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Environmental  Assessment  for 
Rumen  Protected  Amino  Acids.for  Beef  Cattle 

1. Date: May 14, 1990 

2. Name  of  Petitioner:  Eastman  Kodak  Company 
Eastman  Chemicals  Division 

3 .  Address:  P.O. Box 511 
Kingsport,  Tennessee 37662 

4 .  Description of the  Proposed  Action 

a. The  Purpose  and  Need  for  the  Action 

The purpose  of  this  petition  is  to s~cure a food  additive  regulation 
which  will  enable  the  petitioner  to  offer  the  amino  acids, 
methionine  and  lysine,  for  beef  cattle  in  feedlots  and  farmer-feeder 
operations  in  a  form  which will protect  these  articles  from 
destruction  in  the  rumen  but will, by nse  of a specialized  polymeric 
substance, poly(2-vinylpyridine-co-styrene) (copoly VP/ST), permit 
their  transport  through  the  rumen i n t o  the  abomasum  where  the 
polymer  loses  its  integrity  releasing  the  nutrients  for  absorption. 
The polymer  is  produced  by  classical.  emulsion  polymerization 
procedures,  dried,  and  applied  by  sni.table  means to the  nutrient  to 
be  protected. 

b. The  Locations  Where  the  Product  Wi1.l Bexroduced 

The  polymer  will  be  produced  and  puri.fied to meet  established 
specifications  at  Arkansas  Eastman  Company,  Batesville,  Arkansas, 
and  employed  in  the  production of rllmen-protected  lysine  and 
methionine (RPAA) at  Tennessee  Eastman  Company,  Kingsport, 
Tennessee,  the  petitioner's  production  affiliates  in  the  Eastman 
Kodak  Company  organization. 

c. The  Locations  Where  the  Product Will-be Used 

The  RPAA  will  be  marketed  throughout the United  States  and  abroad 
for  use  as  a  nutrient  supplement i n  the  feed  of  beef  cattle  in 
feedlots. 
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d.  .The  Location  Where  the  Product  Will-Be-Disposed Of 

The polymer  is  not  absorbed  by  the  ruminant  animal  but  is  excreted, 
chemically  unchanged,  in  the  feces  wi-th  other  waste  products. 

e. The  Types of Environments  Present  at.--Locations  Identified 
at b, c, and d 

The environment  at  Arkansas  Eastman  Company,  where  copoly  VP/ST  will 
be  produced,  is  characteristic  of  a  highly  diversified  chemical 
manufacturing  facility.  "he  environment  at  Tennessee  Eastman 
Company,  where  copoly  VP/ST  will  be  used  in  the  manufacture  of RPAA, 
is  characteristic of  a highly  diversified  chemical  and  plastic 
manufacturing  facility.  Consequent  activities  involving RPAA will 
occur  wherever  cattle  are  fed  in  feedlots  for  production  of  meat. 
This  includes  farmer-feeders  and  commercial  feedlots.  Feces 
generated  by  these  animals  will  be  di.stribnted to the  terrestrial 
environment  as  manure  according to practices  employed  in  the  cattle 
feeding  industry. 

5. Identification of Chemical  Substances  Sub,j.e.ct  to  the  Proposed  Action: 

a.  Introduction 

Rumen-Stable  Amino  Acids  will  be  supplied  as  pellets  produced  from 
methionine  and  lysine  with  the  adjlwant  substances,  food  grade  talc, 
edible  fatty  acids, i.e., stearic a c i d ,  and copoly VP/ST. These 
pellets  will  be  coated  or  enrobed  wj.th  a  formulation  containing 
copoly VP/ST, talc, and edible  fatty a c i d s .  

A typical  rumen-protected  amino  acid  preparation  has  the  following 
approximate  composition: 

Component __ Percent. .. 

Lysine  Hydrochloride 
Methionine 
Stearic  Acid 
Talc 
Copoly  VP/ST 

5 0 .  a5 
12.29 
12.39 
19.32 
5 . 1 5  

The final  product  will  contain  less  than 10.3 ppb  each  of  the 
monomers,  styrene  and 2-vinylpyridin~. (One  specification  for  the 
polymer  is  that  it  contain  less  than 200 ppb  of  each  monomer.) The 
value 10.3 is  the  fraction  of  the  polymer  in  the  final  product  times 
200 ppb (0.05 15"200 ppb) . 
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b. Polv(2-vinylpyridine-co-styrene) 

CAS Registry  Number:  24980-54-9 

Structural  formula: 

I1 :w 
+I1 , + , I ,  + I1  , + , I ,  

The  copolymer  is  a  random  arrangement  of  repeating  units  derived  from 
2-vinylpyridine  and  styrene.  The  probabilities of various  sequences 
along  the  polymer  chain  are determind by  the  relative  reactivities 
of  the  monomers  and  their  relative  concentrations  during 
polymerization.  In  the  final  polymer,  the 2-vinyl- 
pyridine:styrene  ratio  is  between  65:35  and  80:20. 

Molecular  weight:  100,000-500,000 

Solubility:  <0.1%  in  corn  oil;  between 0.1% and 3..0% in  acetone, 
dimethyl  sulfoxide,  octanol,  tetahydrofuran,  and 
p-dioxane;  in  water, 91.3 ppb at  pH 5 ,  88.6 ppb  at  pH 7, 
and  185.6  ppb  at pH 9 .  ' . 

Vapor  pressure:  Estimated-98  the CHEMEST Program to be 3 

1.94  x 10 Torr  (Appendix I). 

Octanol-water  partition  coefficient : 10 to 10 . 

Soil  absorption  coefficient:  1.08 x 10 (Appendix I). 

2 4 5 

5 

. Ultraviolet  absorptivity:  23.96 at 262 nm. 

c. Talc 

4 

5 

CAS Registry  Number:  14807-96-6 

Chemical  composition:  native  hydrous  magnesium  silicate 
(Mg3Si2O(0Hl4) 

Physical  form:  finely  powdered solid. 

Solubility:  insoluble  in  water, cold acids  or  alkalies. 
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d.  Stearic  Acid  (as an example  of  an  eAibls  fatty  acid) 6 

CAS Registry  Number: 57-11-4 

Structural  formula:  CH3(CH2)16COOH 

Solubility:  very  slightly  soluble  in  water; !I% soluble  in  alcohol, 
acetone,  chloroform,  carbon  disulfide  and  other  organic 
solvents. 

Boiling  point:  383OC. 

Melting  point: 69-70'C. 

e.  Methionine 7 

CAS Registry  Number: 63-68-3 

Structural  formula:  CH3SCH2CH2CH(NH2>COOH 

Solubility:  in  water,  18.8  g/L  at  2S°C, 33.81. g/L at 5OoC; very 
slightly  soluble  in  95%  alrmhol;  insoluble  in  ether 

Melting  point:  281OC  (dec.) 

f.  Lysine  Hydrochloride 8 

CAS Registry  Number: 56-87-1 

Structural  formula:  NH2(CH2)4CH(NH2)COOH 

Solubility:  freely  soluble  in  water;  very  slightly  soluble in 
alcohol;  insoluble  in ethcr. 

Melting  point: 210-224.5OC (dec. ) 

g.  Styrene 9 

CAS Registry  Number: 100-42-5 

Structural  formula:  C  H  CH=CH2 

Solubility:  in  water,  280  mg/L  at 15"C,  300 mg/L  at 3OoC, 400 mg/L 

6 5  

at 4OoC. 

Octanol-water  partition  coefficient: 8 9 1  (Log Kow = 2.95) 
(Appendix 2) 

Soil  absorption  coefficient:  573  (Appendix 2) 
Ultraviolet  absorbance:  Molar  extinction  coefficient = 15140  at 
245nm in  ethanol. 
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Boiling  point:  145.2OC 

Vapor  pressure: 10 mm at 30.8OC 

Melting  point: -30.63OC 

h. 2-Vinylpyridine 10 

CAS  Registry  Number: 100-69-6 

Structural  formula:  C5H4NCH=CH2 

Solubility:  In  water,  27.5  g/L  at 2OoC;  very  soluble in alcohol, 
acetone,  ether,  and  other  organic  solvents. 

Octanol-water  partition  coefficient: 63 (Log KO = 1.80) 
(Appendix Y) 

Soil  absorption  coefficient: 47 (Appendix 3)  

Ultraviolet  absor  ance:  Molar  extinction  coefficient = 12600  at 
238nm in  ethanol. t: 

Boiling  point:  159-160°C 

Vapor  pressure:  10 mm at 44.5Oc 

6 .  Introduction  of  Substances  Into  the  Environment: 

a.  Assumptions for amounts of materials  entering  the  environment. 

1). RPAA will  be  marketed  only to commercial  feedlots  and 
farmer-feeder  operations  where  beef  cattle  are  confined  to  pens. 

The economics of  production  of  a  sophisticated  product  such  as 
RPAA and  the  growth  of  range  cattle  are  basically  incompatible. 
In  addition,  there  is no way  to  distribute RPAA to range  cattle 
because  RPAA's  somewhat  fragile  coating  can  be  ruptured and the 
protecting  effect  lost  if  it is not  properly  handled.  Therefore, 
a  basic  assumption  for  the  market  size  and  consequently  the 
amount  of  any  given  component  entering  the  environment  is  based 
on RPAA being  fed  only to feedlot  or  farmer-feeder  cattle. 

2) .  Nationwide,  approximately 27 milliof  cattle  were  fed  in  feedlots 
or f armer-feeder  operations  in 1989 (Appendix 4). 
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This number was obtained  as  follows: 

I n  1989, the  13 states t h a t   t h e  USDA Economics S t a t i s t i c s  6 
Cooperatives  Service  annually  reports  marketed  22,955,000  head. 
The number of cat t le  marketed  annually  for  the  nation is not  
ava i lab le   bu t  can be   ca lcu la ted .  A s  of  January 1, 1990, t hese  13 
s t a t e s  had  9,943,000  head  on  feed  and  the  nation  as a whole  had 
11,626,000  on  feed. The r a t i o  of t he   na t iona l   f i gu re  and t h e  
v a l u e   f o r   t h e  13 s t a t e s  is 1.17. The annual   f igure   for   the  13 
states of 22.96M head  can  thus  be  adjusted by mult iplying by t h i s  
ra t io  t o  g ive  a nat ional   f igure. l lThat  is 22.96M*11.626M/9.943M = 
26.85M head  marketed  nationwide. 

3 ) .  A l l  c a t t l e   i n   t he   f eed lo t / f a rmer - f eede r   popu la t ion   u se  RPAA. 

4) .  The amount of RPAA fed  per  head  per  day is 20 g. 

In   feeding t r ia ls  20 g of RPAA per  head  per  day  gave  the optimum 
improvement i n  weight  or  fefg  conversion  with no fu r the r  
improvement with more feed. A much more l i k e l y  amount t o  be 
fed  in   this   extremely  compet i t ive  industry is 15 g per  head  per 
day  because t h i s  lower l eve l  is more cos t   e f f ec t ive .   The re fo re  
20 g per  head  per  day is a reasonable  estimate.  

5 ) .  RPAA will be   fed   for  158 days. 

From t h e  above USDA figures   of  9.943M head on feed  in  13 s t a t e s  
a t  any  one  time  (Jan.  1) and the . to t a1   s l augh te red  of 22.96M 
head,  the number of   cycles  is 2.31  or  158 days/cycle.  
(22.96/9.943 = 2.31,  365/2.31 = 158). 

b. Controls Used a t  the  Manufacturing  Sites:  

Manufacture of Copoly VP/ST 

Copoly VP/ST i s  produced a t  Arkansas  Eastman Company i n   B a t e s v i l l e ,  
Arkansas, by emulsion  polymerization  of  2-vinylpyridine and s tyrene .  
These fac i l i t i es   opera te   under   an  NPDES permit  issued by the  United 
States  Environmental   Protection Agency  (EPA) and emission and waste 
treatmenfgpermits  issued by t h e  Arkansas  Department  of  Control  and 
Ecology. The EPA NPDES permit  expired on  June  30,  1981. On 
December 30,  1980,  Eastman f i l e d  a reques t   tha t   ex tended   th i s   permi t ,  
a copy of   the  request  is included i n  Enclosure 1. An o f f i c i a l  
extension  has  not  been  issued. However, under  the  uniform 
Administrative  Procedures Act, once  t imely  application  for  permit 
renewal  has  been made, a permittee may continue t o  discharge  under  an 
exis t ing  permit  until a new permit  has  been  issued. 
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Air emissions w i l l  be  controlled- by h igh   e f f ic iency  waste scrubbers 
t o  minimize the  emission  of  volati le  organic  chemicals and meet t h e  
limits des igna ted   in   the  NPDES permit.  Estimates from  Arkansas 
Eastman Company indicate  approximately 0.23 pound of VOC per  day of 
production.  Duration  of  emissions, which cons is t s   o f  monomeric 
2-vinylpyridine,  styrene,  acetone, and  methanol w i l l  probably  be 
continuous when production  of  copoly VP/ST becomes commercial. 

The e f f luen t  from the  manufacturer  of  copoly W/ST ( including 
2-vinylpyridineY  styrene,  sodium hydroxide,   isopropyl  alcohol,   oleic 
acid,  sodium s u l f a t e ,  and  sodium chlor ide)  w i l l  be   discharged  to  
ex i s t ing  company waste   t reatment   faci l i t ies   operat ing  under   an 
existinglgermit  issued by t h e  Arkansas  Department of  Control 
Ecology.  Copoly VP/ST w i l l  not  be  degraded by t h e  Arkansas  Eastman 
waste  treatment  process and w i l l  f inal ly   be  disposed  of  by spray 
i r r i g a t i o n  on company property  a long  with  other   t reated  waste   water  
e f f luen t s .  A description  of  the  Arkansas  wastewater  treatment  system 
follows. 

A t  Arkansas  Eastman Company, the  wastewater  treatment  system  begins 
with a 14 mil l ion  gal lon  divers ion  basin.   This   basin is designed  to  
p ro tec t   t he   b io log ica l  system by in te rcept ing  any wastes   enter ing  the 
wastewater  treatment  piping  system which are   not   within  proper  
t reatment   specif icat ions.  Wastes re ta ined  in   the  divers ion  basin  can 
be  gradually  fed  to  the  remainder of the  wastewater  treatment  plant 
i n  a  manner  which prevents a  system  upset. Wastes within  proper 
t reatment   specif icat ions  enter  an equal izat ion  basin  with a  one-day 
re ten t ion  time. Here,  peak  flows and organic  loadings  are  equalized 
and pH of the  wastewater is  ad jus ted   p r ior   to   b io logica l   t rea tment .  

The biological   t reatment  system consists  of two extended  aeration 
act ivated  s ludge  basins   with a  combined  volume  of 22.5  million 
gallons  followed by  two c l a r i f i e r s .  One basin is equipped  with 
subsurface  aerators  and the  other   basin is  equipped  with  mechanical 
sur face   aera tors .  Both aera t ion  systems provide  dissolved oxygen t o  
the  microorganisms engaged in  degrading  the  waste.  Under average 
flow  conditions,  each  basin  provides a re ten t ion  time in  excess  of 
10 days.  This  lengthy  retention time produces  eff ic ient  removal  of 
organics   as   wel l   as   n i t r i f ica t ion .   Fol lowing   aera t ion ,   b io logica l  
s o l i d s   a r e  removed from the   t rea ted   was tewater   in   e i ther  a  120- o r  a 
75-foot   diameter   c lar i f ier .  

The majori ty   of   the   concentrated  sol ids  a r e  re turned   to   the   aera t ion  
bas in   in   o rder  t o  maintain  the  required  population of microorganisms. 
Excess sol ids   receive  t reatment  by ae rob ic   s ludge   d iges t ion   p r io r   t o  
d i sposa l  by s p r a y   i r r i g a t i o n   a t  a s i te  located on Company property.  
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The effluent  flows  from  either  clarifier  to a polishing  basin  and 
then  combines  with  treatment  sanitary  wastes  and  coal  ash  settling 
basin  effluent  to  form  Outfall 002. Outfall 002, in  turn,  combines 
with  the  effluent  from  a  large  cooling  water  holding  pond,  Outfall 
001,  to  form  the  total  plant  effluent  which  flows  through  a  channel 
to  the  White  River. 

The  flow  in  Outfall 002 usually  averages  about 1.0 - 1.5  million 
gallons  per  day (MGD) and the  total  Arkansas  Eastman  discharge, 
including  the  cooling  water  holding  pond  effluent,  averages  about 
14  MGD.  In  terms  of  the  average  flow  in  the  White  River  at 
Batesville,  the  treated  wastewater  averages 0.01 percent  of  the  river 
flow  and  the  total  Arkansas  Eastman  discharge  averages 0.2 percent  of 
the  flow. 

Manufacture  of RPAA 

The  finished  rumen  protected  amino  acid  product  is  manufactured  at 
Tennessee  Eastman  Company  in  Kingsport,  Tennessee.  This  facility 
operates  under a NPDES  permit  issued by the  United  States 
Environmental  Protection  Agency  to  Tennessee  Eastman  Company  and  an 
operating  pefzit  issued by the  Tennessee  Department of Health  and 
Environment. 

Copoly  VP/ST  as a dry  powder  is  blended  with  edible  fatty  acids  and 
the  blend  is  combined  with  the  appropriate  amino  acids  and  compounded 
into  nutrient  cores.  Compounding  is  by  extrusion  of  the  dry 
components  followed  by  cutting  and  rounding.  Fines  produced  as a 
result  of  this  operation  are  retained  on  filters  for  collection  and 
incineration.  The  cores  are  coated  with  an  acetone/methanol  solution 
of  copoly  VP/ST  and  stearic  acid  containing  suspended  talc. 

Air emissions  from  core  production  and  coating  operations at 
Tennessee  Eastmanl$ompany  are  included  in  the  operating  permit 
previously  cited. 

The  effluent  from  the  manufacture  of RPAA may  contain  traces  of 
acetone,  methanol,  copoly VP/ST, edible  fatty  acids,  and  talc. The 
effluent  from  this  process  is  diverted  to  the  waste  treatment 
facility  operating  under  the  above  permit.  Copoly  VP/ST  is  not 
expected  to  be  degraded  in  the  waste  treatment  process  and  will 
finally  be  disposed  of  by  incineration. 

c.  Quantity  and  Concentration  of  Substances  Expected to Enter  the 
Environment  through  Feeding RPAA to  Beef  Cattle: 

The purpose of RPAA is  to  deliver  the  active  ingredients,  methionine 
and  lysine,  past  the  rumen of beef  cattle  in  feedlots  and 
farmer-feeder  operations  where  upon  the  polymer  (copoly  VP/ST) 
coating  and  matrix  loses  its  integrity  releasing  the  protected 
nutrient. 
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Assumptions : 

1). Number  of  cattle  in  feedlots/year = 27,000,000  nationwide. 
2). Amount of RPAA fed = 20 g/head/day. 
3). Feeding  period = 158  days. 

4). The  two  amino  acids  and  the  edible  fatty  acids  used in  the 
production  of RPAA is  absorbed  by  the  ruminant. 

5) .  All copoly  VP/ST,  talc  and  trace  quantities of styrene and 
2-vinylpyridine  enter  the  environment  in  the  feces of beef  cattle 
fed RPAA. 

6 ) .  Manure  app)ication  rate on a dry  basis  is 
10.23 x 10  kg/acre/year. 

According to Dr.  Charles  Strasia,  Oklahoma  State  University 
Extension  Center,  the m ‘sture  content  of  air-dry  manure  that  is 
normally  spread  is  25%.  His  estimated  application  rates  agree 
with  the  value 96 10  to  15  air-dried  tons  per  acre  that is given 
in The  Feedlot. The calculation  for  manure  application  rate on 
a  dry  basis  is:  15  air-dried  tons/acre x . 75  (the  fraction of dry 
manure  in  air-dried  manure) x 2000 lb/ton/2.2  lb/kg  gives  the 
amount  of  manure  per  acre  on  a  dry  basis  in  kilograms. 

53 

7) .  Feedlot  beef  cattle  produce  approximately 28.2 kg of  manure  per 
day  that@  about 65% moisture  or  9.9 kg of  dry  manure  per  head 
per  day. 

8 ) .  Weight  of  an acre-furrow” = 9.09 x  10  kg. 

The composition of RPAA given  earlier  in  this  Environmental 
Assessment  is  repeated  here  for  the  convenience  of  the  reader. 

5 

Component ~- Percent 

Lysine  Hydrochloride  50.85 
Methionine  12.29 
Stearic  Acid  12.39 
Ta lc 19.32 
Copoly  VP/ST 5.15 
The  final  product  will  contain  less  than  10.3  ppb  each of the 
monomers,  styrene  and  2-vinylpyridine.  (One  specification for the 
polymer  is  that  it  contain  less  than  200  ppb of  each  monomer.) The 
value  10.3  ppb  is  the  fraction  of  the  polymer  in  the  final  product 
times 200 ppb (0.0515*200 ppb). 
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Quantity  and  Concentration of Copoly  VP/ST  per  year: 

Fraction  Copoly  VP/ST  in  RPAA = 0.0515 

Quantity  of  Copoly  VP/ST = 9.7M  lb/year 

(27 X 10 head x  20  g  RPAA/head/day/454  g/lb x 158  days X 

0.0515 = 9.7M  lb/year) 
6 

Quantity of RPAA = 188.4M  lb/year 

(9.7M  lb/year/0.0515 = 188.4M  lb/year) 

Concentration  in  manure = 1.0 x kg/kg of manure 

(0.05154x  20  g/head/day/1000  g/kg/9.9 kg manure/head/day = 
1 x 10 kg/kg  manure) 

Concentration  in  soil = 1.17 x 10  ky/kg  soil  or  1.17 mp/kg -6 

(1.0  x loe4 kg copoly  VP/SS/kg  manure x 10.23 x 10 kg 
rnanure/acr&/year/9.09 x 10  kg/acre-furrow = 
1.17 x 10  kg/kg  soil  or  1.17  mgjkg) 

3 

Quantity  and  Concentration of Talc  per  year: 

Fraction of Talc  in RPM = 0.1932% 

Quantity = 36.3M  lb/year 

(27 X 10  head x  20  g/head/day/454  g/lb  x  158  days 
X 0.1932 = 36.3M  lb/year) 

6 

Concentration  in  manure = 3.9 x  kg  talc  per kg manure 

(0.193 x-$0 g/head/day/1000  g/kg/9.9 kg manure/head/day = 
3.9 x 10  kg/kg  manure) 

Concentration  in  soil = 4.4 x 10 kg  talclkg of s o i l  -6 

(3.9 x  kg  talc/kg  manyre  x  10.23 x 10 kg 
manure/acge/year/9.09  x  10  kg/acre-furrow = 
4.4 x 10- kg/kg of soil) 

3 

Quantity  and  Concentration of Styrene  and  2-Vinylpyridine  each per 
year: 

Concentration of styrene  and  2-vinylpyridine  each  in  RPAA = 10.3  ppb. 
Quantity = 1.9  lb  styrene  and  2-vinylpyridine  each/year 

(27 X 10  hegd x  20  g/head/day/454  g/lb x 158  days 
x 10.3 x 10 = 1.9  lb of each  monomer) 

6 
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7. 

Concentration  in  manure = 2.1 x 10 -11 kg (20ppt)  styrene  and 
2-vinylpyridine  each  per kg of manure 

(10.3 x lo-' x 20 g/head/day4]000  g/kg/9.9 kg 
manure/head/day) = 2.1 x 10  kg/kg  manure) 

Concentration  in  soil = 2.4 x 10 g (0.24 ppt)  styrene  and 
2-vinylpyridine  each/kg of soil 

-13 

(2.1 x kg/kg  manure  10.23 x 10 kg 
manure/ac / ear/9.09 x 10  kg/acre-furrow = 
2.4 x 10  kg/kg of soil  or 0 . 2 4  parts  per  trillion) 

3 

4 5  

Fate of Emitted  Substances  in the Environment 

Since  the  expected  route of introduction  of  copoly  VP/ST  into  the 
environment  is  through  excretion  by  the  target  animal,  the  petitioner 
conducted  several  studies of the  fate of this  food  additive  in  the 
environment.  Reports of specific  fate  tests,  identified  below,  along 
with  the  protocols  submitted  to  the  admj.nistration  for  acceptance  prior 
to  initiating  the  tests,  are  included as Heading H ,  Enclosure 6, Parts 
M. 

Styrene  and  2-Vinylpyridine  Fate: 

Styrene  and  2-vinylpyridine  have  appreciable  vapor  pressures, lOmm at 
30.8OC  and 44.5OC  respectively.  Therefore,  the  1.9  lb/year  (0.24  ppt) 
of  each  that is expected  to  enter  the  environment  is  expected  to 
volatilize  into  the  air.  Assuming  that  the  monomers  are  continuously 
released  from  a  single  point  source,  and  utilizing  the  technique  for 
approximaking  the  impact of area  sources  outlined  in  Turner's 
workbook , the  predicted  maximum  ambient  concentrations of styrene  and 
2-vinylpyridine  are 57 ppt  and 61 ppt  respectively.  This  methodology 
predicts  the  highest  possible  concentration  of  monomers  in  ambient  air. 

These  maximum  concentrations  were  calculated  as  follows: 

An  approximation  of  an  area  source's  ambient  impact  can  be  made  by 
combining  all  of  the  emissions  in  a  given  area  and  treating  this 
area  as  a  source  having  an  initial  horizontal  standard  deviation, 
s . A virtual  distance,  xy,  can  then  be  found  that  will  give  this 
szzndard  deviation.  Values  of  xy will vary  with  atmospheric 
stability.  Then  equations  for  point  sources  may  be  used, 
determining s as  a  function of x + xy. 

This  procedure  treats  the  area  source  as  a  cross-wind  line  source 
with  normal  distribution,  a  fairly  good  approximation  for  the 
distribution  across  an  area  source.  The  initial  standard  deviation 
for  a  square  area  source  can  be  approximated  by s = s / 4 . 3 ,  where s 
is  the  length of  a  side of the  area. 

Y 

YO 
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The following  calculations  illustrate  the  application of this 
technique to predict  the  maximum  downwind  concentrations of styrene 
and  2-vinylpyridine: 

area of source = 4.1 x 10 acres. 6 
11 = 1.8 x 10 sq. ft. 

assuming  the  area  is  square; 

length of  side, s = 4.2 x lo5 ft. 
= 1 . 3  x 10 meters. 5 

emission  rate,  q = 0.26 g / s  for  styrene. 
= 0.28 g / s  for  2-vinylpyridine. 

Note:  Emission  rates  are  based  on  convection  mass  transfer 
calculations. 

s = s/4.3 = 3.0 x 10 meters. 

maximum  ground  level  concentration, 

'max = q/(3.14159 x m x s x s 

where: 
q = emission  rate, g / s .  
m = wind  speed,  m/s. 
s s = horizontal  and  vertical  standard  deviations of 
plume  concentration  distribut i.on, m. 

4 
YO 

YO 20' 

0' zo 

assuming a  neutral  atmospheric  stability  and  a  5  mph  wind; 

s = 5 meters. 
-Zo= 2.24 m/s. 

C = 57 ppt  for  styrene. max = 61 ppt  for  2-vinylpyri.dine. 

Copoly  VP/ST  Fate  in  Specific  Compartments.: 

a. 

Copoly  VP/ST  is a  polymer  having  a  molecular  weight  in  the  range 
100 00 to  500,000,  and  an  estimated  vapor  pressure of 1.94 x 
10 Torr.  Therefore,  it  is  not  expected  to  enter  the  air  during 
manufacture  or  use. 

-2& 
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b. Aquatic  Ecosystems 

Because  copoly VP/ST has  a low solubility in water  and  because  of 
facilities  for  wastewater  treatment  at  Arkansas  Eastman  Company  and 
Tennessee  Eastman  Company,  the  production  of  copoly  VP/ST  and  the 
manufacture  of RPAA will  not  result  in  any  significant  release of copoly 
VP/ST  to  the  aquatic  environment.  Similarly,  the  use  and  disposal  of 
copoly  VP/ST and RPAA will not  result  in  any  direct  release of copoly 
VP/ST to  the  aquatic  environment. The solubility  and  bioconcentration 
information  that  follow  indicate  that  no  more  than  trace  quantities  of 
copoly VPjST are  likely to enter  the  aquatic  environment  and  that no 
subsequent  bioconcentration is expected  to  occur. 

Organic  Solvent  Solubility 

The petitioner  has  examined  the  general  solubility of copoly  VP/ST  in 
distilled  water,  corn  oil,  acetone,  octanol,  dimethylsulfoxide  (DMSO), 
tetrahydrofuran (THF), and  p-dioxane.  Visual  inspection  was  used  to 
determine  whether  or  not  copoly  VPjST  was  completely  dissolved  by  each  of 
these  seven  common  solvents  following  sonication of 0.1, 1.0,  and 10% 
mixtures of polymer  in  these  solvents.  The  polymer  has  a  low  solubility 
(<0.1%) in  distilled  water,  corn  oil,  and  acetone;  it  has  a  mode  ate 
solubility (0.1% <S <1.0%)  in  DMSO,  octanol, THF, and  p-dioxane. 'f 

Aqueous  Solubility 

In a more  definitive study,' the  solubility  of  copoly  VP/ST  was  Ttasured 
in  aqueous  solutions  at  pH  values of 5 ,  7, and 9 .  A sample  of ( C) 
copoly  VP/STlbaving  the  same  specifications  as  commercial  copoly  VP/ST 
was  used. ( C)Copoly  VP/ST  was  added  to  twelve  125-mL  Hypo-Vials*.  Six 
of  the  vials  received  approximately 50 mg  each of ( 4C)copoly  VP/ST  and 
six  received  approximately  100  mg  each. Two vials  at  each  weight 
received  either 50 mL acetate  buffer  (pH 5 ) ,  50 mL phosphate  buffer  (pH 
7 ) ,  or 50 mL borate  buffer  (pH 9 ) .  One  sample of each  weight  at  each  pH 
was  sonicated  for 0.25 minutes  and  one  sample of each  weight  at  each  pH 
was  sonicated  for 30 minutes. All samples  were  then  incubated  with 
shaking  overnight  at 25'C. Each  sample  was  then  centrifuged  at 9,000 x  g 
for  ten  minutes.  One mL (in  triplicate)  of  the  aqueous  phase  was  mixed 
with 10 mL of Eastman  Ready-to-Use 11* scintillation  cocktail.  The 
samples  were  cooled  and  dark  adapted  for  four  hours,  then  counted  for 20 
minutes  each  in  a  Packard  Model  4530  Liquid  Scintillttion  Spectrometer. 
A calibration  curve  was  prepared  using  samples of ( C)copoly  VP/ST  in 
pyridine.  Using  linear  regression  analysis,  the  equation  for  the 
calibration  curve  was: 

y = 1.0137 X - 40.55 

where  y = net  sample  dpm  and  x = (14C)copoly  VP/ST  concentration. The 
correlation  coefficient = 0 . 9 9 8 7 .  The net  sample  dpms  were  inserted  into 
this  equation  and  solved  for  the  concentration of  copoly  VP/ST. 
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The mean  solubility  for  (14C)copoly  VP/ST  was  determined to  be  as 
follows:  pH 5, 92.7 ppb; pH 7, 88.6 ppb;  and  pH 9, 185.6  ppb. 
Copoly  VP/ST  is  not  expected  to  leach  from  soil  because of  the 
extremely low aqu  ous so ubility,  an  octanol-water  partition 
coefficient of 10 to 10 , and a soil  absorption  coefficient 
estimated  to  be  approximately lo5 (Appendix 1). 

2 

t 4 

Bioconcentration  Potential 

A large  octanol-water  partition  coefficient  may  indicate  that  a 
compound  will  bioaccumulate  in  organisms  in  the  environment. 
However,  this  coefficient  is  not  considered  to  be  an  accurate 
indication of bioconcentration  potential  for  copoly  VP/ST.  First,  it 
is  known  that  high  molecular  weight  compounds  are  not  appreciably 
absorbed  in  the G. I. tract.  For  example  Tagesson,  et  al,  studied 
the  intestinal  permeability  of  the  water  soluble  poly(ethy1ene 
glycol)  (PEG)  in the molecular  weight  range  634-1338.  An  exponential 
decrease  was  observfg  with  the  highest  molecular  weight  showing  less 
than 2%  absorption. The much  higher  molecular  weight  for  copoly 
VP/ST  should  further  decrease  its  absorption.  Another  factor  that 
should  cause a very  low  or  negligible  passage  of  this  polymer  through 
cell  membranes  is  its  extremely  low  aqueous  solubility. 

These  arguments  are  supported  by  the  results  of2g  study  in  which 
carbon-14  labeled  copoly  VP/ST  was f e d  to  rats.  In  this  study, 
instead  of  2-vinylpyridine, 2-methyl-5-vinylpyridine with  similar 
molecular  weight, mol. wt. distribution,  and  chemical  and  physical 
properties  was  used. The FDA accepted  data  from  this  polymer  as 
being  applicable  to  the  2-vinyl  case.  This  polymer  was also called 
copoly  VP/ST. 

Carbon-14  labeled  copoly  VP/ST  was  dissolved  in  acetone  and 
administered  by  gavage to  male  Charles  River  rats  (N=3)  at  a  dose of 
100  mg/kg of body  weight.  Essentially all of  the  radioactivity 
administered  was  recovered  in  the  feces  within 72 hours  after  dosing. 
Radioactivity  in  the  carcass,  urine,  blood  or  tissues,  with  the 
exception  of  the  gastrointestinal  tract,  was  below  the  limit  of 
detection. The  total  recovery  of  carbon-14  ranged  from  100  to  107% 
of  the  administered  dose.  The  analysis  of  fecal  extracts  by  thin 
layer  chromatography  suggested  that the radioactive  material  in  the 
feces  was  similar to that  of  an  authentic  sample  of  carbon-14  labeled 
polymer.  These  findings  suggest  copoly  VP/ST  was  stable  in  the 
gastrointestina12bract,  was  not  absorhed,  and  was  eliminated  in  the 
feces  unchanged. 

Therefore,  the  potential  for  copoly  VP/ST  to  bioconcentrate is 
considered  to  be  low. 
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Biodegradation 

A shake-f lask  biodegradat ion  s tudy,   designed  to   es t imate   the  extent  
t o  which  copoly VP/ST w i l l  be  degraded  in  surface  waters  9fd by 
biological  waste  treatment  microorganisms, was conducted. 

The microbes  used i n   t h i s   s t u d y  were from a l abora to ry   cu l tu re  and 
were  acclimated t o  copoly VP/ST f o r  21  days  pr ior  t o  t h e  s tar t  of   the 
tes t .  Accl imat ion  consis ted  of   introducing  into  the  cul ture   (every 
two t o  three  days)   progressively  less   food and progress ive ly  more 
polymer.  After  acclimation,  quintuplicate  samples  of  about 11 mL 
each were prepared  in  biometer  f lasks  in  the  following manner. 

Treatment 

Sample BSM - __ TC THF Inoc.  Gluc. 

Test   Solut ion 10 mL 50 m L  1 mL 
S t e r i l e   C o n t r o l  10 mL 1 mL 50 mJ, 
Negative  Control 10 mL 50 mL 1 mL 
Posi t ive   Cont ro l  10 mL 1 mL 130 mL 
BSM = Basal   Sal t  Medium Solution 
SA = 0.05% Sodium Azide Solution 
TC = Test  Chemical Solution  of 202.81 mg ( '-4C)copoly VP/ST i n  10 mL of 

THF = Tetrahydrofuran 
Inoc.=M' robes  acclimated  to  copoly VP/ST 
Gluc.=(  C)glucose 

THF 

€E 

The flask  assemblies were  placed  on a shaker and kep t   i n   t he   da rk   a t  
22 2 20C1t0r 28 days. A s c i n t i l l a t i o n   v i a l   a t t a c h e d   t o   e a c h   f l t s k  
trapped C02 t h a t  was released.  The v i a l s  were replaced and C02 
w ~ g  assayed on days 1, 3, 7 ,  14, 23,  and 28. About 30% t he  
( C)g$gcose in   the   pos i t ive   cont ro l .  was metabolized t o  C 0 2 .  The 
t o t a l  CO t h a t  was obtained  in  t h e  polymer t e s t   f l a s k s  averaged 
about 0.008%. 

On day 28 of the  test ,   the  contents  of  each  biometer  f lask  were 
removed and f i l t e r e d .  The c l e a r   f i l t r a t e  was assayed  for 
r a d i o a c t i v i t y .  The f i l t e r e d   s o l i d s  were ex t rac ted   wi th   pyr id ine ,  
then   dr ied ,  combusted,  and the  combnstion  product (i. e . ,  CO,) 
assayed   for   rad ioac t iv i ty .   F ina l ly ,   the   pyr id ine   ex t rac t  was 
assayed   for   rad ioac t iv i ty .  Almost a l l  ( 9 7 %  t o  98%) of   the 
r a d i o a c t i v i t y  was found in   the   pyr id i -ne   ex t rac t   o f   the   f i l t e r   paper  
and s o l i d s .  

Ty4determine i f   t h e r e  was any evidence  of  primary  degradation of 
( C)copoly VP/ST by the  microorganisms,  samples  of  the  pyridine 
e x t r a c t s   a l s o  were  assayed  using  gel  yzrmeation  chromatography. The 
chromatograms s&wed no evidence of ( C)copoly VP/ST 
biodegradation. 
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Based on these  data,  it  is  reasonable  to  conclude  that  copoly VP/ST 
is  quite  resistant to biodegradation  by  wastewater  treatment 
organisms (<0.006%) even  if  they  are  acclimated  to  this  polymer. 

c. Terrestrial  Environment 

Biodegradation of Copoly VP/ST in Soil 

A soil metabolism  test  was  performed to determine  the  extent to 22 
which  copoly  VP/ST  will  biodegrade  in  the  terrestrial  environment. 
Three  different  soil  types  were  collected  and  used  in  this  study. 
These  soils  were  identified  as  sandy  loam,  loam,  and  loamy  sand. 
Each of the  three  soil  types  were  brought  to 75% of  field  moisture 
capacity and used  in the following  fashion  in  this  study.  Twelve 
samples  of  approximately  2.5  g  of  each  soil  type  were  added  to 
50 mm x  10 mm cellulose  extraction  thimbles. The  samples  were 
divided  into  four  groups  of  thre  each  by  treating  with:  (1) 5 0  mL 
of  a  test  chemical  solution  of (“C)copoly VP/ST in  tetrahydrofuran 
(THF); (2) 50 mL of THY (negative  control); ( 3 )  50 mL of  the  test 
chemical  solution  of ( 4C)copoly VP/ST i.n THF to  soil  whi$y  was 
autoclaved  at  121OC  (sterile  control);  or (4) 130 mL of ( C)glucose 
(positive  control).  Each  thimble  was  placed  in a 50-mL biometer 
flask.  The  biometer  flask  assemblies  were  placed  on  a  shaker  in  the 
dark  at 22 2 l0C for  28  days. A scintillation  vial,  cpgtaining  1 mL 
of diethanolamine  attached  to  each flask, trapped  the 
released. The vials  were  removed  and  assayed on days 3, 7 ,  14,  21, 
and  28  and  fresh  vials  containing  diethanolamine  were  attached on 
days 3 ,  7, 14,  and  21. 

Cumulative mfpurements of  14C0  evolution  were  made.  From 54% to PQ% of  the ( C)glyzose  in  the  positive  control  was  metabolized to 

ranged  from  0.0015% to 0.0021%. 

co2 

2 

C02.  The  total CO that  was  released  in the polymer  test  flasks 2 

On  day  28,  the  solids  in  each  biometer  flask  were  extracted  with 
pyridine.  About 77% to 89% of  the  radioactivity  was  extracted  from 
the  soil  using  pyridine.  The  pyridine  extracted  soilsltere  then 
combusted to attempt to obtain  a  mass  balance  for  the  C-labeled 
compound.  About 4% to 18%  of  the  radioactivity  was  not  extracted  by 
pyridine. To see if  there  was  any  evidence  of  primary  degradation 
of  copoly  VP/ST  in  these  soils,  samples  of  the  pyridine  extracts 
were  analyzed  using  gel  permeation  chromatography  and  compared  with 
polystyrene  standards.  Examination  of  the  chromatos5aphs  showed no 
evidence  of  copoly VP/ST degradation  in  this  study. 

From  these  data  it  is  reasonable to  conclude  that,  irrespective  of 
the  soil  type,  this  polymer  is  very  resistant to biodegradation  and 
is  not  expected to  biodegrade  in  the  terrestrial  environment. 
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d.  Summary: 

Fate of Styrene and 2-Vinylpyridinejn  the Environment 

The 1.9 lb/year of  each  monomer  that  is  estimated to enter  the  soil 
environment  is  expected to volatilize  into  the  air.  Assuming  that 
the  monomers  are  continuously  released  from  a  single  point  source, 
and  utilizing a technique  for  approximating  the  impact  of  area 
sources , the  predicted  maximum  ambient  concentrations of styrene 
and  2-vinylpyridine  are 57 ppt  and 61 ppt  respectively.  This 
methodology  predicts  the  highest  possible  concentration of monomers 
in  ambient  air. 

Fate of Copoly  VP/ST  in  the  Environment 

Copoly  VP/ST  is a stable  polymeric  snbstance  not  amenable  to 
biodegradation,  and  therefore,  is  expected to remain  in  soils  when 
disposed  of to agricultural  land as r? component of animal  excreta 
used  as  manure  (fertilizer).  Taking  into  account  the  very  low 
aqueous  solubility (88.6 to 185.6  pph) of this  yolymer  and  the  high 
potential  to  be  absorbed  by  the s o i l  (1.08 x 10 ), it  is  expected to 
have  a  low  mobility  through  soil. Tt seems  reasonable  to  assume 
that  copoly  VP/ST  will  not  reach  sllrface  or  ground  waters  from 
agricultural  runoff  from  soils  to  wh.ich  it  has  been  disposed. As 
mentioned  previously,  this  is a high  molecular  weight  polymer  and no 
loss  due  to  volatization  is  expected.  Based  on  its  high  molecular 
weight,  low  aqueous  solubility,  and  lack  of  absorption  by  the rat, 
this  polymer  is  not  expected  to  bioaccumulate  in  plants  or 
terrestrial  organisms. 

8 .  Environmental  Effects of Released Subst.ancg 

a.  Talc 

Talc  is  a  naturally  occurring  hydrated  magnesium  silicate.  Because 
of  its  inherent  chemical  stability,  talc  is  used  in  the  leather, 
rubber,  textile,  and  machine  construction  industries. It is  also 
used  as  a  carrier  for  pesticides  and  in  cosmeticg3and 
pharmaceutical,  feed,  and  foodstuff  formulation. The  general 
recognition of safety  for  use of talc  in  human  dietary  sugelements 
was  affirmed  by FDA to  an  unidentified  trade  association. 
Therefore  it  is  judged to be  safe for use  in  animal  feed 
supplements. 

b.  2-Vinylpyridine  and  Styrene 

Environmental  Effects: 

There  are  no  national  ambient  air  standards  for  styrene  and 
2-vinylpyridine.  In  cases  where  national  air  standards  are  not 
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available  and a  comparison  number  is  needed  for  risk  assessment,  one 
approach  is to start  with  a  well  accepted  occupational  health 
standard  such  as  the  American  Conference  of  Industrial  Hygienists 
Threshhold  Limit  Values (TLV'S) and  divide  by  appropriate  safety 
factors. The  safety  factors  are  intended  to  account  for  the 
following  differences: 

1). Hours  per  week of exposure - 40 for  workforce,  168  for  the 

2). Years  per  lifetime  of  exposure - 50 for  workforce,  100  for  the 

3 ) .  Nature  of  the  population - 18-65  years  old  and  healthy  for  the 

general  population; 

general  population; 

workforce  versus  a  variable  group  for  the  general  population, 
including  the  young,  the  old  and  infirm; 

involuntary  for  the  general  population; 

harder  in  the  general  population;  and, 

population  larger. 

4 ) .  The nature  of  the  exposure - voluntary  for  the  workforce  versus 
5). The ability to observe  effects - easier j.n the  workforce, 

6 ) .  The  size  of  the population - workforce  smaller,  general 

Depending  on  the  toxicity of the chemical being  considered, 
different  safety  factors  are  used.  For  example,  one  ambient  air 
guideline  uses  a  factor  of 300 for  high  and  modera$$  toxicity 
contaminants  and 50 for  low  toxicity  contaminants.  In  the 
referenced  guideline,  styrene  is  considered a moderate  toxicity 
contaminant.  Applying a  safety  factor  of  300  to  the  1986-7 TLV, an 
ambient  air  screening  guideline  of 50 ppm/300 = 0.12 ppm  is 
obtained. The estimated  air  level of  styrene from release  of  the 
monomer  to  the  air  for  the  above  appl.ication  using  the  worse  case 
scenario is three  orders of magnitude  below  the  ambient  air 
screening  level. 

In  cases  where  a  documented  occupational  health  value  does  not 
exist,  comparison  to  compounds of simil.ar  structure  and  toxicity  for 
which  an  occupational  value  does  exist  is  often  used. No 
occupational  health  limit  is  available  for  2-vinylpyridine.  Using 
the TLV for  pyridine,  and  using a safety  factor  of 300 for  high 
toxicity  contaminants,  an  ambient a;., screening  guideline of 5 
ppm/300 = 0.017 ppm  or 17 ppb  is  deri-ved. The estimated  air  level 
for  2-vinylpyridine  from  release of the  monomer  to  the  air  for  the 
above  application  using  the  worse  case  scenario  is  greater  than two 
orders  of  magnitude  below  the  ambient  air  screening  level. 

Water  and  Soil: 

Summaries  of  the  environmental  effects  of  styrene  and 
2-vinylpyridine  on  aquatic  life,  waste  treatment  facilities,  and 
plants  are  given  in  Tables  1  and  2.  The  data  are  taken  from  Eastman 
Kodak  Company  Environmental  Safety  Data  Sheets  which  are  in 
Appendices 5 and 6. 
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Table 1 

Environmental  Effects of Styrene 
AQUATIC EFFEerS 

Fathead Minnow 96 hr  
Pimephales  promelas (Pp) 

46.4 mL/L 
(Soft  Water) 

Water Flea 
Daphnia  mama (Dm) 

96 h r  Y 100 mL/L 

Sideswimmer 96 hr 
Gammarus f a s c i a t u s  (Gf) 

Snai 1 96 h r  
Helisoma t r i v o l v i s  (Ht) 

Bluegi l l   Sunfish 96 h r  
Lepomis machrochirus (Lm) 

Goldfish 96 hr 
Carassius  auratus  (Ca) 

j: 100 mL/L 

i: 100 mL/L 

2 5 . 1  mL/L 
( S o f t  Water) 

64.7 mL/L 
(Soft  Water) 

JcLC50 = Lethal   Concentrat ion  to  50% of the   populat ion.  

SECONDARY WASTE TREATHENT COMPATIBIJ,ITY 

5-hr IC50* = j: 5000 mL/L 

+‘IC50 = The concentrat ion  of   chemical   that   inhibi ts ,  by SO%, glucose  metabolism 
by secondary  waste  treatment  microorganisms. 

GERMINATION 

Ryegrass  (Lolium  perenne) 
Radish  (Raphanus s a t i v u s )  
Let tuce  (Lactuca  sat iva)  

Test No Observed Effec t  
Duration  Concentration  (adverse) 

7 Days 
7 Days 
7 Days 

100 mL/L 
100 mL/L 
100 mL/L 
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Table 2. 

Environmental Effects of 2-Vinylpyridine 
AQUATIC EFFECTS 

Water Flea  
Daphnia magna (Dm) 

96 h r   3 .2  mJJ/L 
(1-10 mL/L) 

Sideswimmer 96 h r   3 .2  mJi/L 
Gammarus fasciatus   (Gf)  (1 -10  rnL/L) 

Flatworm 96 h r   3 .2  mL/L 
Dugesia t i g r ina   (D t )  ( 1-10 rnL/J,) 

Snai 1 96 h r  3 .  2 mL/L 
Helisoma t r i v o l v i s  (Ht) ( 1 - 10 r n T , / L )  

Segmented Worm 96 h r  32 mT,/L 
Lumbriculus  variegatus (Lv) ( 10- 100 mT,/L) 

P i  1 lbug 96 h r  3.2 mJJ/L 
Asellus  intermedius (Ai) (1-10 mL/L) 

1.0 mL/L 

1.0 mL/L 

1 .0  mL/L 

1 .0  mL/L 

10.0 mL/L 

1 .0  mL/L 

"LC50 = Lethal   Concentrat ion  to  50% of the  populat ion.  
Point  Estimate  Calculated By: Non-Linear Jn te rpola t ion  

SECONDARY WASTE TREATWENT  COMPATIRILITY 

5-hr IC50* = 1200 mL/L 

*IC50 = The concentrat ion of chemica l   tha t   inh ib i t s ,  by SO%, glucose  metabolism 
by secondary  waste  treatment  microorganisms. 

GERMINATION Test No Observed Effec t  
Duration  Concentration  (adverse) 

Ryegrass  (Lolium  perenne) 7 Days 
Radish  (Raphanus s a t i v u s )  7 Days 
Let tuce  (Lactuca  sat iva)  7 Days 

10 mL/L 
10 mL/L 
10 mL/L 
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Human  Health  Effects: 

The monomers,  styrene  and  2-vinylpyridine,  have  respectively  moderate 
and fairly  high  acute  toxicities  and  are  both  moderately  toxic on 
subchronic  administration to animals.  Eastman  Kodak  Company and its 
production  affiliates  maintain  extensive  environmental  controls to 
eliminate  unnecessary  exposure of employees to chemical  substances. As 
a  result of these  controls,  exposure  of  employees  to  the  monomers, 
2-vinylpyridine and styrene,  at  the  manufacturing  site  are  expected  to 
be  quite  low.  When  the  commercial  process  is  implemented,  it  will  be 
monitored  by  Eastman  Chemicals  Division’s  industrial  hygiene  staff  to 
ensure  that  worker  exposure  is  indeed  adequately  low. In  the  case of 
styrene,  limits  have  been  set  by OSHA at 100 ppm, 8-hr TWA; 200 ppm 
acceptable  ceiling;  and 600 ppm  maximum  ceiling ( 5  min  in 3 hr). NIOSH 
recommendations  for  styrene  are: 50 ppm (213 mg/m ) TWA; 100  ppm 
ceiling.  Health  effects  considered  were  eye  and  respiratory  system 
irritation  and  nervous  system  effects. NIOSH comments on styrene: 
action  level  should be  set  at  25  ppm;  skin  contact  is  to  be  prevented; 
and  work s should  be  warned of possible  adverse  reproductive 
effects . 
2-Vinylpyridine(2-VP): 

Acute  and  Short-Term St~dies.~’ Toxicity  studies  in  animals  from  the 
Laboratory  of  Industrial  Medicine,  Eastman  Kodak  Company,  and  the 
Russian  literature  show 2-VP to  be  fair1.y  acutely  toxic  and  to  be 
readily  absorbed  through  the  skin  following  contact  with  the  liquid or 
vapor.  More  extensive  acute  studies  and  a  14-day  gavage  study in rats 
were  performed  by  the  Toxicology  Section,  Health  and  Environment 
Laboratories,  Eastman  Kodak  Company.  The  oral LDS0 of 2-VP was 
336 mg/kg  for  male  and  female  rats  when  the  neat  compound  was 
intubated,  but  when  gavaged  as  a 20% suspension  in  corn  oil  the LD5 
was 951 mg/kg  in  fasted  and  fed  male  rats, 673 mg/kg  in  fasted  fernaye 
rats,  and 951 mg/kg  in  fed  female rats. The 2-VP was a  strong  eye 
irritant to rabbits  and  a  strong  irritant  and  sensiti3yr  for  guinea  pig 
skin. The dermal LDS0 on guinea  pigs  was 0.16 mL/kg. 

Subchronic  Study.28 A 90-day  subchronic  gavage  study  in  which  rats 
were  dosed  by  gavage  with  suspensions  of 2-VP in  corn  oil  was  performed 
by  Toxicology  Section,  Health  and  Environment  Laboratories,  Eastman 
Kodak  Company.  Doses  were 0 ,  20, 60, and  180  mg/kg  per  day, 5 days  per 
week,  for  13  weeks.  Systemic  effects  at  the  high  dose  included: 
reduced  body  weight  gain  in  male  rats;  reduced  feed  consumption  in  male 
rats,  and,  toward  the  end  of  the  study,  jncreased  feed  consumption  in 
female  rats;  a  slight  increase  in  number of platelets  in  both  sexes;  a 
slight  increase  in  aspartate  amino  transferase (AAT) in  male  rats; 
increased  or  decreased  absolute  organ  wej.ghts  of  brain,  heart,  and 
adrenal  glands,  and  relative to body  weight,  organ  weights of liver, 
kidneys,  brain,  adrenal  glands,  and  testes  of  male  rats;  abnormal 
absolute  organ  weights of liver  and  relative  weights of liver,  kidneys, 
and  ovaries  in  females. The middle  dose  produced  increased AAT in  male 
rats,  increased  relative  liver  to  body  weight  ratios  in  both  sexes,  and 
increased  relative  liver to brain  weights  in  female  rats. 

% 

27 
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The higher  doses of 60 to 180 mg/kg  also  produced  local  effects due  to 
irritation of the  gastric  mucosa.  These  involved  primarily  the 
nonglandular  epithelium  and  were  characterized  by  degeneration  of  the 
superficial  epithelial  cells  at  the  highest  dose,  and  at  both  of  the 
higher  doses,  hyperkeratosis and acanthosis of the  epithelium  resulting 
in  thickening  of  the  nonglandular  epithelium  and  mild  inflammatory 
changes  (congestion,  edema,  and  inflammatory  cell  infiltration). No 
other  remarkable  gross  or  microscopic  pathology  was  observed  at  any 
dose. 

The lowest  dose of  20 mg/kg  did2q;$8produce  any  significant  local or 
systemic  changes  in  either  sex. 

Short-Term In Vitro  Tests. The 2-VP was  negative  in  three  in  vitro 
short-term  predictive  tests:  Salmonella  rat-liver  microsome  reverse 
mutation  (Ames)  test,  Chinese  hamster  ovary  HGPRT  forward-mutation 
test,  and  uns @;$bled DNA incorporation  test.  Thus, 2-VP appears  not 
be  genotoxic. 

Styrene 30 

An  extensive  review of  the  toxic  effects of styrene  in  man  and  animals 
and  an  evaluation of  these  effects  with  regard  to  setting  worker 
protection  standards  has  been  publQhed by the U . S .  National  Institute 
'of Occupational  Safety  and  Health. 

Acute  Toxic  Effects.  Styrene  is  readily  absorbed  through  the  lungs of 
man  and  animals  from  the  gaseous  phase and, less  rapidly,  through  the 
skin  from  the  gaseous  and  liquid  phases.  Absorbed  styrene  is  readily 
detoxified  and  eliminated,  partially  through  the  lungs,  but  mainly 
through  the  elimination  of  metabolites  in  the  urine.  The  acute  oral 
LD50 of  styrene  is  reported to be 5000 mg/kg  in  rats  and 360 mg/kg  in 
mice.  Acute  exposure to  the  liquid  or  vapor  produces  mainly  irritation 
of  the  skin,  eyes,  and  respiratory  tract. It affects  the  central 
nervous  system  of  animals  and  man  and  produces  in  humans,  following 
prolonged  exposures to. high  levels,  neurol.ogica1  disturbances,  but  has 
no acute  effect on the  hematopoietic  system  of  animals. 

Subchronic and Lonp-Term  Studies.  In a series of whole-body  exposure 
studies,  guinea  pigs  exposed  to  styrene  were  susceptible to acute  lung 
infiltration  and  death  at  vapor  levels  that  had  no  effect on rats, 
rabbits,  or  dogs. No significant  changes  were  found on gross  and 
microscopic  pathology  in  any  animals.  Oral  intubation  of 667 mg/kg  of 
styrene  per  day  in  rats  produced  slight effects on growth  and  organ 
weights;  133  mg/kg  was  a NOEL. Rats  exposed  to 300 ppm  styrene  vapor 
for 11 weeks  had  liver  alterations.  Rats  dosed  in  drinking  water  with 
7 . 7  and 14 mg/kg  (males)  or 12 and  21  mg/kg  (females) of  styrene  for 
2 years  showed no significant  differences  from  controls  in  any 
physiological  value  measured,  in  clinical  signs,  or  in  incidences  of 
tumors  or  other  lesions  found on gross or microscopic  pathology 
(Litton). 
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In  dogs,  styrene  intubated  at  levels  of 400 or 600 mg/kg  per  day  for 
up to 561 days  produced  consistent  changes  in  the  formed  blood 
elements  that  were  readily  reversible  when  administration  of  styrene 
was  stopped; 200 ppm  was  a NOEL. No significant  toxicity  was  seen 
on gross  or  microscopic  pathology. 

Effects on the  liver  and  hematological  and  pulmonary  systems  and on 
the  central  nervous  system  have  been  reported  in  humans  exposed to 
styrene  for  extended  periods.  It  is  not  possible to relate  these 
findings  to  dose. 

Reproductive  Effects. Several studies in rats by whole-body 
exposure  at 12 or 47 ppm  styrene  vapor  or  by  gavage  at 90 or 
150 mg/kg  twice  a  day  indicate that styrene  is  not  embryotoxic, 
fetotoxic,  or  teratogenic  in  rats  at  levels  that  are  toxic  to  the 
dams.  Rats  and  rabbits  exposed  by  whole-body  exposure  to 300 and 
600 ppm  styrene  vapor  showed  no  embryotoxic,  Eetotoxic,  or 
teratogenic  effects.  Pregnant  mice  exposed  to 250 to 1000 ppm  of 
styrene  vapor  showed  increased  embryolethality  and  terata  at  doses 
that  were  toxic  to  the  dams.  Hamsters  exposed  to 750 ppm  styrene 
showed  no  significant  effect  on  fetuses,  whereas  at  1000  ppm  there 
were  embryolethal  effects,  but  no  malformations  were  found. 

Epidemiological  studies  in  humans  have  given  conflicting  results, 
and  in  many  studies  confounding  factors  could  not  be  properly 
controlled.  Several  studies,  however,  have  suggested  that  styrene 
may  adversely  affect  reproductive  success,  evidenced  as  spontaneous 
abortions  in  females  occupationally  exposed to high  levels of 
styrene. 

Mutagenic  and  Clastogenic  Effects.  Styrene  has  produced  extremely 
irregular  results  in  in  vitro  short-term  predictive  tests.  Similar 
uneven  results  have  been  found  in  experiments  in  animals  and  in 
studies  of  humans  occupationally  exposed  to  styrene.  Taken 
together,  the  results  suggest  that  styrene is a  weak  mutagen  and 
clastogen. 

Carcinogenesis.  Styrene  has  been  studied  for  oncogenic  effects in 8 
recent  and  more  or  less  adequate  studies as follows:  In  rats  by 
inhalation  at 600 and 1000 ppm of styrene (Dow); by  gavage  in  olive 
oil  in 2 strains  of  mice  and 1 strain  of  rats  (IARC);  a  mixture of 
styrene  and  beta-nitrostyrene  by  gavage in  rats  and  mice (NTP); and 
styrene  by  gavage  in  rats  and  mice (NTP) .  In the Dow  study,  while 
neither  male  nor  female  rats  showed  a  significant  increase  in  tumors 
of any  site,  female  rats  had  nonsignificant  increases  in  the 
combined  frequencies  of  lymphoid  and  hematopoietic  system  tumors. 
In  the  IARC  studies,  which  were  complicated-by  deaths  due  to 
surpassing  the MTD, one  strain  of  mice  showed  a  significant  increase 
in  liver  tumors  in  females  and  a  nonsignificant  increase  in  males, 
whereas  the  other  mouse  strain  and  the  rats  showed  only 
nonsignificant  increases  in  tumor  incidence  at  a  few  livers  sites. 
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Styrene  caused  significant  toxic  lesions  of  the  liver  in  the  first 
mouse  study.  In  the  bioassay  of a mixture  of  styrene  and 
beta-nitrostyrene, NTP concluded  that  there  was no  convincing 
evidence  that  the  mixture  was  carcinogenic  in  rats or  in  mice.  In 
the NTP gavage  study  of  styrene,  there  was  a  significant  positive 
association  between  styrene  dose  and  incidence  of  combined  adenomas 
and  carcinomas of the  lung  of  male  mice  compared  to  the  contemporary 
control  rats. The  variation  of  incidence  of  these  neoplasms  in 
historical  control  mice  in  the  laboratory  during  the  tests,  however, 
precluded a firm  conclusion  of  carcinogenicity  at  that  site.  There 
were  no  other  significant  differences  in  tumor  rates  among  either 
species  or  sex.  In  addition, no excess  tumors  were  found  in  the 
Litton  2-year  drinking-water  st.udy  referred  to  above. 

Epidemiological  studies of workers  occupationally  exposed  to  styrene 
have  always  shown a decrease  in  total  deaths  and  total  deaths  from 
cancer  compared  to  the  general  population  (healthy  worker 
phenomenon).  This  is  also  true  for  site-specific  cancer  incidence 
except  for  2  studies  showing  an  increase  in  leukemias. The workers 
in  these  2  studies  may  have  been  exposed to benzene or other 
solvents. 

In  addressing  the  question of carcinogenicity, NIOSIT comments 
(p. 128), From  the  experimental  animal  investigations  and  from  the 
epidemiological  studies,  there  seems  little  basis  to  conclude  that 
styrene  is  carcinogenic.  They  comment  further,  If  styrene  oxide 
is an  intermediate  metabolite,  convalent  binding  to  nucleic  acids 
leading  to  cancer  development  might  be  predicted;  however,  there  is 
little  evidence  that  this  epoxide  is  formed  in  vivo.  Nonetheless, 
the  enzyme  catalyzing  the  formation  of  this  epoxide  from 
carbon-carbon  double  bonds  exists  in  many  tissues,  as  do  the  enzymes 
catalyzing.the  hydration  or  other  inactivation of the  epoxide."  And 
conclude,  Thus,  while  it  does  not  seem  appropriate  from  presently 
available  evidence to conclude  that  styrene  can  cause  cancer  among 
exposed  workers,  there  is  enough  evidence  to  suggest  that  it  might 
be  at  least  a  weak  carcinogen,  and  priority  should  be  given  to 
further  studies  of  this  problem.go  There  has  been no recent  evidence 
that  would  change  this  position. 

I t  

11 11 

11 

11 

Conclusion 

The calculated  maximum  annual  release of 2-vinylpyridine  and  styrene 
to  the  environment  is 1.9 lb of each.  This is approximately 0.24 
ppt  of  each  in  soil,  much  less  in  water  and 60 ppt  in  air, if they 
are  transferred  completely  to  these  compartments. The  data  in 
Tables 1 and 2 for  soil  and  water  and  the  threshold  limit  value 
arguments-  for  air  indicate  that  these  monomers  will  have  virtually 
no effect on the  environment  at  the  maximum  use  levels.  In 
addition,  the  mammalian  toxicity  of  these t w o  monomers  discussed 
above is similarly  very low compared  to  the  maximum  expected 
concentrations.  Therefore,  it  is  concluded  that no environmental 
effects  are  likely  to  result  from  either  of  these  monomers. 



c. Copoly YP/ST 

Environmental  Effects: 

The  petitioner  has  examined  the  effects  of  copoly W/ST on plant . 

seedlings,  secondary  waste  treatment  microorganisms,  and  earthworms. 

Plant  Seedlinn  Effects 

A study  was  performed t o  determine  the  maximum  concentration  of . 
copoly VP/ST which  has no effect  on  the germinat&n and  early  growth 
of corn,  lettuce,  marigold,  radish,  and  soybean. No significant 
adverse  effects  were  detected  at  the  highest  level  tested, 1000 mg 
of  copoly VP/ST per  kg  of soil, 3OOOx the  maximum  annual  exposure 
level. However,  statistically  significant  dose-related  decreasing 
trends  in  corn  and  soybean  height  and  lettuce  root  length  were 
observed  in  this  test. 

Therefore,  a  more  definitive  plant  growth  study  for  corn,  soybean, 
and  lettuce  was  performed.  This  study,  conducted  in  accordance  with 
FDA Technical  Assistance  Document 4 . 0 7 ,  March 1987, emp1oye.d 10 
replicates  of 5 seedlings  each,  exposed to 0, 50 ,  100, 200, 500 and 
3000 mg of  copoly VP/ST per  kg  of quar53 sand: Shoot  height,  shoot 
weight,  and  root  weight  were  measured. 

For  shoot  height  and  shoot  weight, no significant  differences  were 
detected  for  any of the  three  plant  species.  The No Observed  Effect 
Concentration  (NOEC) was determined to  be 1000 mg/kg  for  each of 
these  two  variables. 

Corn  and  lettuce  root  weights  were  greater  than  controls  at  higher 
doses so the  NOEC  was 200 mg/kg. For Foybean  the NOEC was 1000 
&kg. No adverse  effects  were  observed,  even  at 1000 mg/kg. 

For  percent  elongation,  the  NOEC  for  lettuce  and  soybean  was 1000 
mg/kg.  For  corn,  elongation  was  observed at the  highest  level so 
the  NOEC  for  corn  elongation  was SO0 mg/kg. 

4 

As described  on  page 13 of this assessment,-the  expected  amount of 
copoly VP/ST per  year js approximately I mg/kg of soil. All of the 
NOEC's for  adverse  effects  were 1000 mg/kg  except  for  corn 
elongation at 500 mg/kg.  With  no polym~r degradation it would  be 
SOO-I000 years  before  any  effect  might  occur.  Accordingly, it 3s 
very  unlikely  that  this polymer, entering the environment  at  the 
rate of I mg/kg  of soil, will have  any  effect on plant  growth. 

Secondary  Vaste  Treatment Compatibi- . 

A rediorespirometric  method was used to  determine  the  compatibjtity 
of copoly W/ST Kith  secondary  waste  treatment  microorganisms. 
In this  study-,  sludge  microorganisms  efficient  in  metabolizing 
glucose  were  exposed to several  concentrations of copoly VP/ST, the 
hfghest of which  did  not  exceed I / &  of its Iimfting aqueous 
solubility. 
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The ratios  of  the % conversions  of  D-(U-14C)glucose to 14C02  in  the 
preseyge  of  various  igvels of copoly  VP/ST to  the % conversion of 
D-(U-  C)glucose to  C02  in  the  absence  of  copoly  VP/ST  were  used 
to define  a  dose-response  relationship.  Potassium  dichromate  was 
used  as  the  positive  control. 

To each of 27 respirometer  flasks  was  added 5.0 mL of  activated 
sludge  solution  that  contained 10 mg of sludge  solids  per mL. Four 
groups of flasks  (three  replicates  per  group)  then  received  varying 
amounts of copoly  VP/ST.  Another  four  groups  of  flasks  (three 
replicates  per  group)  received  varying  amounts  of  dichromate. The 
remaining 3 flasks  received 2.5 mL of 0.02 phosphate  buffer 
(negattve  control).  Each  of  the  27  flasks  then  received 2 . 5  mL of a 
D-(U- C)glucose  solution  (approximately  0.3  mCi). The  resulting 
copoly  VP/ST  concentrations  were 24 mg/L,  2.4  mg/L,  0.24  mg/L,  and 
0.024 mg/L. The dichromate  (positive  control)  exposure 
concentrations  were  333  mg/L,  167 mg/L, 33  mg/L,  and  3.3  mg/L. The 
flasks  were  sealed  with  clean  serum  stoppers  and  incubated  in  the 
dark  at  27OC  in  a  reciprocating  incuhator-shaker  for  5  hours.  At 
the  end  of  the  incubation pf);iod  the  contents  of  each  respirometer 
flask  were  acidified.  The  CO 8 orbing  vials  were  detached  from 
the  respirometers  and  the  trapped CO assayed  in  a  scintillation 
spectrometer. 

2 Ps 
2 

In  the  negative  control  samples  iyithout  copoly  VP/ST  or 
@chromate),  31.46% of the  D-(U-  C)glucose  was  metabolized to 

showed  a  concentration-related effect to the  positive  control 
(dichromate);  this  was  expected.  Copoly  VP/ST  at  all  concentratigzs 
tested  had no effect on glucose  metRholi.sm  by  the  microorganisms. 

COz. The  minimum  acceptable  value i.s  15%. The  microorganisms 

. Copoly  VP/ST  would  not  be  expected t:o affect  secondary  waste 
treatment  microorganisms  adversely as a result  of  exposure  to 
concentrations <24 mg/L.  This  concentration  is  approximately 
one-fourth  the  limiting  aqueous  solubility  of  this  polymer  at  pH 
values  similar to  those  in  most soils and  surface  waters. 

Earthworm  Toxicity  Study 35 

The petitioner  contracted  this  study to Biospherics  Incorporated, 
Rockville,  Maryland.  The  purpose of the  study  was  to  determine  the 
dose-response  relationships  of  copoly  VP/ST  effects  upon  earthworms 
( dungworms ) . 
Dungworms  (Eisenia  foetida)  were  kept  under  relatively  controlled 
laboratory  conditions  and  were  exposed  to  soil  concentrations of 
copoly  VP/ST  of 0 ,  62.5, 125, 250, 500, or  1,000 mg polymer/kg  soil 
for  a  28-day  period.  Lethal  and  sublethal  effects  of  copoly  VP/ST 
on this  species  of  earthworm  were  monitored  on  days 7, 14,  and  28. 
Significant  procedural  difficulties in this  test  prevented a 
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definitive  result  from  being  determined;  however,  it  appears  accurate 
to  conclude  that  the  following  preliminary  statements  about  the 
toxicity  of  copoly VP/ST to  earthworms  can  be  made. 

Mortality  in  dungworms  exposed  to  graded  doses  of  copoly  VP/ST  was 
seen  at  almost all treatment and control  levels  at  days 7 ,  14,. and 
28. The mortality  ranged  from 0% in  the  250  mg/kg  dose  group  to 10% 
in  the 1,000 mg/kg  dose  group,  with 5% mortality  in  the  control 
group.  An LC could  not  be  determined  from  this  experiment,  but  the 
LC  appeared'?~ be I1,OOO mg  polymer/kg  soil.  Sublethal  effects 
(s&, soft  and  flaccid,  and  moribund)  were  also  monitored.  An 
interpretative  description  of 'tsoft''  and  "soft  and  flaccid"  are: 
"soft" - less  muscle  tone,  but  the  activity  is  equivalent  to  that  of 
a normal  worm;  and,  "soft and flaccid" - soft  muscle  tone  with 
decreased  mucus  production  and  impaired  movement  when  stimulated  by 
prodding.  Significant  sublethal  effects  were  evident  in  all 
treatment  groups  by  either 7 or  14  days,  and  became  progressively 
more  severe  throughout  the 28-day experiment.  The  sublethal 
characteristic  ''soft1t  was  observed  among  all  treatments,  but  "soft 
and  flaccid"  was  only  observed  at  250  mg/kg, 500  mg/kg,  and 
1000 mg/kg,  and  then  only on day 28. "Moribund"  effects  were  not 
observed  in  this  study. 

Human  Health  Effects 

Except  for  mutagenicity  testing,  copoly  VP/ST  has  not  been  tested  for 
toxicity.  However,  a  polymer  having  virtually  the  same  molecular 
weight  distribution  and  chemical  and  physical  properties  but  prepared 
from 2-methyl-5-vinylpyridine (2M5VP)  has  been  tested. 

Poly(2-methyl-5-vinylpyridine-co-styrene) (copoly  2M5VP/ST)  was  at 
most  only  slightly  toxic  when  given  in  a  single  oral  dose  to  rats  or 
mice,  having  an  acute  oral LD in  excess  of 3200 mg/kg  in  each 
species.  When  applied  to  the  skin  of  guinea  pigs  under  an  occlusive 
wrap  for 24  hours, it  caused  only  slight  edema  and  some  desquamation. 
No evidence  of  absorption  was  apparent.  Copoly  2MSVP/ST  failed  to 
sensitize  any  of  ten  guinea  pigs  treated.  Repeated  skin  application 
(ten  days)  caused  only  slight  and  spotty  erythema  on  the  five  guinea 
pigs  tested.  When  applied  to  the  eye of rabbits  the  compound  caused 
slight  erythema.  Copoly  2M5VP/ST  was  fed  to  rats  and  dogs  at  up  to 
5%  in  the  diet  for 90 days.  There  were  no  effects  in  either  species 
except  for  those  attributable  to  decreased  feed  intake  or 
substitution of a  nonnutritive  material  for  part of the  diet  in  high 
dose  rats.  Copoly  2M5VP/ST,  labeled  with  carbon-14,  was  not  shown  to 
be  absorbed  from  the  gastrointestinal  tract  of  rats. The  Center  for 
Veterinary  Medicine  has  agreed  that  the  results  of  the  tests  could  be 
extrapolated to  the  present  polymer,  copoly  VP/ST.  Copoly  VP/ST  was 
not  a  mutagen  in  the  standard  plate-incorporation  salmonella 
reverse-mutation  assay,  with  and  without  rat-liver  microsomes. 

50 
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These  studies  demonstrate  that  Copoly VP/ST has very low acute  and 
chronic  toxicities  in  experimental  animals  and  is  not  absorbed  from 
the  gastrointestinal  tract.  Thus,  the  polymer  is  not  expected  to 
cause  adverse  effects to humans  during  its  manufacture,  use,  or 
disposal. 

d.  Summary 

Styrene  and  2-vinylpyridine  are  expected  to  be  released  in  very low 
amounts (<2 lb  per  year,  nationwide)  and  the  toxicity  to  aquatic  and 
terrestrial  organisms  is  low  compared  with  the  expected 
concentrations (0.24 parts  per  trillion  in  soil  and  less  than  this 
value  in  air  and  water).  Therefore,  it  is  concluded  that  these  two 
monomers  will  have  virtually no effect on the  environment. 

Talc  is  a  natural  product  that  is  generally  accepted  as  safe  for a 
wide  variety  of  uses  in  foods  and  medicinals. 

It is  assumed  that  the  fatty  acids  and  amino  acids  are  metabolized  by 
beef  animals  and do not  reach  the  environment. 

Copoly  VP/ST  will  not  have  a  significant  adverse effect on 
microorganisms  or  plants  at <lo00 mg/kg  of  soil.  Significant  lethal 
effects  were  not  observed on earthworms  even  at  the  highest  level 
tested,  1000  mg/kg.  Responses  of  worms  demonstrated  less  muscle 
tone,  but  with  the  activity  of  normal  worms,  even  at  the  lowest  level 
tested, 62.5 mg/kg.  However,  at  the  proposed  use  levels,  disposal  of 
1.17  mg  Copoly  VP/ST/kg  of  soil/year  to  the  environment  is  not 
expected,to have  any  adverse  effects. 

9. Utilization of Natural  Resources  and  Energy 

a.  Production 

Approximately 31.6 pounds  of  low-pressure  steam, 0.38 kw of 
electricity,  and 0.12 ton-hours  of  refrigeration w.ill be  used  to 
produce  one  pound  of  copoly  VP/ST. All these  utilities  are  generated 
from  coal-fired  power  plants. The active  ingredients  in  the  polymer, 
2-vinylpyridine and styrene,  are  purchased  materials  which  the 
petitioner  understands  are  derived  from  by-products  of  the  petroleum 
industry . 

b.  Transport 

The  shipping  of  this  material  between  plants  during  manufacture  and 
to users  will  require  petroleum  as  fuel. 

The incorporation  of  the RPAA into  cattle  feed  is  not  expected  to 
require  any  additional  energy.  The  use of electricity  or  fuel  during 
the  feeding of cattle  is  not  expected to  require  more  than  would 
normally  be  used. 
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,) d.  Disposal 

The polymer  portion of the RPAA will  be  disposed  of  to  the 
terrestrial  environment  in  the  manure  (fertilizer). The presence  of 
copoly VP/ST will  not  require  any  additional  energy  requirements. 

Wastes  from  the  production  of  copoly  VP/ST,  if  any,  will  be  disposed 
of in  petitioner's  extensive  waste  treatment  facilities  with no 
significant  effects on  the environment. 

e.  Effects  Upon  Endangered  Species  or  Kistoric  Places 

The petitioner  has  demonstrated  that  copoly  VP/ST,  when  used  as 
intended, will not  adversely  affect  plants  or  animals.  Likewise, 
the  disposal  of  feces  containing  copoly  VP/ST  to  land  is  not 
expected to  have  any  effect  on  any  place  or  structure  identified  in 
the  National  Register of  Historical  Places. 

f.  Disruption of  the  Physical  Environmentfrom the  Production  of 
Copoly  VP/ST, Use  in  the  Manufacture  of RPAA, and  Disposition  as  a 
Feed  Additive to  Ruminant  Animals 

Production  of  copoly  VP/ST  and RPAA i.s through  established  processes 
familiar to and  used  by  petitioner's  affiliates,  Tennessee  Eastman 
Company  and  Arkansas  Eastman  Company,  for  products  other  than , *  
copoly VP/ST and  is  expected to  have  no  effect  on  the  local  physical' 
environment.  Certainly  the  incorporation  of RPAA as  produced  by 
Eastman  in  the  diets of ruminant  animals  will  have  no  detectable 
effect  on  that  environment. 

10. Mitipation  of  Potential  Adverse  Environmental  Effects 

The petitioner's  control of  volatile  organic  chemical  emissions  in  its 
manufacturing  facilities  and  treatment of effluents  in  its  waste 
treatment  facilities  reduce to a  minimum  emissions  and  effluents  that 
have  the  potential  for  adverse  effects.  Because of the  efficiency of 
air  and  water  treatment  facilities  in  the  manufacture of copoly  VP/ST 
and  the  production  of RPAA, only  insignificant  quantities  of  any 
potential  environmentally  adverse  materials  are  likely  to  be  disposed of 
to  the  aquatic,  atmospheric,  or  terrestrial  environments. 

Disposal  to  the  terrestrial  environment of talc  at  a  maximum  annual  rate 
of 4 . 4  mg/kg  of  soil  and  copoly  VP/ST  at a maximum  annual  rate  of 
1.17 mg/kg  as a result of  feeding RPAA are not expected to adversely 
effect  plants  and  animals.  Copoly  VP/ST  has  been  shown to be  resistant 
to  biodegradation  in  soil  and  in  secondary  waste  treatment  systems; 
however,  is  not  expected to  bioconcentrate  in  soil  or  aquatic  organisms. 
Therefore,  the  environment  is  not  expected  to  be  affected  adversely  by 
this  proposed  use of  copoly  VP/ST. 
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! 11. Alternatives  to  the  Proposed  Action 

a. Alternatives 

As no potential  adverse  effects  have  been  identified  resulting  from 
the  proposed  action,  the  petitioner  concludes  that  it  is  unnecessary 
to  suggest  alternative  actions. 

b. Environmental  Benefits of the  Proposed  Action 

It  is  anticipated  that  the  use of RPAA will  increase  the  efficiency 
of meat  production  through  more  effective  use  of  cattle  feed.  This 
increased  efficiency of food  consumption  could  lead  to  more 
productive  use  of  the  land  for  raising  grain  and  other  agricultural 
products. 

c.  Environmental  Risks of  the  Proposed-Action 

The polymer  is  not  expected to  have  any  adverse  effects  on  wildlife 
or  soil  organisms  at  the  concentrations  expected  to  be  disposed  of 
to  the  terrestrial  environment  (1.17  mg  copoly  VP/ST  per kg 
soil/year). It is  expected to be  inert  in  soil,  existing  in a 
finely  divided  state. The polymer i s  not  expected to affect 
earthworms,  other  soil  organisms, or plants at anticipated  disposal 
concentrations. The polymer  does  not  have  sufficient  volatility  to 
present  a  hazard to the  atmosphere.  With  a  limiting  solubility of 
about 90-180 ppb  in  water,  this  polymer  will  not  pose a hazard  to 
the  aquatic  environment. 

12.  List  of  Preparers  of  the  Environmental  Assessment 

Person  Area of __ Responsibility 

Mr. G. T. Luce 
Material  Safety  Program 
Eastman  Chemicals  Division 
Eastman  Kodak  Company 
Kingsport,  Tennessee 

Regu1.atory  Affairs  (TSCA, EPA, FDA) 

Mr. J. W. Gorsuch  Environmental Fate and Effects 
Health  and  Environment  Laboratories 
Eastman  Kodak  Company 
Rochester,  New  York 

Dr. E. G. Miller 
Material  Safety  Program 
Eastman  Chemicals  Division 
Eastman  Kodak  Company 
Kingsport,  Tennessee 

Regul-atory  Affairs (FDA) 
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13. 

14. 

1. 
2. 
3 .  

4.  
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 

13. 
14. 
15. 

Person  Area of Responsibility 

Mr. Peter  Morison 
Material  Safety  Program 
Eastman  Chemicals  Division 
Eastman  Kodak  Company 
Kingsport,  Tennessee 

Regulatory  Affairs (FDA) 

Mr. R. C.  Reynolds  Product  Safety  and  Toxicology 
Health  and  Environment  Laboratories 
Eastman  Kodak  Company 
Rochester,  New  York 

Dr. Kenneth A. Robillard  Environmental  Fate  and 
Health  and  Environment  Laboratories  Effects 
Eastman  Kodak  Company 
Rochester,  New  York 

Certification 

The undersigned  official  certifies  that  the  information  presented  is 
true,  accurate,  and  complete  to  the  best  of  the  knowledge  of  Eastman 
Chemical  Company,  Eastman  Kodak  Company. 

Robert  E.  Keith, M.D. 
Director 
Product  Safety  and  Environmental  Affairs 
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Appendix 1. 

I .  

Descriptions  of  Procedures Used t o  Determine 
Physical/Chemical  Estimates  For Copoly VP/ST 

CHEMEST Software 
A. Introduct ion 

The fol lowing  es t imates  - boil ing  point ,   mel t ing  point ,   vapor  
pressure  and soi l  adso rp t ion   coe f f i c i en t  - were obtained  through  the 
use  of CHEMEST software.  CHEMEST is an i n t e r a c t i v e  computer  system 
tha t   p rovides  estimates of  environmentally  important  properties  of 
organic  chemicals. The p r o f f p r e s   w i t h i n  CHEMEST are  based  on  an 
est imat ion methods  handbook developed by Arthur D. L i t t l e ,   I n c .  
CHEMEST is ava  ble  through  online  services  of  Technical  Database 
Services,   Inc.  tJ? 
The est imat ion methods a re   l imi ted  as they  are   not   designed  for  
polymeric  materials.  The physical/chemical  values  can  be 
approximated by consider ing a subuni t  of t he  polymer.  For  copoly 
VP/ST, an  oligomer  of 10 monomeric n n i t s  was chosen.  Every CHEMEST 
output  provides  information on t h e  method e r r o r  and, i f   app ropr i a t e ,  
the  propagated  and  total   error .  Method e r r o r   f o r  a given  estimation 
method i s  t h e   e r r o r   t h a t   r e s u l t s  when a l l   i n p u t s   a r e   a c c u r a t e l y  
known. Propagated  error is the   add i t iona l   e r ro r   i n   t he   e s t ima te  due 
t o   t h e   u n c e r t a i n t y   i n  one o r  more o f  the   inputs  which may be 
est imated  values .   Total   error  is a combination  of method and 
propagated  error.  I t  is  ca lcu la ted  by CHEMEST whenever  one or more 
of  the  inputs i s  an estimate  with some non-zero.  For  additional 
information on the   repor ted   e r rors   see   re fe rence  (2),  Chapter 3.2.7. 

B .  Vapor Pressure  Estimation 
The modified Watson method was used to   es t imate   the  vapor   pressure 
of  the  oligomer. The method uses  the  following  equation: 

w H~ z w H~~ ( 3  - 2 (T/T~))"' 

where: WTHvb = heat   of   vaporizat ion 
= temperature  of  calculation 
= boi l ing   po in t  Tb m = cons tan t ,   ca lcu la ted  from (T/Tb) r a t i o  by 

CHEMEST 

The heat   of   vaporizat ion is ca lcu la ted  by CHEMEST using two 
parameters  (a and b)  which a re   a s soc ia t ed   w i th   t he   po la r i ty   o f   t he  
compound. The parameters  are  determined by choosing  the compound 
c l a s s   t ha t   bes t   r ep resen t s   t he   po la r i ty  of t he  compound. 
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The input  parameters  for  the  estimation  of  the  vapor  pressure  for  the 
oligomer  included: 

Normal  Boiling  Point  1000.J°C  (Estimated) 
Melting  Point 574.4 C  (Estimated) 
Identification  of  Physical  State So 1 id 
Identification  of  Compound  Class  Nonpolar  or  Slightly  Polar 

Compoundg  (a = 1.50, b = 0.10) 
Temperature of Calculation 25.0 C 

Since  measured  boiling  point  and  melting  point  values  were  not 
available  for  the  oligomer,  estimates  for  both  of  these  properties 
were  obtained  through CHEMEST. The boiling  point  was  estimated  using 
calculated  values  for  molar  refraction  and  parachor  and  a  correcting 
parameter  for  chemical  type.  CHEMEST  determines  the  molar  refraction 
and  parachor  by  summing  fragment  values  for  each  atom,  multiple  bond 
and/or  substructure  in the compound.  The  melting  point  was  estimated 
using  the  boiling  point  as  the  input  parameter. 

The estimated  vapor  pressure  for  the  oligomer  was 1.94 x mm-Hg 
with  a  total  error  factor  of 160.2. The-breakdown  of  this  total 
error  factor  is  as  follows: 

Method  Error: x 10.0 
Propagated  Error: x 92.2 

T Component: b x 50.8 
T Component: x 9 . 4  
Total  Error: x 160.2 

CHEMEST  calculated  a  value for  vapor  pressure  but  stated  a  warning 
message  that  the  value  was  outside  the  accuracy  range of the  method. 
It  can  be  assumed  that  the  vapor  pressure  for  the  polymer  would  be 
less  than  or  equal  to  that  for  the  o3.i.gomer. 
References: (l), Ch. 14 and (2), Ch. 4 - 6 .  

C. Soil  Adsorption  Coefficient 
The soil  adsorption  coefficient  for t h e  oligomer  was  estimated  from 
the  water  solubility. The procedure .in CHEMEST uses  several 
regression  equations  which  vary  by the chemical  classes  represented. 

The  following  equation  was  chosen  for  copoly  VP/ST  based on the 
chemical  class  and  low  error  associated  with  the  correlation: 
log K = -0 .54  log S + 0 . 4 4 ,  where S = water  solubility  (mole 
fractPEn). 

The  chemical  classes  represented  inclnde  mostly  aromatics or 
polynuclear  aromatics. The input  parameter  for  the  estimation  was 
the  measured  water  solubility  values  for  the  pg)ymer, 0.18 mg/L  at  pH 
9 (Health  and  Environment  Laboratories  Data). Th? estimated  soil 
adsorption  coefficient  for the polymer  was  1.08 x 10 with  a  total 
error  factor of 2.0. 
Reference: ( l ) ,  Ch. 4 .  
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Appendix 2. 

Description  of  Procedures  Used  to  Determine 
Physical/Chemical  Estimates  for  Styrene 

I. MedChem  Software 
A. Introduction 

The estimate  for  the  octanol/water  partition  coefficient (K ) 
was  otiyined  through  the  use  of  Pomona  MedChem  Software,  ReT8ase 

fragment  constants  to  structural  subunits.  The  calculated  log 
K is  the s of  fragment  constants  appropriate  for  the  molecule 
in  question. ") These  calculati  have  been  developed  into  a 
computer  algorithm  called  CLOGP. ''' The  software  is  a 
commercially  available  package from Fomona  College. 

3.33 .  The  software  is  based  on  a  procedure  which  assigns 

ow 

B. Input  Parameter 
A chemical  nomenclature  system,  called  SMILES,  is  used  to  enter 
the  chemical  structure  as  input for the  CLOGP  algorithm. A 
SMILES  specification  uniquely  describes  the  hydrogen  suppressed 
graph  of  a  chemical  structure  in a way  that  also  defines  hydrogen 
attachments  and  bond  types.  More  information  on SMILES can  be 
obtained  from  the  MedChem  Software  Manual,  Release 3 . 3 3 .  The 
SMILES  input  for  styrene  was: 

C.  Results 
Four  types of  structural  subunits  and  bonds  were  defined  for  the 
styrene  molecule  and  are  listed  with  their  corresponding  fragment 
values  in  the  following  table. 

Class Type Lop. (P I  Contribution  Description  Value 
Isolating ' Carbon 2 Aliphatic  isolating  carbon(s) 0.390 
Isolating Carbon 6 Aromatic  isolating  carbon(s) 0.780 
Exfragment Hydrogen 8 Hydrogen(s) on isolating  carbons  1.816 
Ex  f  r  agment Bonds 1 Chain  and 0 al.icyclic  (net) -0.120 

The  CLOGP  algorithm  calculated  the  log KO value  at  2.866. No 
error  level  was  determined as all  fragmenv  constants  were  measured 
values. 
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i 11. CHEMEST Software 
A .  Introduct ion 

The fo l lowing   es t imates   for   s tyrene  - boi l ing   po in t ,   mel t ing   po in t ,  
vapor  pressure,  Henry's Law Cons tan t ,   vo la t i l i za t ion  from water,  
water s o l u b i l i t y ,  so i l  adsorp t ion   coef f ic ien t  and bioconcentrat ion 
f a c t o r  - were obtained  through  use  of CHEMEST software.  CHEMEST is 
a n   i n t e r a c t i v e  computer  system tha t   p rovides   es t imates   o f  
environmentally  important  properties  of  organic  chemicals. The 
procedur  within CHEMEST are based on  an est imat ion methods 
handbook") developed by Arthur D.  L i t t l e ,  Inc.  CHEMEST is 
avai t3) le   through  onl ine services of  Technical  Database  Services, 
Inc. 

Every CHEMEST output  provides  information on t h e  method e r r o r  and, 
i f   appropriate ,   the   propagated and t o t a l   e r r o r .  Method e r r o r ,   f o r  
a given  es t imat ion method, is t h e   e r r o r   t h a t   r e s u l t s  when a l l  
inputs   a re   accura te ly  known. Propagated  error i s  the   add i t iona l  
e r r o r   i n   t h e   e s t i m a t e  due t o   t h e   u n c e r t a i n t y   i n  one o r  more of  the 
inputs  which may be  es t imated  values .   Total   error  is  a combination 
of method and  propagated  error. I t  is ca lcu la ted  by CHEMEST 
whenever  one or more of   the  inputs  i.s an es t imate   wi th  some 
non-zero.  For  additional  inf0rmati.m on the   repor ted   e r rors   see  
reference ( S ) ,  Chapter 3.2.7. 

B.  Boiling  Point 
The Meissner method was used t o   e s t i m a t e   t h e  normal bo i l ing   po in t  
of   s tyrene.  I t  is based on c o r r e l a t i n g   t h e   b o i l i n g   p o i n t   w i t h  
molar refraction  (RD),  parachor (P), and a parameter  for  chemical 
type ( B ) :  

Tb = 637 (RD) 1.47 + 

where; T = bo i l ing   po in t  b 
D R = molar r e f r a c t i o n  

P = parachor 
B = constant  whose value  depends on  chemical  type 

CHEMEST ca l cu la t e s  R using  the  a tomic  refract ion  contr ibut ion 
method of  Eisenlohr which cons i s t s  of summing cont r ibu t ions   for  
each  atom, mul t ip le  bond and/or   substructure   in   the compound. 
Parachor is ca lcu la ted   us ing  a sirnil-ar  contribution scheme. The 
input   values   for  % and P were obtajned from Table 12-3 and follow: 

D 
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Molecular  Feature Number . .- 

R- 190.0 
P 

Benzyl 1 25.207 
l t  -c=c - 1 6 .569  37.4 

Calculated  values   for  R and P were 31.8 and 227, respec t ive ly .  The 
parameter B is used to   adjust   the   computat ion  of   boi l ing  point   for  
compound type. The input   va lue   for  B was obtained from Table  12-5: 

The RD, P, and B were input   in  o t h e  above equa t ion   t o   ca l cu la t e  an 
es t imated   bo i l ing   po in t   o f  168 C with 5.0% t o t a l   e r r o r .  

D 

B = -2500 (aromatic  hydrocarbon) 

6 
Reference: (4), Ch. 12. 

C. Melting  Point 
The following  equation was used to   es t imate   the   mel t ing   po in t   o f  
s t y r e n e   i n   t h e  CHEMEST software: 

T = 0.5839 Tb 
where: T” = melt ing  point  

Tb = bo i l ing   po in t  m 

The input  parameter was the  measured bo i l ing   go in t ,  145 C.  The 
estimated  melting  point was c a l c u l ~ ~ t e d   a t  5 . 2  C w i t h  8 . 4 %  t o t a l  
e r r o r .  
Reference (5), Ch. 4-9. 

0 

D. Vapor Pressure  Estimation 
The modified Watson method was used to   es t imate   the  vapor   pressure 
of  styrene.  The method uses  the  following  equation: 

where: W H:b = heax  of  vaporization 
w H z w H ( 3  - 2 ( T / T ~ ) ) ~  

T = temperature  of  calculation 

Tb m = constant ,   calculated from T/T r a t i o  by CHEMEST 
= boi l ing   po in t  

(m = 0.19  for   l iquids)  b 

The heat   of   vaporizat ion i s  cal.culnted by CHEMEST using two 
parameters  (a and  b)  which a re   a s soc ia t ed   w i th   t he   po la r i ty  of t h e  
compound. The parameters  are  determined by choosing  the compound 
c l a s s   t h a t   b e s t   r e p r e s e n t s   t h e   p o l a r j t y  of t he  compound. 
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The input  parameter  for  the  estimati-on  of  the  vapor  pressure of 
styrene  included: 

Normal  Boiling  Point 145 C  (measured) 
Identification  of  Physical  State  Liquid 
Identification  of  Compound  Class  Nonpolar  or  Slightly 

0 

Polar  Compounds 
(ao= 1.50, b = 0.10) 

Temperature  of  Calculation 20.0 c 
The estimated  vapor  pressure  was 4.5 mm-Hg  with  a  total  error 
factor  of 10.0%. 
References: (4), Ch. 14 and (S), Ch. 4-6. 

E. Henry's  Law  Constant 
Estimation  of  Henry's  Law  Constant  for  styrene  was  based on  use  of 
the  vapor  pressure - water  solubility  ratio: 

H = Pv /S 
where: H = Hegry's  Law  Constant i.n atm-m  /mol 3 

P = Vapor  pressure  in  atm 
Svp = Water  Solubility  in mol/rn 

3 

The input  parameters  for  styre  e  included: 
P = 5.0 mm-Hg at 28 C  (measured) 
Svp = 300 mg/L at 20 C (measured) 

8 

Henry's  Law  Constant  was  estimated at 2.284 x 10 atm-m  /mol  with 
a  total  error  factor of 1.0. 
Reference: (S), Ch. 4 - 8 .  

- 3  3 

F. Volatilization  from  Water  Estimation 
Henry's  Law  Constant  was  used  to  estimate  the  volatility  rate of 
styrene  from  water.  The  procedure in CHEMEST  uses  Henry's  Law 
Constant  to  calculate  gas  and  liquid  phase  mass  transfer 
coefficients  and i sed on lowing  equation: 

C = C-e v = C-e (-E P? - 
where:  C = izitial  conceztration  (g/cm3) 

0 k = volatilization  rate  constant 
tV = time 
KL = mass  transfer  coefficient  for  liquid  phase 
Z = mean  depth  of  water  body 



Page 43 

G. 

This  equation  was  obtained  through  integration  of  the  following 
expression: 

where: N = Ffux  (g/cm O S )  
N = K (C - P/J) 
C = Concentration 
P = Pressure 
H = Henry' s Law  Constant 

A more  elaborate  derivation  of  this  equation  and  explanat  of  the 
variables  can  be  found  in  the  estimation  methods  handbook . 
CHEMEST  assigns  values to the  variables  associated  with  these 
expressions  by  requiring  wind  velocity,  water  velocity,  and  depth 
of  water  body  for  the  calculation. 

tf3 

The input  parameters  for  the  estimation of the  volatility  rate of 
styrene  were: 

Temperature  of  Calculation  2O0C 
Henry ' s Law  Constant 2.284 x 10 atm-m  /mol 3 3 

(estimated) 

Wind  Velocity 0.10 m/s 
Water  Current  Velocity 0.10 m/s 
Depth  of  Water  Body 0.10 m 

Resistance  to  volatilization  associated with transfer  of  the 
chemical  from  the  bulk of the  water  to  the  interface  and  associated 
with  presence  of  surface  active  agents on water  surface  were  not 
cons  idered. 

An estimated  volatilization  rate  constant of 0.379 hour-'  was 
calculated  for  styrene  with  a  total  error  factor of 5 . 0 .  
References: ( 4 ) ,  Ch.  15  and  (5), Ch. 4 - 7 .  

Solubility  in  Water 
The  water  solubility  of  styrene  was  estimated  at  25 C using  the 
octanol/water  partition  coefficjent.  The  procedure  in  CHEMEST  uses 
3 different  equations  depending on the acidity of  the  compound  and 
the  range  of  log K valueg6)  These  equations  are  obtained  from 
those  recommende  y  Lyman  and  are  not  ted  in  the  estimation 
methods handb~ok'~'nor the  CHEMEST  manual t 3 7  . 

0 
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The input  parameters  for  estimation of the   water   so lubi l i ty   o f  
s ty rene  were: 

Log Kow 2.95  (measured) 
Presence  of  acid  group No 

Equation 12 from Lyman's reference(6)  was used t o  es t imate   the  
wa te r   so lub i l i t y   o f   s ty rene   a t  246 mg/L with a method e r r o r   f a c t o r  
of 1 . 6 .  
Reference: ( S ) ,  Ch. 4-1. 

H. Soil   Adsorption  Coefficient 
The so i l  adsorp t ion   coef f ic ien t   for   s tyrene  was estimated from t h e  
oc tanol /water   par t i t ion   coef f ic ien t .  The procedure  in CHEMEST uses 
several   regression  equat ions which vary by the  chemical  classes 
represented. 
The following  equation was chosen for  styrene  based on the  chemical 
c l a s s  and low er ror   assoc ia ted  w i t h  t he   co r re l a t ion :  

log K = 0.937  log Kow - 0 .006  oc  

The chemical  classes  represented  include  aromatics,   polynuclear 
a romat i c s ,   t r i az ines ,  and d i n i t r o m i l i n e   h e r b i c i d e s .  

The input  parameter  for  the  estimation was the  measured  log K 
value,  2.95. The es t imated   so i l   adsorp t ion   coef f ic ien t  was 59Y 
with a t o t a l   e r r o r   f a c t o r  of 1 . 6 .  
Reference:  (4), Ch. 4 .  

I .  Bioconcentration  Factor  Estimation 
The b ioconcent ra t ion   fac tor   for   s tyrene  was estimated from the  
oc t ano l /wa te r   pa r t i t i on   coe f f i c i en t .  CHEMEST used the  following 
regression  equat ion:  

log BCF = 0.76  log Kow - 0 . 2 3  

The input  parameter was t h e  measured 
est imated  bioconcentrat ion  factor  was 
of 3.0.  

-Reference: ( 4 ) ,  Ch. 5. 

log K va 
98 w%h a 

lue, 2 .95 .  The 
t o t a l   e r r o r   f a c t o r  
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111.  Summary of Physical/Chemical  Estimates  of  Styrene 

Physical/Chemical Estimated  Measured 
Property Value  Value 

Octanol/Water 2.87 
Partition  Coefficient (Loglo) 

Boiling  Point 168OC  (145.20C) 

a (2.95) b 

O e  

(145-146 C) 

Melting  Point 

Vapor  Pressure 

Solubility  in  Water 

5.2OC 

4.5 mv-lfg 
at 20 C 

C 

246 m g / L  
at  25 C 

( -  30.63 C)f O e  

( -  31 c, d 
(5 mm Hg 
at ZOOC) 

Henry s Law  Constant  2.28 x atm-m  /mol 

Rate of Volatilization  0.38  hour 
From  Water 

3 C 

-1 c 

Soil  Adsorption 
Coefficient 

573 C 

Bioconcentration 98 
Factor 

C 

a- MedChem  Software  Release  3.33,  Medicinal  Chemistry  Project,  Pomona  College, 
Claremont,  California,  1985. 

b- Pomona  College,  Medicinal  Chemistry  Project,  "Chemical  Parameter  Data 
Base,  Leo, A.J. and  Hansch,  C.,  (Eds.),  Seaver  Chemistry  Laboratory, 
Claremont,  California,  July  1,  1977. 

I 1  

c -  CHEMEST: A Program  for  Chemical  Estimation, W . J .  Lyman  and R.J. Potts, 
(Eds.),  Arthur D. Little,  Inc.,  1985. 

d- Verschueren, K., Handbook  of  Environmental  Data  on  Organic  Chemicals,"  Van I I  

Nostrand  Reinhold  Company, New York, N . Y . ,  1977, 659 pp. 

e- Weast, R . C . ,  (Ed.), "Handbook  of  Chemistry  and  Physics,"  57th ed., CRC 
Press,  Cleveland,  Ohio,  1976. 

f- Health  and  Environment  Laboratories Data, Lab  Method N o .  1097,  1980. 

. I  
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Appendix 3 

Description  of  Procedures  Used  to  Determine 
Physical/Chemical  Estimates  for  2-Vinylpyridine 

I. MedChem  Software 
A. Introduction 

The estimate  for  the  octanol/water  partition  coefficient 
(K w) was obtti?ed  through  the  use  of  Pomona  MedChem  Software, 
Reyease 3.33 .  The software  is  based on  a  procedure  which 
assigns  fragment  constants to structural  subunits.  The 
calculated  log K is  the  sum  of  fragment  nstants 
appropriate  for  ?Re  molecule  in  question.(”  These 
calculations  pgye  been  developed  into  a  computer  algorithm 
called  CLOGP. The  software is a  commercially  available 
package  from  Pomona  College. 

B. Input  Parameter 
A chemical  nomenclature  system,  called  SMILES,  is  used  to 
enter  the  chemical  structure  as  input  for  the  CLOGP  algorithm. 
A SMILES  specification  unique1.y  describes  the  hydrogen 
suppressed  graph  of  a  chemical  structure  in  a  way  that  also 
defines  hydrogen  attachments and bond  types.  More  information 
on SMILES  can  be  obtained  from  the  MedChem  Software  Manual, 
Release 3 . 3 3 .  The SMILES  input  for  2-vinylpyridine  was: 

clccnc(C=C)cl 

C.  Results 
Five  types  of  structural  subunits  and bonds,were defined for 
the  2-vinylpyridine  molecule  and  are  listed  with  their 
corresponding  fragment  values i n  the  following  table. 

Class Type Log (P) Contribution  Description  Value 
Fragment # 1 Aromatic  nitrogen (TYPE 2) -1.120 
Isolating Carbon 2 Aliphatic  isolating  carbon(s) 0.390 
Isolating Carbon 5 Aromatic  isolating  carbon( s )  0.650 
Exf  ragment Hydrogen 7 Hydrogen(s) on isolating  carbons  1.589 
Exfragment Bonds 1  Chain  and 0 alicyclic  (net)  -0.120 

The  ‘CLOGP algorithm  calculated  the l.og KO value  at  1.389. No 
error  level  was  determined  as  all  fragmenr  constants  were  measured 
values. 
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11. CHEMEST Software 
A. Introduct ion 

The following  estimates  for  2-vinyl.pyridine - b o i l i n g   p o i n t ,  
melting  point,  vapor  pressure,  Henry's Law Constant , v o l a t i l i z a t i o n  
from water,  water s o l u b i l i t y ,  so i l  adsorp t ion   coef f ic ien t  and 
b ioconcent ra t ion   fac tor  - were obtained  through  use  of CHEMEST 
software.  CHEMEST is an i n t e r a c t i v e  computer  system tha t   p rovides  
estimates of  environmentally  important  properties  of  organic 
chemicals. The procedures  hin CHEMEST are  based  on  an 
est imat ion methods handbookYtf developed by Arthur D. L i t t l e ,   I n c .  
CHEMEST is ava  ble  through  online  services  of  Technical  Database 
Services  , Inc.  t.9 
Every CHEMEST output  provides  information on t h e  method e r r o r  and, 
i f   appropr ia te ,   the   p ropagated  and t o t a l   e r r o r .  Method e r r o r ,   f o r  
a given  es t imat ion method, is t h e   e r r o r   t h a t   r e s u l t s  when a l l  
i npu t s   a r e   accu ra t e ly  known. Propagated  error is  t h e   a d d i t i o n a l  
e r r o r   i n   t h e   e s t i m a t e  due t o   t h e   u n c e r t a i n t y   i n  one o r  more of   the 
inputs  which may be  es t imated  values .   Total   error  is a combination 
of method and propagated  error.  I t  is ca lcu la ted  by CHEMEST 
whenever  one or more of the   inputs  is an est imate   with some 
non-zero.  For  additional  information on the   r epor t ed   e r ro r s   s ee  
reference ( 5 ) ,  Chapter 3.2.7. 

B. Boiling  Point 
The Meissner method was used t o   e s t i m a t e   t h e  normal bo i l ing   po in t  
of  2-vinylpyridine. I t  is based on co r re l a t ing   t he   bo i l i ng   po in t  
with  molar   refract ion (R ), parachor ( P ) ,  and a parameter  for 
chemical  type  (B): D 

Tb = 637 (RD) 1.47 + 

where; Tb = bo i l ing   po in t  
R = molar r e f r ac t ion  
P = parachor 
B = constant  whose value depends on chemical  type 

D 

CHEMEST ca lcu la t e s  RD using  the  a tomic  refract ion  contr ibut ion 
method of  Eisenlohr which cons i s t s  of summing cont r ibu t ions   for  
each  atom, mul t ip le  bond and/or   subs t ruc ture   in   the  compound. 
Parachor is ca lcu la ted   us ing  a s imf lar   cont r ibu t ion  scheme. The 
input   values   for  R and P were obtained from Table  12-3  and  follow: D 
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Molecular  Feature 
6 member  ring 

Number 
1 -L 0 P 0.8 

t f  

-c=c - 3 6.569  37.4 
Double bond 1 1.733  19.0 
C (singly  bound) 1 2.418  9.2 
N ( in ring) 1 2.840  17.5 

Calculated  values  for % and P were  26.7  and  159,  respectively. 
The  parameter B is  used  to  adjust  the  computation of  boiling  point 
for  compound  type. The input  value  for B was  obtained  from  Table 
12-5 : 

B = -3000 (tertiary  amine) 

The RD, P, and B were  input  in o the  above  equation  to  calculate  an 
estimated  boiling  point  of 210 C with 5 . 0 %  total  error. 
Reference: (4), Ch.  12. 

Ir 

C .  Melting  Point 
The  following  equation  was  used  to  estimate  the  melting  point  of 
2-vinylpyridine  in  the  CHEMEST  software: 

T = 0.5839 Tb 
where: ’I? = melting  point 

T = boiling  point m 
b 

The input  parameter  was  the  measured  boiling  p  int,  160  C. The 
estimated  melting  point  was  calculated  at  15.2  C  with 8.4% total 
error. 
Reference (5),  Ch. 4-9. 

0 
8 

D. Vapor  Pressure  Estimation 
The modified  Watson  method  was  used to estimate  the  vapor  pressure 
of  2-vinylpyridine. The method  uses  the  following  equation: 

W H Z W H ( 3  - 2  (T/T ))m 
where : W H:b = hegk of vaporizaeion 

T = temperature  of  calculation 

Tb m = constant,  calculated  from  T/Tb  ratio  by  CHEMEST 
= boiling  point 
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The heat of vaporization is calculated  by  CHEMEST  using  two 
parameters  (a  and  b)  which  are  associated  with  the  polarity of  the 
compound. The parameters  are  determined  by  choosing  the  compound 
class  that  best  represents  the  polarity  of  the  compound. 

The input  parameter  for  the  estimation of the  vapor pressure-of 
2-vinylpyridine  included: 

Normal  Boiling  Point 160 C (measured) 
Identification  of  Physical  State Liquid 
Identification of Compound  Class Nonpolar  or  Slightly 

0 

Polar  Compounds 
6a = 1.50, b = 0.10) 

Temperature  of  Calculation  25 C 

The estimated  vapor  pressure  was 3.7 mm-Hg  with  a  total  error 
factor  of 2.0. 
References: ( 4 ) ,  Ch.  14  and (5), Ch. 4 - 6 .  

E.  Henry's  Law  Constant 
Estimation  of  Henry's  Law  Constant  for  2-vinylpyridine  was  based on 
use  of  the  vapor  pressure - water  solubility  ratio: 

H = Pv / S  
where: H = Hezry's  Law  Constant in  atm-m  /mol 3 

P = Vapor  pressure  in  atm 
Svp = Water  Solubility  in  mol/m 3 

The input  parameters  for 2-vi~ylpyridine included: 
P = 3.7 mm-Hg at 25 C  (esbimated) 
Svp = 2.75 x 10 mg/L  at  20  C  (measured) 4 

Henry's  Law  Constant  was  estimated at 5 . 1 1 9  x 10 atm-m  /mol  with 
a  total  error  factor  of 2.0. 
Reference: ( 5 ) ,  Ch. 4 - 8 .  - - - - - ~ 

-5 3 

F. Volatilization  from  Water  Estimation 
Henry's  Law  Constant  was  used  to  estimate  the  volatility  rate of 
2-vinylpyridine  from  water.  The  procedure  in  CHEMEST  uses  Henry's 
Law  Constant  to  calculate  gas  and  liquid  phase  mass  transfer 
coefficients  and  is  based  on  the  following  equation: 
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k" = volatilization  rate  constant 
tV = time 

= mass  transfer  coefficient  for  liquid  phase 
= mean  depth  of  water  body 

This  equation  was  obtained  through  integration of the  following 
expression: 

where: N = Ftux  (g/cm OS) 
N = K (C - PQ) 

C = Concentration 
P = Pressure 
H = Henry's  Law  Constant 

A more  elaborate  derivation  of  this  equation  and  explanat of the 
variables  can  be  found  in  the  estimation  methods  handbook . 
CHEMEST  assigns  values to the  variables  associated  with  these 
expressions  by  requiring  wind  veloci.ty,  water  velocity,  and  depth 
of  water  body  for  the  calculation. 

f ?P 

The input  parameters  for  the  estimation  of  the  volatility  rate of 
2-vinylpyridine  were: 

Temperature  of  Calculation 25OC 
Henry' s Law  Constant 5.12 x atm-m  /mol 

Wind  Velocity 0.10 m/s 
Water  Current  Velocity  0.10  m/s 
Depth  of  Water  Body  0.10 m 

3 

( est  imated) 

Resistance to volatilization assodated with  transfer  of  the 
chemical  from  the  bulk of the  water to the  interface  and  associated 
with  presence  of  surface  active  agents  on  water  surface  were  not 
considered. 

An  estimated  volatilization  rate  constant of 0.01910 hour  was 
calculated  for  2-vinylpyridine  with  a  total  error  factor  of 5.7. 
References: ( 4 ) ,  Ch. 15 and ( S ) ,  Ch. 4-7. 

- 1  

G. Solubility  in  Water 
The water  solubility of  2-vinylpyridine  was  estimated  at 25 C  using 
the  octanol/water  partition  coeffici-ent. The procedure  in 

0 
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CHEMEST  uses 3 different  equations  depending on  the  acidity of the 
compound  and  the  range of log KO values  These  equations  are 
obtained  from  those  recommended(1q  Lyman(6)  and  are  not  li 
the  estimation  methods  handbook nor the  CHEMEST  manual. ?!'id in 

The input  parameters  for  estimation  of  the  water  solubility  of 
2-vinylpyridine  were: 

Log 1.80 (measured) 
Presence  of  acid  group No 

Equation  12  from  Lyman's  reference(6)  was  used t9 estimate  the 
water  solubility  of  2-vinylpyridine  at 4.86 x 10 mg/L  with  a  total 
error  factor of 1.6. 
Reference: (5), Ch. 4-1. 

H .  Soil  Adsorption  Coefficient 
The soil  adsorption  coefficient  for  2-vinylpyridine  was  estimated 
from  the  octanol/water  partition  coefficient. The procedure  in 
CHEMEST  uses  several  regression  eqnations  which  vary  by  the 
chemical  classes  represented. 

The following  equation  was  chosen for 2-vinylpyridine  based  on  the 
chemical  class  and  low  error  associated  with  the  correlation: 

log K = 1.029 log Kow - 0.18 oc 

The chemical  classes  represented  include  a  variety  of  insecticides, 
herbicides,  and  fungicides. 

The input  parameter  for  the  estimation  was  the  measured log K 
value, 1.80. The estimated  soil  adsorption  coefficient  was 47 with 
a total  error  factor of 1.6. 
Reference: ( 4 ) ,  Ch. 4 .  

W 

I. Bioconcentration  Factor  Estimation 
The  bioconcentration  factor  for  2-vjnylpyridine  was  estimated  from 
the  octanol/water  partition  coefficient.  CHEMEST  used  the 
following  regression  equation: 

log  BCF = 0.76 log K - 0.23 ow 

The input  parameter  was  the  measured 1.0g K value, 1.80. The 
estimated  bioconcentration  factor  was 13 w?f!h a  total  error  factor 
of 3.0. 

Reference: ( 4 ) ,  Ch. 5. 
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\ 111. Summary  of  Physical/Chemical  Estimates of 2-Vinylpyridine 

Physical/Chemical Estimated  Measured 
Property Value  Value 

Octanol/Water  1.40 a (1.80)  b 
Partition  Coefficient  (Loglo) 

Boiling  Point 21oOc ( 16OoC) 

Melting  Point 15.2  C o c  

Vapor  Pressure 3.7 mp)-Hg 
at  25  C 

C (10 mm-Hg 
at  44.5 C) e 

Solubility  in  Water  4.86 x 10  mg/L 3 (2.75 x 10  mg/L) 4 e 

Henry' s Law Constant  5.119 x l o q 5  atm-m  /mol 3 C 

Rate  of  Volatilization 0.0191 h o n r  
From  Water 

-1. c 

Soil  Adsorption 
Coefficient 

Bioconcentration 
Factor 

47 

13 

.. . . 

a- MedChem  Software  Release 3 . 3 3 ,  Medicinal  Chemistry  Project,  Pomona  College, 
Claremont,  California,  1985. 

b- Health  and  Environment  Laboratories  Data, Tjab Method No. 1988, (Value  determined 
by  HPLC  in  a  method  similar to ASTM),  1980. 

c- CHEMEST: A Program  for  Chemical  Estimation,  W.J.  Lyman  and  R.J.  Potts,  (Eds.), 
Arthur D. Little,  Inc.,  1985. 

d-  Weast, R. C.  and M. J. Astle,  (Eds.),  Handbook of Chemistry  and  Physics,  63rd 
Edition,  1982-1983,  p.  C-488. 

e- Material  Safety  Data.  Reilly  Tar & Chemical  Corporation,  1510  Market  Square 
Center,  151  North  Delaware  Street, Indien~~polis, Indiana,  3/28/85. 
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15 
55 
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65 

7,900 

46,883 

322 
930 

617 
62 0 

3,775 
4,245 

52 5 
5,070 

765 
57 0 

4,745 
436 

2,315 

22,955 
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275 
485 
885 
238 
340 
920 

1,460 
3 10 

1,950 
305 
260 

2,070 
190 

9,688 

40 
I2 
I5 
I5 
23 
230 
25 
9 

12 
210 
I 2  
95 
90 
29 
3 

13 0 
19 
23 
40 
200 
91 
75 
20 
20 

40 
10 
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48 

CIM ST 2/: 7 

U.S. 11 , 440 

253 
490 
900 
200 
310 
980 

1,595 
300 

2,060 
325 
260 

2,100 
17 0 

9,943 

30 
10 
20 
3.3 
16 
235 
20 
9 

12 
220 
8 
90 
80 
28 
2 
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18 
20 
40 
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Acc. No. 901C6S 

HEALTH, SAFETY, AND HUHAN FACTORS LABORATORY 

Epvirowental Safetv Data S U  ,I 

.S Reg. No. 100-42-5 HSHFL NO. 77-312 Date: 2/  2 4 /  78 

ipirical Formula '8% Xolecular Vt. 104 . 16 
.mpound Name  Styrene;  Vinylbenzene,  Ethenylbenzenc 

nonyms  Phenylethylene,  Phenethylene,  Pherylcthene,  Cinnamene 

ructure: 

' T S C A  Inventory List: 4 yes no 

I . Regulatory Sta tus:  1) Currently being tested by NCI for carcinogenicity by Standard 
Bioassay  Protocol ae of Apri l  1976.' 2) EPB: Selected for Priority  Attention as Point 
Source &f fluent  Discharge- T o d c  Pollutant .- 3) Among the chemical-  substances  listed 
in the 19 categories  being  revieved for priority  testing by the TSCA Interagency 
Testing Committee for its3sccond-round-of-testing recowendations t o  the U.S. Environ- 
mental  Protection Agency.- 

- 1  

q u a t  Ion 

) 11. Environmental  Stability  Solubility DMSO - >loa- 8 

( ) T 1/2 - Biological (Activated Sludge T.O.C.) 
%CI Carcinogenesis  bioassay  completed as ai August 1977.- 2 

b o s  - C -Solubility-H 0: 280 mg/l at 1S0C; 400 mg/1 a t  40 C-. Incomplete Digestion. 2 
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( ) XI. Envfronmencal Stability (cont.) 

''.-> ( .) Products of Biodegradation or Blotransfomtion: 
! 

( T 1/2 - Photochemical 
( ) Products of Photodegradacion: 

b 

( ) 111. Aquatic Toxicity 

( LCso (24-,48,96h)-Fathead-(Soft vater)56.7,53.6,46.4 ppm;(ttardvat r 62.8,eZ.i 

( 1 LCso - Daphnia magna . 5 9 . 3  ppn- f .b 

8 

.( ) I V .  Secondary Uaste Treatment Compatibility 

( 75 .000  m/L- * Other 
- . . -. - - 
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Bioconcentration Potential 

) WLN 1 U1R 
7 

) Octanol/water distribution coeff. *=890, log px209* 
) Bioconcentra t ion Factor 

( ) T 1/2 - aquatic vertebrate 
( ) VI. Phytotoxicity - No effect level 

( ) Selenastrum sp. ( ) Seedling - Corn 
( ) Germination - Ryegrass 100 ULIL . ( ) Seedling - Marigold 
( ) Germination - Radish 100 uL/L ( ) Seedling - Radish 
( ) Cermination - Lettuce 100 vL/L ( ) Seedling - Lettuce 

( ) VII. Comments 

( ) IX. Environmental  Hazard - Tier Testing Ratings (See: 

( ) Persistence 

( ) Accumulation 

( ) Toxicity 

1. ( ) Incompatibility 

1 1 

2 

- 2 

HS/HF Laboratory  Report, 
"A Tier Testing  Scheme, " 
October, 1977) 

\ 

Prepared by: 

Philip W. Jenkins, Ph.D. 
February 24 ,  1978 
Updated by: 

Joseph W. Gorsuch 
August 26, 1981 
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8. 

Ace. NO. 901465 - 
References for the Environmental Safety Data Sheet on 

Styrene; CAS Reg. No. 100-42-5. 

Christensen, H.E.,  Ed., "Suspected  Carcinogens,  2nd  Edition. 
A Subfile of the NIOSH Registry of Toxic Effects of Chemical 
Substances," National Institute for Occupational Safety and  Health, 
U.S. Department of Health, Education, and Welfare, Cincinnati, Ohio, 
December, 1976. 

Fairchild, E.J.,  Ed., "Registry of Toxic Effects of Chemical 
Substances--1978  Edition," National Institute for Occupational 
Safety and  Health, U.S. Department of Health, Education, and 
Welfare,  Cincinnati,  Ohio, October, 1978. 

Bureau  of National Affairs, Inc., "ITC Looks at Chemicals Recommended 
for Inclusion in Next  Set of Dossiers," Chemical Regulation Reporter, 
- 1(45), 1575,  1594-7  (January 20, 1978). 

Weast, R.C.,  Ed., "Handbook  of Chemistry and  Physics," 57th ed.,  CRC' Press, 
Cleveland,  Ohio, 1976. 

Verschueren, K.,."Handbook of Environmental Data on Organic Chemicals," 
Van Nostrand  Reinhold  Company, New York, N.Y., 1977, 659 pp. 

H ~ M ,  R.W.,  Jr. and Jensen, P.A., "Water Quality Characteristics of 
Hazardous  Materials," Environmental Engineering Division, Civil 
Engineering  Department, Texas A6M University. 

Pomona College, Medicinal Chemistry Project,  "Chemical Parameter 
Data Base,"  Leo, A.J. and Hansch, C., Eds., Seaver Chemistry Laboratory, 
Claremont,  California, July 1,  1977. 

Health,  Safety,  and Human Factors Laboratories Data, Lab.  No.  77-312. 
Environmental  testing was completed in March, 1980. 
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1 Page 61 ENVIRONMENTAL SAFETY DATA SHEET 
I 

'THINS CONCERNING DATA  ON TUIS SHEET HEALTH AND ENVIRONMENT UBOBATOBIES 
10 8 E  REFERRED TO THE ENVIRONMENTAL 
**=f SECTtON. EXTENSION: 8521 1 ENVIROWMEICIAL SCIEICES SEIXIOI 

u 0. ACCESSON NO. SRIO NO. nAEL NO. 

83-0149 905464 Reilly Lot 30912 
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, . -. .. . . . . . .. :. . . . 
. .  . . -  . 

_ .  2-Vinylpyridine 
. .  
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. 
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