d i c a t e  that the t ox i c  th r e shold for 
ear ly l i f e stages  i s  cons i d er ably l e s s  than a c u t e  t ox i c i ty 
thr e shol d s  for mat u r e  f i sh .  Cont i nu a l  exposure  t o  c oncen
trat i ons as h i gh as 0 . 0 3 5  ppm i s  unl i k ely d u e  to the l i m i t ed 
movement o f  p i c loram from s o i l t o  wat e r . 

Subs equent t e st i ng on cutthroat t r out fry r eport ed by 
Woodwa rd ( 1 9 7 9 ) f ound a s ubstant i a l ly h i gher  no-e f f e c t  
l evel ; no chang e s  i n  f r y  s u r v i val  or  growth w e r e  d et e c t ed a t  
s i mu l ated f i e l d  exposur e s  beg i nn i ng at 0 . 2 9  ppm a nd d ecreas
i ng t o  0 . 0 4 8  ppm over a 6 0 -d ay per i od . Woodward ( 1 9 7 9 )  
conc luded tha t p i c loram shou l d  b e  u s ed i n  a manner  tha t  
e n s u r e s  s t ream r e s i dues  do  n o t  exc eed 0 . 2 9 ppm d u r i ng the 
f i r s t  s ubs equent ra i nf a l l a f t e r appl i cat i on . 

W i ld l i f e  

Con s i s t ent w i th i t s  l ow ord er o f  mamma l i an tox i c i ty ,  
p i c l oram exh i b i t s  l ow tox i c i ty t o  b i rd s  ( WS SA 1 9 7 9 ) . 
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Japanese quai l a nd bo bwh i t e qua i l  were  fed d i et s  cont a i n i ng 
from 1 0 0  t o  1 , 0 0 0  ppm but  i n s u f f i c i e n t  k i l l  wa s obt a i ned t o  
e s t abl i sh a n  L C 5 0 . Th e LD5 0 was g r e a t e r  than 2 , 0 0 0  mg/kg i n  
young ma l l a r d d u c k s  and you ng ph ea sant s when p i c l or am wa s 
adm i n i s t e r ed i n  c apsul es . Th e d i etary LD5 0s were g r eat e r  
than 5 , 0 0 0  ppm t o  duck s and ph ea sa nt s ( Pi ment e l  1 9 7 1 ) . 

Li v e s t ock and Pou l t ry 

Mi lk of  c ows cont a i ned 0 . 0 5 t o  2 . 0  ppm p i c loram a f t e r they 
had been f ed d i e t a ry l e vel s o f  up t o  1 , 0 0 0  ppm p i c l oram 
( 1 8 mg/kg/day ) f or two week s . Th e r e s i due l ev e l s  d r opped t o  
l e s s  than 0 . 0 2 ppm wi thi n two t o  th r e e  days o f  the c e s sa t i on 
o f  the f e ed i ng . Ti ssue  o f  s t e e r s  f ed up t o  1 , 6 0 0  ppm 
r eached a ma x i mum blood l eve l ( 0 . 1  t o  2 . 0 ppm ) a f t e r  thr e e  
days o f  f e ed i ng . Co r r e spond i ng l evel s w e r e  0 . 0 5 t o  5 . 0 ppm 
i n  musc l e  and fat , 2 t o  1 8  ppm i n  k idney , and 0 . 5  t o  2 . 0  ppm 
i n  l i v e r . Th r e e  days a f t e r p i c l oram w i thdr awal , the k i dney 
l e ve l wa s 0 . 1  ppm and a l l  oth e r s  we r e  0 . 0 5 ppm or l e s s . 
Re su l t s  o f  l i mi t ed do se-r e spon s e  s t ud i e s  i nd i c a t ed that 
d i e t a ry l e v el s o f  200  to 400 ppm we r e  r equ i r e d  to prod uc e 
r e s i d u e s  o f  0 . 0 5 t o  1 . 0 ppm i n  e d i b l e  t i s su e  ( Ku t ch i n s k i  
1 9 6 9 ) . 

Th e r eproduc t i ve s u c c e s s  o f  hens a nd c ock e r e l s  was not 
a f f ec t ed by spra yi ng eggs wi th p i c l oram ( Som e r s  et a l . 1 9 7 8 ) . 

Re c en t  Developm e n t s i n  Tox i c i ty Te s t i ng 

Cons i derab l e  publ i c  con t r ove r s y conc e rn i ng the u s e  o f  
p i c l oram wa s pr ompted by a 1 9 81 pape r ,  " Ca rc i nogen i c i t y of  
P i c l oram"  ( Reub e r  1 9 8 1 ) . I n  the subsequ ent  i s s u e  o f  the 
Jo u r nal  o f  Tox i c o l ogy a nd En v i r onmen t a l  Hea l th , i n s t i t u t i ons 
wi th wh i ch Doc t o r Re ub e r  had been a s s oc i a t ed d i s c l a i m ed any 
r e la t i on sh i p  t o  the c o n t r o v e r s i a l  manu scr i pt ( An onymou s 
1 9 8 1 ) . Th e s e  event s we r e  r e l a t ed t o  a rt i c l e s  i n  th e publ i c  
pr e s s  wh i ch f oc u s ed much publ i c  c on c e r n  on the sa fe ty o f  
p i c l oram herb i c i d e . 

Th e pr i ma ry a r ea s  o f  pub l i c  c oncern  were the fol l owi ng 
( USEPA 1 98 2 ) : 1 )  p i c loram i s  one  o f  a sma l l  number o f  
pe s t i c i d e s  r e s t r i c t ed f or u s e  by c e r t i f i ed appl i c ato r s ;  
2 )  some o f  the t e s t i ng da t a  s uppo rt i ng p i c l oram ' s  EPA 
r e g i s t r a t i on have b e e n  f o u nd i nv a l i d ;  and 3 )  one s t udy o f  
rat s f ed p i c l or a m  h a s  b e e n  i n t e rpr e t ed by s evera l sc i en t i s t s  
a s  e v i denc e o f  c ancer . J n  Ma y 1 9 8 2 ,  EPA o f f i c i a l ly r e f u t ed 
the se al l e ga t i on s  ( U SEPA 1 9 8 2 ) . Gene r a l  cons i d er a t i on s  
r e lat ed t o  t h e  prope r t i e s and t ox i c i ty o f  p i c l or am were  
not ed . E PA ha s emphas i z ed tha t the  r e s t r i c t ed use  c l a s s i 
f i cat i on wa s a s s i gned due  t o  p i c l oram ' s  h i gh pot ency i n  
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k i l l i ng vegetat i on .  P i c l or am i s  h i gh ly mob i l e  i n  s o i l and 
the r e f or e  can travel to the root s of nont a rget  plant s and 
d amage them . The r e s t r i c t ed-u s e  c la s s i f i ca t i on r equ i r i ng 
c e r t i f i ed app l i cator s i s  t o  m i n i mi z e  dama g e  t o  nonta rget 
vegeta t i on by runo f f  o r  l each i ng :  i t  i s  n ot due to k nown o r  
s u spected hea l th r i sk s .  

The other a l l ega t i on s  r e la t ed t o  pi c l oram u s e  w e r e  r e l at ed 
t o  t ox i c i ty t e s t i ng . Reg i s trat i on of  a pest i c i de pr oduct  
r e qu i r e s  that  th e appl i cant d emonstrate  that  th e proposed 
u s e  wi l l  not pos e  r i sk s  o f  unr e a s onab l e  adve r s e  e f f ect s on 
human h e a l th o r  th e envi r onment . Da t a  on short - t e rm 
t ox i c i t y  t e s t i ng s upport the c u rr en t  r eg i s trat i on . Some 
s tud i e s  on l ong- t e rm ( ch r on i c )  e f f ect s c onducted by 
Indu s t r i a l  B i o-Te s t  ( IBT ) laborat o r i e s  were  found i nva l i d  
d u e  t o  i mpr oper l aboratory pract i ce s . The EPA emph a s i z ed 
tha t  an i nva l i d  st udy doe s not mean tha t  th e chem i c a l  i s  
pos i ng r i sk s , but tha t  th e r e su l t s  c annot be  u s ed t o  
evaluate  r i s k ( USEPA 1 9 8 2 ) . 

Two l ong-t e rm s t ud i e s by the Na t i onal Cancer I n s t i t u t e  ( NC I )  
we r e  not i nvolved i n  the IBT prob lem . One NC I s t udy i n  m i c e  
wa s c on s i d e r ed nega t i ve f o r  canc e r  e f f ec t s . Th e o th e r  s t udy 
i n  rat s wa s c ons i d ered o f  que s t i onab l e  va l u e  d u e  t o  labor a
t ory procedur e s . Beni gn t umor s f ound i n  the s ec ond s t udy 
were c ons i d er ed by some sc i ent i st s  as evid enc e of c a nc e r  
r i sk .  NC I ,  EPA ,  a nd a n  i nd epend ent r e s earch f i rm who 
r e vi ewed th e s t udy d i d  "not r egard i t  ( th e  s ec ond s t udy ) a s  
pr ov i d i ng a n  answer t o  th e c anc e r  r i sk que st i on . " Furth e r , 
EPA not ed , " even i f  th i s  s t ud y  wer e accept ed a s  pos i t i v e  
e v i denc e f o r  pot ent i a l  f o r  i nduc i ng t umor s ,  g i ven the h i gh 
d o s e s  needed t o  produc e th e e f fe c t  and the ve ry l ow 
potent i a l  f o r  human expo s ur e  f r om c ur rent u s e s  o f  p i c l or am , 
e x i s t i ng u s e s  o f  th e produc t wou l d  not pose a s i gn i f i cant 
r i sk of i nc r eased cancer i n  the p opu l at i on "  ( USEPA 1 9 8 2 ) . 

Fina l l y , th e E PA pre s s  r e l e a s e  prov i d e d  the f o l l ow i ng 
summary ( USEDA 1 9 8 2 ) : 

" In s um , the data  on short t erm e f fe c t s ,  env i r on
menta l e f f e c t s  and g ene t i c  muta t i o n ,  a s  wel l a s  one 
NC I c anc e r  s tudy , s upport th e c u r r ent r eg i s t r at i on 
o f  pi c l oram . Th e r eg i s t rant  i s  c onduc t i ng a new 
rat  f e ed i ng s t udy to c l a r i fy the a mb i guou s r e s u l t s  
o f  the s ec ond NCI s tudy . Th e pes t i c i d e  l a w  p l ac e s  
the burden f or t e s t i ng ch emi cal s on the i r  manu fac
ture r ,  and i t  i s  the usual prac t i c e  f o r  i nd u s t ry t o  
undert ake the development o f  the b a s i c  data n e ed ed 
by EPA t o  mak e regulat o ry dec i s i o n s . We have no 
c u rr ent e v i dence that p i c l or am i s  pos i ng r i sk s  o f  
unr ea s onab l e  adve r s e  e f f ec t s t o  human hea lth o r  th e 
env i r onment , a l though more d a t a  i s  n e eded on l ong 
t e rm e f f ec t s to s uppor t  th i s  c onc lus i on . "  
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Ha zard As s e s sment o f  Cu rrent U s e  Pract i c e s  

Pi c loram herbi c i de s  a r e  u s e d  a s  a d i rected or  broadca s t  
appl i cat i on appl i ed wi th gr ound-based and he l i copter  
equ ipment . Spray ad j uvant s wh i ch th i cken the herb i c i de 
f ormu l at i on ,  e . g . , Norbak , are u s ed w i th a e r i al appl i ca
t i on s . Pi c l o ram i s  e f fect i ve for  the control  o f  annu a l  and 
perenn i a l  we ed s , brush , and t r ee s  i n  i t s va r i ous f ormu l a
t i on s . To rdon 1 01 and Amdon 1 0 1  a r e  i mportant produc t s  
wh i ch c ont a i n p i c loram and 2 , 4-D . 

Ba sed upon t es t i ng i n  l aboratory anima l s  and i n  accordance 
w i th the Human Health S i gnal Word Sys t em , p i c l oram h e rb i 
c i de s  a r e  labe l led CAUT ION s i nc e  p i c l oram ha s a l o w  order  o f  
a cute  t ox i c i ty . 

Chronic t ox i c i ty t e s t i ng u s i ng r a t s  and d og s  d i d  not reveal 
ha rm f u l  e f f ect s in two-year s t ud i e s  u s i ng dosag e s  o f  1 5  t o  
1 5 0  mg/kg . Te ratog en i c  a nd r eproduc t i ve s t ud i e s  u s i ng h i gh 
d i etary c oncentrat i on s  ( 3 , 0 0 0  ppm ) we r e  s i m i l a r ly nega t i ve 
( Mcco l l i s t e r  and Leng 1 9 6 9 ) . Ve ry l i mi t ed r eproduc t i ve 
tox i c i ty wa s report ed i n  a lat e r  s t udy ( Thompson e t  a l . 
1 9 7 2 ) . 

Wh en herb i c i d e s  were s c r e ened f or mutageni c a c t i v i ty 
( Ande r s on et a l . 1 9 7 2 ) , pi c l oram d i d  not pr od u c e  po i nt 
mut a t i ons . Ne wton and Do s t  ( 1 9 81 ) s ummar i z ed s t udi� s  wh i ch 
i nd i cat e tha t p i c loram i s  not carci nog eni c i n  rat s and 
m i c e . The s e  observa t i on s , c oupl ed w i th th e f act that 
p i c l oram i s  very rap i d ly abs orbed and excreted by a n i ma l s  
and humans , i nd i ca t e  that p i c l oram h a s  very l ow chron i c  
t ox i c i ty ha zard . Bec a u s e  o f  i nadequa t e  l aborat ory proc e
dures i n  s ome o f  the e ar l i er s t ud i e s ,  EPA has ord e r ed new 
carci nog eni c i ty stud i e s .  

Pi c l oram i s  r e la t i ve l y  per s i st ent i n  s o i l s  s i nc e  phytotox i c  
l e ve l s  can b e  present a year o r  more fol l owi ng appl i c at i on .  
Hi gh org ani c mat t e r , moi s t ure , a nd warm t empe ratures  r educe 
the durat i on o f  act i on o f  p i c l oram s i nc e  the s e  cond i t i on s  
f avor s o i l m i c r oorg ani sms whi ch s l owly d egrade t h e  h e rb i 
c i d e . Photodec ompos i t i on on s u r fac e s  rece i v i ng i nt en s e  
s unl i ght a l so r educ e s  s o i l l eve l s  o f  p i c l oram . Lo s s e s  due 
t o  volat i l i ty a r e  neg l i g i bl e . 

S u r f a c e  runo f f  and l each i ng a r e  both means by wh i ch p i c l oram 
can move from t r eated soi l to wat e r . We l l -dr a i ned ( sandy ) , 
l i ght-t extured s oi l s  and l ow org ani c mat t e r  favor l each i ng . 
Ra i nf a l l  shortly  a f t e r  appl i cat i on can remove up t o  f i ve 
perc ent o f  the herbi c i d e  f r om a wat e r shed . I n  wat er , 
d i lut i on and photod e grada t i on a r e  r e spon s i b l e f o r  the rap i d  
reduct i on o f  p i c loram c oncentr a t i ons . The amount s p r e sent 
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i n  water a t  a ny t i me a r e  not t ox i colog i c a l ly s i gn i f i c ant due 
t o  the low tox i c i ty of p i c loram t o  aquat i c  o rgan i sms . The 
herbi c i de i s  rap i d ly excr e t ed and does not b i oaccumu lat e .  

Nontarget vegetat i on can be  po i soned wi th p i c loram d u e  t o  
i t s  pot ency and h i gh s o i l mob i l i ty .  Tox i c  amount s o f  
p i c loram a l s o  can be  tran s f e r red from s t em i n j ec t ed trees  t o  
a d j ac ent vegetat i on d u e  t o  root g r af t i ng or exuda t i on 
( Newton and Do st 1 9 8 1 ) . Det ectab l e  contam i na t i on o f  
gr oundwa t e r  has a l so r e s u l t ed from acc i dent s ( Norr i s  1 9 7 9 )  
and agr i c u ltural  appl i cat i on s  ( Frank e t  a l . 19 7 9 ; Ghas semi  
e t  a l . 1 9 81 ) . Th ese  obse rvat i ons i l lustrate  the need t o  
ca r e f u l ly contro l the relea s e  o f  p i c loram i n  th e envi ronment . 

Ba s ed on a va i lab l e  i nf ormat i on ,  u s e  o f  p i c l oram a s  i nd i cated 
on the pe st i c i d e  label  and i n  accordanc e w i th gu i d e l i ne s  
d eta i l ed i n  t h e  Transmi s s i on L i ne Ma i nt ena nce S t and ard 
result s i n  a low degree o f  hazard t o  per sonne l ,  th e publ i c ,  
a nd the envi ronment . 

Re f er enc e s  

Ander son , K .  J . , E .  G .  Le i ghty , and M .  T .  Takaha shi . 1 9 7 2 . 
Eva l ua t i on o f  herbi c i d e s  for pos s ib l e  mutagen i c  proper
t i e s . J .  Agr . Food Ch em . 2 0 : 649- 6 5 6 . 

Anonymou s .  1 9 8 1 . 
7 : 20 7- 2 2 2 .  J .  

Er ratum i n  J .  Tox i co l . Envi ron . Hea lth 
Tox i col . Env i r on . Hea lth 7 : 8 5 0 . 

Asht on , F .  M . , and A .  S .  Cra f t s .  1 9 7 3 .  Mod e o f  ac t i on o f  
herbi c i d e s . J .  Wi l ey Inc . ,  Wi ley- Int ersc i enc e , New York . 

Dos t , F .  N .  1 98 3 . An analys i s  o f  human hea l th ha zards  
a s soc i ated w i th s ome herb i c i d e s  u s ed i n  f or e s try . 
Prepa red for the Bu reau o f  Land Manag ement , Oregon Stat e 
Of f i c e ,  Port land . 3 9  pp . 

Foy , C .  L .  1 9 7 6 . P i c loram and r e l a t ed c ompound s .  Chapter 
1 7 . In : Kearney , P .  C .  and D .  D .  Ka u fma n ( ed s . ) .  
Herbi c i d e s : chemi stry ,  d egr adat i on ,  and mode o f  
act i on .  Ma rc e l  Dekk e r , Inc . NY . Vo l .  2 .  pp . 7 7 7 - 81 3 . 

Fr ank , R . , G .  J .  S i ron s ,  and B .  D .  Ripley . 1 9 7 9 . Wa t e r ; 
Herbi c i d e s  contam i nat i on and d econtam i na t i on o f  we l l  
wa t e r s  i n  On ta r i o ,  Canada 1 9 6 9- 1 9 7 8 .  Pest i c i d e s  
Mon i t or i ng Journa l 1 3  ( 3 ) : 1 2 0- 1 2 7 .  

Gha s s em i , M . , L .  Fa rg o ,  P .  Pa i nt er ,  S .  Qu i nd i van , R .  
Scof i e ld , and A .  Takat a .  1 9 81 . Env i ronment a l  f a t e s  and 
i mpac t s  of ma j or forest u s e  product s .  U . S .  Env i ronment al  
Prot ect i on Agency , Of f i c e  o f  Pe s t i c i de s  and Tox i c  
Substanc e s , Wa sh i ngt on , D . C .  

A-1 1 5  



Gor i ng ,  C .  A .  I . , C .  R .  Young son , and J .  W .  Hamaker . 1 9 6 5 . 
Tordon herbi c i de . . .  di sappearanc e from so i l s . Down t o  
Ea rth 2b ( 4 ) : 3- 5 . 

Gr een , L .  R .  1 9 7 0 . Ef f ect o f  p i c l oram and phenoxy h e rb i 
c i des i n  sma l l  chaparra l wat e r shed s . Re s .  Progr e s s  
Report , Western Soc . o f  Weed S c i enc e . Sacrament o ,  CA , 
pp . 24-2 5 .  

Haa s ,  R . H . , C .  J .  Sc r i f e s ,  M .  G .  Merk l e , R . R .  Hahn , and 
G .  O .  Ho f fman . 1 9 7 1 . Oc cur rence and per s i s t ence  o f  
p i c loram i n  na tu ral wat er r e sourc e s . Weed Re s .  1 1 : 54-6 2 .  

Hamaker , J .  W . , C .  A .  I .  Gor i ng ,  and c .  R .  Young son . 1 9 6 4 . 
Unpub l i shed r eport ( a s  s e en i n  Foy 1 9 7 6 ) . 

Hamak e r , J .  w . , c .  R .  You ngson , and c .  A .  I .  Gor i ng , . 1 9 6 3 . 
A p i c ol i n i c  ac i d  deri vat i ve : A p l ant gr owth r egulator . 
Sc i ence , 1 41 : 3 6 3 . 

Hanc e ,  R .  J .  1 9 6 9 . Further obs e rvat i ons o f  the d ecompo s i 
t i on o f  herb i c i d e s  i n  s o i l .  J .  Sc i . Food Agr i . 2 0  
( 3 ) : 1 44-1 4 5 . 

I nne s , J .  R .  M . , B .  M .  U l la nd , M .  G .  Va l e r i o ,  L .  Petruc e l l i , 
L .  Fi shbe i n ,  E .  R .  Ha rt , A .  J .  Pa l l ott a ,  R .  R .  Bat e s , 
H .  L .  Fa lk , J .  J .  Go rt , M .  Kl e i n ,  I .  M i t ch e l l ,  and 
F .  Pet e r s .  1 9 6 9 .  B i oa s s ay o f  pest i c i d e s  and i ndu s t r i a l  
chemi c a l s  f or t umori geni c i ty i n  m i c e : A pr e l i m i na ry 
not e . J .  Nat . Canc e r  Inst . 4 2 : 1 1 0 1 -1 1 1 4 . 

Keys , c .  H . , a nd H .  A .  Fr i e s en .  
p i c l oram act i vi t y  i n  s o i l .  

1 9 6 8 .  Pe r s i s t enc e o f  
Weeds 1 6 : 3 41 - 3 4 3 . 

Ku tchi nsk i ,  A .  H .  1 9 6 9 . Re s i dues i n  m i lk f r om c ows f ed 
4-ami no- 3 , 5 , 6-t r i chl oropi col i n i c  ac i d . J .  Ag r . Food 
Ch em . 1 7  ( 2 )  : 2 88- 2 90 . 

Mcco l l i s t er ,  D .  D . , a nd M .  L .  Leng . 1 9 6 9 . Tox i c ology o f  
p i c l oram and s a f ety eva l u at i on o f  t ordon herb i c i de s . 
Down t o  Earth 2 5  ( 2 ) : 5 - 1 0 .  

Na t i onal Re s ea rch Counc i l  o f  Ca nada . 1 9 7 4 .  Pi c l oram : The 
e f fec t s  o f  i t s  u s e  a s  a herb i c i d e  on envi ronmental  
qua l i ty . Na t i onal Re s ea rch Counc i l  o f  Canada , As soc i a t e  
Comm i t t ee on Sc i ent i f i c  Cri t e r i a  f o r  Envi ronmental  
Qu a l i ty ,  Ot tawa , Rept . NRCC 1 3 684 ,  1 2 8  p .  

Newt on ,  M . , and F .  N .  Do st . 19 81 . Envi ronment a l  e f f ec t s  o f  
vegetat i on management pract i c e s  o n  D . N . R . Forest l ands . 
S t at e  o f  Washi ngton , Dept . o f  Na tural  Re s ou rc e s . 

A-1 1 6  



Nor r i s ,  L .  A .  1 9 71 - 1 9 7 6 ,  1 9 7 9 .  He rb i c i d e  r e s i dues  i n  s o i l  
and wat e r  from Bonnev i l l e  Powe r  Adm i n i s trat i on l i ne 
r i ght s o f  way . Annual r eport s t o  Bonnev i l l e  Power 
Admi ni s trat i on .  

Norr i s ,  L .  A .  1 9 71 . Ch emi c al b rush c ontrol : As s e s s i ng the 
ha zard . J .  For e s t ry 6 9 : 7 1 5 -7 2 0 . 

No r r i s ,  L . A . , M .  L .  Mont gomery , and J .  Wa rren . 1 9 7 6 .  
Leachi ng and per s i st enc e charact eri s t i c s  o f  p i c l oram and 
2 , 4-D on a smal l wa t e r shed i n  s outhwest Or egon . 
Abs trac t 81 , Meet i ng o f  the Weed Sci enc e Soc i et y  of 
Ame r i ca , Feb . 3-5 , 1 9 7 6 ,  Denver , CO . 

Pi ment e l , D .  1 9 7 1 . Ecolog i c a l  e f fe c t s  pest i c i d e s  on non
t a rg e t  spec i e s . Ex ecuti ve O f f i ce o f  the Pr e s i d ent , 
O f f i c e  o f  Sci ence and Technol ogy , Superi nt endent o f  
Docume nt s , U . S .  Govt . Pr i nt i ng O f f i c e , Wa shi ngton , D . C . , 
2 2 0  p .  

Reuber ,  M .  D .  1 9 81 . Ca rc i nogen i c i ty of Pi c loram . 
J .  Tox i co l . Envi ron . Hea l th 7 : 2 0 7-2 2 2 . 

Sc i fr e s , c .  J . , O .  C .  Burns i d e , and M .  K .  McCa rty . 1 9 6 9 . 
Movement and per s i s tenc e o f  p i c loram i n  pa sture  soi l s  o f  
Nebra ska . Weed Sci . 1 7  ( 4 ) : 4 86-4 88 . 

Sharma , M .  P . , and W .  H .  Vande n  Bor n . 1 9 7 1 . E f f e c t  o f  
�!c l oram o n  1 4co 2 -f i xat i on a nd t r ans locat i on o f  

C a s s i m i lates  i n  Canada th i st l e , s oybean and c orn . 
Can . J .  Bot . 4 9 : 6 9-7 4 .  

Some r s , J .  D . , E .  T .  Moran , Jr . ,  a nd B .  S .  Re i nhart . 1 9 7 8 . 
Reproduc t i ve succ e s s  o f  hens and c ockere l s  o r i g i nat i ng 
f r om eggs  spr ayed w i th 2 , 4-D , 2 , 4 , 5-T and p i c l oram 
fol lowed by early perf ormanc e of the i r  progeny a f t er a 
c omparable  i n  ovo exposure . Dept . An imal and Pou ltry 
Sc i enc e , Uni v . ()£ Gue lph , Gue lph , Ontari o ,  Canad a . 

Thompson , D .  J . , J .  L .  Emerson,  R .  J .  Streb i ng , c .  G .  
Gerbi g ,  and V .  B .  Robi nson . 1 9 7 2 . Teratology and pos t 
natal s t ud i es o n  4-am i no- 3 , 5 , 6-t r i ch l orop i col i n i c  a c i d  
( p i c l oram ) i n  the rat . Fd . Co sme . Tox i c o l . 1 0 : 7 9 7-80 3 . 

u .  S .  Env i r onmental Prot ect i on Ag ency . 1 9 82 . Pi c l or am . 
May 1 2  pres s  relea s e  from the O f f i c e  o f  Pe st i c i d e s  and 
Tox i c  Substanc e s . 

Weed S c i ence Soc i ety o f  Ameri ca . 1 9 7 9 .  Herbi c i de  Ha ndbook . 
4 7 9  pp . 

A-1 1 7  



Woodward , D .  F .  1 9 7 6 . Tox i c i ty o f  the herbi c i des d i noseb 
and p i c l oram t o  cutthroat ( Salmo c l ark i ) and lake trout 
( Sa l ve l i nu s  namaycush ) .  J .  Fi sh Re s .  Board Can .  
3 3 : 1 6 7 1 - 1 6 7 6 . 

Woodward , D .  F .  1 9 7 9 . 
cutthroat trout . 
3 2 ( 3 )  : 2 30-2 3 2 . 

As s e s s i ng the hazard o f  p i c loram t o  
Journa l o f  Rang e Management 

Young son , C .  R . , C .  A .  I .  Gor i ng , R .  W .  Me i k l e , H .  H .  Scot t , 
and J .  D .  Gr i f f i th .  1 9 6 7 . Fac tors  i n f luenci ng the 
decompo s i t i on o f  Tordon h erbi c i de  i n  s o i l s . Down t o  
Ea rth 24 : 3 -1 1 .  

A-1 1 8  



PROMETONE 

Chemi c a l  Ident i f icat i on 

Pr ometon ( e )  i s  the c ommon name f or 2 , 4-b i s  ( i sopr opylami no ) -
6-methoxy- s -t r i a z i ne whi ch i s  the ac t i ve i ngred i ent o f  
Prami tol 2SE a n d  a n  act i ve c omponent o f  Pram i t o l  5 PS ,  both 
mark eted by the Agr i cu l t u r a l  Di vi s i on ,  Ci ba-Ge i gy Corpora
t i on ( Gr e en sbor o ,  No rth Carol i na ) . Pr am i tol 2 5E ( EPA Reg . 
No . 1 00-44 3 AA )  cont a i n s  2 5  percent promet one . Pram i t o l  5 PS 
( EPA Reg . No . 1 00 -4 7 9 )  i s  a non s e l ec t i ve herb i c i d e  that i s  
f ormu lat ed a s  a pe l l et . Pram i t o l  5 PS cont a i n s  9 5  perc ent 
act i ve i ng r ed i en t s  i nc lud i ng promet one ( 5 . 00 p erc ent ) ,  
s i ma z i ne ( 0 . 7 5 p e rcent ) ,  s od i um chlora t e  ( 4 0 . 00 p e rcent ) ,  
a nd s od i um metaborate  ( 5 0 . 0 0 perc ent ) .  Th e l a t t e r  a r e  
sub j ec t s  o f  oth er Background Statement s ( page A-1 2 3  and page 
A-1 3 1 , r e spec t i vely ) . 

Pr ometone i s  a wh i t e  cry s t a l l i ne s o l i d  wh i ch m e l t s  a t  
91 °C t o  9 2°c .  Th e vapor pr e s su r e  o f  prometone a t  2 0°c 
i s  2 . 3x l o- 6  mm Hg and 7 . 6x 1 0-5  mm Hg at 5 0°c .  Pr omet one 
i s  sub j ec t  t o  decompos i t i on by u l travi olet  l i ght ( WS SA 
1 9 7 9 ) . Th e solub i l i ty o f  pr ometone a t  2 0°c ( part s per 
m i l l i on by wei ght ) in acetone , benzene , methano l ,  and wa ter 
i s  greater  than 5 00 , 0 0 0 , greater  than 2 50 , 0 0 0 , greater than 
5 00 , 0 0 0 , and 7 5 0 ,  r e spec t i vely . 

Ac t i on i n  Vegetat i on 

Prometon e  i s  reg i s t ered a s  a non s e l ec t i ve pr eemerg enc e and 
postemerg enc e herb i c i d e  wh i ch c ontrol s most annual a nd 
perenn i a l  broad lea f and gra s sy weed s i n  noncropl and s .  

Rap i d  absorp t i on o f  prometone oc curs  through the r oot s ,  and 
the herbi c i d e i s  read i ly tran s l ocated throughou t the pl ant 
i n  the t ransp i r at i on s t r eam . 

Prometone , l i k e  other s -t r i a z i ne herb i c i de s , i nh ib i t s  p lant 
gr owth as a c on s equenc e o f  i t s  i nh i bi t i on o f  photosynthe s i s 
( Asht on and Cr a f t s  1 9 7 3 ) . Fo l i ar  ch loros i s  pr eced e s  the 
death of the plant . Subletha l amount s  of prometone may 
s t i mu l a t e  p l ant gr owth and i ncrease  ch lorophyl l  c ont ent . 

Ut i l i t zat i on by BPA 

Prometone ( Prami tol ) i s  u s ed by BPA t o  c ontrol weeds a t  
substat i on s . BPA u s ed on the averag e the equ i va l ent o f  
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4 , 4 3 5  pound s o f  prome tone ( a c t i ve i ngr edi ent ) per year s i nc e  
1 9 7 8 ,  and pr opos e s  t o  u s e  3 , 05 9  pound s o f  promet one i n  1 9 8 3 . 

Pr ami tol 2 5E i s  d i luted w i th wat e r  or oi l and appl i ed w i th 
hi gh-volume hydrau l i c  ho s e  sprayer s or port abl e sprayers  i n  
early spr i ng t o  early summer . Fo l i age and the s o i l s u r f ac e  
i s  spr ayed a t  an e f f ec t i ve appl i ca t i on r ate  o f  3 , 3 6 5  mg/m2 

promet one ( ac t i v e  i ngred i ent ) .  

Pram i tol 5 PS i s  appl i ed w i th portable spr eaders  t o  the s o i l 
surface  be fore  or a f t e r  plant growth beg i n s . Th e e f f ec t i ve 
appl i c at i on r a t e  o f  �r omet one ( a c t i ve i ngredi ent ) i s  between 
1 , 2 3 2  and 4 , 9 3 0  mg/m , and appl i ca t i on i s  t i med to al l ow 
r a i nf a l l t o  move the chem i c a l s  i n t o  th e plant root zone . 

Fa t e  and Di str i but i on i n  the Env i ronment 

Soi l 

Prometone i s  more r ead i ly ads orbed on muck or c l ay s o i l s  
than o n  soi l s  o f  low c l ay o r  o rga n i c  mat t e r  cont ent ( WS SA 
1 9 7 9 ) . 

Mi crob i a l  act i v i ty probably a cc ount s f or the ma j or breakdown 
of prometone i n  the so i l .  Soi l m i croorgani sms can ut i l i z e 
promet one a s  a s ource o f  energy a nd n i trogen . Pr omet one h a s  
neg l i g i ble  e f f ec t s  on soi l mi c roorgan i sms  ( WS SA 1 9 7 9 ) . 

Phot odecompos i t i on and volat i l i za t i on o f  prometone a r e  not 
i mportant means by wh i ch the herb i c i de i s  l o s t  f rom s o i l .  

Wa ter  

S i nc e  promet one i s  l e s s  t i ght ly ad sorbed to  s o i l than 
a t r i z i ne and s i ma z i ne , one wou ld expect that s l i ght ly h i gher 
amount s o f  promet one m i ght be pr e s ent in  r unof f wat e r s  
pr oduced by r a i nfa l l  short ly f o l l owi ng herb i c i de appl i c a 
t i on .  Spec i f i c  s t ud i e s on pr ometone a r e  not avai labl e ,  
the r e f ore r e f erence i s  mad e t o  stud i e s  on a t r i zi n e  and 
s i mazi ne , wh i ch are  a l s o  t r i a z i ne c ompound s .  

I n  Iowa whe r e  l a rg e  amount s o f  a t r i z i ne and s i ma z i ne a r e  
u s ed i n  c orn pr oduc t i on ,  those s -t r i azi ne herbi c i d e s  a r e  
pr e s ent i n  r unof f ,  s u r face  and groundwater  ( Brown 1 9 7 8 ) . 
Ra i nf a l l  i mmed i at e ly a f ter  appl i c at i on r e sul t s  i n  part s per 
m i l l i on l eve l s  o f  the s -t r i az i ne s  in runof f .  Su r f a c e  and 
gr oundwat e r  c oncentr a t i on s  are in the part s per b i l l i on 
range and dec l i ne from ear ly summ e r  through l a t e  summ e r  due 
t o  th e pat t e r n  o f  use o f  the herb i c i d e s . 
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Low t o  moderate mobi l i ty o f  s-tr i a z i ne s , i nc lud i ng prome
tone , reduc e s  the pos s i bi l i ty o f  vert i c a l  l ea ch i ng o f  
s i ma z i ne t o  gr oundwa ter ( USDA 1 9 7 8 ) . I t  i s  not k nown how 
the l e s s  t i ght ly adsorbed prometone wi l l  l ea ch to ground
wat er . 

Ai r 

The f a t e  o f  pr ometone i n  a i r  h a s  not been s t ud i ed . Vo la
t i l i za t i on i s  not con s i dered an i mportant rou t e  o f  prometone 
loss f r om s o i l . 

Ch emi c a l  Tox i col ogy i n  An i ma l s  and Humans 

Ac ute  Ef f e c t s  

Pr omet one h a s  a l ow order o f  a c u t e  ora l t ox i c i ty .  Th e acute  
oral  LDS O in  r a t s  i s  2 , 9 8 0  mg/kg and in  m i c e  i s  2 , 1 6 0  mg/kg 
( WS SA 1 9 7 9 ) . 

In one method o f  i nt erpr e t i ng t ox i c i ty data , i t  i s  presumed 
that acute  ( LDS O )  tox i c  doses  for r a t  popu l at i on s  a r e  
s i mi lar t o  that f or human popu l at i on s . Gi ven a n  LDS O o f  
2 , 9 8 0  mg/kg for r a t  popu l at i on s , i t  i s  pr esumed tha t  the 
LDS O  dose  o f  prometone ( a c t i ve i ngr edi ent ) f or a populat i on 
o f  1 6 5 -pound humans wou l d  be 7 . 9  ounc e s  ( 0 . 04 8  o z / lb ) . 

Chron i c  E f f ec t s  

No mort a l i ty wa s obs erved i n  r a t s  g i ven 400  mg/kg/day f or 
s i x  con s ecut i v e  days o f  the week for four week s ( WS SA 1 9 7 9 ) . 

Pr omet one was one o f  many ch em i ca l s  t e s t ed f or i t s  abi l i ty 
t o  i nduc e po i nt mut a t i on s  i n  e i ght  s trai n s  o f  h i s t i d i ne
requi r i ng mutant s of bact eri a ( Salmone l l a  typh i mur i um )  
( Ander son e t  a l . 1 97 2 ) . Known mutagen s were pos it i ve , but 

pr ometone and over 1 00 other herbi c i de s  were negat i ve i n  
the s e  t e s t s . 

Pot ent i a l  Impact on Nontarg e t  Organi sms 

Vegetat i on 

Pr ometone i s  a nons e l ec t i ve preemerg enc e and postemerg enc e 
herb i c i d e  wh i ch can be u s ed t o  control mo s t  annu a l  and 
broad l e a f  weeds and c ert a i n  perenn i a l  weed s . Comb i ned w i th 
s i ma z i ne , s od i um chlorate , and sod i um met abora t e , a grea t e r  
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var i ety o f  perenn i a l  weeds i s  c ontrol l ed a nd the p e r i od o f  
weed control l a s t s  l ong er ( Kl i ngman and Ashton 19 7 5 ) .  

Fac tors i nc lud i ng absorp t i on ,  trans l oc at ion , a nd degradat i on 
may be  related t o  prometone t o l eranc e or r e s i stanc e ( Ashton 
and Cr a f t s  1 9 7 3 ) . 

Fi sh and Aquat i c  Organ i sms  

Prometone has a l ow ord e r  o f  t ox i c i ty t o  f i sh .  Spot 
( Le i os t omu s xanthuru s )  were not a f f ec t ed by a 4 8-hou r 
expos ure t o  l ppm prometone ( P i ment e l  1 9 71 ) . Oys t e r  she il 
growth wa s not a f f ec t ed by a 9 6-hour expo s u r e  t o  l ppm 
promet one ( P i ment e l  1 9 7 1 ) . P i nk shr i mp were not a f f ec t ed by 
a 4 8-hour exposure  t o  l ppm pr ome tone ( Pi ment e l  1 9 7 1 ) . 

Wi ldl i f e 

Te s t i ng i n  bobwh i t e  qua i l  a nd mal lard duck s u s i ng d i et s  
c ont a i ni ng prometone have shown the herbi c i d e  t o  have very 
low t ox i c i ty ( WS SA 1 9 7 9 ) . Th e l evel s o f  prometone i n  the 
d i et are propr i et ary i nformat i on of Ciba-Ge i gy ,  and were not 
r epor t ed by WSSA ( 1 9 7 9 ) . 

Livestock 

The t ox i c i ty o f  promet one t o  c at t l e , sheep , and ch i ck ens has 
been stud i ed by Palmer and Rad e l e f f ( 19 6 9 ) . Cat t l e  and 
sheep were mor e s u s c ept ible  to oral ly-adm i n i st ered , water
d i l ut ed formu l at i on tha n  to capsul e s  o f  prometone . Cat t l e  
wer e poi soned by 1 0  dosages o f  1 0  mg/kg a nd sheep by 1 0  
dosag e s  o f  2 5  mg /kg . Ch i ckens dosed for 1 0  day s  a t  2 5  mg /kg 
had a s i gni f i cant ly r educ ed r a t e  of we i ght ga i n .  S i gns o f  
poi son i ng i n  catt l e  and sheep were anorex i a  ( lo s s  o f  app e
t i t e ) , d i a r rhea , and i nc r e a s ed s a l i vat i on .  A sheep g i ven 
1 0 0  mg /kg for four days had petech i a e  ( m i nu t e  hemorrhag i c  
spot s )  on the s ur f a c e  o f  the aboma s a l  mucosa , h emorrhage i n  
th e sma l l  i nt e st i ne , swo l l en and f r i ab l e  l i ve r , and k i dney 
c ong e s t i on .  

Appl i ca t i on r a t e s  i n  excess  o f  one pound/acr e wou ld make 
f eed haza rdou s to cat t l e  and rat e s  i n  ex c e s s of thr e e  
pounds/acre  would make f eed ha zard ous t o  sheep a nd ch i ckens 
( Palmer and Rade l e f f  1 9 6 9 ) . 

Ha zard As s e s sment f or Cu r r ent U s e  Pract i c e 

Prometone i s  a n  e f fect i ve pr eeme rgenc e and pos t em e rg e nc e  
herb i c i de wh i ch i s  u s ed by BPA i n  very smal l amou nt s  i n  s o i l  
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ster i l i zat i on operat i on s  at s ubstat i on s . Prornetone i n  
comb i nat i on w i th s i rnaz i ne , sod i um rnetaborat e ,  and sod i um 
chlorat e ( Pr arni tol  5 PS ) i s  an i mport ant s o i l s t e r i lant wh i ch 
i s  appl i ed t o  soi l surfac e . 

Ba sed upon t e s t i ng i n  l aborat ory a n i mal s ,  pr ornetone ha s a 
l ow order o f  t ox i c i ty . As a re sult , CAUT ION i s  the Human 
Hazard S i gnal Word d i splayed on herb i c i d e  l abel s .  

Met abol i c  stud i e s  have shown tha t prornetone doe s not accumu
l a t e  in t i s s ue s ,  a f i nd i ng s i mi lar to r e su l t s  obt a i ned w i th 
atraz i n e  and s i rna z i ne . 

Re sult s o f  t ox i colog i ca l  s t ud i e s  c onduct ed by the manu fac
turer  in support of the reg i s trat i on of prornetone a r e  
propr i etary , and have been r e v i ewed b y  t h e  Envi ronment a l  
Prot ect i on Agency . Fu l l  repo rt s on the toxi co logy o f  
prornetone have not been publ i shed i n  the sc i ent i f i c  
l i t eratu r e . 

U s e  o f  prornet one a s  i nd i cated on the pest i c i d e  label r e su l t s  
i n  a low degree o f  haza rd t o  per sonne l ,  the publ i c ,  and the 
envi ronment . 
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S IMAZ I NE 

Chem i c a l  Ident i f i cat i on 

S i ma z i ne i s  the c ommon name f or 2 -ch loro-4 , 6-b i s ( e thy l
ami n o ) - s -t r i a z i n e , an act i ve component of Pram i t o l  5 PS .  
Ma rketed by the Agr i cu ltural  D i v i s i on ,  C i ba-Ge i gy Corp . 
( Gr eensbor o ,  North Ca rol i na ) ,  Pram i t ol 5 PS ( EPA Reg . No . 
1 0 0-4 7 9 )  i s  f ormul a t ed a s  a p e l l et . The h erbi c i de c onta i n s  
9 5  percent ac t i ve i ngredi ent s i nc l u d i ng s i ma z i ne ( 0 . 7 5 
perc ent ) ,  promet on ( 5 . 0 0 perc ent ) ,  s od i um ch lorate ( 4 0 . 0 0 
perc ent ) ,  and sod i um metaborate  ( 5 0 . 0 0 perc ent ) .  The latter  
i ngred i en t s  a r e  the  s ub j ec t s  o f  other Backgr ound S t a t ement s 
( page  A-1 1 7  f or prometone and page A-1 3 1  for  sod i um chlorat e 
and s od i um metabor at e ) . 

S i ma z i ne i s  a wh i t e ,  c ry s t a l l i ne s o l i d  wh i ch me lt s a t  2 2 5°c t o  
2 2 7oc .  The vapor p r e s sure  o f  s i ma z i ne a t  2 ooc i s  6 . l x l o- 9  
mm H g  a n d  9 . 0x l o- 7  m m  Hg a t  5 ooc .  S i ma z i ne i s  s ub j ect t o  
decompos i t i on by u l t ra v i o l e t  l i ght ( WS SA 1 9 7 9 ) . The 
s ol ub i l i ty o f  s i ma z i ne ( ppm by w e i ght a t  2 ooc )  i n  
chloroform , me thanol , petrol eum e th e r , and wa ter  i s  9 0 0 , 
40 0 ,  2 ,  and 3 . 5 , r e spect i vely . 

Ac t i on i n  Veget at i on 

S i ma z i ne i s  r e g i s t e r ed for  u s e i n  the s e l ec t i ve weed c ont rol 
of many broadleaf  and gra s s  weed s in  fru i t  crop s  i nc lud i ng 
b lueber r i e s ,  caneber r i e s ,  ( b lackber r i e s ,  boy senber r i e s ,  
l oganber r i e s ,  and ra spber r i e s ) , cranbe r r i e s ,  grape f r u i t ,  and 
orange s . 

S i ma z i ne a l so may be u s ed f o r  non s e l ect i ve weed c ontrol  i n  
noncroplands inc lud i ng i ndu s t r i a l  s i t e s ,  h i ghway med i an s  and 
spoulder s ,  r a i l road r i ght s-o f-way , l umberyard s ,  petrol eum 
t ank farm s , and noncrop a rea s on f a rm s . Add i t i ona l u s e s  
i nc lude nur s er i e s ,  Ch r i stma s t r e e  p l ant i ng s ,  and she l t e r  
belt s ( Ge i gy Chem i c a l  Corp . 1 9 7 0a ) . 

Rap i d  absorpt i on o f  s i ma z i n e  occu r s  thr ough the root s ,  and 
the herbi c i d e i s  read i ly trans located throughout the plant 
in the t r ansp i rat i on s t r eam . 

S i ma z i ne , l i k e  other s -t r i a z i ne herbi c i d e s , i nh ib i t s  p l ant 
growth as a con s equence o f  i t s  i nh i b i t i on o f  photo synthes i s  
( Asht on and Cr a f t s ,  1 9 7 3 ) . Fo l i ar chloros i s  precedes  the 
death of the p lant . Sub l etha l amount s o f  s i ma z i n e  may 
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s t i mulate  g rowth and i ncrease  chl orophyl l  content . A dark 
green col or of res i stant crops ha s frequent ly been observed 
( Ashton and Cr a ft s ,  1 9 7 3 ) . 

Repl ac ement o f  the 2 -ch loro gr oup w i th an hydroxy moi ety a nd 
N-d ealkylat i on a r e  i mportant s t eps i n  the degradat i on o f  
s i ma z i ne i n  p l ant s .  Roth ( 1 9 5 7 )  de scri bed the rap i d  
degradat i on o f  s i maz i ne . Sap from corn , a res i stant 
sp ec i e s , was act i ve in s i maz i ne degradat i on ,  but wheat s ap ,  
a sen s i t i ve spec i e s ,  d i d  not degrade the herb i c i d e . The 
d egradat i on o f  s i ma z i ne i n  h i gher  pl ant s and fung i  has been 
summa r i zed by Kearney ( 1 96 9 ) . The molecul a r  fate  o f  
t r i az i nes i n  g eneral has been revi ewed by Asht on and Cr a f t s  
( 1 9 7 3 ) . 

Ut i l i zat i on by BPA 

S i ma z i ne i s  used by BPA to con t r o l  weed s at substa t i on s . 
The herb i c i de i s  u s ed a s  an a ct i ve i ngredi ent o f  Prami t o l  
5 PS . BPA u s ed on the averag e the equ i va l ent o f  6 0 9  pound s 
o f  s i maz i ne ( a ct i ve i ng r ed i ent ) per year s i nc e  1 9 7 8 ,  a nd 
propo s e s  t o  u s e  45 9 pound s o f  s i ma z i ne i n  1 9 8 3 . 

Pr am i t ol 5 PS i s  appl i ed w i th port abl e spreade r s  t o  th e s o i l 
surface  b e f or e  or a f t er plant growth beg i n s . Th e e f f ect i v e 
appl i cat i on r a t e  o f  s i ma z i ne ( ac t i ve i ngredi ent ) i s  between 
1 6 8  and 6 8 3  mg/m2 , a nd appl i ca t i on i s  t i med to a l low 
ra i n f a l l t o  move the chem i ca l s  i nt o  the plant root zone . 

Chem i c a l  Fa t e  a nd Di s t r i but i on i n  the Env i r onment 

Soi l 

" S i ma z i ne i s  more r e ad i ly ad sorbed on muck or  c lay s o i l s  
than i n  soi l s  o f  l ow c l ay and organ i c  mat t er cont ent . The 
downward movement or l each i ng o f  s i ma z i ne i s  l i m i t ed by i t s 
l ow wat er  solub i l i ty and adsorpt i on t o  certa i n  soi l 
c ons t i tuent s .  Te s t s  have shown that for s everal month s 
a f t er appl i ca t i on ,  the great e s t  port i on wi l l  be  found i n  the 
upp er two i nche s  of s o i l . I t  ha s l i t t le , i f  any , l at era l 
movement i n  soi l ,  but can be wa shed a l ong wi th s o i l 
part i c l e s "  ( WSSA 1 9 7 9 ) . 

Runo f f  f rom r e c ent ly t r ea t ed s o i l s  i s  the predomi nant means 
o f  movement of s-tr i az i n e s  from soi l to wat er .  Tr iplett  et 
a l . ( 1 9 7 8 )  s tudi ed the movement of s i ma z i ne f r om c onven
t i ona l and no-t i l lage corn wat e r shed s . Hi ghe s t  c onc entra
t i on s  o f  s i ma z i ne ( 1 . 2  ppm ) were mea sured in runo f f  whi ch 
occurred short ly a f t er appl i cat i on .  Lat er runo f f  conta i ned 
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lower amount s .  A max i mum o f  6 perc ent o f  the app l i ed herb i 
c i d e  wa s transport ed f rom the t e s t  plot s and the average f or 
al l wat e r sheds was 2 p erc ent . No-t i llage  areas had l ower 
runo f f  and l ower s i ma z i n e  transport than conven t i ona l corn 
p l ot s . 

Low t o  moderate mobi l i ty o f  s -t r i az i nes i nc l ud i ng s i ma z i ne 
reduces the pos s i bi l i ty o f  vert i c a l  l each i ng o f  s i ma z i n e  t o  
groundwater ( USDA 1 9 78 ) . 

S i ma z i n e  w i l l  pe r s i s t  l onger i n  f i ne t ext ured s oi l s  than i n  
sandy soi l s .  Cold  t emperat u r e s  and dry cond i t ions a l so 
f a vor p er s i s t enc e . Th e s e  c ond i t i ons do n ot genera l ly f avor 
chem i c a l  and m i crobi a l  breakdown o f  s i ma z i ne ( or other 
organi c herbi c i d e s ) ( WSSA 1 9 7 9 ) . 

Mi crobi a l  ac t i vi ty i n  soi l s  account s for s i gni f i cant amount s 
o f  s i ma z i ne degr adat i on ( WS SA 1 9 7 9 ) . Steri l i zed s o i l s  
degrade s i maz i ne l e s s  read i ly than nonst e r i l i z ed soi l s  
( Brown 1 9 78 ) . Soi l organi sm s ,  i nc lud i ng f ung i and bac t er i a ,  
that are act i ve i n  s i ma z i ne degradat i on have been t abul at ed 
( Brown 1 9 7 8 ) . Ch emical  and m i crobi al  act i vi ty a r e  i mport ant 
i n  the f ormat i on of hyd roxys i maz i ne .  S i maz i n e  app l i ed at 
normal f i eld rat e s  did not r educe t otal m i c r o f l oral  act i v i ty 
a s  j udged f rom the C02 product i on by the t r eated s o i l 
( re ferenc e s  i n  Brown 1 9 7 8 ) . 

Wat e r  

S i ma z i n e  has been mea sured i n  s u r f ac e  wat e r s  i n  I owa whe r e  
i t  i s  exten s i ve l y  u sed i n  corn product i on .  Severa l exampl e s  
a r e  c i ted i n  a revi ew ( Brown 1 9 7 8 ) . 

Ai r 

Vo lat i l i zat i on i s  o f  neg l i g i b l e  i mport ance i n  the reduct i on 
o f  s i ma z i n e  leve l s i n  soi l ( WS SA 1 9 7 9 ) , th er e fo r e  l i t t l e  
s i ma z i ne w i l l  occur i n  the atmosphere . 

Chem i c a l  Tox i co logy i n  An i ma l s and Human s  

Acute  E f f ec t s 

S i mazi ne h a s  a l ow ord er or  acute  oral t ox i c i ty .  The acute  
oral  LDS O o f  s i ma z i ne i s  grea t e r  than 5 , 000  mg/kg in  rat s ,  
m i c e , r abb i t s ,  ch i ckens , and p i g eons ( Ge i gy Ch em i c a l  Corp . 
1 9 7 0b ) . 

The acute d ermal LDS O o f  s i maz i ne i n  rabb i t s  ( s i ng l e  expo
sure ) i s  g r ea t e r  than 10 gram s /kg . In  a 2 1 -day r epeated 
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derma l expo sure s t udy , the LD5 0  was 2 grams/kg ( Ge i gy 
Chem i c a l  Corp . 1 9 7 0b ) . 

No s ubstant i a l  s k i n  or eye i r r i tat i on has been r eport ed f r om 
e i ther expe r i ment a l  or commerc i a l  u s e  ( USDA 19 74- 7 5 ) . 

Low i nha lat i on hazard i s  p r e s ent . " No d eaths or s i gns o f  
tox i colog i ca l  or pharmacolog i c a l  e f f ec t s  r e s u l ted f rom 
expo s i ng g r oups of r a t s  f or one hour to a dust  a e rosol o f  
s i ma z i ne BOW .  Aerosol conc entrat i on s  ranged from 1 . 8  t o  4 . 9  
mg/ l i t e r  o f  atmosph e r e "  ( USDA 1 9 7 4- 7 5 ) . 

I n  one method o f  i nt e rpret i ng t ox i c i ty dat a , i t  i s  pre sumed 
that acute ( LD5 0 )  t o x i c  doses  f or rat popu l at i on s  a r e  
s i mi l a r  t o  that f o r  human popu lat i on s . Gi ven an LD5 0 o f  
5 , 0 0 0  mg/kg f o r  r a t  popu la t i ons , i t  i s  pre sumed that th e 
LD5 0  do s e  o f  s i ma z i ne ( act i ve i ngred i ent ) for a popu l at i on 
o f  1 6 5-pound humans would be 1 3 . 2  ounc es ( 0 . 0 80 o z / lb ) . 

Chron i c  E f f ec t s  

Two-year ch ron i c  oral  f eedi ng s t ud i e s  produced n o  g r o s s  or 
m i croscop i c  s i gn s  o f  syst em i c  t ox i c i ty . Ma l e  and f ema l e  
r a t s  were g i ven da i ly d i etary l eve l s  o f  up t o  1 0 0  ppm 
s i ma z i ne ( a s  a 5 0  perc ent wettab l e  powder formu lat i on )  
( Ge i gy Chem i c a l  Corp . 1 9 70b ) . 

Sheep f ed up t o  2 5  mg/kg for  f i ve week s rema i ned normal 
( Ge i gy Ch em i c a l  Corp . 1 9 70b ) . 

Complete  r e s u l t s  o f  chr on i c  t ox i c i ty t e s t i ng a r e  propr i et ary 
i nforma t i on r et a i ned by the manu facturer  and the Env i ron
ment a l  Protec t i on Ag ency . 

S i maz i ne was among many ch emi c a l s  t e st ed f or ab i l i ty t o  
i nduce poi n t  mutat i on s  i n  ei ght s t ra i n s  o f  h i st i d i ne
requ i r i ng mutant s o f  bac t er i a  ( Sa lmon e l l a  typh i mur i um )  
( Anderson et a l . 1 9 7 2 ) . Known mut agens we r e  pos i t i ve ,  bu t 
s i ma z i ne and over 1 00 other h e rb i c id e s  were n egat i ve i n  
the s e  t e s t s . 

Pot ent i a l  Impact on Nontarget Organi sms 

Vegetat i on 

S i maz i n e  i s  an i mport ant s e lect i ve h e rb i c i d e  i n  v eget at i on 
manag ement . S i ma z i ne i s  regi st ered for u s e  on more crops 
than any other t r i a z i n e . I t s  e f fect i ve u s e  i n  nur s ery 
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p lant s and Ch r i stmas t r e e  p l antat i ons requ i re s  l ower app l i 
cat i on rat e s  than those  r equ i red wh en s i ma z i ne i s  u s ed a s  a 
nons elect i ve herb i c ide on noncr oplands . 

Corn and other h i gher plant s may t olerat e s i maz i ne due  t o  
r ap i d  degradat i on o f  the herbi c i de . Other h i gh e r  plants may 
t ol erat e s i ma z i ne exposures due to the i r  f a i l u r e  to abs orb 
and t ra n s l oc ate the herbi c i d e . Tole r ant wh i t e p i n e  ( Pi nu s  
s t r obu s ) conta i ned only on e -th i rd a s  much s i ma z i n e  i n  i t s  
need l es a s  s ens i t i ve red p i ne ( Pi nu s  r e s i nosa ) ( Fr e eman et 
a l . 1 9 6 4 ) . 

Herbi c i de u s e  f r om 1 9 5 8 t o  1 9 68 r e s u l t ed i n  deve l opment o f  
atra z i n e  and s i ma z i ne r e s i st anc e i n  common ground s e l  i n  th e 
state o f  Wa shi ng t on ( Ryan 1 9 70 ) . 

Fi sh and Aquat i c  Organi sms  

S i ma z i ne h a s  a l ow ord e r  o f  t ox i c i ty t o  f i sh .  Pi ment e l  
( 1 9 7 1 ) l i s t ed the LD5 0s  f or thr e e  spec i e s  i n  s i x  separat e 
s t ud i e s . Ra i nbow t r out LC50s were 6 8  ppm ( 24-h our ) and 5 
and 5 6  ppm i n  two separate 9 6-hour stud i e s . Th e LC 5 0  i n  
b lueg i l l s  was 1 3 0  ( 2 4-h our )  and 1 18 ( 4 8-hour ) .  I n  s t r iped 
bas s ,  the 2 4 -hour LC5 0  wa s 0 . 6 0 ppm . 

S i ma z i ne p e r s i s t ed i n  f i sh f or only short i nt erva l s .  Ha l f  
o f  the herb i c i d e  wa s lost  i n  l e s s than th ree  days ( Macek 
1 9 6 9 ) . 

P i mentel ( 1 9 71 ) f urth er r eport ed t ox i c i ty measurement s i n  
other organ i sms . The 48-hou r LC50  f or st one f l i e s  and amph i 
pods ( Gamma rus  l acustr i s )  were 5 0  and 2 1  ppm s i ma z i ne , 
r e spect i ve l y . The 2 4-hour LC 5 0  for  a second study wa s 3 0  
ppm . S ome arthropod s are  more s ens i t i ve t o  s i maz i ne . 
Conc ent rat i on s  of 0 . 5  t o  1 0  ppm r educed popu lat i on s  o f  
may f l i e s , mosqu i t oe s ,  b i t i ng m i dge s ,  damse l f ly nymph s ,  wat e r  
be e t l e s , aquat i c  worm s ,  leeche s ,  a n d  sna i l s  ( Wa lk e r , 1 9 6 2 ; 
c i t ed i n  P i ment e l  1 9 7 1 ) . 

Wi ldl i f e 

Con s i stent w i th r e su l t s  o f  t ox i c i ty t e s t i ng i n  r odent s ,  
s i ma z i n e  has a low order o f  act i vi t y  i n  wi ld l i f e . Di et s 
c ontai n i ng s i ma z i ne were f ed for f i ve d ays t o  t wo-we ek-o l d  
ma l lard duck s ,  pheasant s ,  and coturn i x  qua i l .  No t ox i c i ty 
was obs erved a f t er the e i ght -day t e st p er i od at d i et ary 
leve l s  of greater than 5 , 0 0 0  ppm s i maz i ne ( Pi ment e l  19 7 1 ) . 
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Li vestock 

The t ox i c i ty o f  s i ma z i ne to c a tt l e , sheep , and ch i ck ens h a s  
b e e n  studi ed b y  Pa lmer a n d  Radel e f f  ( 1 96 9 ) . Catt l e  oral ly 
g i ven a water-d i l uted formulat i on a t  a dosage o f  25 mg/kg 
we r e  poi soned a f t e r  thr e e  and ten dose s .  On e sheep wa s 
poi soned a f t er 1 7  doses  o f  5 0  mg/kg and d i ed a f t er 3 1  t r eat
ment s . A s econd sheep wa s poi soned a f t e r  10 dos e s  but 
s urvi ved w i th an 18 perc ent w e i ght l os s .  Th e we i ght g a i n  o f  
ch i ckens wa s r educed by 1 0  doses  o f  5 0  mg /kg . S i gn s  of 
poi son i ng in c a t t l e  and sheep were anorex i a  ( l o s s  o f  appe
t i t e ) , we i ght los s ,  mu scu l a r  spa sm s ,  and dy spnea ( l abor ed 
breath i ng ) .  In  s eve r e  poi s on i ng , weakne s s  and unc oord i na t ed 
ga i t  were obs erved . At necropsy , lung and k i dney c ong e s 
t i on ,  swo l l en ,  f r i abl e ,  and o f ten l i ght-brown l i ver , and 
petech i a e  ( m i nu t e  hemorrhag i c  spot s )  on the s u r f a c e  of th e 
ep i card i um were r eport ed . A ch i cken had an e n la rg ed , 
cong e st ed l i ve r  and cong es t i on o f  i nt e st i na l  muc os a .  

App l i c at i on r a t e s  i n  excess  o f  3 ,  5 ,  and 9 . 6  pound s/acre 
wou ld mak e f eed haza rdou s t o  c a tt l e , sheep , and ch i ck ens , 
r e spect i vely ( Pa lmer and Ra de l e f f  1 9 6 9 ) . 

Ha zard As ses sment f o r  Cu r rent U s e  Pract i ce s  

S i ma z i ne i s  one o f  the act i ve i ng r e d i ent s i n  Pram i tol 5 PS , 
an herb i c i d e cont a i ni ng 9 5  p e rcent ac t i ve i ngred i en t s  
i nc l ud i ng 0 . 7 5 perc ent s i ma z i ne . Mo st phytotox i c  e f f ect s o f  
the herbi c i d e a r e  due t o  th e e f f ec t i v e s o i l s t e r i l i zat i on 
ac t i vi ty o f  the other c omponent s o f  the m i xture . S i ma z i ne 
i s  added t o  the product t o  i mprove control o f  c e rt a i n  
g r a s s e s  and broad lea f weed s . 

Based upon t e s t i ng i n  l aboratory a n i ma l s ,  s i ma z i ne has a l ow 
order o f  t ox i c i ty i n  an ima l s .  Acu t e  t e s t s u s i ng Pram i t ol  
5 PS have a l so shown i t  t o  have l ow t ox i c i ty . As  a r e su l t , 
the produc t  i s  labe l l ed CAUT ION i n  accordanc e wi th the Huma n 
Hazard S i gnal Word system . 

Laborat ory t e s t s  have shown s i ma z i ne t o  be f r e e  of mutag eni c 
act i v i ty . Rap i d  s i ma z i n e metabo l i sm and excret i on i n  
a n i ma l s  r educ e s  the po s s ib i l i ty o f  chron i c  e f f ect s .  Long
t e rm , low-level  exposu r e s  a r e  ext remely un l i k e l y  a s  a resu l t  
o f  u s e  o f  s i ma z i ne i n  BPA vegetat i on management . 

S i ma z i n e  i s  mod erately stab l e  and p e r s i st ent i n  treat ed 
s o i l s . Phy t ot ox i c  quant i t i e s o f  s i ma z i ne may per s i st more 
than a yea r . S i ma z i ne i s  ads orbed by soi l o rgan i c  mat t e r . 
M i cr ob i a l  and chem i c a l  d egradat i on a re much more i mport ant 
than volat i l i t y  and photodecompos i t i on i n  the reduct i on o f  
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soi l herbi c i de . Th e t ox i c i ty o f  s odi um ch lora t e  and rnet ab
orate t o  s o i l m i croorgan i sm s  wi l l  prolong the e f f ec t i vene s s  
o f  s i rnaz i ne . Lo s se s  f r om s o i l v i a  l each i ng wi l l  b e  negl i g i 
b l e  d u e  t o  the ads orpt i on and the low wat er  solubi l i ty o f  
s i rna z i n e . 

Expo sure o f  nont arget organ i sms i s  u n l i kely i n  s o i l s t er i l
i zat i on operat i on s . Mos t  plant s wou ld be sens i t i v e  t o  th e 
phytot ox i c  e f fec t s  o f  Prarn i tol  5 PS . Aquat i c  org an i sm s ,  
wi ldl i f e ,  and l i vestock a r e  unl i k e l y  t o  b e  exposed t o  
s i maz i ne . 

U s e  o f  s i ma z i ne a s  i nd i cated on the pest i c i d e  l abel r e s u l t s  
i n  a l ow degree o f  haza rd t o  per sonn e l , the publ i c , and the 
envi ronment . 
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SODIUM METABORATE AND SODI UM CHLORATE 

Chem i c a l  Ident i f i cat i on 

Sod i um metaborat e ( NA2B 204 . 4H2o )  and s od i um ch lorate 
( NaC l 0 3 ) a r e  act i ve i ngred i ent s i n  Oxy Ur eabor ( Oc c i denta l 
Chem i c a l  Company , Houston , Texa s ) . The EPA reg i s t rat i on 
number o f  Oxy Ur eabor i s  1 0 6 5 9- 5 1 . Oxy Ur eabor c onta i n s  
bromac i l  ( 1 . 5  percent ) i n  add i t i on t o  sod i um metabora t e  
( 6 6 . 5  perc ent ) and s od i um ch lorate ( 3 0 . 0  perc ent ) .  Br omac i l  
i s  the sub j ect o f  a sepa ra t e  Ba ckground Stat ement (page  
A-3 4 ) . Sod i um metaborate a nd s od i um ch lorate a r e  a l so 
act i ve i ngred i ent s i n  Pram i t o l  5 P S  ( EPA Reg . No . 1 00-4 7 9 ) . 
Prami tol 5 PS a l s o  c onta i n s  prometone and s i maz i ne a s  a ct i ve 
i ngred i ent s .  Prometone and s ima z i ne a r e  the sub j ect s o f  
s eparat e Backgr ound S t a t ement s ( page A-1 1 7  and page A-1 2 3 ,  
r e spect i vely ) . 

Sod i um metaborat e i s  an odor l e s s ,  wh i t e  s ol i d  wh i ch i s  
h i ghly solub l e  i n  wat er ( 4 8 gram s / 1 0 0  m l ) . Sod i um chlorat e 
i s  an odor l e s s , pale  y e l l ow t o  wh i t e s o l i d . At o0c ,  7 9  
g r ams a r e  solub l e  i n  1 0 0  m l  wa t e r  and a t  l 0 0°c ,  2 30 grams 
are solub l e  in 100 m l  wat e r . 

Ac t i on i n  Vegetat i on 

Boron i s  an e s sent i a l  m i nor e l ement for p l ant growth , bu t i n  
excess i ve amount s boron and bora t e s  a r e  t ox i c  t o  p l ant s and 
act as a so i l  s t e r i lant . 

Sod i um bora t e s  a r e  abs orbed pr i nc ipal ly by r oot s a nd a r e  
tran s l ocated t o  a l l  part s o f  the plant . Bor at e s  accumu lat e 
i n  l eave s and c a u s e  p l ant d e s i ccat i on ,  wh i ch i s  i n i t i a l ly 
e v i dent a s  l e a f  bu rn and necros i s  o f  lea f ma rg i n s . Bor a t e  
i s  most e f f ec t i ve o n  young , t ender p l ants ( Kl i ngman and 
Asht on 1 9 7 5 ) . 

Sod i um ch lorate i s  g enera l ly u s ed a s  a s t e r i lant t o  k i l l a l l  
veg etat i on .  The herb i c i d e  i s  abs orbed rap i d l y  through r oot s 
and l eave s . Ch lorate  moves r ap i dly f r om the r oot s upward 
through the xylem . I t s  t ox i c  act i on i n  plant s i s  relat ed t o  
d eplet i on o f  the plant ' s  f ood r e s erve s ,  t o  t emporary i n
c r ea s e s  i n  rate  o f  r e sp i rat i on ,  and t o  decrea s e s  i n  cata l a s e  
act i vi ty ( Kl i ngman and Ashton 1 9 7 5 ) . 
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The s e  i norg ani c  substanc e s  have been extens i vely u s ed s i ng ly 
and i n  comb i nat i on w i th oth e r  herbi c i d e s . The i r  prec i s e  
mechani sm o f  act i on rema i ns unknown . Sod i um chlorate  
tox i c i ty may resu l t  from the r educt i on o f  chlora t e  t o  
ch l or i t e ,  c a t a lyzed by ni t r a t e  r educ tase ( Mu rphy and Imbr i e  
1 9 81 ) . 

Ut i l i zat ion by BPA 

Sod i um met aborate and sod i um ch lorate a re u s ed by BPA a s  
f ormu l a t ed i n  Oxy Ur eabor and Prami tol 5 PS . The f ormula
t i on s  are u s ed at substat i on s  to c ontrol  weed s . BPA u s ed on 
the average the equ i val ent of 4 5 , 3 9 8  pounds of s od i um 
chlorate  and 6 7 , 0 1 0  pound s o f  s od i um metaborat e per year 
s i nc e  1 9 7 8 . BPA proposes  to u s e the equ i val ent of 2 4 , 4 7 3  
and 3 0 , 5 9 1  pound s o f  sod i um ch lor a t e  and sod i um metabora t e , 
r e spec t i vely , i n  1 9 8 3 . 

Oxy Ur eabor i s  appl i ed w i th port ab l e  spr eaders  or a s  an 
aqu eou s m i xture  w i th portab l e  spr ayer s .  App l i c at i on t o  th e 
s o i l s u r f ac e  i s  mad e du r i ng th e g r ow i ng s ea s on at an e f fec
t i ve appl i c at i on rate  o f  sod i um ch lorat e ( ac t i v e  i ngred i ent ) 
between 7 , 2 80 and 4 3 , 7 9 2  mg/m2 , a nd an e f f ect i ve appl i ca
t i on rate of sod i um metaborat e ( ac t i ve i ngred i ent ) between 
1 2 , 2 0 8  and 4 8 , 8 3 2  mg/m2 . 

Pr am i t o l  5 PS i s  appl i ed w i th port ab l e  spr eaders  t o  the s o i l 
s u r face  be fore or a ft e r  plant growth beg i n s . Th e e f f ec t i ve 
appl i ca t i on rate o f  s od i um ch l orate a nd s odi um metaborat e 
( a c t i ve i ngredi ent s )  i s  between 7 , 2 80 and 4 3 , 7 9 2 mg/m2 a nd 
between 1 6 , 2 40 and 4 7 , 1 0 4  mg/m 2 , r e spect i vely . App l i ca
t i on i s  t i med to a l low rai nf a l l  to move th e chem i c a l s  i nt o  
the p l ant root s zone . 

Ch em i ca l  Di s t r i but i on and Fa t e  i n  the Envi r onment 

Soi l and Wat e r  

Un i f orm soi l app l i c at i ons o f  dry gr anu l e s  or spray a r e  
i mportant t o  the herbi c i d a l  ac t i on o f  Oxy Ur eabo r . Sod i um 
metabor ate and sod i um ch lorate  a r e  c a r r i ed i nt o  the root 
zone by r a i n f a l l . 

Leach i ng qu i ckly r emoves s od i um ch lorate from s o i l ( Se e ly et 
a l . 1 9 4 8 ) . Soi l m i croo rgan i sms  decompo s e  chlorat e s  to 
ch lor i des wh i ch l ack the phyt otox i c i t y  of the par ent 
c ompound . Th i s decompos i t i on i s  most r api d i n  mo i s t s o i l s  
above 7 0°F .  W i th l ow r a i nf a l l ,  ch lorate may r ema i n  t ox i c  
for f i ve year s o r  long e r . Under  hum i d  o r  wet cond i t i ons , 
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t ox i c i ty may d i sappear i n  a yea r o r  l e s s  i n  heavy soi l s  and 
mor e  rap i d ly in sandy soi l s  ( Kl i ngman and Asht on 1 9 7 5 ) . 

Sod i um bora t e  i s  a l so c a r r i ed i nt o  the s o i l by r a i nf a l l . I n  
wa rm moi s t  so i l s ,  borate usua l ly rema i n s  e f f ect i ve for  about 
one year . I n  dry o r  i n  f r ozen s o i l s ,  s t e r i lant e f f ect s wi l l  
p e r s i st f o r  seve r a l  yea r s  ( Kl i ngman and Ashton 1 9 7 5 ) . 

Ai r 

The s e  s ub s t ances a r e  nonvola t i l e  a nd not d egraded by l i ght . 

Chem i c a l  Tox i co logy i n  Ani ma l s  and Human s  

Ac ut e 

Sodi um metaborat e  and s od i um ch lorate have l ow o rd e r s  o f  
t ox i c i ty . The oral  LD5 0 o f  sod i um metaborat e  i n  the r a t  i s  
2 , 3 3 0 mg/kg . The oral  LD5 0 o f  s odi um ch lorate i n  th e rat i s  
5 , 000  mg /kg . 

Th e acut e o ra l  LD5 0 o f  Oxy Ureabor i n  ma l e  rat s i s  2 , 7 1 0  
mg /kg . The acute  d e rmal LD5 0 i n  rabb i t s  i s  great e r  than 
1 0 , 0 0 0  mg /kg ( Oc c i dental Ch em i ca l  Company 1 9 81 ) . 

Oxy Ur eabor i s  a mi l d  sk i n  i r ri t ant . I f  appl i ed a s  a wet 
pa s t e  f or s everal hour s ,  i t  c a u s e s  e rythema ( i n f lammat i on )  
and edema wi th f oc a l  gray di scolored a reas  whi ch may proc eed 
to super f i c i a l  b l i s t e r s  or sha l low u l c er s . Ba sed upon thi s 
prope rty , the herbi c i d e  i s  labe l l ed " DANGER" ( Human Hea l th 
S i gnal Word ) , and emerg ency t re atment i s  spec i f i ed on the 
labe l . 

I n  one method o f  i nt e rpret i ng t ox i c i ty da t a ,  i t  i s  presumed 
that acut e ( LD5 0 )  t ox i c  dose s f o r  rat popu lat i on s  a re 
s i mi lar t o  that f or human popu l at i on s . Gi ven an LD5 0 o f  
5 , 0 00 mg/kg f o r  r a t  popu la t i on s , i t  i s  presumed tha t  the 
LD5 0  dose o f  s od i um ch lorate ( ac t i ve i ngredi ent ) f o r  a 
popula t i on o f  1 6 5 -pound huma n s  wou l d  be 1 3 . 2  ounc e s  ( 0 . 0 8 
oz/ lb ) . G i ven a n  LD5 0 o f  2 , 3 30 mg/kg for  rat popu l at i on s , 
i t  i s  pre sumed tha t the LD5 0 dose  o f  sod i um metaborate 
( ac t i ve i ng r edi ent ) f or a populat i on of  1 6 5-pound humans 
wou l d  be 6 . 2  ounc e s  ( 0 . 03 7  o z / lb ) . 

Chron i c  

Chron i c  s t ud i e s a r e  lack i ng i n  the l i terature . Ca s e s  o f  
chron i c  chl orat e t ox i c i ty a r e  unknown ( WS SA 1 9 7 9 ) . 
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Pot ent i al Impact on Nont arget Organ i sms  

Vegetat i on 

Sod i um borate and s od i um metaborate  a r e  nons e l ect i ve h e rb i 
c i d e s  w i th r e spect t o  the i r  t ox i c i t y i n  pl ant s .  Young 
p l ants  a r e  more s ens i t i ve than mature plant s to the i r  t ox i c  
e f f ec t s .  

F i sh 

The 2 4-hour LC SO f or r a i nbow t r out t o  borax i s  2 , 8 0 0  ppm 
( Pi ment e l  1 9 7 1 ) . Tox i c i ty t e s t s wi th sod i um chlorat e have 
not been r eport ed . 

Wi ld l i f e  

Tox i c i ty t e s t i ng i n  w i ld l i f e h a s  not been c onducted . B a s ed 
upon the very l ow order of tox i c i ty i n  laboratory anima l s ,  
t ox i c i ty i n  w i ld l i f e  a l so wou ld be expec t ed t o  be low . 

Livestock 

Spec i a l  s t ud i e s  i n  l i ve s t ock have not been r eport ed . 

Ha zard As s e s sment f o r  Cu r r ent Us e Pract i c e  

Sodi um bor a t e  and s od i um met abora t e  a r e  i norg an i c  h e rbi c i de s  
that have been u s ed s i nc e  be f o r e  th e i ntroduc t i on o f  o rgan i c  
herbi c i de s  i n  the 1 940s . The s e  s ubstanc e s  a r e  u s ed a s  s o i l 
s t e r i lant s for  the control  o f  weed s a t  substat i on s . 

Oxy Ur eabor i s  l abe l l ed " DANGER " ( Human Hea lth S i gnal Word ) 
a s  a r e su l t  o f  i t s  corrosi vene s s . The labe l i nd i ca t e s  th e 
f o l low i ng s t a t ement o f  prac t i ca l  t r e atment : " In c a s e  o f  
cont act wi th eye s ,  f lu sh w i th wat e r  for  1 5  m i nut e s .  Get 
med i ca l  a t t ent i on .  I n  c a s e  o f  c ontact w i th s k i n ,  wash w i th 
plenty o f  soap and wat e r . Get med i ca l  attent i on i f  
i r r i t at i on per s i s t s . "  

Both o f  the s e  substanc e s  have a l ow ord e r  o f  acute  t ox i c i ty 
i n  laboratory anima l s . 

Sod i um bor ate  and s od i um metaborate a r e  per s i st ent a s  
i norgan i c  chem i ca l s . They a r e  moved i n t o  the soi l by 
r a i n f a l l  and rema i n  e f f ect i ve about one year . Boron i s  
t ox i c  t o  mo s t  s o i l m i crof lor a , and a s  a r e su l t , th e 
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p e r s i st ence o f  organi c s ubs t anc e s  ( such a s  bromac i l  i n  Oxy 
Ureabor ) i s  pro l onged due to d i m i n i shed m i c robi a l  degrada
t i on .  Bora t e  i s  more per s i s t ent than chlorate i n  most s o i l s .  

Use  o f  s od i um chlora t e  and sod i um metaborat e a s  spec i f i ed on 
the pest i c ide  l abel r e s u l t s  in a l ow d egr e e  of ha zard to 
personne l ,  the publ i c , and the envi ronment . 

Re f e r enc es 

Kl i ngma n , G .  c . , and F .  M .  Ashton . 1 9 7 5 .  Weed sc i enc e : 
Pr i nc ip l e s  and prac t i c e s . Wi l ey- Int e r s c i enc e , New York , 
NY,  449 pp . 

Mu rphy , T .  M .  and C .  W .  Imbr i e .  1 981 . Induc t i on and Char
act e r i zat i on o f  chlorat e -re s i stant s t r a i n s  of Ro s a  
damasc ena c u l t ured c e l l s . Pl ant Phy s i ology . 6 7 : 91 0- 91 6 . 

Oc c i denta l  Chem i c a l  Company . 1 9 81 . Oxy Ureabor herbi c i d e . 
Techn i c a l  I n f orma t i on Bu l l e t i n  No . 91 1 .  

Pi ment e l , D .  1 9 7 1 . Ecolog i c a l  E f f e c t s  o f  Pe st i c i d e s  on Non
t arget Spec i e s . Supe r i nt endent o f  Document s ,  U . S .  
Government P r i nt i ng O f f i c e , Wa sh i ng t on , DC . 

S e e ly ,  C .  E .  K .  H .  Klages , and E .  G .  S cha f e r . 1 9 48 . 
Wash i ng t on Agr i cultural  Exp e r i ment Stat i on Bu l l et i n ,  5 0 5 . 

Weed Sc i ence Soc i ety o f  Am er i ca . 1 9 7 9 .  Herbi c i d e  Handbook . 
4th Ed i t i on ,  4 7 9  page s . 
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TEBUTHIURON 

Chem i c a l  Ident i f i c at i on 

Tebuth i u ron i s  the c ommon name for  N-[ 5- ( l , l-di methy l ethy l ) -
1 , 3 , 4-th i ad i azol - 2 -y l ] -N , N ' -d i me thy l u re a . Sp i k e  i s  the 
t r ade name f or t ebuth i u ron herbi c i de s  that a r e  mark e t ed by 
Elanco Produc t s  Company ( Di vi s i on s  o f  El i Li l ly and Company , 
Indi anapol i s ,  I nd i ana ) . 

Tebuth i ur on i s  a u r ea deri vat i ve wh i ch i s  a c o l or l es s ,  
odo r le s s  s ol i d  a t  room t emperatu r e . I t  me lt s a t  1 6 1 . 5  t o  
16 4°c .  The vapor pres sure o f  t ebuth i uron i s  2 x 1 0-6 mm 
Hg at 2 5°c .  Th e s olubi l i ty of t ebuth i uron i s  6 g r ams / 1 0 0  
ml or more i n  methy l  c e l l osolve , acetoni t r i l e , acetone , 
methano l ,  and ch loroform . Th e l i m i t  o f  water s olubi l i ty i s  
0 . 2 4 g / 100 m l . 

Sp i k e  lG ( EPA Reg . No . 1 4 71 - 1 0 4 ) and Sp i k e  5G ( EPA Reg . No . 
1 4 7 1 - 1 0 3 ) a r e  ha rd , gray i sh mat e r i a l s  w i th the appearance o f  
f i nely c ru shed s t one c ont a i n i ng 1 perc ent and 5 perc ent 
t ebuth i u ron , r e spect i ve ly . They have f a i nt , kerosen e -l i k e  
odor s .  Spi k e  l G  and 5G are  i nt end ed f or t ot a l  veget at i on 
cont rol on noncropland s .  

Sp i k e  80W ( EPA Reg . No . 1 4 7 1 - 9 7 )  i s  a very f i ne ,  o f f-wh i t e  
wet t ab l e  powder  w i th a mi ld  odo r . Thi s  d i spe r s i b l e  formu l a 
t i on must  be  k ept a g i tated a t  a l l  t i me s  t o  a s sure  u n i f o rm 
appl i c at i on . Spi k e  8 0W i s  s t ab l e  under  norma l cond i t i on s  o f  
s t orage and u s e . Th e product s a f ety data sheet ( El anco 
1 9 8 0 ) i nc lud e s  the f ol l owi ng warn i ng : " The explos i ve 
pot ent i a l o f  Spi k e  8 0W a s  an a i rborne dust  i s  r a t ed a s  
s eve r e . The m i n i mum i g ni t i on t empe rature o f  a du s t  c l oud i s  
9 4 8°F ( 5 0 90C ) . Sp i l l s  or accumu l at i ons o f  dust  should 
be c leaned up i mmedi a t e ly . "  Sp i k e lG and Spi k e  5G have no 
unusual f i r e or e xp l o s i on hazard s .  

Ac t i on i n  Vegetat i on 

Tebuth i uron i s  t ox i c  t o  annual and perenn i a l  g r a s s e s  and 
broad l e a f  weed s . Soi l moi st u r e  promot e s  th e rap i d  absorp
t i on of t ebuth i uron r e qu i r i ng that mater i a l be appl i ed 
be fore  or ear ly i n  the r a i ny season . 

Tebuthi u ron i s  r e ad i ly abs orbed f r om s o i l through plant 
r oot s and l e s s  readi ly throu gh f o l i ag e . Tran s loc at i on t o  
l eaves i s  r ap i d . Tebuth i ur on i nh i b i t s  photosynth e s i s ,  
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cau s i ng l e a f  senescence a nd s ubs equ ent d e f ol i at i on . Several 
de fol i a t i on cyc l e s  follow i ng heavy r a i nfa l l s  may occ u r  
b e f o r e  p l ant death ( McNe i l  e t  a l . n . d . ) .  

Ut i l i zat i on by BPA 

Tebuth i uron i s  u s ed t o  control weeds at s ubstat i ons and 
ar ound transmi s s i on t owe r s  and pole s .  BPA u s ed 1 8 5  and 
1 , 3 86 pounds o f  t ebuth i uron ( a c t i ve i ngredi ent ) i n  1 9 80 and 
1 9 8 1 , r e spec t i ve ly .  It  was not u sed by BPA dur i ng 1 9 7 8  and 
1 9 7 9 .  The equi val ent of  1 , 7 1 4  pound s  o f  act i ve i ngredi ent 
i s  pr oposed for u s e  i n  1 9 8 3 . 

Sp i k e  lG and Sp i k e  5G  are  gr anu lar f orms appl i ed t o  th e s o i l 
s u rface w i th portab l e  spread e r s  sho rtly be fore or at the 
t i me of  n ew pl ant growth . App l i cat i on o f  the product i s  
mad e a t  a rate  whi ch resu l t s  i n  an e f f ec t i v e  appl i c at i on 
rate  of  t ebuth i u ron ( ac t i ve i ngredi ent ) between 4 4 8  a nd 
1 , 7 92 mg/m2 . 

Spi k e  BOW i s  d i l u t ed w i th wat er a nd appl i ed t o  the s o i l 
s u r f a c e  wi th portab l e  spray e r s  at any t i me o f  the yea r . 
Ef fec t i v e  appl i cat i on rate  o f  t ebuth i uron i s  between 1 34 a nd 
1 , 7 9 2 mg/m 2 • 

Ch em i cal  Fa t e  and Di s tr i bu t i on i n  the Env i r onment 

Soi l 

Vo lat i l i za t i on a nd photodec ompos i t i on a r e  of  negl i g i bl e  
i mportanc e i n  the l o s s  o f  t ebuthi u r on from soi l ( WS SA 
1 9 7 9 ) . Al though m i crob i a l  degr adat i on o f  t ebuth i u ron 
occur s ,  the r educ t i on of soi l res idues  probably does  not 
i nvolve s o i l m i crobes to an appr ec i able  e x t ent . 

Tebuth i uron ha s a ha l f-l i f e  i n  soi l of  1 2  t o  1 5  month s i n  
a r eas rece i v i ng 40 t o  6 0  i nche s  o f  a nnual r a i nfal l .  Th e 
hal f-l i f e i s  con s i derably long e r  i n  areas o f  low r a i nfal l .  
Muck and oth e r  h i gh org ani c s o i l s  al so prolong the pers i s
t enc e o f  t ebuth i u ron . Tebuth i uron and metabol i t e s  a r e  
s e ldom d et e c t ed be low the t op 1 2  i nch e s  o f  s oi l .  Li t t l e  o r  
no latera l movement occ u r s  ( WS SA 1 9 7 9 ) . 

Wa t e r  

The c oncent r at i on o f  t ebuth i u ron w a s  measu red i n  s u rf ac e  
runo f f  wat e r  from wat ershed s whe r e  t h e  herbi c i d e  wa s app l i ed 
i n  spr ay o r  p e l l e t ed form . Pe l l e t ed t ebuth i u ron was appl i ed 
at a rat e o f  2 . 2 4 kg/ha t o  a 1 . 3  ha  rang e l and wat e r shed . A 
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2 . 8  cm r a i n f a l l  t wo days a f t e r  app l i c at i on produc ed 0 . 94 cm  
runof f wh i ch cont a i ned an average o f  2 . 2  ppm t ebuthi u ro n . 
Each subsequent runo f f  c ontai ned l e s s  herb i c i d e  a nd , a f t e r  
thr ee month s , the concentrat i on wa s 0 . 0 5 ppm . None wa s 
detectable  one year a f t er appl i c at i on .  Spr ay at 1 . 1 2 kg /ha 
to a sma l l  plot whi ch rec e i ved s i mu l at ed r a i nfa l l  resu l t ed 
i n  runo f f  c oncent r at i ons o f  0 . 04 ppm a f t e r  f ou r  month s . On 
0 . 6  ha p l ot s  mean t ebuthi u r on c oncentrat i on s  i n  th e f i r s t  
runof f ( t wo months a f t er appl i cat i on )  were 0 . 5 0 ppm or l e s s  
( Bovey e t  a l . n . d .  c i t ed i n  U . S .  For e s t  Ser v i c e  1 9 8 1 ) . 

Ai r 

Stud i e s o f  the fate  o f  t ebuth i uron i n  a i r  a r e  not avai labl e .  

Chem i c a l  Tox i cology i n  Ani ma l s  and Humans 

Acu t e  Ef f ec t s  

The acute oral LD5 0s o f  t ebuth i uron t o  m i c e , r at s , a nd 
rabbi t s  are  5 7 9 ,  644 , and 2 8 6  mg/kg ( Todd et a l . 1 9 7 4 ) , 
r e spec t i vely . S i m i larly , no d eaths were obt a i ned i n  c a t s  
( LD 5 0  grea t e r  than 2 0 0  mg/kg ) and dog s ( LD5 0 grea t e r  than 
5 0 0 mg/kg ) .  Th i s  l ow ord e r  of acute  t ox i c i ty i s  s i mi lar t o  
that observed i n  studi e s  o f  monu ron and d i uron ( s e e  other 
Backgr ound S t a t ement s ,  page A-8 9 a nd page A-6 7 ,  r e spec
t i vely ) . 

Tebuth i uron c au s ed no i r r i tat i on o f  the c ornea or i r i s  o f  
rabb i t  eye s  ( 7 1 mg /ey e ) b u t  the r e  w a s  a s l i ght trans i ent 
hyperem i a  ( e xcess  b l ood ) ( Todd et a l . 1 9 74 ) . Al l eyes were 
norma l at the end o f  the seven-day t e s t . Tebuthi u ron d i d  
not c a u s e  d ermal i r r i tat i on ( 2 0 0  mg/kg expo su r e  f o r  2 4  
hou r s )  du r i ng a 1 4-day obs e rvat i on pei od . No evi denc e o f  
s k i n  s en s i t i zat i on w a s  obt a i n ed i n  s tudi es o f  g u i nea p i g s  
t r eated thr e e  t i mes p e r  week f o r  thr e e  week s then cha l l eng ed 
l a t e r  w i th the herbi c i de ( Todd et a l . 1 9 7 4 ) . Per s on s  
hand l i ng t ebuth i u r on a r e  expo s ed t o  a l o w  o rd e r  o f  hazard . 

In  one method o f  i nt e rpr e t i ng t ox i c i ty data , i t  i s  pre sumed 
that acute ( LD5 0 )  t ox i c  dos e s  for rat popu lat i ons a r e  
s i mi l a r  t o  that f or human populat i ons . Gi ven a n  LD5 0 o f  6 4 4  
mg/kg f or rat  popu lat i on s , i t  i s  pr esumed tha t  th e LD5 0 d o s e  
of t ebuth i uron ( ac t i ve i ng r ed i ent ) for  a populat i on o f  
1 6 5 -pound humans wou ld b e  1 . 7  ounces  ( 0 . 0 1 0  oz /lb ) . 
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Chr oni c E f f e c t s  

Ma l e  a nd f ema l e  r a t s  w e r e  f ed 0 ,  400 , 1 , 000  a nd 2 , 5 0 0  ppm 
t ebuthi uron i n  the i r  d i et s  for  thr e e  month s . A dose
d ependent r educt i on in  the  rate  o f  body we i ght ga i n  wa s 
obs erved . No e f f ec t s  on ei th e r  blood or c l i n i ca l  chem i s t ry 
were obs erved . There  were d i f f erenc e s  i n  absolute and 
r e la t i ve o rgan we i ght s related to the sma l l e r  body wei ght s 
o f  the r a t s  a t  the h i gh d i etary l eve l s  ( Todd et a l . 1 9 74 ) . 
Al l rat s rec ei vi ng 2 , 5 0 0  ppm t ebuthi uron exhibi ted d i f fu s e  
vacuol i za t i on o f  the pancrea t i c  a c i nar c e l l s .  The chang e 
wa s modera t e  t o  severe bu t not a s soc i at ed wi th ei the r  
necro s i s or an i n f lammatory r e spons e .  Th i s  c e l lu l a r  chang e 
may i nt e rf e r e  wi th the produc t i on and r e l e a s e  o f  d i ge s t i ve 
enzyme s ,  and c ould be  r e l a t ed t o  the r educ ed we i ght ga i n  o f  
the rat s ( Todd et a l . 1 9 7 4 ) . 

Dog s were g i ven dai ly oral  dosages o f  0 ,  1 2 . 5 , 2 5 ,  and 5 0  
mg/kg t ebuth i uron . The treated dog s a t e  l e s s  tha n c ontrol s 
a nd a s l i ght we i ght l o s s  wa s r eport ed i n  t wo o f  f ou r  dog s a t  
the h i ghest  dosag e . No t reatmen t -related e f f ec t s  on bl ood 
and c l i n i ca l  chemi stry , o rg an we i ght s ,  and t i s sue h i st o
pa thology we r e  observed . Pancrea t i c vacuo l i zat i on wa s not 
ob s erved i n  a ny of the t r ea t ed dog s ( Todd et a l . 1 9 74 ) . 

Li f et i me f eedi ng and ca rc i nogen i c i ty stud i e s  ha ve be en 
c ompleted in rats and m i c e  and a r e  b e i ng e va lua t ed ( WSSA 
1 9 7 9 ) . 

A t eratology s tudy produced no s i gn i f i cant e f f e c t s  i n  the 
o f f spr i ng of rat s fed di et s cont a i n i ng 0,  6 0 0 , 1 , 2 0 0  or 
1 , 8 0 0  ppm t ebuthi uron . No e f f ec t s  on s evera l r epr oduc t i on 
i n d i c e s  we r e  obs erved i n  the s e  stud i e s ( Todd et a l . 1 9 7 4 ) . 

Ora l ly dosed m i c e , r a t s ,  dog s , a nd ducks readi ly ab sorb 
t ebuth i u ron . The compound wa s ext ens i ve l y  metabo l i zed and 
excreted i n  u r i ne by m i c e , r a t s , and dog s ,  and i n  u r i n e  and 
f ec e s  of duck s . N-demethylat i on wa s the mos t  i mportant 
d egradat i on proc e s s . No accumul a t i on of t ebuth i u ron or 
metabol i t e s  wa s obs erved in the an imal s ( WS SA 1 9 7 9 ) . 

Potent i a l  Impact on Nontarget Organi sm s 

Veget at i on 

A promi nent warn i ng on the label s o f  Spi k e  B OW ,  Sp i k e  l G ,  
and Spi k e  5 G  conc erns the pot ency o f  t ebu th i u ron : " . . .  i s  
i nt ended f or t ot a l  vegetat i on c ontrol . I t  i s  an e x t r emely 
ac t i ve herbi c i d e  wh i ch wi l l  ki l l  tree s ,  shrub s , and oth e r  
f orms o f  d e s i rable  vegetat i on havi ng r oot s extend i ng i nt o  
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the treat ed a rea . Feeder r oots of many spec i e s o f  d e s i r ab le 
vegetat i on ext end many feet  beyond th e dr ip l i ne o f  the 
branche s , and a very sma l l  amount of Sp i k e  i n  c ontact w i th 
one f eeder root of a tree , shr ub , or other de s i r ab l e  
vegetat i on may c a u s e  s er i ou s  i n j ury or death t o  t h e  e nt i re 
plant . "  

F i sh and Aqua t i c  Organ i sms 

The med i an threshold l i m i t  value s  for t r out and b l u eg i l l a r e  
144 and 1 1 2  ppm , respec t i ve ly ( t i me not spec i f i ed ;  WS SA 
1 9 7 9 ) . 

Wi ld l i f e 

The acute oral  t ox i c i ty o f  t ebuth i uron t o  qua i l  and ducks i s  
o f  a low order o f  magn i tude . No mort a l i t y  i n  e i ther spec i e s  
was ob served a t  5 0 0  mg/kg . 

Li vestock 

The " s a f e  l e v e l "  a f t er one month of f eed i ng i n  ch i ckens i s  
1 , 0 0 0  ppm ( Todd et a l . 1 9 7 4 ) . S t ud i e s  i n  l i ve s t ock have not 
been r epor t ed . Tebuth i u r on l abe l s  s tate  that l i ve s tock 
should not be a l l owed t o  graze t r eat ed areas  nor shou ld they 
be f ed f orage f r om t r eated areas . 

Ha zard As ses sment for  Cur rent Use Prac t i c e  

Tebuth i uron i s  a n  e f fect i ve herb i c i d e  wh i ch can b e  u s ed f or 
cont r o l  o f  weeds at subst at i on s  and around ut i l i t y  pol e s .  
Th i s  h e rbi c i de i s  u s ed by BPA e x t ens i vely a t  s ubstat i ons . 

Tebuth i uron i s  a ure a -ba s ed herbi c i d e  wi th a l ow o rd e r  o f  
t ox i c i ty i n  a n i ma l s .  Ba sed upon the r e s ul t s  o f  t ox i c i ty 
t e s t i ng , the Human Hazard S i gna l Word " CAUT ION " i s  p r i nted 
on the herb i c i d e  l abel . 

Tebuthi uron has l ow chroni c t ox i c i ty .  L i k e  other u r ea-ba s ed 
herbi c i de s ,  t ebuth i uron i s  rap i d ly metabol i zed and excreted 
f r om t e st a n i ma l s .  

The env i r onmenta l fate  o f  t ebu th i uron has been evaluated 
und e r  a var i ety o f  labor atory and f i e l d  cond i t i on s . 
Tebuth i uron i s  r e l at i ve ly per s i s t ent i n  t r e a t ed s o i l s . 
Volat i l i ty ,  photodec ompo s i t i o n ,  and chem i c a l  and /or 
b i olog i c a l  degradat i on are of m i no r  i mport ance i n  the 
reduc t i on o f  soi l t ebuthi uron . 
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More i mportant a r e  the amou nt s  o f  r a i n f a l l  a nd the e x t ent of 
s o i l ad sorpt i o n . The herbi c i d e  wi l l  rema i n  i n  the upper 
s o i l l e ve l s  ( 0- 1 2  i nche s )  and extreme c a r e  must be  e xerc i sed 
to avo i d  the root zone of d e s i rab l e  t r e e s  and shrub s . 

The amoun t s  of t ebuth i uron that m i ght be pr e s ent i n  surf ace 
runof f are we l l  be low thos e  tha t  cou l d  c au s e  t ox i c i ty i n  
f i sh .  Wi ldl i f e a nd l i ve s tock a r e  not s e ns i t i ve t o  t ebuth i 
u ron c on s i s t e nt w i th i t s  low ord e r  o f  t ox i c i ty i n  laboratory 
a n i ma l s . 

U s e  o f  t ebuth i uron a s  prescr i bed on the herbi c i de l abel 
pr e sent s low haz a rd t o  per sonne l ,  the publ i c , and the 
e nvi r onment . 

Re f erenc e s  

Bovey , R .  s . , E .  Burnett , R .  E .  Meye r ,  C .  Ri cha rd s o n , and 
A .  Loh . n . d .  Pe r s i s t ence o f  t ebuth i uron i n  s u r f ac e  
runof f wat e r , s o i l and vegetat i on i n  t h e  Texa s 
B l ack lands P r a i r i e .  ( Seen i n  U . S .  Forest  S e r v i c e  1 9 81 . ) 

Elanco Produc t s  Company . 1 9 8 0 . Product Saf ety Dat a  She et . 

McNe i l ,  K .  E . , J .  c .  Bank s ,  R .  S .  B j erregaard , J .  A .  Keat on ,  
and L .  C .  Warne r .  n . d . Tebuth i uron f or rang e l and brush 
c ontrol . Li l ly Re search Laborat ori e s ,  Gr e en f i e ld , I L .  
( Seen i n  U . S .  For e s t  Servi c e  1 9 81 . ) 

Todd , G .  C . , w .  R .  G i bson,  and C .  C .  Kehr . 1 9 7 4 . Oral  
tox i c i ty o f  t ebuth i uron ( l - [ 5-t e r t -buty l -1 3 , 4 , 
thi ad i a zo l - 2 -y l ] - l , 3-d i methy l urea ) i n  expe r i mental 
animal s .  Fd . Cosmet . Tox i c o l . 1 2 : 4 6 1 -4 7 0 .  

U . S .  For e s t  Servi c e . 1 9 81 . He rb i c i de backgr ound s ta t e
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Weed S c i enc e S oc i ety o f  Am er i ca . 
4 7 9  pp . 4th Ed i t i on .  
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2 , 4-D and 2 , 4-DP 

Chem i c a l  Ident i f i c at i on 

2 , 4-D i s  the c ommon name f or 2 , 4-d i ch l orophenoxyacet i c  ac i d  
( and h e r e  w i l l  be u s ed g ener i ca l ly t o  describe  var i ou s  2 , 4-D 
f ormu l at i ons ) .  

2 , 4-D i s  a wh i t e c ry st al l i ne s ol i d  wh i ch m e l t s  a t  1 40°c 
t o  141 °C .  Th e vapor pressure  o f  2 , 4-D i s  0 . 4  mm Hg a t  
1 6 0°c .  At 2 5°c ,  8 5 ,  1 3 0 ,  2 7 ,  0 . 5 8 g a r e  s olub l e  i n  
1 0 0  g acetone , ethanol ( 9 5 percent ) ,  ethy l ethe r , and 
xyl ene , r e spect i vely . 2 , 4-D has l ow water solubi l i ty , 
0 . 0 9 g / 1 0 0  g wat er ( 9 0 0  ppm ) . Th e s a l t s  o f  2 , 4-D ( s od i um ,  
l i th i um , ami ne ) are  very s olub l e  i n  water . 

The concent rat i on o f  2 , 4-D and other phenoxy herb i c i d e  
formu l at i ons i s  expr e s s ed i n  ac i d  equ i va l ents  p e r  g a l l on .  
Recommend at i ons for rate  o f  app l i c at i on a r e  made on that 
basi s .  An a c i d  equ i va l ent i s  the amount of a f ormulat i on 
that can be converted t o  2 , 4-D . 

Am i ne s a l t s  a r e  the most c ommonly u s ed form o f  2 , 4-D . 
Formula 4 0  ( EPA Reg . No . 464-1-AA ; Th e Dow Chem i c a l  Company ) 
cont a i n s  th e d i methy l ami n e  s a l t  o f  2 , 4-D , a wh i t e  c ry s t a l 
l i ne s ol i d  wh i ch m e l t s  ( wi th d ecompo s i t i on )  a t  8 5°c t o  
8 7°c .  The s a l t  i s  extremely s olub l e  i n  water ( 3 0 0  g 
di s s olves  i n  1 0 0  g wat e r ) .  

E s t e r  f ormu l at i ons o f  2 , 4-D a r e  a l s o  u s ed by BPA . The 
propy l ene g lycol butyl eth e r  e s t e r  o f  2 , 4-D i s  ma r k et ed a s  
E s t eron 9 9  ( EPA Reg . No . 464- 2 0 1 -AA ; Th e Dow Chem i c a l  
Company ) .  Th i s  e s t e r  i s  a color l e s s  l i qu i d  wh i ch i s  
e s s ent i a l ly i nsoluble  i n  wat er . Th i s  l ong cha i n  e th e r  e s ter  
is  o f  e spec i a l ly low volat i l i ty ,  wh i ch m i n i m i z e s  the  haza rd 
o f  fumes and vapor s .  Weedone 1 7 0  Woody Pl ant Herb i c i d e  ( EPA 
Reg . No . 2 6 4- 2 2 2  Z B ;  Un i on Ca rb i d e ) i s  a c oncentrated 
c omb i nat i on o f  the but oxyethanol e s t er s  o f  2 , 4-D and 2 , 4-DP 
( 2 , 4-d i chlor ophenoxypropano i c  ac i d ) . 

Other herb i c i de f ormu l at i on s cont a i n i ng 2 , 4-D are  u s ed by 
BPA . Tordon 1 0 1  M i x t u r e  We ed and Brush Ki l l e r  ( EPA Reg . No . 
464-3 0 6 ; Th e Dow Ch emi cal Company ) c ont a i n s the t r i i sopr o
panolam i ne s a l t s of 2 , 4-D and p i c l oram ( the  sub j ec t  of a 
s eparate  Backgr ound S t at ement , page A-1 0 2 ) . Tordon 1 0 1  i s  
an i mportant herbi c i d e  i n  BPA veget at i on manag ement . Banvel  
5 20 ( EPA Reg . No . 8 7 6- 1 6 8  AA ) and Banvel 7 2 0 ( EPA Re g . No . 
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8 7 6 - 1 7 7  AA ) c ont a i n  2 , 4-D a nd d i camba a s  act i ve i ng r ed i 
ent s . Di camba i s  the sub j ec t  o f  a s epa r a t e  Bac kground 
S t at ement ( page A-4 7 ) . Banve l  5 2 0 c ont a i n s  the i s ooctyl 
e s t e r  of 2 , 4-D and Banv e l  7 2 0  cont a i n s  the d i m e thylamine  
s a l t  o f  2 , 4-D . Banvel 720  a l so i s  an i mport ant h e rbi c i d e  i n  
BPA vegeta t i on management . 

2 , 4-DP ( a l s o  known a s  d i ch l orprop ) i s  the propano i c  a c i d  
der i vat i ve o f  2 , 4-D u s ed f o r  bru sh con t r o l  i n  vegetat i on 
management . The t ox i c i ty and env i r onmenta l behavi or o f  
2 , 4-D and 2 , 4-DP a re s i mi la r �  the r e f or e , 2 , 4-DP wi l l  not be  
the  sub j ec t  o f  a s eparate  Backgr ound S t a t ement . 2 , 4-DP i s  
e spec i a l ly e f fect i ve f or woody plant control and f o r  
management o f  2 , 4-D r e s i s tant p l a n t  spec i e s .  

Much o f  the cont rover sy related t o  the u s e  o f  herb i c i d e s  i n  
vegetat i on management i s  r e l a t ed t o  the chem i c a l  synth e s i s  
o f  phenoxy herb i c i de s  and tox i colog i ca l  prop e rt i e s o f  
chlorod i benzod i ox i n  i mpur i t i e s . 2 , 4 , 5 - T  ( 2 , 4 , 5 -t r i ch loro
phenoxyacet i c  ac i d ) i s  synthes i z ed from 2 , 4 , 5 -t r i chl oro
ph enol a nd can c ont a i n part per  m i l l i on amount s of an 
ext reme l y  t ox i c  contami nant , 2 , 3 , 6 , 7 -t e trachlorod i benz o-p
d i ox i n  ( TCDD ) . 

Ch lorod i benzodi ox i n s  othe r than TCDD a r e  o f  l e s s  c onc ern 
bec a u s e  of l ow t ox i c i ty . Schwet z  e t  a l . ( 19 7 3 ) repo rt e d  
that 2 , 4-d i ch lorodibenzo-p-d i ox i n  a n d  octach lorod i benzo-p
d i ox i n  have l ow t ox i c i ty ,  whe reas  TCCD wa s e x t reme ly t ox i c . 
Low dosage s o f  TCCD ( 0 . 0 0 0 5  t o  0 . 0 01  mg/kg/day ) we r e  t ox i c  
t o  r at s ,  whereas  1 , 2 , 3 , 4-t e trachlorodibenz o-p-d i ox i n  
2 , 7 -d i ch l or odibenzo-p-d i ox i n ,  2 , 3 -d i ch lorod i benzo-p-d i ox i n ,  
and 2 -ch l or od i benz o-p-d i ox i n  a t  dosages o f  up t o  2 mg/kg/day 
had l i t t l e  o r  no e f fect ( Khera and Ru dd i ck 1 9 7 3 ) . 

2 , 4-D i s  synthes i zed from 2 , 4-di chlorophenol and , the r e f or e , 
does  not c ont a i n  TCDD ( s e e  Bo vey and Young 1 9 80 ) . Thr e e  
other chl orod i benzod i ox i n s o f  l o w  t ox i c i ty have bee n  f ound 
i n  2 , 4 -D manu factured i n  Canada ( Cochrane et a l . 1 9 80 ) . 
Ana l ys i s o f  3 0  U . S . samp l e s  o f  2 , 4-D r evea led 2 , 7 -d i chl o r o
d i benzo-p -d i ox i n  i n  three f ormu la t i ons . No s amp l e  c ontai ned 
more than 60 ppb of 2 , 7 -d i chlorod i benzo-p-d i ox i n ,  wh i ch does  
not r epr e s ent a t ox i colog i c  c oncern ( Newton a nd Dost  1 9 81 ) . 
As part o f  the Nat i onal Canc e r  Ins t i tut e bi oa s say program , a 
two-year f e ed i ng s tudy wa s c onduc ted . Ma l e  and f ema l e  r a t s  
and mi c e  wer e  f e d  1 0 , 000  ppm ( 1 0 , 0 0 0 , 000 ppb ) 2 , 7 -d i chl o r 
odi benzo-p-d i oxi n .  A " s ugge s t i on "  o f  c a rc i nogeni c a ct i v i ty 
wa s f ound i n  ma l e  rat s  bu t not i n  f ema l e  rat s o r  m i c e . The 
panel o f  the Nat i onal Cancer I n s t i tute  c onc luded that 
2 , 7 -d i chlo rod i benzo-p-d i ox i n wa s not a c a rc i noge n . 
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Ac t i on i n  Vegetat i on 

The 2 , 4-D herbi c i d e s  a r e  membe r s  o f  the phenoxy herb i c i d e s  
group wh i ch i s  the most e xtens i vely u s ed s et o f  chemi c a l s  i n  
veget at i on manag ement . A very i mportant factor t o  c on s i der 
in the i r  use i s  the s e l ec t i v i ty of phenoxy h e rbi c i de s  for 
broad l e a f  plant s ( Ashton a nd Cra f t s  1 9 7 3 ) . 2 , 4-D i s  e f f ec 
t i ve i n  c ontrol  o f  a nnual a nd perenn i a l  f orbs a nd woody 
plant s ( shrub s , hardwood s , and coni f er s ) on cropland s .  

2 , 4-D i s  more a c t i ve a s  a f o l i a r  spr ay than a s  a s o i l 
appl i ca t i on . Both upper and l owe r lea f su rfac e s  abs orb the 
herbi c i de and l ower l e a f  s u r f a c e s  a r e  most readi ly 
penetrated . The r e  i s  a d i r e c t  r e l at i onsh i p  between the 
th i ck n e s s  o f  the plant c ut i c l e  ( waxy outer l ayer ) a nd th e 
spec i e s  sens i t i vi ty t o  phenoxy herb i c i d e s  ( Bovey and Young 
1 9 80 ) . Fo l lowi ng f o l i a r  absorpt i on ,  2 , 4-D i s  t r ans l ocated 
wi th i n  the phl oem , probably mov i ng wi th photosynthe s i s .  
Fo l l ow i ng r oot absorpt i on ,  2 , 4-D may move upwa rd i n  the 
transp i ra t i on s t ream ( WS SA 1 9 7 9 ) . Plant s genera l ly g a i n 
t ol erance t o  2 , 4-D w i th age . 

The ph enoxy herbi c i de s  are  gr owth r egulator s w i th hormone 
( aux i n ) -l i k e  a c t i v i t y . Low l e ve l s o f  expo s u r e  promo t e  
growth r e sponses  i n  pa r t s  o f  t h e  plant d i stant f r om the 
poi nt of app l i ca t i on . Fu rthe r ,  f ol i a r appl i c at i on s  o f  2 , 4-D 
can be u s ed to k i l l root systems  of perenni a l  weed s . Th e s e  
observa t i on s  i nd i ca t e  tha t 2 , 4-D i s  readi ly transloc a ted and 
i s  phy t ot ox i c  i n  s ma l l  amount s .  

2 , 4-D cau s e s  abnorma l plant growth and a f f ec t s  r e sp i rat i on , 
f ood r e serves , and c e l l  d i vi s i on ( WS SA 1 9 7 9 ) . Pr i mary t ox i c  
e f f e c t s  o f  2 , 4 -D i n  plant s i nc l ude the fol l owi ng : ( 1 )  
twi st i ng or bend i ng o f  s t ems  and l eaves r e s u l t i ng f rom 
di f ferent i a l  growth , ( 2 ) th i ckeni ng o f  l eaves  and stem s , and 
( 3 )  c e s sa t i on of g rowth and c e l l  d eath . 

The degrada t i on o f  2 , 4-D by h i gher plant s  and mi croorgani sms 
ha s been r e vi ewed ( Loos 1 9 7 5 ) . S i de cha i n  d egr adat i on ,  
dechlor i nat i o n ,  hydroxylat i o n ,  and r i ng openi ng a r e  
reac t i ons whi ch reduce the phy totox i c i ty o f  2 , 4-D a nd o ther 
phenoxy herbi c i de s .  

The organi c ami ne s a l t s  and e s t e r s  o f  2 , 4-D a r e  r e ad i ly 
converted t o  the free  ac i d  i n  plant s . Tha t  c onve r s i on i s  
nec e s s ary t o  the expr e s s i on o f  phytotox i c i ty .  An add i t i onal 
cr i t i ca l  c onver s i on i s  tha t o f  2 , 4-DB t o  2 , 4-D in  s u s c ep
t ib l e  p l ant s ( Loos 1 9 7 5 ) . 

A-146  



Ut i l i za t i on by BPA 

The 2 , 4-D herb i c i d e s  ( i nc l udi ng 2 , 4-DP ) a r e  used  ext ens i ve ly 
by BPA t o  cont rol f orbs and woody plant s ( shrubs and t r e e s ) 
beneath t ransmi s s i on l i nes  and t ower s ,  a round pol e s , and at 
s ubstat i ons . Ground-ba sed and a er i a l appl i cat i ons a r e  
u s ed . BPA u s ed o n  the averag e the equ i va lent o f  3 0 , 51 6 
pound s o f  2 , 4-D and 4 7 3  pound s o f  2 , 4-DP ( a c t i v e  i ng r e d i 
ent s )  per yea r  s i nc e  1 9 7 8 , and propose s t o  u s e  1 , 9 5 4  pound s 
o f  2 , 4-D and 0 pounds o f  2 , 4-DP i n  1 9 8 3 . 

Formu la  40  i s  ei ther u s ed a s  the formulated product or i s  
d i l ut ed w i th wat e r  a nd appl i ed t o  f ol i ag e  and s t erns . 
Appl i c at i on can be  mad e a s  a broadc a st spray at a d i lut i on 
and e f f ect i ve appl i ca t i on r a t e  o f  2 2 4  rng/rn 2 2 , 4-D ami ne 
( ac t i v e  i ngred i ent ) .  Appl i cat i on i s  a l so made as a spot 
( d i rected ) spr ay ( 0 . 2 5 pi nt product in th ree  g a l lons of 
wat e r ) whi ch thoroughly wet s all fol i ag e , or as s i ng l e-s t em 
t r eatment wh i ch i n j ec t s  1 t o  2 m l  undi lut ed pr oduc t t o  each 
notch or i n j ec t i on po i n t  i n t o  the camb i um around the 
c i rcumfer ence near the b a s e  of s u s c ept ible  t r e e s . Spr ay 
operat i on s  oc cur  dur i ng wa rm weather when forbs and shrubs 
a c t i vely g r ow ,  whereas s i ng l e- s t em t r eatment occu r s  dur i ng 
any s ea s on , exc ept map l e s  a r e  not treated duri ng the spr i ng 
s ap f l ow .  

E s t eron 9 9  i s  d i luted w i th water and broadc a s t  by a i r  or 
ground-ba s ed equ ipment t o  f o l i ag e  and sterns when alder t r e e s  
a r e  act i vely grow i ng . Th e e f fect i ve broadca st appl i cat i on 
r a t e  o f  2 , 4-D e st e r  ( a c t i ve i ng r e d i ent ) i s  448 rng /rn2 . Th e 
formu lat i on may al so be di l uted wi th wa t e r  and appl i ed a s  a 
d i r e c t ed spr ay wh i ch thoroughly wet s a l l  weed f o l i ag e .  

Weedone 1 7 0  i s  d i l ut ed wi th wat e r , o r  oi l ,  or an o i l and 
wa ter  mi xture and appl i ed as a ground-ba s ed broadcast  spray , 
spot spray , o r  s i ng l e-stem treatment . I f  broadcast , only 
water i s  u s ed and the e f fect i ve appl i c a t i on rate  of 2 , 4-D 
e s t e r  and 2 , 4 -DP ( a ct i ve i ngredi ent s )  i s  between 4 5 0  and 
2 , 000  rng/rn2 f or each . Appl i c at i on o f  spot spr ays i s  mad e 
t o  thoroughly wet t a rget  vegetat i on .  Si ng l e -s t em t r eatment 
i nvolves dr ench i ng cut s t umps or pou r i ng the d i lut ed f ormu la 
i nt o  cut  surfaces  near the ba s e  of the tree . 

Tordon 1 01 i s  u s ed t o  c ontrol weed s  and woody plant s on 
r i ght s -o f -way and at substat i on s . The herbi c i d e  i s  app l i ed 
as a h i gh-volume , g r ound-based b r oadca st spray , as a 
d i rected ( s e l ec t i ve ) spray , a s  an a e r i a l  t reatment broadcast  
by a hel i c opt er , o r  w i th s i ng l e- s t em and c u t - s t ump t r e atment 
devi c e s . Appl i cat i on i s  made a f t e r  fol i ag e  i s  we l l  
d eveloped , but wh i l e  weeds and brush a r e  act i vely g r owi ng . 
Di lut i on ( w i th wa t e r )  and broadca s t  app l i cat i on rat e s  

A-1 4 7  



prov i de an e f fect i ve appl i cat i on rate  o f  p i c l orarn ( ac t i ve 
i ngredi ent ) between 5 6  and 1 6 8 rng/rn2 , and an e f fect i ve 
appl i cat i on rat e o f  2 , 4-D ami n e  ( act i v e i ngredi ent ) between 
2 24 and 6 7 3  rng/rn2 . Wh en appl i ed d i r ec t ly t o  s i ng l e  s t erns 
or cut  s tumps , di lut i on y i e l d s  6 0  and 240 gram s / l i t e r  
p i c lorarn and 2 , 4-D , r e spec t i ve ly . 

Banv e l  5 2 0  i s  d i luted w i th oi l and appl i ed w i th h i gh volume 
hydrau l i c  hose spr ayer s  to brush and weeds dur i ng the 
dormant s ea s on . The formulat i on i nc lud e s  2 , 4-D e s t e r  and 
d i carnba as a c t i ve i ngred i ent s . Vegetat i on i s  spr ayed unt i l  
runof f occu r s  on the ba s a l  pa r t  o f  the s t ern . 

Banve l 7 20 i s  d i luted w i th wat e r  a nd b roadcast by a i r  or 
ground equ ipment a ft e r  leaves a r e  fully developed and unt i l  
three week s  be fore f r o s t . Th e formu l at i on c ont a i n s  2 , 4-D 
am i ne and d i carnba as ac t i v e  i ngred i ent s .  Di lut i on and 
appl i ca t i on rat es prov i de an e f f ect i ve appl i cat i on r a t e  o f  
2 , 4-D am i ne and d i carnba ( ac t i v e  i ngredi ent s )  between 2 2 4 and 
6 7 2  rng/rn2 and between 1 1 2 and 3 3 6  rng/rn2 , r e spect i vely . 
Banv e l  7 2 0  i s  a l s o  di luted wi th a n  equa l  quant i t y  o f  wat e r  
a nd appl i ed t o  cut s u r f ac e s  a t  any t i me o f  t h e  year . Appl i 
cat i on o f  0 . 5  t o  1 m l  o f  solut i on i s  made t o  each not ch or 
i n j ect i on poi nt . 

Ch em i c a l  Fa t e  and Di s t r i but i on i n  the Env i r onment 

Soi l 

2 , 4-D i s  r api dly i nact i va t ed i n  moi st s o i l w i th ha l f- l i ve s  
u s ua l ly be i ng mea sured i n  day s  t o  week s ( except und e r  a r i d  
c ond i t i ons where 2 , 4-D per s i s t s  f o r  l ong er per i od s ) .  Th e 
herb i c i d e  does not accumu l at e o r  pers i s t i n  phyt ot ox i c  
amount s f r om one year t o  the next . 

Soi l m i croo rgani sms a r e  v e ry act i v e  i n  th e de gradat i on o f  
s o i l r e s i due s o f  2 , 4-D . By 1 9 7 7 ,  over 3 4 0  r e s earch paper s  
had been pub l i shed o n  mi crob i a l  i nt eract i on s  wi th the 
ph enoxy herbi c i des ( Bovey and Young 1 9 80 ) . Some s o i l 
mi c roorgan i sms  a r e  suscept i b l e  t o  phenoxy h e rb i c i d e s  at 
conc ent ra t i ons o f  50 ppm ; howev er , most a r e  t ol erant . 
Concentrat i on s  o f  2 , 4-D a t  1 00 t o  2 0 0  t im e s  the amou nt 
norma l ly u s ed f or weed c ont r o l  u s ual ly have no appr ec i able 
e f f ec t  on soi l popu l at i on s  o f  bac t e r i a ,  fung i , and ac t i norny
c e t e s . Ra t e s  o f  breakdown i n  moi st l oam s o i l s  wou l d  be  one 
to three months when appl i cat i on rat e s  are 4 . 5  to 6 1 . 6  
kg/ha . I n  g enera l , c ondi t i on s  whi ch f avor the g rowth o f  
soi l mi croorgani sms ( moi s t u r e , warmth , organi c ma t t e r ) 
l i kewi s e  promote the r ap i d  d egradat i on o f  2 , 4-D . 
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The molecular  f a t e  o f  2 , 4-D ha s been extensi vely s tu d i ed i n  
soi l s  ( Loo s 1 9 7 5 ) . Arthroba c t e r  ( a  bac t e r i um ) enzymat i ca l l y  
c onvert s 2 , 4-D t o  2 , 4-d i chl orophenol and other ch lo ro
phenol s .  Th e phenol s a r e  hydroxy l a t ed t o  yi e l d  cat echol s 
wh i ch are  f u rther metabol i z ed t o  y i eld  buteno l i des and 
chloromucon i c  ac i d . Ul t i ma t e  prod uc t s  o f  2 , 4-D a r e  chl o r i d e  
i on ,  aceta t e , and d i carboxyl i c  a c i d . It  i s  a n  i mport ant 
f i nd i ng that chlorophenol s  a r e  not the end produc t s  o f  2 , 4-D 
degrada t i on .  

2 , 4-D may be  d egr aded by chemi c a l  proc e s s e s  i n  s o i l i n  the 
absenc e of l i vi ng o rgani sm s .  Ox i dat i on ,  r educt i on ,  and 
hydrolys i s  a r e  k nown t o  occu r .  For exampl e ,  i s opr opyl a nd 
n -butyl e s t e r s  o f  2 , 4-D we r e  hydrolyzed i n  moi s t  s o i l wi th i n  
2 4  hours ( Bovey a nd Young 1 9 80 ) . 

He rbi c i d e  appl i ed t o  plant and soi l surfaces  i s  sub j ec t  t o  
decompo s i t i on by s un l i ght under laboratory and f i e l d  
cond i t i on s . 2 , 4-d i chl orophenol a n d  mono d echl o r i na t ed 
hydr oxy d e r i vat i ve s  a r e  f o rmed . The u l t i mat e d egradat i on 
produc t s  a r e  polymer i c  humi c ac i d s , subst anc e s  f ound t o  
occur w i d e l y  i n  t h e  o rgan i c  fract i on o f  s o i l ( Bovey and 
Young 1 9 8 0 : Crosby and Tu t a s s 1 9 6 6 ) . 

Vo lat i l i ty o f  ph enoxy herb i c i des can r epr e s ent a pathway o f  
l o s s  from soi l and plant su rfac e s . Bau r  a n d  Bovey ( 19 7 4 ) 
f ound tha t l o s s e s  o f  more than 5 0  perc ent p e r  day occurr ed 
when dry preparat i on s  we r e  expos ed t o  t emperatur e s  up t o  
6 o0c .  So i l  surface  t emperatu r e s  could r each 60°c unde r 
s ummer cond i t i on s . The e s t e r  formu lat i on s  o f  2 , 4-D a r e  more 
volat i l e than oth e r  ph enoxys u s ed by BPA ( s e e  Ch emi c a l  
Ident i f i c a t i on sect i on ) . 

S o i l adsorp t i on i s  not a s  i mport ant a s  i s  m i cr ob i a l  d egrad a
t i on i n  r educ i ng s o i l concentra t i on s  o f  2 , 4-D . I n  soi l ,  
2 , 4-D ex i s t s  a s  a negat i vely charg ed chem i cal o r  a s  a n  
und i s soc i a t ed ac i d .  Soi l s  a r e  gener a l l y  nega t i ve l y  cha rg ed 
a l so ,  henc e , the extent o f  adsorp t i on i s  sma l l . Org an i c  
mat t e r ,  i ron , and a l um i num wi l l  enhance s o i l a d s o rpt i on .  
Phenoxy herb i c i d e s  a r e  u s ual ly f ound i n  the t op l ayers  ( 0  t o  
6 i nche s ) o f  soi l ( Bovey and Young 1 9 80 ) . 

Wa t er 

2 , 4-D may be  f ound i n  l ow c oncent rat i ons i n  wat e r  a s  a 
r e s u l t  o f  vegeta t i on management operat i on s . Su r fa c e  runo f f  
i s  a po s s i bl e  means o f  movement o f  2 , 4-D f r om t r eated a r eas 
i nt o  wat e r . Bovey and Young ( 1 9 8 0 ) r evi ewed the occ u r r enc e 
o f  2 , 4-D i n  s u r f ac e  r unof f wa t e r  i n  c ul t i vated and pasture  
l a nd s , i r r i gat i on wat e r , i mpound ed wat e r , groundwat e r , and 
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i n  t r eated wat erway s  where the herbi c i de was u s ed t o  c ontrol 
aquat i c  weed s . 

In a l l  i n st anc e s , c oncentrat i on s  i n  water were l ow and 
degradat i on ( b i o l og i c a l  rather than chemi c a l ) wa s rap i d . 
2 , 4-D i s  not a per s i s t ent wa t e r  c ontami nant . Conc ent rat i on s  
o f  2 , 4-D i n  wat er wi l l  rapi dly decrea s e  a s  a r e su l t  o f  
d i lut i on ,  m i c rob i a l  degradat i on ,  a n d  photodec ompos i t i on 
( Bovey and Young 1 9 80 ) . 

Bovey and Young ( 1 9 80 )  revi ewed s i x  stud i e s  o f  the movement 
or contam i nat i on of wat e r  by phenoxy herb i c i d e s  i n  the 
forest e nv i ronment . Lo s s e s  v i a  runo f f  a r e  a very sma l l  
frac t i o n  o f  t ot a l  amount s app l i ed . Fol lowi ng spray i ng o f  
f orest  l and i n  Scot land w i th a n  emu l s i f i ab l e  formu lat i on o f  
the nonyl e s t e r  o f  2 , 4-D ( 4 . 4 8  kg/ha ) ,  c onc entrat i on i n  the 
dra i nage wat e r  was 2 ppm , 1 ,  2 ,  4 ,  and 7 days a f t er a 14 cm  
r a i n fa l l  the  day before treatment . Aft e r  28  day s , no 2 , 4-D 
wa s detectab l e . 

In a Great Lak e s  forest c l earcut  a rea o f  Canada , the l o s s e s  
o f  p i c l oram and 2 , 4-D from th e s o i l we re  mea sured f o r  one 
year f o l low i ng spr ay i ng . Le s s  than l perc ent of the 
p i c loram and l e s s  than 0 . 1  perc ent of the 2 , 4-D were l o s t  
dur i ng s even per i od s  o f  runo f f . A s t orm wh i ch o c c u r r e d  2 4  
hou r s  a f t e r  app l i cat i on f a i l e d  t o  r e l e a s e  s i gn i f i cant 
quant i t i e s o f  e i ther herb i c i de . Su f f l i ng e t  a l .  ( 1 9 7 4 )  
con c l uded that the ma j or los s from s o i l wa s decompo s i t i on 
rather than herb i c i d e  movement . 

Chem i c a l  hydroly s i s i s  the pr i ma ry mechani sm o f  2 , 4-D 
decompo s i t i on i n  wat e r . Hydrolys i s  i s  pH and t empe rature 
dependent . Cohen et a l . ( 1 9 8 1 ) c a l c u l a t e  the ha l f -l i f e f or 
hydroly s i s  o f  2 , 4-D e s t e r s  i n  northern Ca l i f orn i a  c oa s t a l  
st reams t o  rang e  from several  day s t o  several week s .  

Nor r i s and Moore ( 1 9 7 0 )  and Norr i s  ( 1 9 7 0 ) report ed h e rb i c i de 
c oncentrat i on s  o f  l e s s  than O . l  ppm i n  s t r eam s  adj acent t o  
c a r e fu l ly c ontrol led forest spr ay oper at i on s  i n  Or egon . 
Concent rat i on s  exceedi ng l ppm have never been ob s e rved and 
were c ons i d ered u n l i k e ly . BPA h a s  c onduct ed an h e rb i c i de 
r e s i du e  moni t or i ng program over the pa s t  1 0  year s .  Th e 
h i gh e s t  report ed c onc entrat i on o f  2 , 4-D i n  wat er was 0 . 2 1 6  
ppm i n  a beaver pond o n  the day the r i ght -o f -way wa s 
a er i a l ly t r eated . 

Ai r 

Spr ay operat i on s  and volat i l i zat i on may re s u l t  i n  the occur
rence o f  2 , 4-D in a i r . Dri f t  o f  a i rborne spr ay part i c l e s  
( a e roso l s )  t o  nontarg et p l ant s i s  a s i gn i f i cant ha zard o f  

A- 1 5 0  



2 , 4-D spr ay operat i ons . Low t emperatures  and h i gh r e l at i ve 
hum i d i ty t end t o  r educ e volat i l i zat i on .  Techn i qu e s  wh i ch 
m i n i m i ze d r i ft a r e  i mport ant t o  e f f ect i ve and e f f i c i ent 
spray operat i on s .  

The c oncent r at i on o f  2 , 4-D e s t e r  i n  amb i ent a i r  d u r i ng the 
spray s ea s on in Canada and the Pac i f i c  No rthwe st va r i e s  from 
0 . 00 0  t o  0 . 01 0  mg/m3 ( Adams et a l . 1 9 74 ) . Bame sbu rg er and 
Adam s ( 1 9 6 6 ) col lect ed 2 4-hou r a i r  sampl e s  at Pu l lman and 
Kennewi ck , Wa sh i ngton , f or appr ox i ma t e ly 1 00 days . Ma x i mum 
concent rat i on s  of the phenoxy s we r e  the me thy l  e s t e r s  o f  
2 , 4 , 5 -T and 2 , 4-D a t  0 . 0 0 3 3 8  and 0 . 0 0 5 1 2  mg/m3 , r e spec
t i vely . The s e  stud i e s d emon s t rat e the tran spo rt o f  the 
phenoxy s f r om l a rg e- s c a l e  appl i cat i on i n  a g r i c u l t u r e . 
Negl i g i b l e  amoun t s  wou ld be expected i n  a i r a s  a r e s u l t  o f  
herbi c i de vegetati on management by BPA .  Di lut i on i s  the 
primary proc e s s  r e spons ibl e for r educ t i on of the conc en
t r at i on of ph enoxys in a i r .  Photod egradat i on a l s o probably 
r e s u l t s  in the r educ t i on of a i rborne herbi c i d e . 

Ch emi ca l  Tox i co l ogy i n  An i mal s and Humans 

Acu t e  E f f e c t s  

2 , 4-D i s  c l a s s ed a s  a moderately t ox i c  s ub s t ance b a s ed upon 
tox i c i ty t e st i ng i n  an extremely l a rg e  numb e r  o f  anima l s . 
The acute oral  LD5 0s  o f  2 , 4-D i n  m i c e ,  r a t s ,  g u i nea p i g s ,  
rabbi t s ,  swi ne , she ep , cattl e ,  and monk eys f a l l  w i th i n  th e 
rang e o f  3 00 t o  1 , 0 0 0  mg/kg . Dog s  a r e  more s u s c ept i bl e  w i th 
an acu t e  oral  LD5 0 o f  approx i ma t e l y  1 0 0  mg/kg . 

Geh r i ng and B e t s o  ( 1 9 7 8 )  r eport ed on the low t o  mod e rate  
acut e tox i c i ty of  phenoxy ac i d s . They noted th e great e r  
s en s i t i vi ty o f  t h e  d o g  a n d  a s soc i at ed that f i nd i ng w i th th e 
poor r enal ex cret i on o f  o rgan i c  ac i d s  by thi s spec i e s . 
S i gn s  o f  t ox i c i ty were : l o s s  o f  appet i t e ,  we i ght l o s s , 
depre s s i on ,  muscu l a r  weakne s s , pa r e s the s i a  ( t i ng l i ng o f  th e 
sk i n ) , at ax i a  ( l o s s  o f  c oord i nat i on ) , p e r i ph e ra l  n eu r opathy , 
and post e r i or paralys i s .  Les i on s  a r e  not r emarkab l e  and a r e  
l i m i t ed t o  i n f lammat i on o f  the g a s t r o i nt est i na l  t ract  and 
m i ld l i ve r  and k idney damag e .  

Ac ute  t ox i c i t y can r e su l t  f r om d e rmal  exposure . Th e a c u t e  
derma l LD5 0 o f  2 , 4-D i n  t h e  rabb i t  i s  great e r  than 1 0 , 0 0 0  
mg/kg ( WS SA 1 9 7 9 ) . Sk i n  absorp t i on o f  2 , 4-D i s  l i m i t ed ,  
howeve r .  Abou t 5 t o  6 pe rcent o f  d e rma l ly appl i ed 2 , 4-D wa s 
r ecovered i n  human u r i ne ( Fe ldman and Ma ibach 1 9 7 4 ) . Newt on 
and Nor r i s ( 1 9 8 2 ) r ecovered l e s s  than 0 . 5  pe rcent o f  a 
r e l a t ed ph enoxy e s t e r  wh en appl i ed i n  a s a t u rated c l oth 
pre s s ed aga i n st the sk i n  for  two hou r s .  Sk i n  expo s u r e  can 
r e su l t  in system i c  t ox i c i ty ( s e e  Ha z a rd As s e s sment s ec t i on ) , 
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but norma l ly s i mp l e  hyg i ene i s  s u f f i c i ent t o  adequa t e ly 
m i n i m i z e  the hazard . 

Ex c e s s i vely large  dosages o f  2 , 4-D may a lt e r  the phy s i o
l og i c a l  propert i e s  o f  the blood bra i n  bar r i e r . De s i  et a l . 
( 1 9 6 2 )  r eport ed that 2 0 0  mg/kg a l tered br a i n  e l ec t r i c a l  
act i v i ty i n  the rat . E l o  and Yl i ta l o  ( 1 9 7 7 ,  19 7 9 ) 
adm i n i s t ered h i gh d o s e s  o f  2 , 4-D f o l l owed by a t r ace o f  
1 4c-2 , 4-D . At 2 50 mg/kg i ncr eased amount s o f  1 4c 
entered th e bra i n .  The br eakdown i n  r e s i stance t o  2 , 4-D 
entry i nto the bra i n  became dose-d ependent only when a 
ma s s i ve dos e had been admi ni s tered . Pr i t chard ( 1 9 8 0 ) ha s 
d emonstrated i n  v i tro  that the choroid  plexus  o f  the r abb i t  
i s  extremely eff i c i ent ( accumu lat i ng conc entrat i o n s  4 0  t o  6 0  
t i me s  over med i um )  i n  c oncent ra t i ng 2 , 4-D ( and other 
ac i d s ) . Th e syst em i s  saturab l e . It seems l i k e l y  th e 
ret ent i on o f  l�c - 2 , 4-D r e s ul t s  f r om saturat i on o f  the 
t r anspor t  system w i th h i gh do s e s  of 2 , 4-D . 

Appr ox i ma t e ly 2 0  c a s e s  o f  human poi son i ng by 2 , 4-D have been 
reported ( Newton and Do s t  1 9 81 ) . A s i ng l e  oral dose of 3 t o  
4 grams i s  neces sary t o  produce poi son i ng i n  humans ( Hayes 
1 9 6 3 ) .  Po i s oni ng s  have r e s u l t e d  from sp i l lage  of herbi c i d e 
concent r a t e s  on the sk i n  w i thout wa sh i ng , s u s t a i ned c ontact 
w i th large quant i t i e s  of d i lut ed mat e r i a l s ,  and a cc i d ental 
( o r d e l iberat e )  i ng e s t i on .  I n  another c a s e ,  a home gard ener 
was exposed t o  2 , 4-D on her hand s ,  knee s ,  and l eg s  for  an 
ext ended per i od . 

A u n i que neuromu scular e f f ec t  h a s  been obse rved i n  per sons 
exposed t o  exce s s i ve l y  large  amount s o f  2 , 4 -D ( Be r w i c k  19 7 0 ;  
Berke l ey and Magee 1 9 6 3 ;  S e abury 1 9 6 3 ; Todd 1 9 6 2 ; Gold s t e i n  
e t  a l . 1 9 5 9 ) . I n  the s e  c a s e s , early sympt om s  i nc l uded 
weakn e s s  and numbn e s s  o r  t i ng l i ng of the e xt r emi t i e s ,  
fol lowed by nausea and vom i t i ng rega rd l e s s  o f  the r ou t e  o f  
exposu r e . Mu s c l e  ach e s  wh i ch may have requi red med i ca t i on 
al so have fol l owed . I n  come c a se s ,  pat i ent s were unab l e  t o  
walk . Re f l ex  d e f i c i t s  were r eport ed , and e l ectr omyogr aphy 
showed d i m i n i shed musc u l a r  func t i on .  Although decreased 
nerve c onduct i on v e l oc i ty i s  a n  i mport ant symptom , the 
und e r ly i ng me chani sm of th i s  neuromu scular  d i sord e r  i s  not 
known . Cl i n i ca l  recovery occur red a f t e r  a f ew month s or up 
to two to thr e e  year s .  

At h i gh dosag e s , 2 , 4-D i s  a n  experi ment al  i nduc e r  o f  
myotoni a ,  used  a s  a mod e l  o f  the congen i t a l  d i s ea s e  i n  
humans ( Iyer  e t  a l . 1 9 7 7 ) ; Ezaqu i rr e  e t  a l . 1 9 4 8 ) . The 
act i on i s  appa rent ly due  t o  i ncreased membrane r e s i s t anc e 
and decrea sed chl o r i d e  t r ansport . Du x et a l . ( 1 9 7 7 )  
conc luded that 2 , 4-D a l t ered c a l c i um d i s t r i but i on i n  musc l e . 
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In  one method o f  i nterpret i ng t ox i c i ty data , i t  i s  presumed 
that acute ( LD5 0 )  t ox i c  dos e s  for rat populat i on s  a r e  
s i mi lar t o  that for human populat i ons . Gi ven LD5 0 values  
rang i ng between 3 7 5  and 1 , 9 6 0  mg/kg f o r  rat  popu l a t i on s , i t  
i s  pre sumed that the LD5 0 dose o f  va r i ous 2 , 4-D f ormu lat i ons 
( act i ve i ngred i ent ) for a popu lat i on o f  1 6 5-pound humans 
wou ld r ang e f rom 1 . 0  to 5 . 2  ounc es ( 0 . 006-0 . 0 3 2  oz/ lb . ) .  

Chron i c  Ef f e c t s  

Bovey and Young ( 1 9 80 ) mad e the f o l l ow i ng s ummary s t ate
ment : "Mi c e  were not a f f e c t ed a t  dosag e s  up t o  9 3  mg /kg o f  
the s od i um s a l t  o f  2 , 4-D when f ed d a i ly f o r  t h r e e  weeks t o  
thr ee month s ( Bucher 1 94 6 ) . Ra t s  were not a f fected  when f ed 
dosages up t o  4 0 0  mg/kg d a i ly f o r  3 0  days o f  the s od i um s a l t  
o f  2 , 4-D ( Hi l l and Ca rl i s l e 1 9 4 7 ) . A dosage o f  5 0 0 mg/kg 
for  30 day s , however , wa s l etha l . Han s en et a l .  ( 1 9 71 ) a nd 
Erne ( 1 966 ) f ed the a c i d  and ami n e  formula t i on o f  2 , 4-D t o  
r a t s  up t o  1 , 000  ppm d a i ly f o r  two y ea r s  and t en month s ,  
r e spec t i vely , wi th no d e t r i ment a l  e f fec t s " . The s e  stud i e s 
i ndi cate the l ow ord e r  o f  chroni c t ox i c i ty o f  2 , 4-D . 

The r eport o f  Hansen e t  a l .  ( 1 9 71 )  i s  mo s t  exten s i ve and 
provi des  the mo s t  uni f i ed data on 2 , 4-D ch roni c t ox i c i ty i n  
rat s and dog s . A two-year  chr on i c f eed i ng wa s done us i ng 
Osborne-Mend el  r a t s  ( 2 5 male , 2 5  f ema l e )  f ed 0 ,  5 ,  2 5 ,  1 2 5 ,  
6 2 5 ,  o r  1 , 2 5 0  ppm 2 , 4-D . No s i gn i f i cant e f f ec t s  on growth 
r at e ,  s u rvi val r a t e ,  organ w e i ght s ,  or hematolog i c values  
we r e  not ed . Tot a l  t umor i n c i denc e ( ma l e  and f ema l e  i n  
c ontrol and experi menta l g roups ) ,  a nd t i s su e  d i str i but i on of 
the t umor s wa s typ i c a l  o f  a g i ng rat s . 2 , 4-D wa s not 
c a rc i nogen i c .  

A two-year chron i c  f e ed i ng st udy w a s  a l s o  perf ormed i n  
bea g l e  dog s . They ( 3  ma l e , 3 fema l e )  wer e f ed e i ther 0 ,  1 0 ,  
5 0 ,  1 0 0 , or 5 0 0  ppm 2 , 4-D . Ne cropsy wa s perf ormed on a ma le  
( on 1 0  ppm ) whi ch d i ed after  ten  month s ,  and a l l  o f  the  2 9  
other s ,  wh i ch survi ved f or two y ea r s . T i s sues  were  s t udi ed 
gro s s l y  and m i croscopi ca l ly . Twent y-e i ght dog s wh i ch 
su rvi ved two y ea r s  were c l i n i ca l ly n orma l ,  and no 2 , 4-D 
e f f ec t s  were obs erved . On e f ema l e  at 1 00 ppm wa s ema c i a t ed 
a t  autopsy but showed no s i gn i f i cant l e s i on s  . None of the 
l e s i ons in the dog s wa s be l i eved to be due to i ng e s t i on of 
2 , 4-D . 

The e f fect o f  2 , 4-D on r eproduc t i ve perf ormance by r a t s  was 
s t ud i ed wi th a t ot a l  o f  s i x  l i t t e r s  produced by thr e e  
succ e s s i ve g enerat i on s  o f  r a t s . Do s e  l eve l s  o f  2 , 4-D were  
1 00 ,  5 0 0 ,  and 1 , 5 00 ppm . At  th e h i ghest  d os e , th e r e  wa s n o  
e f f ec t  on f e rt i l i ty o f  the male  o r  f ema l e  r a t s  o r  on average 
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l i t t e r  s i ze ,  but 1 , 5 0 0  ppm d i d  r educe the perc ent o f  pups 
born that survi ved to 21 day s and depressed  the we i ght s of 
those weanl i ng s .  

The long-t e rm s tudy o f  Inne s e t  a l . ( 1 9 6 9 )  a l so f a i led t o  
show any c a rc i nogen i c  act i vi ty o f  2 , 4-D i n  two s t ra i n s  o f  
m i c e . 

Han s en e t  a l . ( 1 9 7 1 ) c a lcu lated the max i mum a l l owable  human 
2 , 4-D exposure ba s ed upon reg i st ered t o leranc e s  i n  fru i t s  
( 5  ppm ) and g r a i n s  ( 0 . 5  ppm ) . They e st i mated 2 , 4-D c ou l d  
compr i s e 0 . 3  ppm o f  the t ot a l  d i et . 

S t ud i e s  o f  the t e ratogenic  act i vi ty o f  2 , 4-D have s omet i me s  
produced se r i ou s  abnorma l i t i e s  ( t erata ) ,  b u t  the thr e shold 
dose i s  very c l ose t o  those that c au s e  maternal t ox i c i ty .  
Schwe t z  et a l . ( 1 9 7 1 ) f ed 2 , 4-D ac i d  at leve l s  up t o  8 7 . 5  
mg/kg/ day on day s  6 t o  1 5  o f  g e s taton . Embryotox i c i ty 
( edema , d e l ayed o s s i f i cat i on ,  decrea sed feta l we i ght , and 
wavy r i bs ) was appa rent , but no t e rata were s e en . Khe ra and 
McKi n l ey ( 1 9 7 2 )  produced skeletal  anoma l i e s  a f t e r  s i ng l e  
oral d o s e s  o f  up t o  5 0 0  mg/kg/day o n  days 6 t o  1 5  of  
ge stat i on .  The lowe s t  dosag e a t  wh i ch i nc reased i nc i dence 
wa s obs e rved wa s 2 5  mg/kg/day . Col l i ns and W i ll i ams  ( 1 9 7 1 ) 
u s ed three comme rc i a l  samp l e s  o f  2 , 4-D a t  leve l s  up t o  1 0 0  
mg/kg/day i n  h amst e r s  o n  days 6 t o  1 0  of g e stat i on . The 
i nc i denc e o f  fused r i b s  wa s e l evat ed but not s i g n i f i cantly 
above c ontrol  va lue s . 

As do many chemica l s ,  2 , 4-D h a s  the c apac i ty t o  c au se s ubt le  
reproduct i ve e f f ec t s  ( e . g .  decreased b i rth we i ght s ,  
decrea sed l i t t e r  s i z e ,  dec r e a s ed f e rt i l i ty ) . Mo s t  s uch 
e f f e c t s  occur at dos e s  i n  the rang e  where  adu l t  t ox i c i ty i s  
cau sed . Th e dose a t  wh i ch no adve r s e  chang e s  i n  r eproduc
t i on have oc curred ha s been d e t e rm i ned at 2 5- 3 5  mg/kg /day . 
On th i s  ba s i s ,  Do s t  ( 1 9 8 3 )  u s ed 2 0  mg/kg /day a s  the 
r eproduc t i ve no-e f fect  leve l for 2 , 4-D in a wor s t -c a s e  
analy s i s  o f  envi ronment a l  h e rb i c i d e  exposure . 

A number of mutag en i c  s c reens  have a l s o  i nc luded 2 , 4-D . 
Negat i ve , weak ly pos i t i ve ,  a nd pos i t i ve r e su l t s  have been 
reported and are  summa r i zed by Newt on and Dos t  ( 1 9 8 1 ) . I n  a 
scr een o f  1 1 0 herb i c i des  u s i ng e i ght s t ra i ns o f  h i s t i d i ne
requ i r i ng mut ant s of bact er i a  ( Sa lmone l l a typh i mu r i um ) , 
2 , 4-D f a i led t o  produc e po i nt mutat i on s  { Ander son e t  a l .  
1 9 7 2 ) . Sty l e s  ( 1 9 7 3 )  treat e d  rat s wi th 2 , 4-D . The s erum o f  
the t r eated r a t s  was u s ed i n  a host-med i at ed a s say w i th 
h i st i d i ne -requ i r i ng S .  typh i mu r i um mutant s .  2 , 4-D d i d  not 
i nduc e i nc reased m i c ronu c l e i  i n  mou s e  bone marrow e ry thro
cyt e ,  but m i t ot i c  act i v i ty wa s s l i ght ly depr e s s ed ( Jenssen 
and Renberg 1 9 7 6 ) . The s e x- l i nked l etha l i ty a s say o f  2 , 4-D 
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i n  male f r u i t f l i e s ( Drosoph i l a ) wa s negat i ve ( Vogel  and 
Chand l e r  1 9 7 4 ) , weak ly pos i t i ve ( Magnu s son et a l . 1 9 7 7 ) , and 
pos i t i ve ( Ra smu s s en and Svahl i n  1 9 7 8 )  i n  th ree  s epa rate  
studi e s . 

S e i l e r  ( 1 9 7 8 )  revi ewed the g enet i c  t ox i cology of  phenoxy 
a c i d s  i nc l ud i ng 2 , 4-D . He c onc l uded that any g enet i c  r i sk 
a s soc i at ed w i th the s e  herbi c i de s  i s  appa r ent ly l ow .  Newton 
and Dost ( 1 9 81 ) conc l uded that 2 , 4-D may be a very weak 
mutagen , "but i s  w i thout s i g n i f i cance a s  an envi r onmental 
mutageni c hazard . "  

Some i nhibi tors  o f  p l ant c e l l  d i vi s i on a r e  capabl e  o f  
i nhibi t i ng the prol i f era t i on of  animal  tumor c e l l s .  Two 
anima l  t umor c e l l  c u l t ure s ,  EL-4 and Ll 2 1 0  were u s ed . 
Z i lkah et a l . ( 1 9 81 ) found that t umor c e l l pro l i f e rat i on wa s 
i nhibi t ed 5 0  perc ent by c oncentr at i ons o f  l o-4 t o  l o- 3M 
of 2 , 4-D a nd bromac i l .  

Mode of  Ac t i on 

Fa ctors  wh i ch det erm i n e  how much ch em i c a l  i nt eract s w i th a 
sens i t i ve s i t e  i n  the body i nc l ud e  abs o rpt i o n ,  d i s t r i but i on ,  
b i otran s f orma t i on ,  s t orag e ,  and excr et i on . Knowledg e  of  
the s e  proc e s s e s  i s  i mport ant t o  pred i c t i ng the  out c ome o f  
a c c i dent a l  or unavoidab l e  exposur e s . 

2 , 4-D i s  read i ly absorbed from the ga s troi nt e st i na l  tract . 
I n  human voluntee r s ,  b l ood l eve l s  r eached 8 0  perc ent o f  
max i mum c oncentrat i on s  two hou r s  a f t e r  a 5 mg/kg d o s e  ( Kohl i  
et a l . 1 9 74 ;  Sa uerho f f  et a l .  1 9 7 7 ) . Ab sorpt i on occurs  v i a  
the por t a l  ve i n  r ath er tha n thr ough th e lymphat i c  sys t em a s  
a r e s u l t  of  the l ow f a t  s o l ub i l i ty o f  2 , 4-D ( S i eber 1 9 7 6 ) . 

I n  mammal s ,  the r e  i s  r e l at i vely l i t t l e  c onve r s i on of  2 , 4-D 
a c i d  to other metabol i c  product s .  Th e var i ou s  s a l t s  and 
e s t e r s  a r e  read i ly convert ed to the parent ac i d . I n  huma n s , 
Sau erhoff et a l  ( 1 9 7 7 )  f ound 8 2  p e rc ent of  the 5 mg/kg dose 
a s  unchanged 2 , 4-D i n  u r i ne and 1 2 . 5  pe rcent as a con j ugat e 
( pr obably c ombi ned w i th the am i no a c i d s  t a u r i ne and g lyc i ne )  
( Gr unow and Bohme 1 9 7 4 ) . I n  th e stud i e s  o f  Koh l i et a l . 
( 1 9 7 4 )  only 2 , 4-D was r ecovered . 

Exc r et i on of  2 , 4-D i s  very r ap i d . Kohl i et a l . ( 1 9 7 4 )  found 
an a verage of  33 hou r s  wa s r equ i r ed f or e l i mi nat i on of 2 , 4-D . 

Sauerhof f et a l . ( 1 9 7 7 ) found a n  average hal f-l i f e  o f  1 8  
hou r s  ( range 1 0 . 2  t o  2 8 . 5  hours ) .  Fe ldman a nd Ma i bach 
( 1 9 7 4 ) r eported a 2 , 4-D ha l f -l i f e o f  1 3  hou r s  fol l ow i ng 
dermal expos ure . 
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2 , 4-D i s  r eadi ly d i str ibuted t o  a l l  t i s sues  and then i s  l ost 
read i ly w i thout bi otran s f ormat i on .  The excret i on mechan i sm 
i s  sat urab l e  s o  l arge  doses a r e  e l i m i nated more s l owly than 
sma l l  doses  ( Khanna and Fang 1 9 6 6 ; Erne a nd Sperb e r  1 9 7 4 ) . 

Con f i rmat i on o f  the r ap i d  e l i m i nat i on o f  2 , 4-D was obt a i ned 
by measur ement s of u r i nary 2 , 4-D f o l l ow i ng a su i c i da l  
exposure  o f  appr o x i mately 2 5 0 mg/kg . Th e 2 , 4-D ha l f- l i f e 
wa s 1 7  hour s ,  we l l  w i th i n  th e rang e  establ i shed i n  the 
previ ous ly ment i oned s t ud i es w i th human vol unt eer s . 

Pot ent i a l  Impact  on Nont a rget Organ i sm s  

Vegetat i on 

Dr i f t o f  aerosol s and volat i l i zat i on a r e  means o f  nontarget 
plant expo sure  to 2 , 4-D . Mo s t  establ i shed gra s s e s  are not 
harmed by 2 , 4-D ; however , p l ant s s uch as c ot ton , g r apes , 
tobacc o ,  bean s , t omatoe s ,  f ru i t  tree s ,  and some or nament a l s  
are  ext r emely s ens i t i ve .  Con i f ers  a r e  s ens i t i ve t o  2 , 4-D 
dur i ng per i od s  of r ap i d  growth . 

Fi sh and Other Aquat i c  Organ i sms 

S i nc e  2 , 4 -D ha s been exten s i v ely u s ed to control aquat i c  
weeds s uch a s  water  hyac i nth and water m i l fo i l ,  i t  h a s  been 
s t ud i ed und e r  laborat o ry and f i e ld c ond i t i on s . Re f er enc e s  
t o  s t ud i es i n  f i sh and other aquat i c  o rg a n i sms number i n  the 
hundred s . 

The var i ou s  2 , 4-D f ormulat i ons vary c on s i de rably i n  the i r 
ac ut e t ox i c i ty ( Pi me nt e l  1 9 7 1 ; Bovey a nd Young 1 9 8 0 ) . The 
e s t e r  formulat i ons a r e  the most t o x i c  due t o  the i r  more 
exten s i ve uptake by aquat i c  o rgan i sm s  ( Hugh e s  and Dav i s 
1 9 6 3 ) . For examp l e , the 2 4-hour LC50s o f  the s od i um s a l t  
and the butyl e s t e r  o f  2 , 4-D a r e  1 , 1 6 0  and l ppm , r e spec
t i vely ( P i ment el  1 9 7 1 ) . 

The LC50s i n  r a i nbow t r out o f  2 , 4-D amine  and propy l ene 
g lyc ol buty l e ther e s t e r  are 2 5 0  ppm ( 2 4 -hou r ) and about 
l ppm ( 48-hour ) ( P i ment el  1 9 7 1 ) . 

Folmar ( 1 9 7 6 )  repo rted a 9 6 -hour LC 5 0  o f  1 00 ppm for  r a i nbow 
trout exposed to 2 , 4 -D a m i n e . The t r out avoided c onc entra
t i ons of l ppm but not 0 . 1  ppm . 

Young s i lver s a lmon when expo sed t o  2 , 4-D and 2 , 4 , 5 - T  at 
conc ent r at i on s  of 50 ppm o r  more  wer e  " i mmed i a t e ly d i s 
t r e s s ed a nd would s nap th e i r j aws , dart about the aqua r i um ,  
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and l eap out o f  the wat e r  be fore l o s s  o f  equi l i b r i um and 
death ( Ho l l and et al 1 96 0 ) . "  

The 96-hour LC50  for 2 , 4-D ( am i ne )  i n  yea r l i ng c oho s a lmon 
wa s great e r  than 2 0 0  ppm . 2 , 4-D d i d  not a f fect  the down
s t r eam m i gr at i on of smo l t s  nor the i r  s urvi va l  i n  s eawater  
( Lo r z  e t  a l . 1 9 7 9 ) . 

Woodward and Mayer ( 1 9 7 8 )  s tudi ed the acute  and ch r on i c  
t ox i c i ty o f  thr e e  2 , 4-D e s t e r s  on cutthroat and l a k e  t rout . 
2 , 4-D butyl e s t er was s l i ght ly more tox i c  ( 9 6-hour LC 5 0 , 4 9 0  
and 6 00 ppb [mi crogram per l i t er ] )  than 2 , 4-D pr opylene 
g lyc ol  butyl ether e st er . S u s c ept i bi l i ty i nc r e a s ed a s  
t emperat u r e  decreased . Ne i ther wat e r  hardne s s  nor pH 
i n f luenc ed s ens i t i vi ty .  Th e 2 , 4-D i s ooctyl e s t er was not 
t ox i c  to e i ther spec i e s a t  6 0 , 000 ppb ( =6 0  ppm ) . No e f fect  
c oncent r at i ons o f  the  butyl e s t e r  and the  propyl ene g lycol 
butyl ether e s t e r  we r e  24 ppb and 33 ppb , r e spect i ve l y , f o r  
cutthroat t r out . The correspond i ng c onc entra t i ons w e r e  31  
ppb and 52  ppb for  lake t rout . The rati o s  o f  9 6 -hou r LC 5 0  
t o  the no- e f f ec t  c oncentrat i ons were 1 0  t o  2 0 ,  i nd i cat i ng a 
r e l at i ve l y  low chron i c  toxi c i ty ha z a rd . 

The acute t ox i c i ty o f  2 , 4-D ac i d ,  butyl , and i s ooctyl e s t e r s  
t o  j uven i l e  sa lmon , cha r ,  a n d  r a i nbow t rout wa s mea sured 
( Me ehan et a l . 1 9 7 4 ) . Conc entr a t i ons o f  ac i d  l e s s  than 5 0  

ppm produc ed morta l i t y onl y i n  p i n k  sa l mon f ry .  The butyl 
e s t e r  was the most t oxi c ,  c au s i ng nearly c ompl ete  m o rt al i ty 
i n  al l spec i e s at concentrat i on s  grea t e r  than l ppm . 

Nor r i s  a nd Moore ( 1 9 70 )  and Norr i s  ( 1 9 70 )  f ound that when 
bu f f e r  zone s and other appl i cat i on g u i d e l i n e s  we r e  observed , 
c oncentr at i on s  o f  2 , 4-D i n  s tr eams n ever exceeded l ppm . I n  
the ca s e s  o f  the more t ox i c  2 , 4-D e s t e r s  whe r e  LC 5 0 s  between 
100 ppb and 10 ppm a r e  c ommon ( Newton and Do s t  1 9 81 ) , th e 
i n i t i a l c oncent rat i on s  i n  wat e r  m i ght be i n  th e same or 
w i t h i n  one order o f  magn i t ude a s  th e acute  LC50 f o r  s ome 
f i sh ,  espec i a l ly l a rvae or egg s .  Hydrolys i s o f  the e s t e r  t o  
a l e s s  t ox i c  f orm u s ual ly oc curs  i n  wat e r ,  but i s  pH and 
t emperat u r e  dependent ( s e e  Fa t e  i n  Wat e r  s ec t i on ) . The u s e  
o f  2 , 4-D e s t e r s  i n  veg eta t i on management may a f fect f i sh .  
The u s e  o f  othe r  2 , 4-D compound s i n  vegeta t i on management i s  
not l i ke l y  t o  a f f ec t  f i sh because o f  the s i gni f i c ant ly 
h i gher LC 5 0  c onc entra t i on s . 

The e f f ec t i ve c oncentrat i ons f or othe r  aquat i c  organ i sms  
also  va ry wi th the f orm o f  2 , 4-D . The 2 4-hou r LC 5 0  for 
chorus f r og t adpol e s  wa s 100 ppm 2 , 4-D ( P i mentel 1 9 71 ) . 
Othe r  stud i e s  w i t h  amph i b i a n s  a r e  l i s t ed by Bovey and Young 
( 1 9 80 ) . Exposure o f  east ern oys t e r s  t o  2 ppm 2 , 4-D for  9 6  

hou r s  had n o  e f fect  o n  she l l  growth ( Pi ment el  1 9 7 1 ) . Fi eld 
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appl i c a t i ons at r a t e s  o f  up t o  1 2 0  pounds/acre d i d  not 
a f f ec t  oys t e r s  and c lam s . 

Cohen e t  a l . ( 1 9 81 )  have r ev i ewed data on the t ox i c i ty o f  
the propyl ene g lycol buty l ether e s t e r  of 2 , 4-D t o  va r i ou s  
aquat i c  a rthr opod s . Daphn i a  ( water f l ea s ) a r e  the most 
sens i t i ve ,  havi ng an acu t e  LC 5 0  ( 4 8 hr s . ) o f  0 . 06 2  ppm . 
Ostrac ods ( s e ed shr i mp )  a r e  a l so very i ntol erant , hav i ng an 
acute LC 5 0  ( 4 8 hr s . ) o f  0 . 1 9 7  ppm . Arnphipod s ,  i s opod s , and 
s t one f l i es d i spl ayed LC50s rang i ng f r om 1 . 3 - 1 . 6  ppm . The s e  
resu l t s  i nd i cate  the pot ent i a l  for chron i c  t ox i c i ty ,  and 
pot ent i a l ly acute  t ox i c i ty o f  th i s  e s t e r  d er i vat i ve of 2 , 4-D . 

Subl ethal e f f ec t s  on i nvertebrates  a r e  poor ly und e r s t ood . 
The ava i lable i n f ormat i on s ug g e s t s  that i n d i rect i mpac t s  may 
resul t from s ubl etha l conc entrat ions , e spec i a l ly of the more 
t ox i c  e s t er d e r i vat i ve s ,  but the c au s e-and- e f f ec t  r e l a t i on
ships wou ld be d i f f i cu l t  to estab l i sh ( Bowes et a l . 1 9 81 ) . 

Wi ldl i f e 

The acute oral  LD5 0 o f  2 , 4-D has been a s s es s ed i n  s ome g ame 
b i rd s  and mu l e  deer . Dat a  tabulated  by Tuck e r  and Crabtree 
( 1 9 7 0 )  i nd i cated that the LD5 0 t o  young mal l a rd s  wa s much 
great e r  than 1 , 000  ( ac i d )  mg/kg and much grea t e r  than 2 , 0 2 5  
( s od i um s a l t ) mg/kg . The LD5 0s  f o r  young ph easant s ,  
Japane s e  qua i l ,  and p i g eons were  4 7 2 ,  6 6 8  and 6 6 8  mg /kg , 
r e spect i v e ly . Feed i ng s t ud i e s u s i ng two-week-old ma l la rd s , 
pheasant s ,  Japane s e  qua i l ,  and bobwh i t e  qua i l showed tha t  
the d i etary L C 5 0  w a s  g r ea t e r  than 5 , 000  ppm when f ed t r eat ed 
f eed f i ve days , fol lowed by untreated f eed f o r  thr e e  days 
( P i ment el  1 9 71 ) . The ph enoxy herbi c i des have a l ow o rd er o f  
acu t e  oral  t ox i c i ty i n  b i rd s  a s  i nd i cated b y  t h e  above 
f i nd i ng s .  

Subl ethal d i etary e xposures  ( 5 00 t o  5 , 000  ppm ) had marked 
i nh i b i tory e f f ec t s  on b i rd r eproduc t i on ( DeWi t t  et a l . 1 9 6 3 ,  
c i t ed i n  Bovey and Young 1 9 80 ) . E f f ec t s  were obs e rved at 
dosag e s  o f  1 0  t o  50 p e rcent o f  est i mated l etha l  dosag e s . 
De t a i l s  o f  the i nh i b i t ory e f f e c t s  were not r eport ed . 

Canada g e e s e  f ed d i et s  c on t a i ned 1 4c-2 , 4-D were k i l l ed 
a f t e r  2 2 , 5 0 ,  6 2 ,  7 3 ,  1 1 3 ,  1 3 4 , 1 9 7 ,  and 2 3 0  day s a f t e r  
t r ea tment . At necropsy , enlarg ed k i dneys and j aund i c e  o f  
other o rgans were obs e rved . We i ght g a i n  wa s depr e s s ed . 
T i s s u e  necros i s  was noted i n  k i dn ey and l i ver . Th e e f f e c t s  
w e r e  reve r s ed s even month s a f t e r  c e s s at i on o f  t h e  2 , 4-D 
f eed i ng ( Sheldon et a l . 1 9 6 3 ) . 

Di methylamine  s a l t  o f  2 , 4-D was sprayed on eggs o f  qua i l  and 
gray part r i dg e  at 1 . 1 2 ,  2 . 4 , and 6 k g /ha . Rat e  of hat ch i ng , 
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embryona l and postnatal mort a l i ty ,  and t erat og en i c  ma l forma
t i on s  wer e  exami ned i n  hatched and unhat ched emb ryo s .  No 
ha rmf u l  e f f e c t s  on r eproduct i on were r eport ed . 2 , 4-D 
r e s i du e s  i n  eggs were low due  to l i mi t ed penetrat i on through 
the egg shell  ( Groll eau e t  a l . 1 9 7 4 ) . 

A f eedi ng study i n  r e i ndeer wa s prompted by a l l eg a t i on s  tha t  
a h i gh i nc i denc e  o f  d eath a n d  abort i on occu r red i n  1 9 70 i n  a 
herd a f t e r  u s e  o f  phenoxy herb i c i de s  the prev ious  yea r . 
Fi f t een o f  3 0  pregnant r e i ndeer were f ed f o r  s i x weeks l a t e  
i n  g e stat i on b i rch l eaves tha t  had b e e n  sprayed wi th 2 , 4-D 
and 2 , 4 , 5-T . The d a i ly dosage was about l mg/kg/day . No 
c l i ni c a l  chang e s  we r e  detected and no change s  we r e  evi dent 
at nec ropsy of adu l t s  a nd f u l l-t erm f et u s e s  ( E rne 1 9 74 ) . 

Li vestock 

Cat t l e  and sheep graz i ng on 2 , 4-D t r eat ed pasture  and a c ow 
f ed 5 . 5  g o f  2 , 4-D dai ly i n  the rat i on f o r  1 0 6  days 
demonst rated no ha rm ful  e f f ec t s  ( Mi tche l l  e t  a l . 1 9 46 ) . 
2 , 4-D wa s detec t ed i n  s e rum but not i n  mi l k ,  l i ve r ,  k i dney , 
o r  fatty t i s s ue . A plant b i oa s say was u s ed i n  th i s  e a r ly 
work . Lat e r  stud i e s  ut i l i zed s ens i t i ve g a s  chromat ograph i c  
analys i s . Pa sture was spr ayed a t  a rate o f  2 . 2 4 kg /ha w i th 
i sooctyl and i sopropyl e s t e r s .  Mean 2 , 4-D l evel s i n  mi lk  
were 0 . 0 3 ppm a f ter  1 2 ,  24 ,  and 3 6  hour s .  No  r e s i due s were  
detected after  four day s , i nd i cat i ng rap i d  remova l of  2 , 4-D 
f rom catt l e  ( Boyc e  Thompson Ins t i tu t e  f or Pl ant Re s .  1 9 6 2 ) . 

Gut enmann et a l . ( 1 9 6 3 ) f ound n o  2 , 4 -D i n  mi l k  o r  f e c e s  from 
a c ow f ed 5 ppm in d i et f or f i ve days . Th e s e  work e r s  a l so 
demon s t ra t ed the c onve rs i on o f  2 , 4-DB t o  2 , 4-D ( Ba ch e  et a l . 
1 9 6 4 ) . 

In f i eld t r i a l s , Kl i ngman et a l . ( 1 9 6 6 ) f ound f rom 0 . 0 1  t o  
0 . 0 9 ppm 2 , 4-D i n  mi l k  duri ng the f i r s t  two days a f t e r  
spr ay i ng and l e s s  therea f t e r . I f  c ows were put i nt o  th e 
sprayed pa s t u r e s  four days a f t e r  2 , 4-D appl i cat i on ,  no 
res idues were f ound in mi lk . 

She ep exc r e t ed 2 , 4-D u nchanged a f t e r  an oral  dose  o f  
4 mg/kg . Appro x i mately 9 6  perc ent o f  the 2 , 4-D was recov
e red in u r i n e  w i th i n  7 2  hou r s . Ed ibl e t i s s ue c ont a i ned l e s s  
than 0 . 0 5 ppm 2 , 4-D ( Cl a rk e t  a l .  1 9 6 4 ) . 

Bee f calves f ed 2 8  days at 2 , 4-D d i et a ry leve l s  o f  1 0 0 , 
1 , 0 0 0 , and 2 , 0 0 0  ppm d i d  not have detectab l e  2 , 4-D i n  musc l e  
( l i m i t  o f  detectabi l i ty 0 . 0 5 ppm )  ( Mi l l e r  and Gen t ry 1 9 7 0 ) . 
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S i nc e  2 , 4-D i s  not a ccumu l a t ed i n  sheep and cat t l e , they may 
be placed on 2 , 4-D- free  feeds for  on e we ek to a s su r e  neg l i 
g i ble  t ran s f er o f  r e s i due t o  c onsumer s ( Bovey and Young 
1 9 80 ) . 

No adve r se e f f e c t s  on i ncuba t i on and s ubs equent perf ormanc e 
of hatched ch i ck s  resulted f rom aqueou s spray s o f  2 , 4-D : 
pi cloram ( 4 : 1 )  a t  recommended and up t o  2 0  t i mes f i e ld 
rat e s . The amount s of 2 , 4-D i n  the she l l , i nt e r i or shel l ,  
and the ch i ck were 2 6 . 6 , 0 . 4 9 ,  and 0 . 3 1 ppm , r e spec t i vely 
( Somers  et a l . 1 9 7 4 ) . 

Ha zard As s e s sment f o r  Cu r r ent U s e  Pract i c e s  

2 , 4-D i s  a phenoxy herbi c i d e . Ba s ed upon that chem i c a l  
c l a s s i f i cat i on and i t s w i d e spr ead u s e  a s  an h e rbi c i d e , 2 , 4-D 
ha s been th e foc u s  of much publ i c  controve r sy . Recon s i d e r 
a t i on o f  s ome o f  t h e  i n f orma t i on p r e s ented i n  t h e  f i r st 
s ec t i on o f  thi s Background Statement i s  war rant ed at thi s 
t i me . Both 2 , 4-D and 2 , 4 , 5-T a r e  d e r i va t i ves o f  phenoxy
acet i c  a c i d . 2 , 4-D i s  the d i chloro d e r i va t i ve and i t  does 
not c ont a i n  t et rach l orodi benz od i ox i n  ( TCDD ) c ontami nant s .  
The herb i c i d e  2 , 4-D i n  i t s  ac i d , e s t e r ,  and ami ne f ormu la
t i on s  i s  one o f  the most v e r s at i l e  agents avai lab l e  f o r  the 
control o f  broad l ea f  weed s . Th e am i ne formu l at i on i s  a l s o  
ut i l i zed a s  a s t em f r i l l ,  notch , and i n j ec t i on t r eatment 
aga i n s t  unwanted tree s .  

Und e r  f i eld and l aboratory c ond i t i on s ,  2 , 4-D i s  among the 
most thoroughly t e s t ed chem i c a l s u s ed in pest contro l . I t  
i s  a n  except i ona l ly e f f ect i ve h e rb i c i d e  wh i ch i s  r ead i ly 
de graded i n  the envi ronment t o  nontox i c  product s .  Li k e  most 
h e rb i c i de s , 2 , 4-D ha s a l ow order of t ox i c i ty and i s  r ap i d ly 
e l i m i nat ed ( u sual ly i n  u r i n e ) i n  anima l s .  Some aquat i c  
spec i e s a r e  very s ens i t i ve t o  2 , 4-D e s t e r s  under expe r i 
mental  c ond i t i on s . Concentrat i on s  exceed i ng l ppm have 
never been observed f o l l ow i ng use by BPA,  and i n i t i a l  
conc ent rat i on s  dec l i n e  r ap i d l y  accord i ng t o  BPA moni t or i ng 
s t ud i e s ( No r r i s 1 9 71 - 1 9 7 6 ,  1 9 7 9 ) . 

The i s sues  o f  carci nog eni c i ty ,  t eratog en i c i ty ,  and work e r  
saf ety r e l at ed t o  2 , 4-D u s e  have c ome before t h e  publ i c  a nd 
the s c i ent i f i c  commun i ty . Th e r e su l t s o f  the s e  i nqu i r i e s  
wi l l  be s umma r i zed i n  t h e  f o l l owi ng paragraph s .  

The be st sou r c e s  o f  i n f orma t i on about human exposure s t o  
pest i c i des  i n  g enera l ,  and t o  2 , 4-D i n  part i cu l a r , a r e  
ep i d emi olog i c a l  stud i e s  o f  appl i cator s .  Al though s uch 
stud i e s a r e  extremely d i f f i cu l t  to c onduct , they provide 
i nvaluable  i n forma t i on about th e extent o f  human exposu r e  
and c r i t i ca l  data on a s soc i a t ed e f fect s i n  human s . 
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Carc i nogen i c i ty 

Ax e l son and Sund e l l  ( 1 9 7 4 )  r epor t ed that an ep i d em i olog i c a l  
i nve s t i gat i on o f  t umor i nc i denc e and mort a l i ty among Swed i sh 
r a i l road wor k e r s  e xposed t o  d i f f e rent h e rb i c i des showed a 
two-fold exc e s s  of cancer s a s  c ompared t o  the nat i onal 
ave rage . The s i tuat i on i s  d i f f i c u lt t o  eval uat e becau s e  o f  
the c omp l ex i ty of the herbi c i d e exposu re s .  Th e exc e s s  
canc e r  may b e  d u e  t o  exposure t o  3 -ami no- 1 , 2 , 4-t r i azole  
( am i t ro l ) .  Subgroup s that had been exposed t o  2 , 4-D and/or 
2 , 4 , 5 -T had about norma l t umor i nc i denc e .  

The Internat i ona l Agency for  Re sea rch on Canc e r  has revi ewed 
and evaluated s t udi es ( i nc l u d i ng Ax e l son and Sund e l l  1 9 74 )  
on the c a rc i nogeni c i ty o f  2 , 4-D ( IARC 1 9 7 7 ) . IARC i s  s up
ported i n  part by the Nat i ona l Canc e r  I n st i tu t e  and i s  a 
sou rc e  o f  i ndependent , expert  op i n i o n .  IARC conc l uded that 
e x i st i ng data were i nadequate to evaluate the c arc i no
geni c i ty of 2 , 4-D i n  anima l s  and i n  man . 

Reproduc t i ve E f f ect s 

A c a s e  c ont r o l  s t udy o f  the r e l at i onship between e xposure t o  
2 , 4-D and spont aneou s abort i ons ( mi scarri age s )  i n  humans wa s 
recently c onducted ( Ca rme l l i  et a l . 1 9 81 ) . The s t udy 
ut i l i zed two groups of people , " c as e s "  and " control s " , from 
the f a rm l and s and f o r e s t s  o f  Wash i ng ton and Oregon where  
2 , 4-D i s  u s ed extens i vely . Only occupat i onal exposures  were 
c on s i dered . The i nve s t i gators u s ed women who had exper i 
enc ed a mi s c a r r i ag e  i n  th e previ ous two yea r s  a s  the i r  
" c a s e s " . The " c ont r o l s "  were women o f  s i m i l a r  age  and 
soci oeconom i c  c i rc ums t anc e who had expe r i enced f u l l -t erm 
d e l i very dur i ng th e s ame two-year per i od . The i r  expos ues t o  
2 , 4-D were c ompa red . I t  was c onc luded tha t : " th e  r e su l t s  
o f  the st udy do not i nd i cate  any e v i dent r e l a t i onsh ip 
between the use o f  2 , 4-D and spontaneou s abort i on " . 

A f i nd i ng d e s e rv i ng f u rther s t udy was a " s uggest i ve a s s oc i 
at i on "  ( l ow conf i denc e l e ve l ) betwe en pat ernal  expo s u r e s  and 
r eproduct i ve probl ems i n  an i solated s ubgr oup o f  w i ves o f  
young forest /comme rc i a l  worker s and over a l l 2 , 4-D expos u r e . 
I t  was c on c l uded that the observat i on " does not i n  i t s e l f  
a rgue  for r es t r i c t i on s  o n  2 , 4-D u s e  pend i ng such a s t udy " . 

Work e r  Expo sure 

Two ep i demi o l og i c a l  s t ud i e s ( Kolmod i n-Hedman and Erne 1 9 80 ; 
Lavy et a l . 1 9 8 2 ) ha ve measured occupat i onal 2 , 4-D expos u r e  
i n  m e n  worki ng i n  g round-based a n d  a e r i al  app l i ca t i on 
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operat i ons . The s i mp l e  pattern o f  metabol i sm and r ap i d  
excret i on o f  2 , 4-D i n  u r i ne ( Sauerho f f  e t  a l . 19 7 7 )  a r e  
i mportant t o  t h e  s ucc e s s  o f  t h e s e  s t ud i e s . A th i rd s t udy 
ha s been c omp l et ed ( Na sh et a l . 1 9 8 2 ) . 

Oc cupat i ona l exposure t o  phenoxy a c i ds ( 2 , 4-D and 2 , 4 , 5-T ) 
ha s been studi ed i n  four men spray i ng 2 percent emu l s i on i n  
kerosene f r om t rac t or-dri ven equ i pment ( Ko lmod i n-Hedman and 
Erne 1 9 8 0 ) . Ai rborne concentrat i on s  i n  the breath i ng zone 
were O . l  to 0 . 2  mg/m 3 . The h i gh e st u r i ne l eve l s  were 
found the a f t ernoon o f  a day of  exposure  ( mean 2 , 4-D wa s 
0 . 0 0 8  mg/m l ; r ange 0 . 0 0 3  t o  0 . 0 1 4  mg/ml ) .  The mean 2 4-hour 
u r i na ry excret i on o f  2 , 4-D wa s 9 mg . Dermal and i nha l at i on 
absorp t i on occur red . Exposure could be  r educed by i mpr oved 
hyg i ene . No adve r s e  hea l th e f f ec t s we r e  obs erved . No 2 , 4-D 
or 2 , 4 , 5-T c ou l d  be  d e t ec t ed i n  pl asma and u r i ne of c ontrol 
sub j ec t s  w i th l ow and i nd i rect  exposu r e . 

The 2 , 4-D exposure r e c e i ved by aer i a l app l i cat i on c r ews 
du r i ng forest  spray operat i on s  wa s mea sured by La vy et a l . 
( 1 9 82 ) . Level s o f  2 , 4-D were measured i n  a i r  near the 
breath i ng zone , on den i m  patch e s  to e s t i mat e derma l expo
sure , and i n  u r i ne ( t wo days be fore and f i ve days a f t e r  th e 
spray i ng ) .  Each crew mad e two appl i c at i on s  about one week 
apart to c ompar e  exposure of c r ew members  wea r i ng c u s t omary 
c l oth i ng and f o l l ow i ng normal precaut i on s  ( T - 1 ) t o  th e 
exposure  o f  workers wear i ng protec t i ve apparel and f ol low i ng 
spec i a l hyg i en i c  prac t i c e s  ( T- 2 ) . 

Exposures  were r eport ed i n  t e rms o f  mg/kg f o r  i nd i vi dual 
memb e r s  o f  the work crews ( he l i copter  pi lot , mechan i c , 
batchman l oader , s upervi sor ) p l u s  two observe r s . Ai r 
samp l e s  d i d  not cont a i n  2 , 4-D ( 0 . 0 5 mi crogram l i mi t o f  
det ec tabi l i ty ) . Based upon the amount o f  2 , 4-D r ec overed 
f r om the den i m  pat che s ,  th e ext erna l expo su r e s  ranged from 
n i l  t o  0 . 0 9 1 1  mg/kg ( Batchman i n  T-1 ) . 

The total  worker  expo s u r e s  were  est i mated by summ i ng th e 
amount s r e c overed i n  the s e ven-day u r i ne c o l l ec t i on s . Le s s  
than 3 0  percent o f  the 5 24 samp l e s  ana lyzed c ont a i ned 
d e t ec t able  2 , 4-D ( 0 . 0 4 ppm l i mi t o f  d et ectab i l i ty ) . 
Exposures  i n  T-1 ranged between nondetectabl e and 0 . 05 5 7  
mg/kg . The h i gh e s t  exposure  i n  T - 2  wa s 0 . 0 2 3 7  mg/kg . 
Cr ewmen who worked mos t  c l osely wi th spr ay c onc entrate  or 
who handl ed spr ay equipment had the h i gh e s t  exposur e s . 
Prot ect i ve c l oth i ng and good hyg i en i c  pract i c e s  l i mi t ed 
exposure ( Lavy et a l . 1 9 8 2 ) . 
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Conc lus i on s  

The r e s u l t s  o f  the s e  i nqu i r i e s c onc erni ng carc i nogeni c i ty ,  
r eproduct i v e  e f fect s ,  and work e r  exposu r e s  supp l ement an 
ext ens i ve l i terature on the t ox i cology and env i r onmental 
fat e of  2 , 4-D . Th i s  herb i c i d e  s t ands  a s  one of  th e mo s t  
thorough ly s tudi ed chem i ca l s  u sed a s  a pest i c i de . Th e u s e  
o f  2 , 4-D i n  accordance wi th labe l i ns truc t i on s  and under 
condi t i ons p r e s cr i bed by the Transmi s s i on L i ne Ma i nt enance 
St anda rd resul t s  i n  a l ow degree of hazard to per sonne l ,  the 
publ i c ,  and the e nvi ronment . Pot ent i al hazards t o  a quat i c  
envi ronment s ( e spec i a l ly due t o  2 , 4-D e s t e r s )  a r e  m i n i ma l  i f  
ma i nt enanc e s t andard c ons t r a i nt s  ( e . g . , s t r eam bu f fe r  zones ) 
a r e  s t r i c t ly obs erved . 

Addendum 

Mu ch pr e v i ou s  t e st i ng on the t o x i c i ty o f  2 , 4-D ( e . g .  a l l  
thr e e  pr evi ous l aborat ory s t ud i e s  o f  c a rc i nog en i c i t y ) wa s 
c onduct ed u s i ng methodo log i e s  that a r e  outdated by pr e s ent 
EPA standard s .  As a r e s u lt , an i ndu s t r i a l  task  f o r c e  of 1 2  
manu facture r s  o f  2 , 4-D i s  c onduc t i ng add i t i onal ch r on i c  
t e s t i ng . '' Dat a  gaps " ( i . e .  lack o f  i nformat i on )  r a th e r  than 
evi denc e that a dve r s e  health e f f ec t s  a r e  po s s ib l e  have 
t r i ggered th i s  addi t i ona l t e s t i ng . 

The addi t i onal s t ud i es i nc l ude s e veral type s o f  chr oni c 
toxi c i ty evalua t i on s . A two-year rat  feedi ng st udy i s  
expec ted t o  provi de r e s u l t s  i n  1 9 8 6 .  Ra nge-f i nd i ng s t ud i e s 
i n  m i c e  ( 9 0 -day ) have been completed and two-year c a rc i n o
geni c i ty s t udi e s  a r e  a l so u nder way . Ne urot ox i c i ty s t ud i e s 
and t er at o l ogy s t udi e s  a r e  both s chedu led t o  be  c ompl e t ed i n  
1 9 8 3 . The r e sul t s  o f  these s t ud i e s  w i l l  be  f i l ed w i th EPA 
a s  pa r t  o f  the cont i n u i ng herb i c i de reg i s trat i on proc e s s .  
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of  i nh i b i tors  o f  pl ant c e l l  d i v i s i on on mamma l i an t umor 
c e l l s  i n  vi tro . Cance r Re s .  41 : 18 7 9-8 3 . 
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DIESEL OIL 

Chem ical Ident i f i cation 

Diesel o i l  i s  the common name for a group of petroleum 
products which are also referred to as d i esel fue l ,  No. 2 
fuel·  o i l ,  No . 2 heating o i l ,  and gas o i l .  The compos i t ion 
and the appropr iate marketing name o f  diesel oi l depends on 
the nature of the o r i g i nal crude o i l  and the processing at 
the refinery , includ i ng add i t i ve s  which may be used for 
speci f i c  purpose s .  BPA uses d i esel No . 2 as a carrier for 
f i ve of the herb i c i des used in i t s  vegetation management 
program . Diesel o i l  i s  a complex m i xture of hydrocarbons 
having a boi l i ng range of about 3 50-700°F .  The character
i s t i c s  of diesel o i l and the terms used to describe groups 
of hydrocarbons are more easily unders tood after b r i e f ly 
reviewing the refinery proc es s .  Thi s  i s  germane from a 
toxicological po int of v i ew ,  because some hydrocarbons are 
more tox i c  or contaminati n g  to plants and animals than 
others.  

Crude o i l  i s  a complex composi t e  o f  hydrocarbon molecules 
which can be subd i v ided into three ma i n  classes : ( 1 )  
a l kanes (para f f i ns ) , which are saturated chain compounds,  
ei ther straight -cha ined ( n-alkanes or normal alkane s )  or 
branch-cha ined ( i soalkanes or isoparaffins ) ; ( 2 )  cyclo
alkanes (naphthene s ) , which are saturated cyc l i c  compound s ;  
and ( 3 )  aromatics , which are based on the benzene r i n g ,  a 
nonsaturated r i ng compound . During refin ing , crude o i l  i s  
f i rst separated i nto "cuts"  o f  d i f ferent boi l i ng ranges .  
Longer molecules boi l  off at higher temperatures , therefor e ,  
each cut i s  composed o f  compounds w i th s i m i lar numbers of 
atoms ( i . e . ,  s im i lar length s ) . The bas i c  cuts and approx
imate number of carbon atoms are : ( 1 ) refi nery gases 
( C 3 -C4 ) :  ( 2 )  gasol ine ( C 4-C1 0 ) ;  ( 3 )  naptha ( c1 0-C1 2 ) ;  
( 4 ) kerosene ( C1 2 -C1 6 ) ;  { 5 )  gas o i l  ( C16- C 25) ; and ( 6 ) 
res idual o i l  ( above C 25 ) .  Ba s i c  cuts may be further 
refined and m i xed to provide marketable produc t s .  Diesel 
No . 2 contains predominately n-alkanes ranging from C1 0-C2 2 · 
Diesel No. 2 also contains naphthenes ,  alkenes (unsaturated 
straight-chained compounds such as olefins ) produced by the 
r e f i n i ng proc es s ,  aroma t i c s  which occurred i n  the crude oi l ,  
and add i t i onal aromatics formed during the r e f i n i ng 
proc es s .  The alkenes and aroma t i c s  are o f  greatest concern 
as poten t i a l  tox i cants .  

The f l ash point of Diesel No . 2 i s  about 1 8 5oF ( 8 5oc ) . 
The vapor pressure vari es s i g n i f i cantly w i th each o f  the 
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compounds i n  the m i xture . Low c a rbon ( short , l ow molecular 
we i ght ) molecul e s  a r e  more volat i l e than long e r , hi gh-carbon 
mol ecul es . As a mi xtur e , Di e s e l  No . 2 has a vapor pr e s sure 
o f  2 . 0 7 mm Hg a t  4 o0c .  The spec i f i c  gravi ty o f  Di e s e l  No . 
2 i s  about 0 . 8 2 . Al though d i es e l  oi l g ener a l ly i s  not 
m i s c i b l e  w i th wa t e r , c e rt a i n  a l c ohol s ,  aromat i c s ,  and 
phenol s  ( a  spec i a l  k i nd of aromat i c ) conta i ned in di e s e l  oi l 
are wa t e r  s o l ubl e .  

Ac t i on i n  Vegetat i on 

Di e s e l  oi l readi ly we t s  plant s u r f a c e s  and spreads a s  a th i n  
f i lm over l e a f  s ur f aces . Di e s e l  o i l penetrates the c r own s 
o f  gra s s e s  whe r e  growth ori g i nat e s . I t  penetra t e s  many 
other  plants through s t omata , becau s e  oi l ha s a v e ry l ow 
s u r face t en s i on and i s  not ba rred from penetrat i on a s  a r e  
most aqueous solut i ons ( Van Ove rbeek and B l ondeau 1 9 5 4 ) . 
Di e s e l  o i l ,  there f or e , may i ncrea s e  the abs o rpt i on by the 
pl ant o f  system i c  herb i c i de s . 

Numerous work er s sugg e s t  tha t  an oi l coat on leav e s  and 
s t ems w i l l  i nh i b i t  gas exchange and l ead to death , but the 
data do not support th i s  sugg e s t i on ( Bak er  1 9 7 0 ) . Kerosene 
and d i e s el  fuels  a r e  c ontact herb i c i des in  the i r  own r i ght 
( Ca l i f orn i a  Depa rtment of Food and Agr i culture  1 9 7 8 ) , 

because o f  the t ox i c  pr opert i e s o f  the more volat i l e 
component s .  

Oi l moves i nt o  i nt e rc e l l ular spaces , and i n  the proc e s s  may 
i nt e r f e r e  wi th transloc at i on o f  metabol i c  produc t s  and 
nut r i ent s in the p l ant ( Baker  1 9 70 ) . Oi l does not penetrate 
c e l l s  unt i l  the c e l l s  a r e  i n j ured ( Van Overbeek and Blondeau 
1 9 5 4 ) . Tox i c i ty var i e s accord i ng t o  the c ont ent o f  l ow 
boi l i ng compound s ,  alkenes ( unsaturated compound s ) , aromat i c  
c ompound s ,  and ac i ds . Ph enol i c  ac i ds and po lycyc l i c  
aromat i c s a r e  e spec i al ly tox i c  t o  h i gher  p l ant s a t  l ow con
c entrati ons because of d i s rupt i ve e f fe c t s  on c e l l  m embranes  
( Van Overbeek and Blondeau 1 9 5 4 ; Lar s on e t  a l . 1 9 7 7 ) . 
Ch ron i c  i n j ury a l so r e s u l t s  f r om a l k enes ( Baker 1 9 70 ) . 

Th e mechani sm o f  c e l l  i n j u ry and death i s  not c l ea r l y  under
s t ood . Oi l appl i ca t i on depr e s s e s  phy tosynthet i c  r a t e s  and 
depr e s s e s  r e spi rat i on rat e s  to a l e s s e r  extent . As a 
r e s u l t , r e sp i rat i on may exceed ph ot osynthe s i s  and l ead t o  
c e l l  death ( Wedd i ng et a l . 1 9 5 2 ) . Van Overbeek and Blondeau 
( 1 9 54 ) have descr i bed the symptoms of oi l t ox i c i ty .  Th e 
ear l i e s t  symptom i s  dark eni ng o f  young lea f t i ps , pr esumably 
because of f l u i d  l eakage i nt o  i nt e rc e l l u lar  spac e s . Th e 
darkeni ng spread s t o  older l eave s , and c e l l s  beg i n  t o  l o s e  
t urgor , r e s u l t i ng i n  pl ant dr oop i ng . Event ua l ly c e l l  
membrane s  a r e  d i s r upted , resu l t i ng i n  a n  i n crea s e  i n  c e l l 
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membrane pe rmeabi l i ty . Photosynthet i c  a ct i v i ty d r ops a f t e r  
ch lorophy l l  i s  destroyed by br i ght sun l i ght . Photosynthes i s  
i s  i nh i b i t ed by o i l  depos i t i on a s  low a s  0 . 3  t o  0 . 6  rng/ crn2 

( l e a f  surface ) .  

Al though aged c rude o i l  i s  g enera l ly cha ra c t e r i zed by a 
reduc t i on i n  the t ox i c  component s ,  exposed f u e l  oi l cont a i n s  
a number o f  n ewly- f ormed ox i d i zed c ompounds wh i ch a r e  t ox i c ,  
i nc l ud i ng reac t i ve perox i d e s  and a c i d s . Ear l y  acu t e  photo
toxi c i ty i s  due a lmost ent i r e ly t o  r ea ct i ve perox i des 
( La r s on et a l . 1 9 7 7 ) . In  c e rta i n  r e spect s ,  aged f u e l  oi l 
may be more dangerous t o  p l an t s  than f r e sh f u e l  o i l  becau s e  
chr on i c  i n j u ry t o  c e l l membran e s  i s  mo s t  l i k e ly t o  o c c u r  i n  
the pre s ence o f  pe rox i de s ,  nonvol at i l e a c i d s , and ox i d i zed 
aromat i c s ( Baker  1 9 7 0 ;  Lar s on et a l . 1 9 7 7 )  formed in th e 
pre senc e o f  l i ght and a i r  ( Young and Seth i  1 9 7 5 ) . 

Ut i l i za t i on by BPA 

Di e s el  No . 2 f u e l  o i l i s  u s ed a s  a c ar r i e r  by BPA dur i ng 
d i r e c t ed s t ern o r  stump appl i ca t i on s  o f  Banv e l  4-0 . S .  
( d i carnba ) and Weedone 1 7 0  ( 2 , 4-DP e s t e r  and 2 , 4-D e s t e r ) . 
It  i s  not u s ed dur i ng a e r i a l  o r  ground fol i age  app l i cat i on 
o f  herbi c i de s . On ly Banve l 4-0 . S .  i s  m i xed s ol e ly w i th o i l .  

Banv e l  4-0 . S . i s  appl i ed w i th portab l e  sprayer s  t o  ba s a l  
s t erns o f  t arget vegetat i on . The app l i c at i on i s  made unt i l  
runo f f  occu r s  on th e ba s a l  pa r t  o f  the stern . Weedone 1 7 0  
may b e  m i xed i n  o i l o r  i n  a n  o i l a nd wat e r  m i xture . In 
the s e  med i a , i t  i s  appl i ed to th e ba s e  o f  s t ern s  o r  t o  cut 
s u r f aces . Cut surfaces  or the basal part o f  s t ern s  a r e  
thoroughly drench . 

Ch em i c a l  Fa t e  and Di str i but i on i n  the Env i ronment 

A great body of knowledge ex i s t s  on the fat e of o i l ,  
e spec i a l ly c r ude oi l ,  i n  the mar i ne and e s tuari ne envi ron
ment . Ve ry f e w  stud i e s  have been c onduc ted on th e f a t e  o f  
d i e s e l  f u e l s  i n  t er r e s t r i a l  o r  f r e shwater e nv i r onment s .  

Soi l s  

Ag i ng o r  weather i ng o f  oi l i s  o f t e n  c ons i d ered t o  r educe the 
quant i ty of sp i l l ed oi l bec au s e  o f  th e r ap i d  evaporat i on of 
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volat i l e  ( l ow-bo i l i ng poi nt ) hydroca rbons . Di e s e l  f u e l  
c ont a i ns pr oport i ona l l y  f ew low-boi l i ng hydrocarbon s ;  ther e
fore the l o s s e s  f r om s o i l d epend pr i mar i ly on m i cr ob i odegr a
dat i on and l each i ng . 

A l i phat i c  ( nonaroma t i c ) hydrocarbons a r e  u s ua l ly adsorbed t o  
s o i l s , and s l owly evaporat e or und e rg o  b i olog i ca l  degrada
t i on ;  they do not l each read i ly .  Solubl e a r omat i c s  such a s  
a l kylated benzenes and naphtha l ene s tend t o  b e  vola t i l e , bu t 
a l so t end t o  r ema i n  stable  and a r e  mob i l e  i n  g r oundwater 
( Zurcher and Thu err  1 9 7 8 ) . Be rt s ch e t  a l . ( 19 7 5 ) f ound tha t 
wa ter  solub l e  o i l c omponent s move read i ly wi th g r oundwater 
movement . Tho fern  ( 1 9 6 2 ) d i d  not detect d i e s e l  o i l ( de t ec
t i on l evel of 1 ppm ) in a s t r e am a d j acent to a spr uce  
p l antat i on t r eated wi th 1 5- 2 0 g a l lon/acre  ( 1 4-1 9 m l /m 2 ) of  
d i e s e l  oi l ,  despi t e  a heavy r a i n f a l l i mmed i at e l y  a f ter  
appl i ca t i on .  

Wa ter  

Di e s e l  f u e l  f i r s t  f orms a part i a l  f i lm on s u r f a c e  wat e r . 
Although the acut e ly t ox i c , volat i l e compound s may qu i ck ly 
evaporat e f r om the f i lm ,  th e s e  s ame c ompounds t end t o  be 
soluble  i n  wat e r . Phot oox idat i on act i ng on su rfac e f i lm s  
c a n  g enerate ma ter i a l s  h i gh ly t ox i c  t o  a qua t i c  organ i s m s . 
Crude oi l s  appear t o  be l e s s  su s c ept ibl e t o  photoox i dat i on 
becau s e  s u l fur c ompounds ( e . g . ,  het erocyc l i c  s u l f i de s ) ,  
wh i ch e f f ec t i ve l y  i nh i b i t rad i ca l  react i on s , have not been 
re f i ned out ( La r son et a l . 1 9 7 7 ) . Su r f ac e  o i l  i s  r ead i ly 
ad sorbed on s u spended part i cu l a t e s ,  and may s i nk t o  th e 
s t r eam bed . Onc e  i n  the s e d i ment s ,  n-a lkanes a r e  m ost 
r ead i ly degraded , wher ea s cyc l i c , branched , and aromat i c  
c ompound s a r e  most s tabl e and r e s i s t m i crob i a l  d egradat i on 
( Wakeham a nd Ca rpent er 1 9 7 6 ) . Blumer ( 1 9 7 0 ) f ound that No . 
2 f u e l  o i l i ncorporated i nt o  e s tuar i ne s ed i ment s a t er a 
sp i l l  per s i s t ed f or ov er a yea r ,  and spread i n  th e f orm o f  
o i l- laden s ed i ment beyond t h e  o r i g i nal spi l l  a r ea . 

Oi l pa rt i c l e s  i n  wat e r  are decompos ed ma i nly by aerob i c  
m i crob i ol og i c a l  proces ses , but the proc e s s  r equ i re s  oxygen 
( McCau l ey 1 9 6 6 ) . The BOD i s  about 3 . 1  to 3 . 5  mg 0 2/mg 
o i l ,  or about 2 , 5 0 0 to 2 , 800 mg o 2/ml o i l  ( a s sum i ng a 
den s i ty o f  d i e s e l  f u e l = 0 . 8 /m l ) .  Wat e r  t empera t u r e  i s  
i mport ant i n  det ermi n i ng the r a t e s  o f  d ec ompo s i t i on and 
s ed i mentat i on .  
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Ai r 

Low mol ecular we i ght c onst i tu en t s  qu i ck ly volat i l i z e and 
enter the atmosphere . Aromat i c  c ompounds and a l kanes ( C 4 
and hi gher ) a r e  stab l e  and f a i r l y  r e s i stant t o  phot ochem i c a l  
degr adat i on .  Alkenes r eadi ly undergo photochem i c a l  d egra
dat i on in ul travi olet  l i ght , and react w i th oxygen , ozone 
and o x i d e s  of n i trogen to f orm smog . 

Chem i c a l  Tox i cology i n  An i ma l s  and Human s  

There  a r e  f ew toxicolog i ca l  data avai lable  o n  the i ng e s t i on 
of oi l by t e s t  anima l s or humans . Mos t  dat a  deal  wi th 
i mpact s on f i sh and w i ld l i f e f o l l ow i ng an ac c i d ent al spi l l ,  
or r e s u l t  from labor atory t e s t s on f i sh and w i ldl i f e . 
Stud i e s  o f  i solated petroleum c on s t i tuent s a r e  o f  l i t t l e  
value bec a u s e  o f  the d i f f i cu l t i e s  o f  applyi ng the d a t a  t o  a 
c omp l ex m i xture such a s  d i e s e l  No . 2 .  

Bruns et a l . ( 1 9 5 5 ) found tha t g u i nea p i g s  d i sp lay a n  
aver s i on t o  dr i nk i ng water t r eated w i th 400 a n d  800  mg / l  
( ppm ) o f  aromat i c  hydrocarbon s ( mo s t l y  xyl en e ) .  The g u i nea 
p i g s  r e fused the h i gher  c oncentrat i on unt i l  the th i rd day . 
None o f  the an i ma l s  showed i l l  e f f ec t s  a f t e r  thr e e  days o f  
c on f i nement o n  t r eated wa ter . 

The acut e oral  LD5 0 o f  k erosene for  r abb i t s  i s  2 8 , 3 50 mg/kg 
body we i ght ( Spector 1 9 5 5 ) . 

Pot ent i a l  Impac t on Nontarget Organ i sms 

Vegetat i on 

Nontarg et vegetat i on wh i ch i s  most l i kely t o  be  o f  c oncern 
t o  BPA i s  aquat i c  vegetat i on and crops i r r i gated  by water  
from t r eated wat e rshed s . 

Aromat i c  c on s t i tuents o f  d i e s e l  f u e l s  a r e  k nown t o  be  t ox i c  
t o  aquat i c  plant s .  Aromat i c  solven t s  have been u s ed at 
1 0 , 0 0 0  ppm t o  k i l l  vegetat i on r api dly in i r r i ga t i on d i tches  
( Curr i e r  and Peopl e s ,  1954  c i t ed in  Bak e r  19 7 0 ) . 

Oi l f i lms  on the surface  do not pr event gr owth o f  aquat i c  
p l ant s ( Robe r t s  1 9 3 0 ) ; th e ha zard i s  due t o  solub l e  c ons t i t 
uent s .  Pe renn i a l  f r e shwater marsh p l ants a r e  g enera l l y  l e s s  
a f f ec t ed by f u e l  oi l than annua l spec i e s  i mmed i at e l y  fol l ow
i ng a spi l l  ( Bu rk 1 9 7 7 ) . 

S traus  ( 1 9 4 9 ) r eport s that a c onc entr at i on of 3 0 0 ppm i n  the 
s t r eam for 30 m i nu t e s  wi l l  k i l l  aquat i c  weed s wi thou t 
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harm i ng c r ops sub s equent ly i r r i gated . The l o s s  o f  t ox i c i ty 
i n  3 0  minutes  probably occu rred  becau s e  o f  vol at i l i zat i on 
and d i lut i on . 

Li ght o i l spr ays have been u s ed f or many years t o  c ontrol 
mi t e s on c i trus  crop s  ( Wedd i ng e t  a l . 1 9 5 2 ) . The s e  oi l s  
have been o f  m i n i ma l  hazard t o  b e e s  o n  b l oomi ng c r ops 
( Ca l i forn i a  Depa rtment of Food and Agr i cu l tu re , 1 9 7 8 ) . 

Fi sh and Aqu at i c  Organi sms 

Oi l s  o f  a l l  k i nds may i mpact f i sh becau s e  o f  t ox i c  c on
s t i tuent s , l etha l  e f f ec t s  o f  o i l coat i ng g i l l  ep i the l i a l  
s u r f ace s ,  e l eva t ed BOD and i mpac t s  o n  f ood o rg an i sms . Among 
oi l component s ,  saturat ed a l i phat i c  compound s a r e  not l etha l  
t o  f i sh ,  but monocyc l i c  aromat i c  c omponen t s  w e r e  g eneral ly 
t ox i c , and the degree of t ox i c i ty i ncrea s e s  w i th th e degree  
o f  unsaturat i on ( Mor row 1 9 74 ) . 

The 24-hour LC 50  for Ame r i can shad expo s ed t o  d i e s el f u e l  i s  
2 0 4  ppm ( Taga t z  1 9 6 1 ) . U . S . EPA ( 1 9 7 6 ) report s a 9 6 -hou r 
LC 50  gr eater than 1 . 2 0 ppm a s  the acut e t ox i c i ty o f  No . 2 
fuel  oi l t o  freshwater f i sh ,  and great e r  than 0 . 1 9 ppm a s  
the acu t e  toxi c i ty o f  d i e s e l  fuel  t o  f r eshwater  f i sh ,  a s sum
i ng a den s i ty o f  0 . 8  g /ml . Th e l e thal  l i m i t  o f  gasol i n e  for 
r a i nbow t r out and f i ng e r l i ng s a lmon i s  about 0 . 1 3 ppm ( McKe e 
and Wol f  1 9 6 3 ) . 

Benzene a t  5 ppm and 1 0  ppm c au s e s  an i n i t i a l  i nc r e a s e  i n  
the r e spi r at i on o f  chi nook salmon ( U . S .  EPA 1 9 7 6 ) . 

Exposure t o  u l travi olet l i ght i nc r ea s e s  the t ox i c i ty o f  th e 
wat er-solub l e  frac t i on o f  No . 2 f u e l  o i l ( S che i e r and 
Gomi nger 1 9 7 6 ) . Morrow ( 1 9 7 4 )  f ound that c r ude o i l  e xpo s ed 
t o  a i r  for 3 0  day s produced no s i gn i f i cant mortal i t i e s  on 
young salmon , but f r e sh c r ude o i l  produced s i gn i f i cant 
morta l i t i e s a t  c oncentrat i on s  of 5 0 0  ppm o r  great e r . 
Weather i ng o f  crude oi l probably does  not i ncrease  t ox i c i ty 
becau s e  o f  the pre senc e o f  sul f onated compound s ,  wh i ch a r e  
n o t  f ound i n  r e f i ned petrol eum . Weather i ng o f  d i e s e l  f u e l  
doe s i ncrease  t ox i c i ty , and may account for  di f f erenc e s  i n  
r eport ed acute t ox i c  l eve l s . 

Phenol i c  compound s cau s e  t a i nt i ng o f  f i sh f l e sh ,  e . g . , 
o-ch lorophenol pr oduced an o f f- f lavor i n  b lu eg i l l s  a t  2 ppm 
( Pi ck er i ng and Hende r son 1 9 6 6 ) . Ra i nbow t rout exposed  24 
hou r s  t o  10 mg/ l  No . 2 fuel o i l  had an o f f- f lavor 
( Kopperdah l  e t  a l  1 9 7 5 ) . Exposur e t o  5 mg/ l  f o r  5 day s a l s o  
i mparted a n  o f f- f l avor . 
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Oi l s  a r e  t ox i c  t o  mosqu i t o  la rvae , and t o  numerou s aqua t i c 
i nvertebra t e  spec i e s . Cray f i sh have been e l i m i nated from 
i r r i ga t i on d i t ches when c oncentrat i ons o f  3 0 0  mg emu l s i f i ed 
aromat i c  hydroca rbon s / l  were u s ed t o  destr oy aqua t i c  weed s 
( McKee and Wol f  1 9 6 3 ) . Phytoplankton spec i e s vary s i gn i f i 
cant ly i n  the i r  r e spon s e  t o  o i l  cont ami na t i on ( McCauley 
1 9 6 6 ) . 

Wi ld l i fe 

The acute  o r a l  LD5 0 d osage o f  d i e s e l  o i l  f o r  m a l l a rd d uc k s  
over one year o l d  i s  great e r  tha n 2 0  m l /kg ( 1 6 , 0 0 0  mg /kg , 
a s sum i ng dens i ty i s  0 . 8 g/ml ) ( Tucker and Crabtree 1 9 7 0 ) . 
B i rds may i ng e s t  d i e s e l  o i l e i th e r  by eat i ng cont ami nat ed 
foods o r  dur i ng preen i ng . Ha rtung ( 1 9 6 5 ) r eport ed that a 
duck i ngest s about one-th i rd o f  the o i l sprayed on i t s  
f eather s .  

B i rd s ,  e spec i a l ly wat e r f owl , may be i mpa c t ed i n  s everal way s 
other than i ngest i on o f  oi l .  Oi l i ng reduc e s  buoyancy o f  
wat e r f owl , pot ent i a l ly l eadi ng t o  d r owni ng . Oi l i ng a l so 
reduc e s  the i nsulat i ng capac i ty o f  f eather s ,  lead i ng t o  
death f rom exposure . S tarvat i on o r  d eath f r om predators 
a l so may occur becau s e  of  a loss o f  f l i ght capab i l i ty .  
The s e  e f f ec t s  a r e  not l i k e ly t o  occur f r om BPA appl i c at i on 
o f  d i e s e l  o i l u n l e s s  b i rd s , b i rd nest s ,  or wa t e r  s u rfaces  
are  a c c i dental ly spr ayed . 

Although ma l l ard duc k s  can i ngest  a r e l a t i vely l a rg e dose  o f  
o i l wi thou t i l l  e f fect s ,  trac e s  o f  o i l i n  the d i et sha rply 
r educe egg produc t i on ( B i derman and Drury 1 9 80 ) . App l i ca
t i on o f  o i l  t o  i nc uba t i ng egg s substant i a l l y  i mpac t s  hatcha
bi l i  ty . Hart ung ( 1 9 6 5 ) found a d i r ect r e l a t i on ship between 
the degree o f  oi l i ng and th e hat chabi l i ty o f  ma l l ard egg s .  
More than 1 0  mg o i l/egg vi r t ua l ly e l i m i nated hat ch i ng 
succe s s . Sza r o  et a l . ( 19 7 8 )  not ed tha t appl i ca t i on o f  
m i crograms per  l i t e r  { about 4 mg ) o f  No . 2 f u e l  o i l  r educed 
hatch i ng succ e s s  t o  18 percent . The data s ugg e s t  emb ryon i c  
death r e su l t ed f rom t ox i c i ty o f  the a r omat i c  c omponent s ,  and 
not because  o f  block ed g a s  exchang e . The amount o f  oi l on 
the pl umage of o i l ed d uc k s  can be as h i gh a s  1 0 . 6  ml ( 8 , 480 
mg ) .  Inc uba t i ng b i rd s  turn  th e i r  egg s r egul a r ly , the r e f or e  
thorough o i l i ng i s  l i k e ly .  

Kop i schk e ( 1 9 7 2 )  spr ayed 5 7  v i able  ph easant egg s w i th d i e s e l  
o i l  t o  runo f f ;  none hatched . The same numb e r  spr ayed wi th 
2 , 4-D ( f i e ld  c oncentrat i on )  to r uno f f  showed no measurable 
i mpact on hat chabi l i ty .  

Naphtha lene , an aroma t i c  hydrocarbon , i s  r ead i ly a cc umu l a t ed 
by ducks f ed contam i na t ed cray f i sh ( Bi derman and Dru ry 1 98 0 ) . 
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The amount o f  spray depo s i t ed on f orage p l ant s h a s  been 
exam i ned ( Nor r i s e t  a l . 1 9 7 5 ,  c i ted  in U . S .  For e s t  Serv i c e  
1 9 7 9� . At an app l i c at i on r a t e  o f  9 3  ml/m2 ( abou t 7 9 , 0 50 
mg/m ) ,  f orage wou ld c onta i n  about 6 6 , 5 0 0  mg d i e s e l  No . 2 
per kg o f  f orage . I f  one a s sume s an herb i vore  consum e s  
f orage a t  a l evel of 1 0  perc ent o f  i t s  body w e i ght per day , 
i ng e st i on wou ld approx i mat e 6 , 6 5 0  mg d i e s e l  per k g  body 
we i ght , whi ch i s  be low the acute LD5 0 of k eros ene of 2 8 , 3 50 
mg /kg for rabbi t s  ( Spec tor  1 9 5 5 ) , and a sub l etha l dose o f  
d i e s e l  o i l o f  1 6 , 0 0 0  mg/kg f orc e- f ed t o  r abb i t s  ( U . S .  Fo rest  
Servi c e  1 9 7 9 ) . 

Li ve stock 

I n f ormat i on on t ox i c  e f fect s of d i e s e l  fuel o n  l i vestock i s  
l i mi ted . The f o l lowi ng i nformat i on i s  tak en f rom Clark  and 
Clark ( 1 9 6 5 ) . The t ox i c  dose o f  d i e s e l  No . 2 i s  not 
ava i lab l e , but 12 ml ( 9 , 840  mg ) o f  tractor oi l /kg wa s 
t o l erated by c ows , whereas 2 0  ml/kg ( 1 6 , 40 0  mg/kg ) was f a t a l  
to c ows  i n  3 2  day s . Symptom s  i n  cat t l e  a r e  l o s s o f  
appet i t e , const ipat i on ,  and mu scul ar weakne s s . Vomi t i ng and 
rapi d ,  sha l l ow breath i ng may occu r , as may acetonem i a .  
Poi son i ng f r om k erosene has been r eport ed a f ter  e x t ernal 
exposure to k e rosene and wat e r  appl i ed to control  l i c e . 
Symptoms may i nc lude l o s s  o f  appet i t e ,  part i al paraly s i s ,  
severe de rmat i t i s ,  and hemat ur i a  ( u r i ne i n  the blood ) . 

Hazard As s e s sment for  Cu r r ent U s e  Prac t i c e s  

Di e s e l  No . 2 i s  an e f f ec t i ve car r i e r  wh i ch d i lut e s  herb i 
c i de s  i nsolubl e i n  water and whi ch i ncreases  the absorp t i on 
o f  sys t em i c  herb i c i d e s  by plant s .  

B a s ed on the acute  LD5 0 o f  k e ros ene i n  r abb i t s  ( 2 8 , 3 5 0  
mg /kg ) ,  d i e s e l  f ue l , wh i ch cont a i n s  propo rt i onat e l y  fewer o f  
the t ox i c ,  volat i l e hydrocarbon s ,  i s  l i k ely t o  b e  o f  l i t t l e  
hazard . " Any substanc e w i th a n  LD5 0 rat i ng exc eed i ng 1 5 , 0 00 
mg/kg i s  r a t ed a s  r e l t i vely harm l e s s " . ( U . S .  Fo r e s t  S e r v i ce 
1 9 7 9 ) . Di e s e l  f u e l  force-fed t o  rabb i t s  at 1 6 , 0 00 mg /kg 
proved to be  s ubl ethal . 

Th e envi ronmental  fate  o f  d i e s e l  No . 2 i nc i cat e s  that the 
great e s t  ha z a rd to p l ant s and aquat i c  anima l s  w i l l  occur 
a f t e r  the o i l  has weathered . The potent i al for d i e s e l  No . 2 
contami nat i ng nontarget plant s o r  surface  wat e r  i s  l i k e ly t o  
b e  l ow ,  howeve r ,  becau s e  o f  the c u r r ent method s o f  app l i c a
t i on .  The amount o f  photochem i ca l  smog occu r r i ng from BPA ' s  
vegetat i on manag ement progr am probably i s  not measurabl e . 
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Larg e herbi vore s ,  i nc luding deer and l i ve s t ock , a r e  u n l i k e ly 
t o  be sprayed by di e s e l  f u e l  or consume c ontami na t ed wat e r  
o r  forag e . To l e rabl e  health c onc entrat i on s  f a r  exceed the 
l i mi t s  of t a s t e  and odor . Pe trol eum produc t s  become o rgan
o l ept i ca l ly ob j ec t i onab l e  a t  v e ry l ow c oncentrat i ons , and 
larg e  herb i vores  wi l l  forage and dr i nk i n  uncontami nated 
areas  unt i l  o i l  r e s idues  a r e  no l onger detectabl e . 

The ma j or hazards a s soc i a t e d  w i th d i e s e l  No . 2 a s  an herb i 
c i de c a rr i er r e s u l t  f r om i mpac t s  o n  b i rd s  and o n  sma l l  
herb i vores c on f i ned t o  treatment areas  bec a u s e  o f  t er r i tor
i a l i ty or range l i mi ta t i on s . Trace amount s o f  o i l  may c l i ng 
t o  the f ea the r s  o f  b i rd s  forag i ng i n  treated area s and may 
be t ransm i t t ed t o  eggs  i n  the n e s t . B i rd s  ( or b i rd n e st s )  
ac c i dent a l ly sprayed dur i ng app l i cat i on a r e  l i k e l y  t o  
exper i enc e morta l i ty or r educ ed r epr oduc t i ve succe s s . Smal l  
mamma l s  ( e . g . ,  rodent s )  may exper i enc e subletha l e f f ec t s  
because  o f  c ontami nated forag e , o r  may b e  k i l l ed a f t e r  
abandoni ng home rang e s  or terr i tor i e s  i n  the treated a r e a . 
Hypotherm i a  may occur a f t e r  the l o s s  o f  i n sulat i ng c apac i ty 
of fur or feather s .  

U s e  o f  d i e s e l  No . 2 i n  d i rected ( s e l ect i ve )  app l i c at i on 
techn i ques  i s  not l i kely t o  adver sely a f f e c t  per s onne l ,  the 
publ i c ,  nonta rg et vegetat i on ,  l a rg e  mamma l s ,  or  a quat i c  
resou rc e s . Adver s e  i mpac t s  o n  b i rd s  and sma l l  mamma l 
popu l at i on s  a r e  l i k e ly t o  be  i n s i gn i f ic ant . 
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DRI FT CONTROL ADDI T IVES 

The dr i f t of any part i c u lat e mat e r i a l  r e l eased i n  the a i r  i s  
f i r s t and f oremost a f unc t i on o f  the part i c l e s i ze { Ak e s son 
et a l . 1 9 81 ) . Ine r t  { nont ox i c ) i ngredi ent s can be  add ed t o  
herbi c i de spr ays t o  r educ e dr i f t  and t o  i mprove the e f f i 
c i ency o f  herb i c i d e  u s e  i n  vegetat i on management . Whe n  
dropl e t s  between 5 0 0  a n d  1 , 0 0 0  m i c r ons i n  d i ame t e r  a r e  
produc ed , the spray h a s  v i rtua l ly no dr i f t hazard { Kl i ngman 
and Asht on 1 9 7 5 )  when appl i ed du r i ng weather c ond i t i ons 
spec i f i ed in BPA ' s app l i c at i on gu i d e l i ne s . 

BPA r e qu i re s  that a e r i a l  appl i c at i ons meet a e r i al  spr ay 
de l i very spec i f i c at i on s . At a pre s c r i bed a l t i tude i n  c a l m  
a i r  c ond i t i ons , the appl i c ator m u s t  d epos i t  a c e rt a i n  
m i n i mum amount o f  drop l et s w i th i n  the spr ay zone wh i l e  
depos i t i ng n o  drop l e t s  a t  a d i stance o f  1 0  f eet b eyond the 
edge o f  the spray zone . The add i t i on o f  thi ckeni ng agent s 
t o  h e rb i c i de f ormu l a t i ons i s  one means t o  meet the s e  spr ay 
d e l i very spec i f i c at i on s . The s e  add i t i ve s  ac t t o  en l a rg e  
spr ay drop l et or part i c l e  s i ze a n d  thereby c ontrol  d r i ft o f  
herbi c i de spray from an i mmed i at e  appl i c at i on s i t e . Herb i 
c i de dr i f t r epr e s ent s wa s t ed spr ay a s  we l l  a s  a poten t i a l  
route f o r  herb i c i d e  damage t o  nont arget o rgani sms . 

Techn i c a l  r e f e r enc e s  on the u se a nd e f f i c acy o f  spr ay 
add i t i ve s  i n  c ontrol l i ng dr i f t  i nc l ud e : Aer i a l  App l i cator  
{ 1 9 81 ) , Ak e s son e t  a l . { 1 9 81 ) , But l e r  et a l . { 1 9 6 9 ) a nd 
Yat e s  e t  a l .  { 1 9 7 6 ) . The u s e  o f  Norbak and Na lc o-tro l { an 
ag ent i dent i c a l  t o  Lo-Dr i f t ) have been d e scr i bed by Bu t l er 
et a l . { 1 9 6 9 )  and Yat e s  et a l . { 1 9 7 6 ) . Ba sed upon the 
phy s i c a l  behav i or o f  spr ay s  c ontai n i ng the s e  addi t i v e s ,  the 
add i t i ve s  we r e  j udged t o  e f fect i ve l y  r educ e dr i f t when u s ed 
a s  d i r e c t ed . As s uch , the spr ay add i t i ve s  a r e  va luab l e  
too l s  t o  he lp m i n i m i z e  the envi ronment a l  i mpac t o f  broadca st 
herb i c i d e  sprayi ng . 

NOR BAK 

Chem i c a l  Ident i f i c at i on 

The ear l i e st mat e r i a l  u s ed a s  an i nert spr ay add i t i ve f or 
herb i c i de appl i cat i on s  wa s Norbak , a produc t o f  the Dow 
Chemi c a l  Company . No rbak i s  a gr anu lar wat er-s o l ub l e  
plast i c  polyvi ny l  a lc oho l ; the r e  a r e  no other i ngred i ent s i n  
the c ommerc i a l  pr oduc t . Wh en m i xed w i th a n  herbi c id e  
solut i on ,  Norbak produc e s  a th i c k  granu l a r -appea r i ng m i xt u r e  
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that can be  pumped and spr ayed wi thout adve r s e ly a f f ec t i ng 
herbi c i dal act i on .  

The wa t e r  s olub i l i t y  of the polyme r  i s  i mport ant t o  i t s  u s e  
a s  a part i cu lat i ng agent t o  r educ e pest i c i d e  spray dr i f t . 

Polyv i nyl  a lcohol i s  extens i vely u s ed i n  c omme rc e i n  the 
Un i t ed S t a t e s  and abroad ( Li ndemann 1 9 7 1 ) . Pr i ma ry u s e s  a r e  
wa rp- s i z i ng i n  t e xt i le s ,  emul s i f i er s ,  wat e r- s oluble adhe
s i ve s , paper c oat i ng s  and i n  produc t i on of oth e r  po lyme r i c  
mate r i a l s  s uch a s  v i nylacet a l s  i n  s a f ety g l a s s . Ve ry sma l l  
amoun t s  a r e  u s ed i n  a g r i c u l t u r e . 

Ac t i on i n  Vegetat i on 

Norbak ha s no herbi c i dal act i v i ty i n  vegetat i on .  

Ut i l i zat i on by BPA 

BPA ha s u s ed Norba k as a pa rt i cu l a t i ng agent i n  a e r i a l  
f ol i ag e  sprays o f  Tordon 1 01 ( i . e . , p i c l oram and 2 , 4-D ) . 
App l i c a t i on rat e s  o f  Norbank i n  Tordon 1 0 1  mi xtur e s  a r e  1 - 3  
lbs . p e r  acre . BPA ha s u s ed a n  a verage o f  approx i mat e ly 
1 , 0 00 lbs . o f  Norbak each yea r .  

Ch emical  Fa t e  and Di s t r i bu t i on i n  the Env i ronment 

The Norbak polym e r  cont a i n s  carbon , hydrogen and oxyg en and 
i nt e rmed i at e  d egrada t i on produc t s  may i nc l ude a c et i c  a c i d  
and aceton e . Polyvi ny l  a l c ohol s wi l l  not per s i s t  i n  the 
envi r onment due t o  the i r  u l t i mate  d egradat i on t o  c a rbon 
d i ox i de and wa t e r . Stud i e s  o f  the envi ronment a l  f a t e  o f  
Norbak h a v e  n o t  b e en publ i shed i n  t h e  l i t e ratu r e . 

Chem i c a l  Tox i cology i n  An i ma l s  and Huma n s  

No rbak , a part i cu l at i ng agent , has  a l ow ord e r  o f  a c u t e  
tox i c i ty .  The oral LD5 0 f o r  rat s wa s 3 , 2 5 0  mg/kg . Norbak 
wa s s l i ght ly i r r i tat i ng to the eye and not i r r i t a t i ng t o  the 
s k i n  at expo s u r e s  that s i mulated cond i t i on s  of norma l u s e . 
Sk i n  absorpt i on d i d  not r e su l t  i n  t ox i c i ty . Th e d e rmal  LD5 0 
for  rabb i t s  wa s great e r  than 3 , 9 8 0  mg /kg . 

In  the e vent o f  acc i denta l exposure o f  workers , wa t e r  
e f f ec t i v e ly remov e s  Norbak from the ski n ,  c l oth i n g  o r  
exposed s u r f ac e s  ( Dow Chemi ca l  Co . 1 9 7 8 ) . 
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S i nc e  Norbank i s  a spr ay add i t i ve rathe r  than an a c t i ve 
i ngred i ent ( herb i c i d e ) ,  ch ron i c t ox i c i ty t e s t i ng h a s  not 
been c onduc t ed . 

Pot ent i a l  Impact on Nontarget Organi sms 

Due t o  the l ow acute tox i c i ty of Norbank and i t s  a s s umed 
rap i d  d egrada t i on i n  the envi r onment , pot ent i a l  i mpac t s  on 
nontarget organ i sms a r e  negl i g i b l e . 

Ha zard As s e s sment f or Cu r r ent U s e  Pract i c e s  

Norbak i t s e l f ,  d i luted and u s ed a s  recommended , pr e s ent s no 
s i gn i f i cant hea lth hazard to appl i cator s ,  the publ i c  or the 
envi ronment . Herb i c i d e  m i xt u r e s  cont a i n i ng Norbank mu s t  be  
r emoved f r om work a r e a s  ( s t eps , wa l k s  or equ ipment ) due  to  
the phys i ca l  hazard pr e s en t ed by the s l i pper i ne s s  of  the 
f ormulat i on .  

LO-DRI FT AND NALCO-TROL 

Chem i c a l  Id ent i f i cat i on 

Lo-Dr i f t spr ay add i t i ve i s  a l s o  a n  herbi c i de spr ay add i t i v e  
u s ed t o  i nc r ea s e  drop l e t  s i z e  and ther eby t o  r educ e  d r i f t . 
Lo-Dr i f t i s  a product o f  Amchem Product s ,  Inc . ( Amb ler , 
PA ) . The EPA Reg . No . i s  2 6 4 - 5 0 0 0 4AA . The pr i nc i pa l func
t i oni ng agent ( 3 0% ) o f  Lo-Dr i f t i s  acry lami de-acry l i c  a c i d  
copo lymer mad e  from a c ry lami d e  and a c ryl i c  ac i d . Th e 
rema i n i ng 70%  o f  the product c ons i st s  of  a gent s not 
e f f ec t i ve as spray adj uvant s .  Na lc o-trol i s  an i d ent i c a l  
product manu factured by Na lco Chemi c a l  Co . 

Ac rylam i d e  i s  the v i ny l  monome r  u s ed i n  the manu f a c t u r e  o f  
polyacry l am i d e s . Ov er 7 0  m i l l i on pound s o f  acry lamide  a r e  
manu factured each year f o r  u s e  i n  wa st ewat e r  tr eatment 
t echnolog i e s and as paper s t r engthene rs , g r out i ng agent s ,  
g e l s  and adhe s i ve agent s ( U . S . Depa rtment o f  Commerce 
1 9 7 6 ) . Th e use  o f  polyacry lamide-acry l i c  a c i d  polymer a s  an 
herb i c i d e  spray adj uvant t o  r educ e d r i f t  i s  a m i nor use of 
thi s ver sat i l e i ndu s t r i a l  chem i ca l . 

Act i on i n  Vegetat i on 

Lo-Dr i f t and Na lco-t r o l  exh i b i t  no herb i c i da l  act i v i ty .  
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Ut i l i za t i on by BPA 

BPA u sed Lo-Dr i f t  or Na lco-trol w i th ae r i a l  or ground-ba s ed 
broadcast appl i ca t i ons o f  Ba nvel 4-W . S . , Ba nve l 7 2 0 ,  a nd 
Weedone 1 7 0 . Up t o  0 . 2 5 ga l lon o f  the s e  spray add i t i ve s  i s  
mi x ed w i th 1 00 ga l lons o f  h e rb i c i de m i xture  a nd appl i ed per  
acre . Ov er the  last  6 yea r s , BPA ha s u s ed an average o f  580  
g a l l ons o f  the s e  add i t i ves per  yea r . 

Chem i c a l  Fa t e  and Di s t r i but i on i n  the Env i ronment 

Po lyacry l ami de-a cry l i c  a c i d  c opolymers a r e  d egraded i n  the 
envi ronment by the ac t i on o f  m i cr oorgani sm s , by wat e r  
( hydrolys i s )  and by other unknown factor s . Degradat i on 
i nvolves c l eavage o f  th e ami d e  group . As a resu l t , 
acrylam i d e  monomer i s  not f ormed ( Mo rr i s a nd Penzen stadl er 
1 9 7 8 ) . Polymer i c  fragment s of the c opolymer are f ormed a s  
i nt ermed i a t e s  i n  the c our s e  o f  polyacry lami de d egrada t i on 
( Morr i s  and Penzenstad l e r  1 9 7 8 ) . No othe r  i n fo rma t i on i s  
ava i lable on the f a t e  o f  the ch em i cal  i n  the e nv i r onment . 

Chemi cal Tox i co logy i n  An i ma l s  and Humans 

S i nc e  th e s e  add i t i ve s  l ack h e rbi c i da l  a c t i v i ty ,  th ey a r e  not 
c l a s sed a s  act i ve i ngred i ent s ,  a nd ther e f o r e  they a r e  not 
t e s t ed i n  the same manne r a s  t ox i c  s ubstanc e s . 

On ly acrylam i d e  monomer i s  neurotox i c  ( Ga r land and Pa t t e r s on 
1 9 6 7 ) . No e v i dence i s  avai labl e d emonstra t i ng t o x i c i ty o f  
the copolymer form . Si gns o f  neurot ox i c i ty i nc l ude fat i gue , 
ment a l  c on f u s i on ,  atax i a , numbn e s s  a nd p r o f u s e  swea t i ng o f  
the ext r emi t i e s . Work e r s  who a r e  engaged i n  the manu f a c t u r e  
o f  a c ry l am i d e  a nd i n  the polyme r i zat ion proc e ss a r e  a t  
h i ghest r i s k t o  t ox i c  exposure . Occupa t i ona l i l lne s s e s  
r e s u l t i ng f r om acrylam i de exposure s have been r e v i ewed by 
Spenc e r  a nd Schaumberg ( 1 9 7 4 ) . Only a crylami de-a c ry l i c  a c i d  
c opolyme r i s  u s ed a s  a spray addi t i ve .  Exposures  o f  work
er s ,  the publ i c  and the envi r onment to monomer i c  a c rylam i d e  
w i l l  not occur a s  a r e su l t  o f  the u s e  o f  Lo-Dr i f t spray 
addi t i ve .  

Pot ent i a l  Impact on Nontarget  Orga n i sms 

No i mpa c t s  a r e  expected du e to l ow acute t ox i c i t y and i t s  
d egradat i on i nto nontox i c  c on s t i tuent s .  
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Ha zard As s e s sment for  Cu rr ent U s e  Pract i c e s  

Deta i l ed i ns t r uc t i on s  f o r  the u s e  o f  Lo-Dr i f t a r e  g i ven on 
the label . An i mport ant not e i s  the f o l low i ng : " Remember , 
herb i c i de dr i f t i s  no acci dent . Common sense  and sound 
appl i cat i on t echnology mu st be  f o l l owed wh en spr ayi ng 
herbi c i de s . Lo-Dr i f t  spray add i t i ve wi l l  control , bu t not 
total ly e l i m i nate , dr i f t . "  Th e label a l so not e s  the f o l l ow
i ng sa fety precaut i ons : " Ha rm f u l  i f  swa l l owed . Avo i d  
c ontac t w i th sk i n ,  eyes or c l othi ng ( Arnchem , no da t e ) . "  

Lo-Dr i f t and Na lco-trol present  no s i gni f i c ant hea l th hazard 
t o  app l i ca t or s , the publ i c  and the e nv i ronm ent when d i luted 
and used a s  recommended . Herb i c i d e  m i xt u r e s  conta i ni ng 
Lo-Dr i f t or Na lco-t r o l  mu s t  b e  r emoved f r om walkways , f l oors 
or equ ipment due to the phys i c a l  ha zard pr e s ented by the 
s l ipper i ne s s  o f  the f ormu lat i on .  
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GLOSSARY OF TERMS FOR HERBI CIDE BACKGROUND STATEMENTS 

Ac etonemi a :  a cond i t i on charac t e r i zed by l a rge amount s o f  
acetone bod i e s  i n  the b lood . Ac etone i s  a ch em i c al 
c ompound wh i ch i ncrea s e s  in leve l i n  b lood und e r  c e rt a i n  
c ond i t i ons such a s  s t ar vat i on and d i abet i c  a t t ack s . 

Ac ety l cho l i nestera s e : an enzyme wh i ch br eak s d own acty l 
chol i n e ,  a c ompound wh i ch i nduc e s  nerves t o  t r ansmi t a n  
e l ec t r i c a l  s i gnal and thereby contro l s  nerve act i vi ty . 

Ad enoma : a ben i gn t umor o f  g l andu lar or i g i n  and s t r uctu r e . 

Amph i pod s : any o f  a l a rg e  group o f  sma l l  crustaceans  wi th 
a l a t e r a l ly c ompr e s sed body ( e . g .  beachhopper s ,  scud ) . 

Anemi a :  a c ond i t i on marked by s i gn i f i cant d e crea s e s  i n  
hemog lob i n  c oncent ra t i on and i n  the number o f  
c i rculat i ng r e d  b lood ce l l s . Al s o  known a s  
ol i gochromemi a .  

Anore x i a :  l o s s  o f  appet i t e . 

Anthocyan i n :  any o f  the i ntensely c o lored s ap s ol ub l e  
g lyca s i de plant pi gment s re spons i b l e  for  mos t  sca r l et , 
purp l e , mauve and b l ue c o l or i ng i n  h i gher  p l ant s .  

Ant i chol i ne s t era s e : any agent , such a s  a nerve ga s ,  tha t  
i nh ib i t s  the act i on o f  chol i nest erase a n d  thereby 
dest roys or i nt e r f e r e s  w i th nerve c onduct i on . 

Aromat i c :  a g roup o f  organ i c  c ompound s based on a r i ng o f  
s i x  c a rbon mol ecu l e s  bonded wi th a un i qu e  typ e o f  hybr i d  
bond known a s  a benzene bond . The ba s i c  a r omat i c  c om
pound i s  benzene ( C 6H6 ) .  Aromat i c s  have uni que 
chemi c a l  prope rt i e s , i nc ludi ng a t endency to have a 
not i c eable a r oma . 

Aromat i c  am i no ac i d :  an organ i c  a c i d  c ontai n i ng a t  l ea s t  
o n e  ami no gr oup and o n e  o r  m o r e  aromat i c  group s , f o r  
exampl e ,  pheny l a l an i ne , o n e  o f  t h e  e s s ent i a l  a m i no a c i d s . 

Aromat i c  hydroxy l at i on : hydroxy lat i on o f  an aroma t i c  
c ompound ( s ee hydroxy lat i on ) . 

Aromat i c  n i t r i l e : n i t r i l e , cyan i d e  deri ved by remova l o f  
wat er f r om a n  ac i d  am i de ,  a s soc i ated wi th a n  a r omat i c  
compound . 
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At ax i a : lack o f  mu scu lar c oord i nat i on due t o  any o f  
s ever a l  nervou s system d i sease s .  

At rophy : d i m i nut i on i n  the s i ze o f  a c e l l ,  t i s su e  or org an 
that wa s onc e f u l ly deve loped and o f  normal s i z e . 

B i oaccumu lat e : the proc e s s  o f  a plant o r  a n i mal s e l ec t i vely 
t ak i ng i n  or stor i ng a per s i stent sub s t anc e . Ove r  a 
per i od o f  t i me , a h i gher  conc ent r at i on o f  the s ubstance 
i s  f ound in the o rgan i sm than in the o rgani sm ' s  envi ron
ment . 

B i oa s say : a method for quant i t at i vely determi n i ng the c on
c entrat i on of a subst anc e by i t s  e f f ec t  on the growth o f  
a s u i t able a n i ma l ,  plant o r  m i croorg a n i sm und e r  
controlled c ondi t i on s . 

B i ochem i c a l  Oxyg en Demand ( BOD ) : the amount o f  d i s s olved 
oxyg e n  requ i red to meet the metabol i c  needs of anae rob i c  
m i c roorg an i sms i n  water  r i ch i n  o rg a n i c  matt e r ,  s uch a s  
s ewag e . 

B i oconcentrat i on f actor : a numer i ca l  value expr e s s i ng the 
i ncrea s e  i n  concen trat i on of a per s i stent  sub s t ance 
between f ood cha i n  l evel s ,  for example , the c oncentra
t i on of a per s i s t ent subst anc e in the t i s s u e  of a cow 
may be three t i mes that i n  the t i s sue o f  the g r a s s  the 
c ow eat s .  

/ 
B i osynthes i s : pr oduc t i on by synthe s i s  o f  ch em i c a l  c ompound 

by a l i v i ng o rg an i sm . 

B i ot r ans f ormat i on : the proc e s s  o f  a l t er i ng a s ubst ance by 
reac t i on wi th metabol i c  proc e s s e s  or compound s  i n  
bac t er i a ,  plant s ,  o r  a n i ma l s .  

Clava r i um : a sk u l l  lack i ng fac i a l  part s and the lower j a w . 

Carc i nog e n ,  c arc i nogeni c ,  carc i nogen i c i ty :  
produc i ng or i nc i t i ng canc e r . 

a subst anc e 

Ca s e i n : the prot e i n  o f  m i lk ,  a wh i t e  s ol i d  s olub l e  i n  a c i d s . 

Cata la s e : an enzyme that catalyzes the decompo s i t i on o f  
hydrogen perox i de i nt o  molecu lar oxygen a n d  water . 

Ca t i on : a pos i t i vly cha rged atom or group o f  a t om s . 

Ch l or os i s :  a d i sease  c ond i t i on o f  g r e en plants s een a s  
y e l l ow i ng o f  g r een pa rt s o f  the plant . 
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Choro i d  p l ex u s : any o f  the h i gh ly vascu l a r , f olded 
proce s s e s  that pro j ect  i nt o  the thi rd , fourth , and 
l at e r a l  vent r i c l e s  of the bra i n .  

Compensatory red b lood ce l l  format i on : a phy s i o l og i c a l  
r e spon s e  occurr i ng when a ny one o f  a number o f  e vent s 
r e su l t s i n  a sustai ned l ower i ng o f  oxyg en leve l s  i n  the 
b l ood s t r eam . Th e body may c ompensat e by form i ng more 
red b lood c e l l s ,  ther eby i ncrea s i ng the abi l i ty o f  the 
b l ood s t r eam t o  t r ansport oxyg en . 

Cong e s t i on : an abnormal  accumu l at i on o f  f l u i d ,  u su a l ly 
blood , but occ a s i ona ly b i l e or mucu s ,  w i th i n  the v es s e l s  
o f  a n  organ o r  part . 

Con j ugat e : t o  become j o i ned t ogether . 

Con j unct i va : the mu cous membrane cover i ng the eyeba l l  and 
l i n i ng of the eye l i d s . 

Con j unct i v i t i s :  i nf lammat i on o f  the con j unc t i va . 

Con j unct i va l  sac : the corner o f  the eye n ear the nose  where  
tear duc t s  have the i r  open i ng s . 

Cornea ( c orneal i n j u ry ) : 
o f  the out er coat o f  
i r i s  a n d  t h e  pupi l .  

the t r ansparent ant e r i or port i on 
the vertebrat e eye c over i ng the 

Cyanos i s :  a b lu i sh c olora t i on i n  the s k i n  and mucou s 
membran e s  due t o  de f i c i en t  l e ve l s o f  oxyg en i n  the blood . 

Cytogenet i c s ,  cytogenet i c  t e s t s : a branch o f  molecular 
pathol ogy comb i n i ng the method s  o f  cyt ol ogy and g enet i c s . 

Cyt oplasmi c vacuol e s : a membrane-bound c avi ty w i th i n  a 
c el l . Cont ent s o f  the vacuol e va r i e s  w i th c e l l type and 
f unc t i on .  

De a l ky l i z e ,  d ea lky lat i on :  the r emova l o f  an a l ka l i  moi ety . 

Deami nat e ,  deami nat i on : r emova l from a molecu l e  o f  the 
am i no g r oup . 

Decarboxylat e , dec arboxylat i on : t o  r emove the c arboxyl 
rad i c a l  e spec i a l ly from am i n o  ac i d s  and prot ei n .  

De g enerat i on :  deter i orat i on o f  a t i s sue or an organ i n  
wh i ch i t s  func t i on i s  d i m i n i shed or i t s  s tructure  i s  
i mpa i r ed . 

Degenerat i ve :  r e l a t i ng t o  or t endi ng t o  c a u s e  degenerat i on .  
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Degradat i on : conve r s i on o f  an organ i c  compound to one 
conta i n i ng a sma l l  number of carbon atoms . 

De methylat i on : 
compound . 

remova l o f  the methy l group f r om a chem i c a l  

Derma l : pert a i n i ng to the dermi s .  

De rmi s :  the deep layer o f  the sk i n ,  a den s e  connec t i v e 
t i s sue r i chly s uppl i ed w i th blood v e s s e l s ,  nerves and 
sens ory organ s .  

De rmat i t i s :  i n f lammat i on o f  the s k i n .  

Det ox i f i cat i on :  the act  o r  proc e s s  o f  remov i ng a po i son or 
the t ox i c  propert i e s of  a s ubstance in the body . 

Dimethy l phthalate : odor l e s s ,  color l e s s  l i qu i d ,  bo i l i ng at 
2 8 2°c ,  s ol uble in organi c s olvents , s l i ght ly s o l uble  
in  wa t e r ,  u s ed as  a plas t i c i z e r , in  r e s i n s , lacqu e r s  and 
perf ume s . 

DNA r epa i r-pr o f i c i ent : an organ i sm c ont a i n i ng the norma l 
c ompl ement of  enzymes wh i ch r epa i r  mi nor damag e  t o  th e 
DNA molecu l e .  

Di ox i n  ( polychlor i nat ed d i benzo-p-d i ox i n ) : PCDDs a r e  a 
c l a s s  o f  organi c chemi cal s ,  i nc lud i ng 7 5  i s ome r s , ea ch 
of wh i ch pos s e s s  d i st i nct phy s i ca l , chemi c a l  and 
b i olog i ca l  propert i e s . On e spec i f i c  P CDD i some r ,  
2 , 3 , 7 , 8-t et rach l orod ibenzo-d-d i ox i n  ( 2 , 3 , 7 , 8-TCDD ) ha s 
been s tudi ed mos t  extens i vely . Th i s  compound and 
pr esumably other PCDDs are expec t ed to be r e l at i vely 
pe r s i s t ent i n  the envi ronment i f  r e l eased  i nt o  a i r ,  
wat e r ,  and soi l medi a .  

Dy spnea : d i f f i cu l t  or labored breathi ng . 

Edema : an exc e s s i ve accumulat i on o f  f lu i d  i n  the c e l l s ,  
t i ssue  spaces  or body cavi t i e s  du e t o  a d i sturbanc e i n  
the f lu i d  exchang e mechan i sm .  Al so known a s  d r opsy . 

Electromyography : a med i c a l  spec i a l ty concerned w i th the 
product i on and s t udy of an e l ect romyogram , a g r aph i c  
rec ord i ng o f  the e l ec t r i c a l r e sponse  o f  a musc l e  t o  
s t imulat i on .  

Engorg e :  t o  devour t o  the l i m i t  o f  capac i ty ,  thu s ,  t o  
swe l l  up . 

Ep i card i um : the outer s e rous layer o f  the heart . 
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Ep i d emi ol ogy , ep i dem i o l og i c al  s t ud i es : the s tudy o f  the ma s s  
a spec t s  o f  d i s ea s e . 

Ep i d e rmi s :  the out e r  nonsens i t i v e ,  nonva sc u l a r  port i on o f  
the sk i n  compr i s i ng two s t rata o f  ce l l s ,  the s t ratum 
c orneum and the s t ratum g erm i nat i vum . 

Epi na s ty : growth chang e s  i n  wh i ch the upper su rfac e o f  a 
l e a f  g r ows , thus bend i ng the l ea f  downwa rd .  

Ep i thel i um ( ep i the l i a l su rface ) : a pr i ma ry anima l  t i ssue , 
d i st i ng u i shed by c e l l s  b e i ng c lose  t ogether w i th l i t t l e  
i nt e rc e l lu l a r  substanc e , c over s free s u rfac e s  and l i ne s  
body cavi t i e s  and duct s .  

Erythrocyt e :  red blood c e l l . 

Erythropo i e s i s :  the proc e s s  by wh i ch e rythrocyt e s  ( r ed b l ood 
c e l l s )  a r e  f ormed . 

Fibroblast s :  a s t e l l a t e  c onnect i ve t i s sue c e l l  f ound i n  
f ibrou s t i s su e . Al s o  known a s  a f i brocyt e . 

Flash poi nt : the l owest t emperature at whi ch vapor s f r om a 
volat i l e  l i qu i d  wi l l  i gn i t e  momenta r i ly upon the 
appl i ca t i on of a sma l l  f l ame under  spec i f i ed c ond i t i ons 7 
t e s t  cond i t i on s  can be  e i ther open- or c lo s ed-c up . 

Foc a l  f ol l i cu l a r  c e l l  hyperp l a s i a : an abnormal i nc r e a s e  i n  
the number o f  f o l l i c u l a r  c e l l s  i n  th e thyroi d g l and . 
Fo l l i cular  c e l l s  i n  the thyr o i d  r egul ate  metabol i c  r a t e  
and i od i n e leve l s i n  th e blood . 

Foca l  l i ght c e l l  hyperp l a s i a : an abnorma l i nc r e a s e  i n  the 
number o f  " l i ght c el l s "  ( para f o l l i c u l a r  c e l l s )  i n  th e 
thyro i d . The " l i ght c e l l s "  produce thyroca lc i ton i n ,  a 
hormon e wh i ch l owe r s  th e c onc entrat i on o f  c a l c i um i n  th e 
b l ood by i nh i b i t i ng bone r e s o rp t i on .  

Fr i abl e : eas i ly crumb l ed or pu lver i z ed . 

Ga s t r i t i s : i n f lammat i on o f  the s t omach . 

Ga s t roi nt es t i na l  trac t : the stomach and i nt e s t i n e . 

Hematocr i t :  the volume , a f t e r  c en t r i fugat i on ,  occupi ed by 
the c e l lu l a r  e l ement s o f  blood , i n  relat i on t o  the tota l 
volume . 

Hematology , hematolog i ca l : the s c i ence o f  the b lood , i t s 
natur e ,  func t i on s  and d i s e a s e s .  
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Hernatur i a : a patholog i cal c ond i t i on i n  whi ch the u r i ne 
c ont a i ns blood . 

Hemog lob i n :  The i ron-cont a i ni ng ,  oxygen-ca rryi ng molecule o f  
the r ed blood c el l s  o f  vertebrat e s . 

Hernos i deros i s : d epos i t i on o f  hernos i de r i n ,  an i r on
c onta i n i ng c ompound , i n  body t i s su e s  w i thout t i s s u e  
damag e ,  r e f l ec t i ng an i nc r e a s e  i n  body i ron s t ore s . 

Hi s t i d i ne : a c rysta l l i ne bas i c  am i no ac i d  present  i n  l a rg e  
amounts  i n  hemog lob i n  and r e su l t i ng f r om the hydro lys i s  
o f  mos t  prot e i n s . Th i s  ami no ac i d  i s  pr esent i n  mos t  
o rg ani sms and i nf luences the mechani sm c ont r o l l i ng g ene 
expr es s i o n .  

Hi s t i d i ne rever s e  mutat i on : s ome bact eri a r equ i r e h i s t i d i ne 
i n  the envi ronment i n  o rd e r  t o  s u rvi ve . Oth e r  bact e r i a  
do not . Cert a i n  c ompound s may cause  mu tat i ons wh i ch 
r ever s e  the need for o r  no need f or h i s t i d i ne . 

Hi s topathology : a branch o f  pathology that d ea l s  w i th t i s sue 
chang e s  as soc i at ed w i th d i s eas e . 

Burni e :  r e l at i ng t o  decompo s i t i on-r e s i s t ant org an i c  mat ter  i n  
s oi l .  

Hydrolys i s :  decompos i t i on o r  a l terat i o n  o f  a ch em i c a l  s ub
s tanc e by wat e r . 

Hydroxylat i on ,  hydroxylated : one o f  s everal type s o f  
r eact i ons u s ed t o  i nt roduc e one o r  mor e  hydroxyl groups 
i nt o  org ani c c ompounds ; an o x i dat i on r eac t i on .  Oppos ed 
t o  hydr o lys i s .  

Hyperem i a : an excess  o f  b lood w i th i n  an o rg an o r  t i s s u e  
c a u s e d  by blood ves s e l  di lat i o n  o r  i mpa i red drai nag e 
e spec i a l ly o f  the s k i n .  

Hyperp l a s i a :  i ncrease  i n  c e l l  number caus i ng an i nc r ea s e  i n  
the s i z e o f  a t i s s u e  o r  o rga n . 

Hypert r ophy : i ncrease  i n  c e l l  s i ze c au s i ng an i nc r ea s e  i n  
the s i ze o f  an o rgan o r  t i s s u e . 

Hypotherm i a : c ond i t i on o f  r educ ed body t emperature i n  wa rm
blooded anima l s . 

I nt es t i na l  mucos a : the mucous membrane o f  th e t ubular 
port i on o f  th e vert ebra t e  d i gest i ve trac t , usual ly 
betwe en the s t omach and the c l oaca or anus . 
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Intrape r i t oneal , i ntrape r i t onea l l y :  related t o  a s t ructure 
or pr oc e s s  occur r i ng w i th i n  the per i t oneum , a membranou s 
l i ni ng of the body cavi ty . 

I s opod s : any o f  a l a rg e  order o f  sma l l  s e s s i le-eyed c r u sta
ceans w i th the body composed of s even free thorac i c  
s egment s ,  each bear i ng a pai r o f  s i mi lar legs  ( e . g . 
sowbug s ,  pi l lbug s ) . 

K-va lue : the rat i o  o f  the amount o f  h erbi c i de absorbed on 
s o i l ( ppm ) t o  an equ i l ibr i um concentrat i on o f  l ppm i n  
water . 

LC50 ( l etha l c onc ent ra t i on 5 0 ) : abbrevi at i on d enot i ng the 
letha l  concent rat i on or conc entrat i on s  of toxi cant 
necess ary t o  k i l l  5 0% of the organ i sms be i ng t e st ed . 

LD5 0  ( l etha l dose 5 0 ) : the dose o f  a subst anc e wh i ch i s  
f at a l  t o  5 0% o f  the t e s t  ani ma l s . Al s o  k nown a s  med i an 
l e tha l dose . 

Le s i on : a s t ructural or f unc t i onal a l t erat i on due t o  i n j ury 
or d i s ea s e . 

Li gn i n :  a s ubstance that t ogether w i th c e l l u l os e  f orm s the 
woody c e l l  wa l l  of plant s and c ement s them togethe r .  

Lymphat i c  system : a sys tem o f  v e s s e l s  and nodes  c onvey i ng 
lymph i n  the vertebra t e  body , beg i nn i ng w i th capi l la r i e s 
i n  t i s sue spac e s  and eventua l ly form i ng the thora c i c  
duct s wh i ch empty i n t o  th e subc lavian  vei n s . 

Ly s i met er : an i n strument for  measur i ng the wa ter  perco
lat i ng through soi l s  and determ i ni ng th e mat er i a l s  
d i s s o l ved by the wat er . 

Med i an thr e shold l i m i t s  ( TLm ) : synonymou s w i th th e med i an 
t ol er anc e l i m i t  ( TL 5 0 ) but expr e s s ed i n  a s l i ght ly 
d i f fe r ent way , i . e .  the c onc entrat i on o f  a t e s t  mat e r i a l  
a t  wh i ch ha l f  o f  the t e s t  anima l s  a r e  abl e  t o  sur vi ve 
under t e st cond i t i ons over a spec i f i ed t i me .  

Me s ophy l l : parenchymat ou s t i s s u e between the upper and lower 
ep i d e rma l laye r s  in f o l i ag e  l eaves . 

Metabol i sm :  the phy s i c a l  and chem i c a l  proc e s s e s  by wh i ch 
f oodstu f f s  a r e  synthe s i zed i nto compl ex e l ement s ,  
complex  substanc e s  are  trans formed i n t o  s i mp l e  one s ,  and 
e nergy i s  made avai lab l e  f or u s e  by an organ i sm .  

Metabo l i t e : A produc t  o f  i nt e rmed i a ry me tabol i sm . 
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Methemog l ob i nemi a :  the pr e s ence o f  hemog l ob i n  ( r ed  b l ood 
c e l l  p i gment ) i n  the ox i d i zed s t at e i n  the b l ood . 
Hemog lob i n  i s  norma l ly oxygenated i n  the b l ood . 

M i d r i b : the large cent r a l  ve i n  o f  a leaf . 

Mi s c i b l e : t endency o f  two o r  more l i qu i ds t o  f orm a u n i f orm 
blend . 

M i tos i s : nuclear d i v i s i on i nvo l v i ng exact dupl i cat i on and 
s eparat i on of the chromosome th r ead s so tha t each of the 
two daught er nuc l e i  c ar r i es a chromosome c ompl ement 
i dent i c a l  to that of th e parent nuc l eu s . 

Mo i ety ( hydroxy moi ety ) : a part o r  port i on o f  a m o l ec u l e  
gener a l ly comp l ex , havi ng a charact er i s t i c  chem i c a l  o r  
pha rmacolog i ca l  propert y . 

Myotonon i a :  t on i c  mu scular  spa sm occur r i ng a f t er i n j u ry o r  
i n fect i on .  

Nec r opsy : t o  perf orm an autopsy . 

Necros i s ,  necrot i c :  death o f  a c e l l  or group o f  c e l l s  a s  a 
r e s u l t  o f  i n j u ry ,  d i s ea s e  o r  oth er patholog i c  s t ate . 

Neu r opa thy : any d i s ea s e  a f f ect i ng neuron s . 

Ni trate  r educ t a s e :  
n i t r i t e .  

an enzyme wh i ch t r an s f orms n i t r a t e  i nt o  

Onc ology : the s t udy o f  the ca u s e s , development , cha racter
i st i c s  and t r ea tment o f  tumo r s . 

Org anopho sphate ( organopho sphate i ns ect i c i de s ) :  a chem i c a l  
c ompound charac t e r i zed by the pr e s ence  o f  o rg a n i c  
phosphate e s t e r s ,  o f t en u s e f u l  f or provi d i ng pho sphorous 
to deep r oot sys t em s . 

Org anolept i c , o rganolept i c a l ly :  r e lated t o  u s e  o f  one o r  
more organs o f  spec i a l  s ens e , e . g .  tast e ,  sme l l .  

Os s i f i cat i on : proc e s s  o f  f ormi ng bone . 

Par enchyma : the spec i a l i z ed ep i thel i a l  port i on o f  an o rgan , 
a s  cont r a s t ed w i th the s upport i ng c onnect i ve t i s sue and 
nut r i t i ve framework .  

Pa r e s thes i a : t i ng l i ng ,  c r aw l i ng o r  bur n i ng s ensat i on o f  the 
sk i n . 

Pa rtur i t i on :  proc e s s  o f  g i vi ng b i rth ( l abor ) . 
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Petech i ae : hemorrhag e s  the s i ze o f  the head o f  a p i n .  

Photodecompos i t i on : the proc e s s  o f  l i ght ene rgy cau s i ng 
c l eavage o f  chemi cal bond s wi th i n  a compound , r e s u lt i ng 
i n  forma t i on o f  two or mo r e  smal l e r , di f ferent compound s .  

Photoox i dat i on : pro c e s s  occu r r i ng when l i ght energy c au s e s 
a l terat i on o f  a chem i c a l  bond w i th i n  a compound , 
r e su l t i ng i n  e i ther add i t i on o f  an oxyg en a t om or l o s s  
o f  a hydrog en atom . 

Photo synthat e :  any chem i c a l  pr oduc t , u sua l ly a c a rbohy
drat e ,  r e s u l t i ng from photosynthet i c  act i v i ty i n  a plant . 

Phytotox i n ,  phytotox i c , phytotoxi c i ty :  a substance t ox i c  t o  
plant s .  

Po i nt mutat i on :  muta t i on o f  a s i ng l e  g ene due t o  add i t i on ,  
los s ,  r eplacement or chang e o f  s equenc e i n  o n e  or mor e 
pa i r s  o f  the d eoxyr i bonuc l e i c  a c i d  o f  that gene . 

Po steme rgenc e :  appl i ed a f t e r  emergenc e o f  the spec i f i ed 
weed or pl ant ed c r op . 

Po s t i mplantat i on :  the per i od o f  t i me a f ter  embryos become 
i mplanted i n  the wa l l  of the uteru s .  

Pr e emerg enc e : appli ed pr i or t o  emerg ence o f  the spec i f i ed 
weed or plant ed crop . 

Pr ol i f era t i ve g r owth : t o  grow by r ap i d  pr oduc t i on o f  new 
part s ,  c e l l s ,  bud s  or o f f spr i ng . 

Pr opaz i ne :  
2 1 4°C ;  
weed s 

a color l es s  s o l i d  wi th a me l t i ng po i nt o f  2 1 2 -
u s ed a s  a preemerg ence herbi c i de for  control o f  

i n  mi lo  and sweet s o rghum . 

Pu lmonary edema : an e f fu s i on o f  f l u i d  i nto the a l veo l i  and 
i nt e r s t i t i a l  spaces  of th e lung s . 

Re comb i na t i on : the occurrenc e  o f  g ene c omb i nat i ons i n  the 
progeny that di f f e r  from tho s e  of the parent s as a 
r e s u l t  o f  i ndependent a s s ort ment l i nkage a nd c ro s s i ng 
over . 

Ri ng c l eavag e : a reac t i on wh i ch c a u s e s  a br eak i n  chemi ca l  
bond s i n  a c ompound whi ch or i g i na l ly wa s o rgan i z ed w i th 
s ome o f  the e l ement s bonded i nto a r i ng f orma t i on .  

Rumen : f i r s t  chamber o f  th e rumi nant ( e . g . , cow ) s t oma ch . 
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S i de cha i n : a g r oup i ng o f  s i mi lar  a t oms ( t wo o r  more , 
g enera l ly carbon s ,  a s  i n  e thy l rad i c a l , C 2H5- )  that 
branche s o f f  from a s t ra i ght cha i n  or cyc l i c  ( f or  
examp l e , benzene ) mo lecu le . 

S o i l c o l l o i d s : c o l l o i d a l  comp l ex o f  soi l s  c ompos ed pr i nc i 
pa lly o f  c l ay and humu s . 

S o i l : herbi c i de rat i o :  the r e lat i onship between th e w e i ght 
o f  soi l to the we i ght of herb i c ide . 

S o i l : water part i t i on c oe f f i c i ent s : the rat i o  o f  the amount 
of herb i c i d e  absorbed on soi l and d i s solved i n  
g roundwater a t  equ i l i br i um ( s e e  K-value ) .  

Spray i nt ercept i on di s c : a sma l l  d i sc placed i n  the path o f  
a spray i ng operat i on and u s ed t o  c aptu r e  spray part i c le s  
i n  order t o  measure the amount o f  spray reach i ng the 
t a rget  area . 

Subacute : modera te ly acut e . 

Subc utaneous t i s su e : the l ayer o f  l oose  t i s su e  beneath the 
dermi s .  

Sub l i mat i on :  the proc e s s  by wh i ch s ol i d s a r e  t r an s f ormed 
d i rect ly to the vapor stat e or vi c e  versa w i thout pa s s 
i ng through the l i qu i d  pha s e . 

Su lphaemog l ob i n : a greeni sh substance deri ved from hemo
g lobi n  by the act i on of hyd rog en s u l f i de ,  i t  may appear 
in th e bl ood f o l l ow i ng the i ng e st i on of s u l fani lam i d e  
and other s ubstanc e s . 

S u r f ac t ant : a s o lub l e  c ompound that reduces  the s u r f ac e  
t en s i on o f  l i qu i d s  or  redu c e s  i n t e rfac i a l  t en s i on 
between t wo l i qu i ds or a l i qu i d  and a s o l i d . Al so k nown 
a s  a s u r fac e-ac t i ve agent . 

Teratogen : an ag ent c au s i ng f o rmat i on o f  a c ongen i t a l  
anamo ly o r  mon s t ros ity . 

Ter atogene s i s : the f o rmat i on o f  a f e t a l  monstro s i ty . 

Terat ology : the s c i enc e o f  f e t a l  malformat i on s  and 
monstros i t i e s . 

Tr i az i ne : any o f  three c ompounds C 3H3N3 , c onta i n i ng 
a r i ng compos ed of th ree carbon and thr e e  n i t rogen atom s . 
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Tryptophan mutat i on sys t em : an am i no a c i d  obt a i ned f r om 
c a s e i n ,  f ib r i n  and c e rt a i n  other prot e i n s . I t  i s  a 
precur sor o f  i ndol eac et i c  ac id , s e roton i n  and n i co t i ni c 
ac i d . I t  i s  an e s s ent i a l  am i no ac i d . Cert a i n  mutant 
bac t er i a  a r e  i ncapable  o f  mak i ng i t ,  and r equ i r e  
t rypt ophan i n  the c u l t u r e  med i um .  

Tympon i t e s : a d i st ens i on o f  the abdomen c au s ed by a c cumu
lat i on of g a s  in the int e s t i na l  tract or per i t onea l  
c av i ty . 

Tympany : swel l i ng f rom abdom i na l  g a s . 

Tyvek f iber : a type o f  i ne r t  mat e r i a l  u s ed a s  a car r i e r  i n  
t e s t i ng chem i c a l s  appl i ed t o  the s k i n .  

Urac i l : a pyr i m i d i ne ba s e  i mportant a s  a component o f  
r i bonuc l e i c a c i d . 

Urea : A natural product o f  prot e i n  me tabol i sm f ound i n  
u r i n e , synthe s i zed a s  wh i t e  c ry s t a l s or powd e r  w i th a 
melt i ng po i nt o f  1 3 2- 7°c ,  s olubl e i n  wat e r ,  a l cohol 
and benzene , used as a f e rt i l i z e r  in plas t i c s , 
adh e s i ve s , f l ameproof i ng agent s a nd i n  med i c i ne . 

Vacuo l i zat i on : proc e s s  o f  form i ng vacuol e s  ( membrane-bound 
cavi t i e s )  w i th i n  a c e l l . 

Verm i c u l i t e : a c l ay m i neral  c on s t i t uent s im i la r  t o  ch lor i t e  
o r  montmor i l l on i t e , and cons i s t i ng o f  t r i oc t ahedral m i c a  
sheet s s eparated by doub l e  wat e r  l ayer s .  
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APPEN D I X  B 

Add i t io n a l i n f o rma t i o n  on h e rb i c id e s approved by BPA a n d  

p r o p o s e d  f o r  u s e  in i t s  v e g e t a t ion man a g e me n t  p r o g r am : 

T ab l e  B - 1 : C omme r c i a l  H e r b i c i d e  P ro d uc t s  

Tab l e  B - 2 : Ap p l ic at i o n  S p e c i f i c a t io n s  
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Table B - 1 . Comme r c i a l  H e r b i c ide Pr oduc t s  Approved by BPA f o r  U s e  in i t s  Vege t a t ion Management P r ogram 1 

Common Name Trade Name 2 Manu fac t u r e r  

Ammonium Du P o n t  
s u l f ama t e  Amma t e® X-N I  DuPo n t  

A t r a z i ne Aa t rex® BOW C i b a -Ge i g y  

Aat rex® Nine -0® C i b a -Ge i g y  

Broma c i l  Hyvar® X-L Du Pont 

Broma c i l  Krovar® I Du Pont 
+ 

Diuron 

D i c amba llanve l<lll 4-0 . S . 4 Ve l s i col 

Banve l® 4-W . S .  Ve l s i c o l  

Banvel ® XP 4  Ve l s  i c o l  

Banvel® 5G Ve l s i c o l  

E P A  Re g i s t r a t i on Number Formu l a t i o n 3  

3 5 2 - 2 0 6 -AA wsc 
3 5 2 - 3 1 1  wsc 

1 00-4 3 9  WP 

1 00 - 5 8 5  WDG 

3 5 2 - 3 4 6-ZA WSL 

352-3 52-AA WP 

8 7 6 - 1 56 -AA OSL 

8 7 6-1 59-AA WSL 

8 7 6-1 7 8-AA p 

8 7 6 -1 03-AA G 

Ac t i ve ingred i en t : 
Ine r t  ingred i e�t s :  

A c t i v e  ingred i e n t : 
R e l a t e d  compound s :  
Ine r t  ingre d i e n t s : 

Active ingred i en t : 
R e l a t e d  compound s : 
I n e r t  ingre d i e n t s :  

Ac t i ve ingred i en t : 
I ne r t  ingred i e n t s : 

A c t i v e  ingred ien t s : 

I ne r t  ingre d i e n t s : 

Ac t i ve ingr e d i en t s : 
R e l a ted ac i d s : 
I n e r t  ingred i e n t s :  

Ac t i ve ingred i e n t s :  
Re l a t e d  ac i d s  
I ne r t  ingred i e n t s : 

Ingr e d i e n t s  

Ammo n i u m  s u l f ama t e  • • • • • • • • • • • • • • • • •  9 5 . 0% 
• • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • •  5 . 0 % 

A t r a z i n e . , • • • • • • • • • • • • • • • • • • • • •  , ,  • •  7 6 .  0% 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 4 . 0 % 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  20 . 6 % 

A t r a z i ne • • • • • • • • • • • • • • • • • • • • • • • • • • •  8 5 . 5 %  ·• 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • •  4 .  5 %  
• • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • •  1 0 .  0% 

Broma c i l  • • • • • • • • • • • • • • • • • . . • • • • • • • •  2 1 .  9 %  
• • • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • •  7 8 . 1 %  

Broma c i l  . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 0 .  0 %  
D i u r o n  • •  , • • • • • • • • • • • • .  , . . . . . . . . . . . .  4 0 . 0 % 

• • . . • • • • • • • • • • • • • • • . • • • • • • • . • • • • • • •  2 0 .  0% 

Dic amba • • • • • • • • • • • • • • • • • • • • • • • • • • •  4 4 .  7 2 %  
• • • • • • • . • • • . . • • • • • • • • • • • • • • . . • . • . • •  6 .  68% 
• • • • • • • . • • • • • • • . • • • • • • • • • • • • • • • • • •  48.  60% 

Di camba • • •  , • • •  , , ,  • • • • • • • • •  , • • • .  , • • •  49.  0% 
• • •  · • • • • • • • • • • • • • • • • . • • • . • • • • • • • • • • • .  7 .  9 %  
• • • • • • • • • • • • • • • • • • • . . • • • • • • • • • • • • . •  4 3  . 1 %  

A c t ive ingred i e n t : Dicamba • • • • • • . • • • • • • • • • • • • • • • • • • • • •  1 0 . 0 % 
Re l a t e d  ingred i e n t s : • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 1 . 8 %  
I ne r t  ingred i en t s : , ,  • •  , ,  • , ,  • • • • • •  , , ,  • • .  , . • •  , ,  , ,  • • • • • •  88 . 2 %  

Ac t i ve ingred i e n t : 
Rela t ed ac rcrs
�e r t  ing r_e_d i en t s : 

Dic amba • • • • • • • • • • • • • • • • • • • • • • • • • • • •  , 5 .  0% 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  o. 9% 
• • • • • • • • . • • . . . • . • • • • • • • • • . • . • • • • • • .  94 . l % 
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Common Name 

D i c amba 
+ 

2 , 4 -D 

D i c h l o be n i l  

G l y phosate 

Monuron 

P i c l o r am 

P i c loram 
+ 

2 , 4 -D 

Trade Name 2 

Banve l®- 7 2 0  

C a s o ron® G-4 

Roundup® 

Te lvar®4 
1-bnuron 80 WP 

Tordon® l OK 
Amdon® lOK 

Tordon® 101 
Amdon® 1 01 

Tab l e  B - 1 . 

Ma n u f a c t u r e r  E P A  Re g i s t r at i o n  Number 

Ve l s i co l  8 7 6-1 7 7 -AA 

Thomp son- 1 4 8 - 6 1 4  
Hayward 

Mon s a n t o  5 2 4-308-AA 

DuPont 352-246 (USDA No . )  
Aceto Agric . Chem. 2749-60 

Dow 4 6 4 - 3 2 0  
Un i o n  Ca rbide 4 6 4-3 2 0AA- 2 6 4  
( Ame hem) 

Dow 4 6 4- 3 0 6  
Un i on Ca r b i d e  4 6 4 - 3 06AA- 2 6 4  
( Amc hem ) 

( Co n t ' d . ) 

Formu l a t i o n 3  

WSL 

G 

WSL 

WP 

p 
p 

WSL 
WSL 

Ingred i e n t s  

Act ive ingred i e n t s : Dicamba • • • • • • • • • • • • • • • • • • • • . • • • • • •  1 2 . 90 %  
D i  me t hylamine sal t s  o f  re l a t e d  ac i d s  • • • • • • • • • • • • • • • • • • • •  1 .  8 0 %  
D i me t hy l amine s a l t  of 2 , 4-Dichloro phenoxyace t i c  ac i d *  • •  2 5 . 8 0 %  
I n e r t  ingred i e n t s :  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  59 . 5 0 %  

* E q u i v a l e n t  t o  21 . 4 3 %  2 , 4-Dichloro phenoxyace t i c  ac i d  

A c t i ve ingred i e n t : 
I n e r t  ingre d i e n t s : 

Ac t i ve ingred i e n t : 
g l y pho s a l e  

I ne r t  ingredie n t s : 

Ac t i ve ingred i e n t : 
Ine r t  ingredien t s : 

Ac t i ve ingred i e n t : 
Ine r t  ingred i e n t s : 

D i c h l o be n i l  • • • • • • • • • • • • • • • • • . • • • • • •  4 .  0 %  
• • • • • • • • . . • • • • • . • • • • • . . • • • • . • • . • • •  9 6 . 0% 

I s o p r o py l amine sa l t  of 
. • • . • • . • . • • • • • • • • • • • • • • • • • • • • • • • • •  4 1 . 0 7. 
• • • • • • . . • • • • • • . • • . • • . • • • • • • • • • • . • •  59 . 0% 

Monuron • • • • • • • • • . • • • • • • • • • • • • • • • • •  8 0 . 0% 
• • . • • • • • • • • • • • • • • • • • • • • • • • • • • • .• • • •  2 0 . 0 %  

P i c l o ram a s  the po t a s s i um sa l t *  • • •  1 1 . 6 % 
• • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • •  8 8 .  4 %  

*Ac i d  e q u i v a l e n t  o f  1 0 %  P i c l oram 

Ac t i ve ingre d i en t s : P i c l o ram as the 
� r i i s o p ropanolamine sa l t *  • • . • • • • • • • • • • • • • • • • • • • • • • • • •  1 0 . 2 % .  

2 , 4-Dichl oro phe noxyace t i c ac i d  as the t r i i s o p r o pano l am i n e  
s a l t *  • • • • • • . • • • • • • • • • . • • • • • • • . • • • • • • • • •  3 9 . 6 %  

I n e r t  ingre d i e n t s :  • • • • • • . • • • • . • • • • • • • • • • • • • • • • • • • • • •  5 0 .  2 %  

* A c i d  e q u i val e n t s  o f  5 . 7 % P i c l o ram and 2 1 . 2 % 
2 , 4 - D i c h l o r o p henoxyace t i c  ac i d  
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Common Name Trade Name 2 

Prome ton Pram i t o l ®  25E 

Prome ton P rami t o l  ® 5PS 
+ 

S imaz i n e  
+ 

Sod ium chlorate 
+ 

S o d i um me t aborate 

Sodium Oxy Ureabor® 
+ chlorate 

Sod i um me taborate 
+ 

Bromac i l  

Tebu t h i u ron 

2 , 4-D amine 

2 , 4-D es t e r  

Spike® lG 

S p i ke® 5G 

S p ike® SOW 

Formu l a  40® 

E s t e ron® 99® 
Conce n t r a t e  

Manufac t u r e r  

C i ba-Ge igy 

C i ba-Ge igy 

Occidental 

E l a nco 

El anco 

Elanco 

Dow 

Dow 

Table B - 1 . ( Con t ' d . ) 

EPA Reg i s t r a t i o n  Number Formu l a t i o n 3  

1 00-44 3AA EC 

100- 4 7 9  p 

106 5 9 - 5 1  G/WSC 

1 4 7 1 -1 04 G 

1 4 7 1 - 1 0 3  G 

1 4 7 1 -9 7  WP 

4 6 4 - 1 -AA WSA 

4 6 4 - 2 0 1  LVE 

Ac t i ve i n g r ed ie n t : 
I n e r t  i n g r e d i e n t s : 

Ac t ive i ngred i e n t s : 
Simazine 
Sod ium chlorate 
Sodium me t a b o r a t e  
I n e r t  i n g re d i e n t s : 

Ac t i ve ingred i e n t s : 
Sod i um ch l o ra t e  
Broma c i l  
I n e r t  i n g r e d i e n t s : 

Ingr e d i e n t s  

Prome t o n  • • • • • • • • •  , . , ,  • • • • • • • • • • • • •  2 5 ,  0% 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  7 5 . 0% 

Prome t o n  • • • • • • • • • • • •  , , , , , , , ,  • • • • • •  5 . 00 %  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  o .  7 5 %  
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  4 0 .  00% 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  50 . 00 %  
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  4 .  2 5 %  

Sod ium me t aborate te t rahydra t e *  • • •  6 6 . 5% 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  30 . 0 %  
. . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , l .  5 %  
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  2 . 0% 

*Boron t r i ox i de eq u i v a l e n t  of 22 , 6 % 

Ac t ive i n g r e d i en t :  
Ine r t  ingred i en t s : 

Ac t i ve i n g r e d i en t : 
I n e r t  i n g r e d i e n t s : 

Ac t i ve i n g r e d i e n t :  
Ine r t  i ng re d i e n t s : 

Te bu t h i u ro n  • • • •  , . , , , , , , . ,  . . .  , • . • . . •  1 .  0% 
• • • • • • •  : • • • • • • • • • • • • • • • • • • • • • . • . • .  9 9 . 0% 

Tebu t h i u r o n  • • • • • • • • • • • • • • • • • • • • • • • •  5 . 0 %  
• • •. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  9 5  . 0% 

Tebu t h i uron • • • • • • • • • • • • • • • • • • • • • • •  80 . 0% 
• • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  20 . 0% 

Ac t i ve i n g r e d i e n t : Alkanolamine sal t s  of 
2 , 4 - D i c hl o rop henoxyace t i c ac i d *  • • • • • • • • • • • • • • • • • • • • • •  5 9 . 7 % 

Ine r t  i n g r e d i e n t s : • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 40 . 3 %  

*Acid eq u i v a l e n t  of 38 . 6 % 2 , 4- D i ch l o r op henoxyace t i c  a c i d  

Ac t ive i n g r ed i en t :  2 , 4 - Di c h l o ro p henoxyac e t i c  ac i d  as 
propy lene g l y c o l  bu t y l  e t he r  e s t e r s *  . . . . . . . . . . . . . . . . .  7 2 . 8 % 

Ine r t  i ngred i e n t s :  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 2 7 . 2% 

*Acid eq u i v a l e n t  of 4 4 . 9% 2 , 4 -D i c h l o r o p henoxyace t i c  acid 
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Common Name 

2 , 4 -DP 
+ 

2 , 4-D 

Trade Name 2 

Weedone® 1 70 

Ma n u f a c t u r e r  

U n i o n  Ca r b i d e  
( Amchem) 

T a b l e  B - 1 . 

EPA Re g i s t r a t i o n  Number 

2 6 4 - 2 2 2-ZB 

( Co n t ' d . ) 

Formul a t i o n  3 

LVE 

I ngred i e n t s  

Ac t i ve i ng r e d i e n t s : 2 , 4 -D i c h l o r o p henoxyp r o p i o n i c  ac i d  as 
but oxye thanol es t e r *  • • • • • . • • • • • • • • • • • • • • • • • • • • • • • • • . •  3 1 . 6 %  

2 , 4-Dich l o r o p he noxya ce t i c  acid a s  bu t oxye thanol e s t e r  • •  3 2 . 2 % 
I ne r t  ingred i e n t s : • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 36 . 2 %  

* A c i d  eq u i v alent of 22 . 2 % 2 , 4 - D i c h l o rophenoxypro p i o n i c  ac i d  
a n d  22 . 2 % 2 , 4 - D i c h l o ro p henoxya c e t i c  ac i d  

1 Th i s  i s  a l i s t  o f  conunerc i a l  h e r b i c ide p r oduc t s  reg i s t e r e d  b y  EPA a s  o f  Ma y 1 ,  1 9 8 3 . S i n c e  r e g i s t r a t i o n s  c ha n g e  
pe r i o d ic a l ly , be sure t o  c on s u l t  t h e  mo s t  current labe l f o r  each produc t t u  e n s u r e  i t  i s  s t i l l reg i s te red f o r  t h e  i n tended 
u s e . T h i s  l i s t  does n o t  prec lude t h e  use o f  o th e r  h e rb i c i d e  pr oduc t s  w i th t h e  s ame ingred i e n t s  if r e g i s t e red f o r  use i n  
s it ua t i o n s  approp r i a t e  to the B PA veg e t a t i on manageme n t  prog ram . Fur thermore , a l l  o f  the he r b i c ide s l i s ted i n  t h i s  t ab l e  
may n o t  n e c e s s a r i ly b e  u s e d  i n  a g iven f i s c a l  year progra m .  

2 A l l  trade name s a r e  tradema r k s  reg i s tered b y  t h e  r e s p e c t ive manu f a c t u re r s . Produc t s  l i s ted i n  t h i s  t a b l e  a r e  i n t ended 
to s e rve a s  e x amp l e s  of ma ter i a l s  c u r r e n t l y  u sed by B PA as of May 1 ,  1 9 8 3 . T h i s  l i s t  d o e s  n o t  e nG o r s e  t h e  u s e  o f  
such produc ts t o  t h e  e x c l u s ion o f  o t h e r  b r a n d s  o r  f ormu l a t ions i f  r e g i s te r ed and appropr i a te t o  the BPA vege t a t ion manage
me n t  prog ram . 

3 Abb r ev i a t ions s t and f o r  the f o l l owing type s o f  f o rmu l a t i on s : 

EC = Emu l s i f  i ab l e  concen t r a t e  
G = Granu l e  
LVE = Low v o l a t i l e  e s t e r  
O S L  = O i l  s o lub l e  l iquid 
P = P e l l e t  
WDG = Wa t e r  d i s p e r s a b l e  granu l e  
W P  = We t t a b l e  powder 
WSA = Wa t e r  s o l u b l e  amine 
WSC = Wa t e r  s o l ub l e  c r y s ta l s  
WSL = Wate r s o l u b l e  l iquid 

4No l onger manu f actured a s  a conune r c i a l  produc t .  
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Table ll-2 . Appl icat ion Spx:i f icatims for Use of l:Crbicide Products by BPA in its Vegetation Mma<1'ffi>nt Program 1 

Trade Narre 2 

t..rrrratel!• X-NI 

Altrex<!l BOW 

Aatrex<!l 
Nine� 

Hyvar® X-L 

Krovarr;: I 

l'flpl icatioo 
Mixture 

tqueous mixture ; 
fornulate::l product 

J'qUCOUS mixture 

J\qUeous mixture 

Fornulated product 

J\qlleous mixture 

lie rbi.c ide p lac:enEJ'lt 

Foliaqe and stars 

Stem frills, not
ches or injections 

cut stlJT{l surface 

SUrface of soil 
and vegetation 

Surface of soil 
and vegetation 

Soil surface 

Soil surface 

Labeled Rates of l\ppl icat iDn 
Used by BPA 

Foliage spray : aqueous spray , 
60 lb product / 1 00 gal spray 

ait-stUT{J treabTEnt : sprinkle 
crystals liberally on freshly 
cut surface , or spray stlllll' 
th:lroughly with a solution 
rmde fran 7 - 1 0  lb product in 
2 gal water 

single-stern treatl!Ents : satu
rate fri l led area with a solu
ticri rmoo fran 7-10 lb prcxluct 
in 2 gal \o/ilter ; alternatively, 
apply 0 .  5 oz of prod=t cry
stals per notch spaced 2-6 in .  
apart 

l\pply foll�g anounts in a 
miniJrum of 1 gal spray/lb 
prcxluct : 

Annual herbaceous -19 :  
6-12 l b  prod=t/A 

Hard-to-kill annual herba
ceous �s and nany peren
nial herbaceOus weeds : 12 . 5-
25 lb product/A 

Hard-to-kill biennial and 
perennial r.eeds :  25-50 lb 
product/A 

Apply fol lowing am:runts in a 
miniJrum of 1 gal spray/lb 
product : 

Annual herbaceous weeds : 
5 . 3- 1 1 . 1  lb product/A 

Hard-to-kil l  annua l herba
ceous �s and many peren
nial herbaceous r.eeds :  1 1 .  1-
22. 2 lb product /A 

Hard-to-k i l l  biennial -.eeds :  
22 . 2-4 4 . 4  lb product/A 

Brush control : undiluted , 
5-10 ml /stem 2-4 in .  in basal 
diarreter; directed with an 
exact cb l ivery hand-gw1 
applicator to the root C'Ol lar 

S!-ort-term control of annual 
W2cds: 4-6 lb product/A in 
4 0 - 1 0 0  ga l wcitor 

Ti.Jro of Appl ication 

Full leaf stage until leaf 
diSC'Oloration begins 

l\s soon after c..-utting as 
p:>ssible 

As above 

Just before or 5CXXl after 
� begin grr:M:h 

Just before or soon after 
� begin grr:M:h 

Just before or during period 
of active plant growth 
(spring or SUllTCr )  

Just prior to r.eed """2rgence 
or in ear ly st�ges of ""'ed 
growth 



Table B-2 . Cont ' d .  

Trade Naire2 
l\pplication Labeled Rates of l\pplication 

Connon Naire Mixture H:rbicide Placerrent Used by BPA Tine of l\pplication 

Extended control of annual 
�eds and partial =ntrol of 
perennial rerbaceous �eds : 
7-40 lb product/A in 40-100 
gal water 

Dicarrba Banvel® Oil mixture Stems Mix 1-3 qt product with 2-6 Basal-stem treatrrent done 
4-0 . S .  lb a . e .  2 , 4-D oil soluble year-round 

ester in sufficient arrount of 
diesel oil or fuel oil to mike 
100 gal of spray mixture , 
spray tre lo�r 1 . 5-2 ft of 
bole to point of runoff 

Banvel® J\queous mixture Foliage and stems Foliage-stem spray for \<ol:XXly After leaves are fully 
4-W . S .  

Stem frills , not- brush: 1 qt product + 0 . 5  gal developed and until 3 

ches or injections 
(2 lb a . i . )  2 , 4-D WSA or enul- v.eeks before frost 

sifiable LVE in 99 . 25 gal water; 
carrbium of cut stunp apply to point of runoff from 

foliage , stem and root crown 

to ( 150-300 gal/A) 
I Single-stem treatrrent for Anytine of year -..J 

hardl.oods :  mix 1 part prodUct 
with 1 part water and apply 
0 . 5-1 ml of solution to each 
notch or injection spaced up 
to 2 in . apart 

Aerial application : 5 gal After leaves are fully 
product + 10 gal (40 lb a . i . ) developed and until 3 
2 , 4-D WSA or enulsifiable LVE i.eeks before frost 
in 85 gal ...ater ;  apply at 
15 gal spray mix/A; alterna-
tively, mix 2 . 5  gal product + 
5 gal (20 lb a . i . )  2 , 4-D WSA 
or enulsifiable LVE in 92 . 5  
gal water and apply at 3 0  ga l  
spray mix/A 

Banvel® XP3 Fornulated product Soil surface be- Apply as a directed application Just prior to or in tre 
Banvel® 5G neath canopy at rates equivalent to 80-160 early part of tre rainy 

lb/A season 

Dicanba Banvel® 720 Aqueous mixture Foliage and stem:; Foliage-stem spray for \<ol:XXly After leaves are fully 
+ 

Foliage brush : 1 gal prodoct in 99 developed and until 3 
2 , 4-D gal W3.ter ; apply to point of weeks before frost 

runoff on stems , foliage and 
root crowns ( 100-300 gal/A) 
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Connon Narre 

Dichlobenil 

Glyphosate 

l-bnuron 

Picloram 

Pic loram 
+ 

2 , 4-D 

Trade Narre 2 

Casoron® G-4 

Roundup® 

Telvar®3 

M:muron 80 WP 

Tordon® lOK 
Am:lon® lOK 

Tordon0 1 0 1  
Am::lon"" 1 0 1  

Application 
Mixture 

Foil!U.llated product 

J>queous mixture 

J>queous mixture 

Fornulated product 

J>queous mixture ; 
fonTU.llated product 

Table B-2 . Cont ' d .  

J-£rbicide Placerrent 

soil surface 

Foliage 

Soil surface 

Soil surface 

Fol iage and stems 

Labe led Rates of Appl ication 
Used by BPA 

Aerial application for 'MXld.y 
brush : 3 gal product in 12-
27 gal water applied at 1 5-30 
gal/A, respectively 

Foliage spray for annual and 
perennial broadleaf v.eeds 
(e . g . , noxious weeds ) : 0 . 5-
1 gal product in 99 . 5  or 99 
gal water,  respectively ; 
apply at rate of 100 gal/A 

Annual ....eeds : 100-150 lb 
product/A 

Perennial weeds ; 150-200 
lb product/A 

Foliage spray : 1-2% solution 
(4-8 qt/ 100 gal water ) ; apply 

until plant foliage is wet but 
not to p:>int of runoff 

Annual ....eeds : 5-20 lb product/ 
A 

Annual and perennial v.eeds : 
20-60 lb product/A 

Apply above anounts in enough 
water to unifonnly cover the 
area 

Broadcast : 20-85 lb product/ 
A (depends on species and 
density 

Dir�>eted : 3 oz/100 sq ft soil 
surface ; apply unifonnly be
neath crown 

Broadleaf herbaceous weeds : 
0 . 5-3 gal product/A 

W'.xx:ly plants and vine s :  1-3 
gal product/A 

Ground foliage-stem spray : 
1 gal in 100 gal aqueous spray ; 
v.et all leaves , stems and root 
collars 

Tirre of Application 

As above 

When weeds are actively 
growing 

Early spring , prior to 
germination 

Late fall from Noverrber 15 
to February 15 

Late in the growing season 
or after plants have reached 
naturity 

Best results when applied 
shortly before weed growth 
begins 

Anytirre soil not frozen ; 
best results in spring before 
growth begins or during 
periods of vigorous growth 
when subsequent rainfall 
can be eX]:)2Cted 

When weeds and brush are 
actively growing ,  but after 
foliage is well deve loped 
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Ccxmon NillTe 

Prorreton 

Prorreton 
+ 

Sirrazine 
+ 

Sodium chlorate 
+ 

Sodium net:alxJrate 

Trade Narre 2 

Pramitol® 25E 

Pramitol® 5PS 

Application 
Mixture 

Aqueous mixture 

Fonnulated prodoct 

Table B-2 . Cont ' d .  

�bicide P lacerrent 

Foliage and soil 
surf ace 

Soils surface 

Labeled Rates of Application 
Used by BPA Tirre of Application 

.�rial foliage spray : apply As above 
required anount of mixture in 
10-25 gal spray/A; use in con-
junction with Norbak.® particu-
lating agent or equivalent 
rraterial which provides a thick-
ened (high viscosity) spray 
mixture ; (note : in Oregon 
other drift control systems 
[e . g . , Microfoil® bocm] , addi-

tives , or specifications nay 
be used as recornrended by 
forestry herbicide specialists 
or representatives of the Dow 
Cherrical Corrpany) 

Single-stem treatnents : 

Injector use :  undiluted 01: 
diluted prodoct 1 :  1 with 
water and apply 0 . 5-1 . 0  ml ,  
respectively, through the 
bark at intervals of 3 in . 
bet:Y.een edges of injector 
¥.Ounds , which carpletely 
surround the tree at a con-
venient height 

Girdle neth:xl. : 1roet the cut 
surface with diluted solution 

cut-stt.mp treatnent : apply 
undiluted or di luted product 
1 :  1 to all the canbium of 
freshly-cut stunps 

Annuals and perennials : 15 
gal product in 100 gal water/A 

Annuals : 0 .  5-1 lb prodoct/ 
100 sq ft 

Perennials : 1-2 lb product I 
100 sq ft 

Any season except during 
periods of heavy sap flow 
of certain species 

Prior to weed energence or 
when W8eds are young and 
actively growing 

Before or after plant growth 
begins, provided there will 
be sufficient rainfall to 
rrove the chemical into the 
root zone 
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Col111Dn Narre 

Sodium chlorate 
+ 

Sodium rretaborate 
+ 

Bromcil 

Tcbuthiuron 

2 , 4-D amine 

2 , 4 -D ester 

Trade Narre2 

0)0/ Ureabor® 

Spike® lG 

Spike® 5G 

Spike® BOW 

Fbnrula 40® 

Esteron® 99® 
Concentrate 

Application 
Mixture 

Formulated product;  
aqueous mixture 

Fbrnulated product 

Fbrmulated product 

Aqueous mixture 

Aqueous mixture ; 
fonrulated product 

Aqueous mixture 

Table B-2 . Cont ' d .  

Herbicide Placement 

Dry application : 
soil surf ace 

Spray application : 
foliage 

Soil surface 

Soil surface 

Soil surface 

Foliage and stems 

Stems fri lls,  not
ches or injections 

Fol iage and stems 

Labeled Rates of Application 
Used by BPA 

Dry application : 0 . 5-3 . 0  lb 
product/ 100 sq ft 

Spray application : 0 . 5-3 . 0  lb 
product / 100 sq ft;  apply to 
thoroughly 1;.113t the foliage 

400-1 , 600 lb product/A, de
pending on target ..eeds 

Tine of Apµlication 

During the growing season 

Best results obtained if 
applied shortly before or 
at the tirre plant growth 
begins 

80-320 lb product/A, de- As above 
r:ending on target \o.eeds 

Initial treatrrcnt :  5-20 lb As above 
product/A (det:ending on target 
v..eeds) in 1 5-20 gal water/A 

M3.intenance treatrrent : 1 . 5-3 lb 
product /A (depending on target 
v..eeds) in 1 5-20 gal water/A 

Broadleaf ;.eed control : 

Broadcast spray : 1-2 qt pro
duct/A in the arTDunt of water 
needed for unifonn application ; 
(note : can be corrbined with 

Banvel® 4-W . S . , 'Ibrdon® 10 1 ,  
or Arrdon® 10 1 )  

Directed spray : 0 . 25 p t  pro
duct in 3 gal water and spray 
to thoroughly ..et all foliage 

Single-stem treatrrent :  1-2 ml 
undiluted product injected at 
intervals of at least 1 - 3  in .  
bet..een edges o f  the injector 
v.ounds and c ircling the trunk 
near the base of the tree 

Broadcast treatnent :  

Broadleaf herbaceous weeds : 
apply 1-3 qt product/A in 
enough spray to provide uni
from coverage of v.eeds and 
brush (usua l ly 5-20 gal or 
ITDre spray /A for ground 
equiprrcnt and 3-5 gal or ITDre 
spray/A for aircra ft) 

During wann ..eather when 
weeds are young and acti�ly 
growing 

During any season except that 
rm.ples should not be treated 
during the spring sap f low 

When ..eeds or brush are 
actively growing , up to 3 
v.eeks before frost as long 
as soil ITDisture is suffi
cient for active growth of 
the brush 
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Comron Narre 

2 , 4 -DP 
+ 

2 , 4-D 

Trade Narre2 

W=edone® 1 7 0  

Application 
Mixture 

Aqueous or oil 
mixture of oil
water enulsion 

Table B-2 . Cont ' d .  

Herbicide Placenent 

Foliage and st.errs 

Basal part of 
stems ( including 
root collar) 

labeled Rates of Application 
Used by BPA 

Wcody brush : use 3-4 qt pro
doct in 1 0 0  gal water /A and 
�t all parts ( foliage , sterns 
and bark) ; wetting agent ffi3.Y 
be added to tlE spray if 
needed for increased effective
ness (note : can be carbined 
with Banve l® 4 -W . S . ) 

Directed treatrrent : O .  25 pt 
product in 3 gal water and 
spray to thoroughly v.et all 
v.eed foliage 

Foliage-stem treatment and broad
cast spray : 1-1 . 5  gal product 
in 100 gal water ; - tlx:Jrougnly 
wet all leave s ,  stems and suc
kers to ground line (200-600 
gal spray/A) 

Basal-stem treatrrent : 3-4 
gal product in 100 gal oil ; 
tlx:Jroughly W2t the base and 
root collar 

M:xlif ied basal-stem treatrrent 

Early season : 1-1 . 5  gal 
product in 10 gal diesel 
oil and 89 gal water 

During dry weather or 
latter part of spray season : 
1-1 . 5  gal product in 15 gal 

diesel oil and 8 3 . 5  gal water 

Drench base of plants and 
then v.12t the lov.er 4 / 5 of 
the reffi3. ining stems and 
leaves to runoff 

cut surface treatrrents : mix 
3-4 gal product in 100 gal 
oil and apply as fol lows to : 

cut-stump : entire stump 
tlx:Jroughly drenched 

Frill :  pour mixture into 
ax frills forming a contin
u::>us ring around the trunk 
near the base 

Tine of Application 

From tine foliage is fully 
deve loped until p lants begin 
to go dcrm3.nt 

Can be applied in any season 

When brush is in full foliage 

Soon after trees cut or 
fri lled ; any tine of year 
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Table B-2 . Cont ' d .  

FCX:l'INOTES :  

1 Infornution presented in this is table i s  ba sed  on label directions and BPA u se  patterns a s  o f  May 1 , 198 3 .  Since product labels change periodically , the 
!lDSt current label should be consulted for appropriate use patterns . Furtherl!Dre , the use patterns described in this table should not prec lude other use 
p:itterns it not prDhibited by th= labe l ,  and if they are appropriate for BPA vegetation rranagerrent situations . 

2 Products listed in this table are intended to serve as exanples of naterials currently used by BPA as of May 1 ,  198 3 .  This list does not endorse the 
use of such products to the exc lusion of other brands or fornulations if registered and appropriate to the BPA vegetation rranagerrent program. 

3No longer nanufactured as a camercial herbicide product . 
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AP PEND I X  C 

T ab l e s  s how i n g  aver a g e  numbe r  o f  r i gh t - o f -way ac r e s  programme d  

f o r  tre atment p e r  y e a r  f o r  1 0 - ye a r  p e r iod 1 9 7 3 - 1 9 8 2 : 

( f o r  d i s c u s s ion , s e e  Chap t e r  5 )  

T ab l e  C - 1 : Count i e s  o f  P u g e t  S ound Ar e a  

T ab l e  C- 2 :  Count i e s  o f  Lowe r Co lumb i a  Ar e a  

T ab l e  C- 3 :  Count i e s  o f  Upper C o l umb i a  Ar e a  

T ab l e  C- 4 :  Count i e s  o f  S n a k e  R i v e r  Ar e a  

Tab l e  C - 5 : P e r c e n t a g e s  b y  Method for BPA S e rv i c e  Area 

Note : The se t ab l e s i n d i c a t e  the g e o gr ap h i c  e x te n t  of p a s t  
B PA ve g e t a t i o n  man ag eme n t  i n  c ount i e s  o f  t h e  BPA s e r v i c e  
a r e a . Future ve g e t a t i o n  manag eme n t  ac t ivi t i e s w i l l  
b e  s im i l a r  i n  over a l l  extent b u t  may d i f f e r  w i t h  r e s p e c t  
to typ e s  o f  c ontro l me thod s u s e d . 

C - 1  



Table C-1 . Average Number of Right-of-Way Acres Prograrnned for Treatment 
Per Year for 10-Year Period 1 97 3- 1 98 2  

i n  Puget Sound Area 1 

Average Acres Per Year by Type of Control Method 
Aerial Average Acres Per 
(Broadcast) SIXJt Method Not Year by All 

State/County Manual Herbicide Herbicide Specified 2 Methods Ccrnbined 

Washington 
Clal lam 1 9  1 82 1 4  2 1 5  
Grays Harbor 2 2  1 6 9  243 13 447 
Jef ferson 1 0  1 2 4  1 6  1 5 0  
King 104 1 1 0  1 , 07 7  1 7 0  1 , 4 6 1  
Kitsap 1 2  97 13 122 
Lewis 4 2  4 1 1 590 2 0  1 , 063 
Ma.son 2 3  302 325 
Pacific 20 22 226 4 272 
Pierce 23 5 5 0  285 24 882 
Skagit 1 2  1 1 8  3 8  1 6 8  
Snohani.sh 33 3 95 2 4  4 5 2  
Thurston 4 1  365 3 97 9 8 1 2  
Whatcan 25 239 23 287 

TOI'AL 386 1 , 62 7  4 , 27 5  368 6 , 6 5 6  
Percent o f  

Area Total 6 24 6 4  6 1 0 0  

RXJTIDI'E.S : 

1 Right- of-way vegetation rranaganent includes brush control , noxious weed control , 
and VJOOd IXJle protection . 

2The 1 97 3  tabulation did not separate treatments by control rrethod ; acreages for 
that year are sho.vn as "method not speci fied" . 
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Table C-2 . Average Ri ght-of-Way Acres Progranmed for Treatment 
Per Year for 1 0-Year Period 1 97 3- 1 98 2  

S tate /County 

Oregon 
Benton 
Clackamas 
C latsop 
Columbia 
Coos 
Curry 
Douglas 
Lane 
Lincoln 
Linn 
Marion 
Multnanah 
Polk 
Ti l lam:::ok 
Washington 
Yamhi ll 

Washington 
Clark 
Cowlitz 
Skamania 
Wahkiakt.nn 

TOTAL 
Percent of 

Area Total 

in Lower Columbia Area 1 

Average Acres Per Year by Type of 
Aerial 

(Broadcast) 
Manual Herbicide 

2 2 3  
4 1 1 6  
2 
5 3 0  

4 7  1 4 2  
5 8 9  

2 2  1 0 7  
3 2  2 0 1  

4 64 
15 7 0  

5 6 9  
24 2 9  

5 
2 0  

5 1 3  
1 - - - --

1 0  8 
2 5  2 1 6  
95 32 
1 2  

34 0 1 , 2 0 9  

6 2 0  

SjX)t 
Herbicide 

54 
3 2 2  
1 0 3  
2 6 3  
1 78 
2 0 5  
1 8 5  
3 9 0  

6 2  
3 2 9  
1 2 7  

9 2  
4 7  

1 6 4  
9 7  
3 6  - - - - - - - --

2 0 5  
2 8 0  
5 9 1  

81 
3 , 8 1 1  

6 2  

Control Metl.od 

Method Not 
Specified 1 

4 
5 2  
93 

1 06 
1 2 1  

1 6  
1 0  
6 9  
2 3  
5 1  
32 
1 2  
2 3  
30 
1 0  

3 �-- - --

2 8  
3 6  
2 9  

7 4 8  

1 2  

Average 
Year by 
Methods 

8 3  
4 94 
1 98 
4 0 4  
4 8 8  
3 1 5  
3 2 4  
6 9 2  
1 5 3  
4 6 5  
2 3 3  
1 5 7  

7 5  
2 1 4  
1 2 5  

4 0  

2 5 1  
5 5 7  
7 4 7  

9 3  
6 , 1 0 8  

1 0 0  

Acres Per 
all 
Combined 

--�-- ·---·--- - -- - - - - -
F'CXJTIDI'ES :  

1 Right-of-way vegetation rranagement includes brush control , noxious weed cont:col , 
and wood role protect ion . 

2The 1 97 3  tabulat ion did not separate treatments by control method ; acreages for 
that year are sha..vn as "method not specified" . 
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Table C-3 . Average Right-of-Way Acres Progranmed for Treatment 
Per Year for 1 0-Year Pericd 1 973- 1 982 

i n  Upper Colunbia Area 1 

Average Acres Per Year b::i Type of Control Methcd 

Aerial Average Acres Per 
(Broadcast) Spot Methcd Not Year by all 

State/County Manual Herbicide Herbicide Specified 2 Methcds Ccrnbined 

Washington 
Qi.el an 4 1  1 5 1  100 292 
Columbia 20 20 
Douglas 47 47 
Ferry 1 0  5 1 0  25 
Grant 1 88 89 
Kittitas 1 34 65 3 269 30 498 
Lincoln 3 76 79 
Okanogan 1 15 1 6  
Pend Oreille 23 1 5 0 4  64 5 242 
Spokane 1 8  127 145 
Stevens 1 37 1 3  51 
W"litrnan 57 57 

Idaho 
Bonne>:- 10 83 93 
Ibundary 9 20 5 34 
Clearwater 7 15 22 
Kuotez ldi 2 35 37 
Latah 2 20 22 
Nez Perce 1 35 36 
Shoshone 3 23 26 

M::mtana 
Deer Lodge <l 4 0  40 
Flathead 1 0 0  2 8  37 165 
Granite <l 8 8 
Lake 25 8 33 
Lincoln 35 28 5 68 
Mineral 3 3 
Missoula 1 15 1 6  
Powell <l 22 22 
Sanders 2 3  1 9  15 57 

'IUI'AL """'453 2I5 l , 355 220 2 , 243 
Percent of 

Area Total 20 1 0  60 1 0  100 
FO'.JI'H::YI'ES : 

1Right-of-way vegetation management includes brush control , noxious weed control , arxl. wocd pole protection . 
2'Ihe 1 973 tabulation did not separate treatments by control method; acreages for that year are s.'iCINTI as 

"Method not Specified" . 
3Al l acres treated in single year 1976 . 
4Al l acres treated in single year 1974. 
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Table C-4 .  Average Right-of-Way J\cres Programned for Treatment 
Per Year for 1 0-Year Pericd 1 973-1 982 

in Snake River Area 1 

Average Acres Per Year by Type of Control Method 
Aerial Average Acres 

(Broadcast) sint Method Not Per Year by All 
State/County H:mual Herbicide Herbicide Specified 2 Methcds Ccrnbined3 

Oregon 
Crook 5 5 
Deschutes 1 38 l 4 0  
Gilliam 5 5 
Hood River l l 5  283 1 7  4 1 5  
Klamath 5 52 4 6 1  
Lake 7 7 
Sheman 9 9 
Unatilla 1 0  4 1 4  
Union 4 9 4 1 7  
Wasco 25 2 1 9  5 1  295 

Washington 
Franklin 1 0  1 0  
Klickitat 4 4  222 1 3  279 
Wa l la Walla 9 9 
Yak:im3. 25 1 26 

Idaho 
Bonneville 5 <l" 6 1 1  
Cassia <l" 1 l 
Elrrore l 2 3 
Frenont 1 3 4 
Gem <l l 1 
Minidoka 4 ' 4  
Teton 4 4 8 

lfyaning 
Llncoln <l 1 1 
Teton <l <l <l 

'IUI'AL 265 925 � 1 , 225 
Percent of 

Area Total 1 7  0 75 8 100 
F\XfIIDI'ES : 

1Right-of-way vegetation manag�t includes brush control , noxious weed control , and wo:xxi pole protection. 
2The 1 973 tabulation did not separate treat:ITEnt by control method; acreages for that year are sho.vn as 

"Methcd not Specified" . 
3These additional counties have the following average acres treated per year : 

Skarrania ,  WA 100-300 ac/yr 
Multnarah, OR 10-50 ac/yr 
Gallatin , MI' 10-50 ac/yr 
� ,  CA 10-50 ac/yr 

"All acres treated in single year 1 974 . 
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T ab l e  C - 5 . P e r c e n t a g e s  o f  T r e a c e d  Ac r e s by T r e atmen t Me thod o n  
BPA R i g h t s - o f -Way f o r  E a c h  A r e a  for 1 0 - Y e a r  P e r iod , 1 9 7 3 - 1 9 8 2  

T r e a tment Me thod 

Ae r i a l  
( B roadc a s t )  S p o t  N o t  

Ar e a  Manu a l  H e rb i c ide H e rb i c i d e  S pec i f i e d 

Puge t Sound 6 %  2 4  6 4  6 

Lowe r C o l umb i a  6 2 0  6 2  1 2  

Up p e r  C o l umb i a 2 0  1 0  6 0  1 0  

S n ak e R i v e r  1 7  0 7 5  8 

T o t a l f o r  E n t i re 9 BPA S e r v i c e  A r e a  1 9  6 3  9 

T o t a l 

1 0 0  

1 0 0  

1 0 0  

1 0 0  

1 0 0  
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APPENDIX D 

LANDSCAPE SETTING TYPES OF THE BPA SERVICE AREA 

The fol lowing paragraphs describe the general distribution, 
charac t e r ,  and visibility potential  of landscape setting 
types w i th i n  th BPA service area . These landscapes were 
defined orig inally in Jones & Jones ( 1976 : Final Report on 
Measurin the V i s i b i l i t  of the H .  V .  Transmission Fac i l i
ties  i n  the Pac i f i c  Northwest .  Prepared for BPA . Refer to 
Figure 6-2 for graph i c  portrayals of the 12 landscape 
sett i ng types. 

1 .  Flatland/Grass land-Shrubland -- Much of eastern 
Washington and Oregon and southern Idaho are included i n  
th i s  category . Rights-of-way are virtually i nd i s t i ngui sh
able from the i r  sur round i ngs , since the surrounding 
vegetation cover carries through the r i ght-of-way wi thout 
interrupt ion.  Visibility i s  unobs tructed , but surface haze 
often tends to reduce the vi sibi l i ty of the right-of-way . 
The viewer pos i t ion i s  generally level and hence vi ews of 
the right-of-way surface are quite l i m i ted . 

2 .  Flatland/Open Forest -- Certain areas of eastern 
Washington and Oregon, Idaho and Montana, where ra infall i s  
sufficient t o  perm i t  stands o f  juniper and ponderosa pines,  
are included i n  this  category . The r i ght-of-way vegetation 
contrast i s  only modera tely vis ible due to the l i mited 
management requ i red . The edge e f fect caused by the r ight
of-way i s  blurred because of the c l ump or cluster of natural 
vegetation as well as the continuous nature of the under
story. The viewer pos it ion i s  level and , depending upon the 
dens i ty of the clusters of vegetation, the degree of 
v i sibi l i ty i s  reduced . 

3 .  Flatland/Closed Forest -- Much of the Puget Sound area,  
coastal valleys and flatlands and the Willamette Valley are 
i ncluded in thi s category . The r i ght-of-way vegetation 
contrast i s  h i ghly visible due to the potential height and 
dens i ty of the vegetation within the closed forest cate
gory . The edge ef fect caused by the ri ght-of-way i s  
d i s t inct due to the contrast between the dense canopy 
vegetation and the open r i ght -of-way . The viewer pos i t ion 
i s  level and, w i th the exception of v i ews within the r i ght
of-way, the views are screened by the dense vegetation.  

D-1 



4 . Va lley Floor/ Grassland-Shrubland -- Th i s  zone i s  
typ i fied by the broad valleys that have been cleared west of 
the Cascades and the d i s sected areas in the i ntermount a i n  
reg i on . The r i ght-of-way i s  i n d i s t i ngui shable from the 
surrounding landscape, s i nc e  the surrounding vegetation 
cover carr i e s  through the r i ght-of-way wi thout i nterrup
t i on .  The v i s ib i l i t y  i s  unobstructed , but surface haze and 
reduced length of view often tend to reduce the v i s i b i l ity 
of the r i ght-of-way. The v i ewer pos i t ion i s  level and hence 
the view of the r i ght-of-way surface i s  qui t e  short . Views 
of the r i ght-of-way can be obtained from the adjacent 
h i l l s i de s  and r i dge l i n e s .  

5 .  Va lley Floor/Open Forest -- Th i s  zon� i s  typi f i ed by 
the valleys running out from the footh i l l s  east of the 
Cascade Crest . The vegetat ion contrast i s  moderately 
vi sible due to the height of some of the vegetation w i th i n  
thi s  landscape type. The v i ewer pos i t i on i s  level and the 
view of the r i ght-of-way surface i s  i ntermit tently screened 
by the a l ternat i ng pattern of veget a t i on and open a reas , 
which helps to screen and absorb the r i ght-of-way vegetation 
management v i sual i mpact . Vi ews of the r i ght-of-way f loor 
can poten t i ally be obtai ned from the adjacent h i l l s ides and 
r i dgel i nes . Such v i ews depend upon the hori zontal a l i gnment 
relat ionship between the r i ght-of-way and the viewe r .  I f  
the r i ght-of-way runs parallel t o  the r i dgel i ne or val ley 
wa l l ,  the i ntervening vegetation can poten t i a lly screen 
vi ews of the r i ght-of-way . 

6 .  Va l ley Floor/Closed Forest -- Th i s  zone i s  typi f i ed 
by valleys approach ing the major passes of the Cascade 
Mountains . The r i ght-of-way vegetation contrast i s  
d i s t i nc t ,  due to the d i f ference between the r i ght-of-way and 
the surrounding landscape . The v i ewer pos i t i on i s  level and 
w i th the exception of r i ght-of-way cros s i ng s ,  views are 
screened by dense vegeta t i on .  The r i ght-of-way i s  poten
t i a l ly vi s i ble from adjacent h i l l s i de s  or r i dgel i ne s .  The 
extent of the vi ews obtained from these pos i t i ons depends 
upon the hori zontal a l i gnment relat i onship between r i ght
of-way and the v i ewer pos i tion . If the r i ght-of-way i s  
pa rallel to the valley wall or ridgeline,  i ntervening vege
t a t i on w i l l  potent ially screen v i e ws o f  the r i ght-of-way. 

7 .  Hi l l s i d e/Grass land-Shrubland -- Thi s  zone i s  typ i f i ed 
by the dry , rna Jor east-west t r ending valleys i n  east ern 
Washington and Montana .  The viewer pos i t i on i s  generally 
below the r i ght-of-way, and thus the r i ght-of-way f loor i s  
v i s ible a s  i t  proceeds up the enclos i ng h i l l s i de s .  The 
r i ght-of-way i s  v i rtually i nd i st i ngui shable from the 
surround ings , s i nc e  the surrounding vegetation carries  
through the r i ght-of-way w i thout i nt errupt ion. 
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8 .  H i l l s i d e/Open Forest -- Th i s  zone i s  typi f i ed by areas 
in the eastern Cascades and the dry exposures of the 
Northern Rock i e s .  The v i ewer pos i t i on i s  generally below 
the r i ght-o f -way and thus the r i ght-of-way floor i s  only 
moderately v i sible from the surroundings due to the pattern 
of vegetation clumps and natural clearing s .  Stands of 
vegetation provide i ntermittent screening of the r i ght
o f -way . 

9 .  H i l l s i de/Closed Forests -- Th i s  category i s  common i n  
western Washington and Oregon. Viewer position i s  generally 
below the r i ght-of-way and the v i ews of the r i ght-of-way 
floor are obta i ned a s  i t  proceeds up the enclosing h i l l 
sides.  The r i ght-o f-way is  c l early v i s ible due to the 
s t r i k ing contrast between the open r i ght-of-way and the 
surrounding masses of dense canopy vegetat ion.  Depending 
upon the view ang l e ,  the dense stands of vegetation can 
screen views of the r i ght-of-way. 

1 0 .  Ri dge/Grass land-Shrubland -- This zone i s  typ i f i ed by 
major east-west trending valleys i n  eastern Washington and 
Montana . The viewer pos i t ion i s  generally below the r i ght
of-way at the point where the r i ght s-of-way crosses the 
r i dge . The r i ght-of-way i s  indist inguishable from the 
surroundings,  s i nce the surrounding vegetation carries 
through the r i ght-of-way wi thout interruption.  

1 1 .  Ri dge/Open Forest -- Th i s  zone i s  typi f i ed by the 
eastern Cascades and the dry exposures of the Northern 
Rock i e s .  The v i ewer pos i t i on i s  generally below the 
r i ght-of-way at the point where the r i ght-of-way crosses the 
r i dge . The r i ght-of-way i s  v i rtually i nd i s t i ngui shahle from 
the surroundings due to the pattern of vegetation stands and 
natural c l earings . 

1 2 .  Ri dge/Closed Forest -- Th i s  zone i s  typ i f i ed by the 
dense vegetation found i n  western Washington and Oregon . 
The v i ewer pos i t ion i s  below the r i ght-of-way at the point 
where the r i ght-of-way crosses the ridge . The r i ght-of-way 
i s  v i s ible because of the notch created i n  the dense 
r i dg e l i ne vegetation . This notch i s  probably the most 
d i st inct v i s i ble feature of the r i ght-of-way vegetation.  
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