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ABSTRACT 

Deta i led  l i t e r a t u r e  reviews were performed f o r  t h r e e  of t h e  organik p r i o r i t y  
p o l l u t a n t s .  These reviews were s t r i c t l y  o r i en t ed  toward t h e  t e r r e s t r i a l  system 
response,  i nc lud ing  s o i l  adsorp t ion ,  microbia l  decomposition, a b i o t i c  l o s s e s ,  
p l a n t  phy to tox ic i ty  and uptake by v e g e t a t i v e  spec i e s .  Data and conclus ions  from 
t h e s e  eva lua t ions  can be used d i r e c t l y  i n  land  t reatment  des ign ,  i n - s i t u  s p i l l  -- 
cleanup des ign ,  and multi-media e f f e c t s  s t u d i e s  on t e r r e s t r i a l  systems. 

Spec i f i c  s o i l  decomposition experiments were conducted f o r  di-n-butyl 
p h t h a l a t e  (DnBP) and 2,4 d in i t ropheno l  (DNP). The h a l f  l i f e  of DnBP when app l i ed  
a t  1 ,000 - 10,000 ppm (dry s o i l  b a s i s )  was i n  excess  of 26 weeks wh i l e  a t  200 
pprn t$ i s  about 12 weeks ( t h e  l a t t e r  i s  c l o s e r  t o  a c t u a l  land  t rea tment  loading  
r a t e s ) .  For DNP t h e  ha l f  l i f e  was Pess than  4 weeks f o r  s o i l  loadings  of 5-50 pprn 
(dry s o i l  b a s i s ) .  

V o l a t i l i z a t i o n  and a b i o t i c  l o s s  r a t e s  f o r  DnBP and DNP were a l s o  determined. 
DnBP had less than 5% l o s s  by t h e s e  mechanisms whi le  DNP l o s s e s  were g r e a t e r  than 
90%. 

Phy to tox ie i ty  s t u d i e s  were conducted on corn,  soybean and f e scue  seeds  
f r e s h l y  p lan ted  i n  t h e  chemical-soi l  mixture.  For t o luene  a  s i g n i f i c a n t  germina- 
t i o n  e f f e c t  was determined a t  2000 ppm f o r  corn and soybeans, whi le  e f f e c t s  on 
f r e s h  top  weight were not  gene ra l ly  evidenced u n t i l  20,000 ppm. These e f f e c t s  
tended t o  d isappear  a f t e r  t h r e e  weeks a s  demonstrated by a  second p l an t ing .  
DnBP a f f e c t e d  soybean germinat ion a t  200 pprn but  no t  corn (even a t  20,000 pprn). 
However a t  200 pprn t h e  f r e s h  top weight of a l l  t h r e e  spec i e s  was reduced below 
c o n t r o l s .  Again, t h e s e  e f f e c t s  disappeared on second p l an t ing .  DNP was t h e  
most phytotoxic  w i th  germination e f f e c t s  appearing a t  80 pprn f o r  corn and 40 pprn 
f o r  soybean. Between 20 and 40 ppm DW (dry s o i l  b a s i s )  reduced t h e  f r e s h  top  
weight of corn,  soybean and f e scue .  There was some r educ t ion  i n  growth i n h i b i -  
t i o n  a t  +second p l a n t i n g ,  and almost complete e l imina t ion  of e f f e c t s  a t  a  t h i r d  
p l an t ing  I& weeks a f t e r  i n i t i a l  loadingm I n  gene ra l ,  f o l i a r  a p p l i c a t i o n  a t  t h e  
same a r e a l  r a t e s  produced Pess e f f e c t s  f o r  t h e s e  t h r e e  organic  p r i o r i t y  pol lu-  
t a n t s .  

Disclaimer Statement 

Contents of t h i s  publication do not necessarily r e f l e c t  the  views and 
pozicies of  the  Of f ice  of Water Research and Technology, U .  S. Depmtment of  
the In ter ior ,  nor does mention of  trade names or commercial products con- 
s t i t u t e  t h e i r  endorsement or recommendation for use by the  U.S. Gouernment. 
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CONCLUSIONS 

The r e sea rch  r e s u l t s  repor ted  h e r e i n  a n t i c i p a t e  t h e  gene ra l  t r end  t o  e s t q b l i s h  
t h e  behavior  of p r i o r i t y  p o l l u t a n t s  i n  waste management a l t e r n a t i v e s  f o r  
i ndus t ry .  I n  t h e  municipal  e f f l u e n t  and s ludge  land  t rea tment  a r e a s  t h e s e  
r e sea rch  r e s u l t s  a r e  t h e  e a r l y  assessments  of p r i o r i t y  p o l l u t a n t  behavior .  

There have been cons iderable  r e sea rch  s t u d i e s  on a s p e c t s  of t h e  t e r r e s t r i a l  
response t o  t h e  a d d i t i o n  of di-n-butyl p h t h a l a t e  (DnRP), t o luene ,  and 2 , 4  
d in i t ropheno l  (DNP). These informat ion  a r e  u s e f u l  i n  land t rea tment  design.  
It would appear  t h a t  a  s i m i l a r  l e v e l  of prev ious  r e s e a r c h  may a l s o  be a v a i l -  
a b l e  f o r  o t h e r  organic  p r i o r i t y  p o l l u t a n t s .  

A u x i l l i a r y  u t i l i z a t i o n  of t h e  decomposition and v e g e t a t i v e  response informat ion  
of t h i s  r e p o r t  a r e  l i k e l y  i n  

i. i n  s i t u  s p i l l o r  c o n t a m i n a t e d s i t e  cleanup of organic  p r i o r i t y  
p o l l u t a n t s ,  

ii. multimedia impact of compounds on t h e  t e r r e s t r i a l  system. 

Di-n-butyl p h t h a l a t e  i s  b i o l o g i c a l l y  decomPosable i n  a  s o i l  system al though 
t h e  r a t e  i s  moderate t o  low. A t  r e a l i s t i c  r a t e s  of a p p l i c a t i o n  t o  l a n d ,  DnRP 
e x e r t s  l i t t l e  phyto toxic  e f f e c t  t o  f r e s h l y  p lan ted  o r  a l r e a d y  growing p l a n t s .  

The decomposition l o s s  r a t e s  f o r  DNP a r e  l e s s  c l e a r .  There i s  s u b s t a n t i a l  
disappearance of DNP but  a b i o t i c  pathways a r e  probably very  s i g n i f i c a n t ,  a t  
l e a s t  i n i t i a l l y .  DNP i s  a l s o  phyto toxic  but  whether t h e s e  concen t r a t ions  
a r e  l i k e l y  i n  a  waste  s t ream app l i ed  t o  l and  i s  unc lea r .  

Toluene i s  moderately phyto toxic  t o  corn ,  soybeans, and f e scue  a t  h igher  
r a t e s  of a p p l i c a t i o n .  These e f f e c t s  d i sappear  w i t h i n  t h r e e  weeks. 

T r e a t a b i l i t y  was measured f o r  t h r e e  organic  p r i o r i t y  p o l l u t a n t s  t hus  develop- 
i ng  land a p p l i c a t i o n  a s  nondischarge op t ion  f o r  c e r t a i n  i n d u s t r i a l  wastes .  
The presence of t h i s  op t ion  reduces t h e  p a r t i a l  t rea tment  and s t ream d i s -  
charge a l t e r n a t i v e  thus  impacting p o s i t i v e l y  water r e sou rces .  

The organic  p r i o r i t y  p o l l u t a n t  information from t h i s  r e sea rch  i s  a  p a r t  of 
a  c o n t i n u a l  expansion of land t rea tment  technology t o  g r e a t e r  v a r i e t y  of 
wastes  ( a s  e f f l u e n t s  o r  s ludges) .  

RECOMMENDATIONS 

Deta i led  l i t e r a t u r e  reviews of a l l  t h e  organic  p r i o r i t y  p o l l u t a n t s  should 
be undertaken be fo re  f u r t h e r  t e r r e s t r i a l  response r e s e a r c h  is formulated.  

Having def ined  t h e  s o i l  disappearance r a t e s  and t h e  c r i t i c a l  l e v e l  a t  which 
phy to tox ic i ty  occurs ,  uptake s t u d i e s  a r e  t h e  next  l o g i c a l  s t e p .  A t  l e v e l s  
below phy to tox ic i ty  experiments should be conducted t o  determine t h e  amount 
of DnRP, t o luene ,  and DNP t h a t  e n t e r  t h e  p l a n t .  

More s p e c i f i c  organic  compounds should be  eva lua ted  i n  regard  t o  land  
t rea tment  design.  



ACKNOWLEDGEMENTS 

A cons iderable  number of people con t r ibu ted  s u b s t a n t i a l l y  t o  
t h e  r e sea rch  r epor t ed  he re in .  D r .  Dhiraj  P a l ,  D r .  P a t r i c k  Shea, D r .  
Ron Sims, and M r .  Harry S t r e k  were t h e  nucleus of t h e  experimental  
team t h a t  conducted many of t h e s e  s t u d i e s .  D r .  F r ed r i ck  Corbin, 
P ro fe s so r  of Crop Science was generous i n  h i s  he lp  on s o i l  s t e r i l i z a -  
t i o n .  M s .  June Pres ton ,  M s .  Dorothy Debruyne, M r .  Len Swain, D r .  
John Single ton ,  and M r .  T. Schmoeger were involved i n  a s p e c t s  of t h e  
chemical ana lyses .  

The au tho r s  wish t o  acknowledge t h e  s teady ,  fundamental support  
of t h e  Water Resources Research I n s t i t u t e ,  D r .  James Stewart  and D r .  
Nei l  Grigg. The department heads of B io log ica l  and A g r i c u l t u r a l  
Engineering (Dr. F. J .  Hass l e r ) ,  Crop Science (Dr. B. E. Caldwell)  and 
Chemistry (Dr. C .  L. Bumgardner) were very  suppor t ive  of t h e  p r i n c i p a l  
i n v e s t i g a t o r s .  Colleagues such a s  D r .  P .  Westerman and D r .  F, Humenik 
provided va luab le  i n p u t  and suppor t .  

E d i t o r i a l  and typ ing  r e s p o n s i b i l i t i e s  were performed superb ly  
by M s .  Thelma Utley. 

v i i  





I 

PVC, polyvinyl  a c e t a t e ,  po lyvinyl idene  c h l o r i d e ,  po lys tyrene ,  e t h y l  c e l l u -  
l o s e ,  c e l l u l o s e  n i t r a t e ,  c e l l u l o s e  a c e t a t e ,  c e l l u l o s e  a c e t a t e  b u t y r a t e ,  
ch lo r ina t ed  rubber ,  h igh  s tyrenebutadiene  p r o t e i n  compound, s h e l l a c ,  
ac ry l i c - type  r e s i n s ,  polyamides, p o l y e s t e r s ,  epoxy a lkyds ,  phenolic  a lkyds ,  
polyurethan,  n i t r i t e ,  neoprene-rubber and ch lo re thy lene  r e s i n s .  

Occurrence 

A s  t h e  p l a s t i c s  and o the r  waste products  conta in ing  PAEs come i n  
con tac t  w i th  s o i l  and water ,  t h e  problem of p l a s t i c i z e r  contamination and 
p o l l u t i o n  becomes a  p o s s i b i l i t y  p a r t i c u l a r l y  i f  s to red  i n  massive amounts 
i n  a  l a n d f i l l .  Di-n-butyl p h t h a l a t e  i s  widely d i s t r i b u t e d  i n  t h e  environ- 
ment, appearing i n  some samples of we l l  wa te r s ,  d r ink ing  a s  we l l  a s  irri- 
ga t ion  wa te r s ,  s o i l s ,  p l a n t s ,  f i s h ,  animals ,  food, human t i s s u e ,  and blood. 

Shackelford and Keith (1976) r epo r t ed  t h a t  di-n-butyl p h t h a l a t e  may 
be p re sen t  below d e t e c t i o n  l i m i t s  i n  ground water ,  w e l l  water ,  d r inking  
water  and r i v e r  water .  I n  a  r e c e n t  survey of t h e  M i s s i s s i p p i  River Del ta  
and of t h e  Gulf of Mexico (Giam e t  a l .  1978) t h e  concen t r a t ions  of sediment 
and water  were 12 and 0.2 ppm, r e s p e c t i v e l y .  Of t h i s ,  on ly  one-third t o  
one-half were di-n-butyl ph tha l a t e .  

Overcask e$ al, (1981) e x t r a c t e d  p h t b l a t e s  from Lakeland sand, Davidson 
a 

c l ay  loam, and o t h e r  s o i l s  i n  80% e thanol  and analysed by u l t r a - v i o l e t  
spee t rophotcmet rya t  276 nm. The background l e v e l s  f o r  t h e  broad c l a s s  of 
compounds absorbing a t  276 nm were i n  t h e  range of 1,200 t o  1,400 ppm f o r  
t h e  Davidson c l a y  foam and Lakeland sand. 

Bauman (1967) de t ec t ed  p h t h a l a t e  e s t e r s  i n  t h e  l i p i d  e x t r a c t s  of s o i l  
samples s t o r e d  i n  s tandard  s o i l  bags which may have contaminated t h e  
sampled s o i l .  C i f ru l ak  (1969) discovered 800 ppm PAEs by weight i n  s o i l  . 
which may have been contaminated by r i v e r  sediments and s ludge m a t e r i a l .  
Ph tha l a t e  concen t r a t ion  i n  sediment and water  f a r  exceed t h a t  i n  b i o t a  o r  
a i r .  To ta l  PAE i n  t h e  a i r  over  t h e  Gulf of Mexico showed mean concen t r a t ion  
of 0.7 ng/m3. Ph tha l a t e s  have a l s o  been de t ec t ed  i n  t h e  a i r  samples i n  ng 
q u a n t i t i e s  nea r  t h e  i n c i n e r a t o r s  i n  Hamilton, Ontar io (Canada) where waste  
p l a s t i c s  a r e  burned. 

The ex ten t  of PAE d i s t r i b u t i o n  and occurrence i n  n a t u r a l  s o i l s  i n  t h e  
absence of o r  due t o  man's a c t i v i t y  i s  no t  f u l l y  known. P h t h a l i c  a c i d  and 
dimethyl p h t h a l i c  a c i d s  a r e  known t o  be formed by Gibbere l la  f u j i k u r o i ,  b u t  
t h e  mechanism of t h e i r  formation remains unstudied (Gross e t  a l .  1963) .  
Dibutyl  pheha la t e s  a r e  a l s o  synthes ized  i n  n a t u r e  by a  s o i l  bacter ium s t r a i n  
BD 34, capable  of u t i l i z i n g  2-butyne-1, 4-diol  a s  a  carbon source  but  i n -  
apab le  of u t i l i z i n g  glucose.  Thus t h e  n a t u r a l  occurrence of di-n-butyl 
p h t h a l a t e  i n  s o i l s  by mic rob ia l  b iosyn thes i s  appears  t o  be a  p o s s i b l e  
source  (Miyoshi and Harada, 1970).  

There i s  evidence t h a t  PAEs a r e  b iosynthes ized  and occur n a t u r a l l y  
i n  p l a n t s  and organisms (Autian, 1973; Peaka l l ,  1975, and Mathur, 1974b). 
P h t h a l i c  a c i d  and i t s  s h o r t  cha in  a l k y l  e s t e r s  occur i n  l i p i d  e x t r a c t s  of 



p l a n t  m a t e r i a l s ,  microbes and tobacco smoke (Sugiyama e t  a l .  1966).  
Ph tha l i c  a c i d  can be synthes ized  i n  r a t  l i v e r  and some b a c t e r i a  can bio- 
syn thes i ze  d i e s t e r s  of p h t h a l i c  ac id  (Nair ,  1971).  Thus t h e  occurrence of 
PAEs found i n  b i o l o g i c a l  and geochemical samples being of n a t u r a l  s y n t h e s i s  
cannot be r u l e d  ou t .  

There may have been some c o n t r i b u t i o n  of contamination p r i o r  t o  o r  
dur ing  sampling and ana lyses .  For example, l i p i d  s o l u b l e  p h t h a l a t e  e s t e r s  
can m i g ~ a t e  from p l a s t i c  packaging i n t o  foods. Feofanov e t  a l .  (1971) 
est imated t h a t  150 mg di-n-butyl p h t h a l a t e  moved i n t o  1 kg cheese wi th  15% 
f a t  conten t .  P h t h a l a t e  e s t e r s  have a l s o  been i d e n t i f i e d  i n  f a t  used i n  deep 
f r y e r s  (Perkins 1967).  

Rubfn (1971) hypothesized t h a t  shock lung may be r e l a t e d  t o  i nc reas ing  
p h t h a l a t e  l e v e l s  i n  blood due t o  u se  of p l a s t i c i z e d  PVC tubing and s t o r a g e  
bags f o r  t r a n s f u s i o n s  i n  s u r g i c a l  ope ra t ions .  This  hypothes is  has no t  been 
confirmed a s  of today (198%). Ph tha l i c  ac id  i s  of low t o x i c i t y  and i s  ex- 
c r e t e d  q u a n t i t a t i v e l y .  The t o x i c  of p h t h a l a t e s  depends l a r g e l y  on t h e  
n a t u r e  of a l coho l .  In  di-n-butyl p h t h a l a t e  case ,  b u t y l  a lcohol  i s  r e -  
l ea sed  on hydro lys i s ,  which i s  r e a d i l y  metabolized i n  l i v i n g  organisms. 
The 50% l e t h a l  dose, LDS0, of di-n-butyl p h t h a l a t e  f o r  mice is  4 g /kgiweight .  
E s t e r s  w i th  g r e a t e s t  s o l u b i l i t y  i n  water  e x h i b i t  g r e a t e s t  t o x i c i t y .  The - h i g h e r .  
t h e  mobecular weight of p h t h a l a t e ,  lower t h e  t o x i c i t y  (Fishbein e t  a l . ,  1972).  
On human s u b j e c t s ,  a  s i n g l e  o r a l  dose of 5  g d i e t h y l  hexyl p h t h a l a t e  (DEHP) 
d id  no t  do any n o t i c e a b l e  damage. A t  10  g DEHP admin i s t r a t i on ,  DEHP caused 
mild g a s t r i c  d i s tu rbances  and some l o o s e  s t o o l s .  There i s  no such d a t a  on 
di-n-butyl ph tha l a t e .  

Thus p h t h a l a t e  a c i d  e s t e r s  have been recognized a s  mic ropo l lu t an t s  of 
t h e  n a t u r a l  ecosystem and have become ubiqui tous  because of l a r g e  s c a l e  
manufacture and use  i n  t h e  environment. The s teady  b u i l d  up of PAEs i n  t h e  
environment i s  of g r e a t  concern t o  environmental s c i e n t i s t s ,  engineers ,  
conserva t ion  groups, i n d u s t r i e s  a s  we l l  a s  government agencies .  And there-  
f o r e ,  t h e  f a t e  of PAEs f n  t h e  n a t u r a l  environmental must be understood and 
t h e  i n v e s t i g a t i o n s  should be i n i t i a t e d  under c o n t r o l l e d  environmental con- 
d i t i o n s  t o  f i n d  ou t  t h e  b e s t  management a l t e r n a t i v e s  f o r  waste conta in ing  
p h t h a l a t e  a c i d  e s t e r s .  The o b j e c t i v e  of t h i s  review i s  t o  compile ava i l -  
a b l e  information on t h e  va r ious  f a t e s  of di-n-butyl p h t h a l a t e  and o t h e r  PAEs 
i n  t h e  t e r r e s t r i a l  environment. 

BEHAVIOR I N  SOILS 

S o i l  Response t o  PAEs 

PAEs a r e  considered broadly present  i n  n a t u r e  and s o i l  environment. In  t h e  
v i c i n i t y  of a  PAE manufacturing f a c t o r y  i n  Finland where wastes  were dumped, 
t h e  s o i l  l e v e l  d id  no t  exceed 0.5 ppm d ie thy lhexy l  p h t h a l a t e  (DEHP) 
' ( ~ e r s s o n  e t  a l . ,  1978).  A t  t h i s  low l e v e l ,  s o i l  ar thropod popula t ion  was 
increased .  The muscle and kidney of p ike  (Esox l u c i u s )  were f r e e  from con- 
taminat ion but  t h e  p i k e ' s  l i v e r  d id  accumulate PAEs. I n  higher  animals t h e  



d i r e c t  admin i s t r a t i on  of p h t h a l a t e  e s t e r s  a t  very  h igh  l e v e l s ,  produced 
evidence of i n h i b i t i o n  of r e p l i c a t i n g  c e l l s  and man i f e s t a t ion  of 
t e r a t o g e n i c  and mutagenic a c t i v i t y  of t h e s e  compounds (Dillingham and 
Autian, 1973).  Appl ica t ion  of 200 ppm of di-n-butyl p h t h a l a t e  t o  a  
Davidson c l a y  loam and a  Lakeland sand, r e s u l t e d  i n  a  s l i g h t  decrease  i n  
t o t a l  b a c t e r i a l  count per  gram of s o i l .  A t  1 ,600 ppm a p p l i c a t i o n  r a t e  
a f t e r  90 days of c o n t a c t ,  t h e  number of b a c t e r i a  were reduced from 5 .3  x  
1051g s o i l  i n  c o n t r o l  t o  2.9 x 1o5Ig s o i l  i n  t r e a t e d  Davidson c l a y  loam. 
I n  Lakeland sand,  e f f e c t s  of di-n-butyl p h t h a l a t e  t rea tment  were more 
pronounced than  i n  Davidson c l a y  loam. 

In f luence  of PAE a p p l i c a t i o n  a t  low l e v e l s  (up t o  2,000 ppm) on 
s o i l  phys i ca l  and chemical p r o p e r t i e s  have no t  been eva lua ted ,  bu t  a r e  
pro jec ted  t o  be  minimal a s  f a r  a s  s o i l  f e r t i l i t y  i s  considered.  Higher 
l e v e l s  may induce n u t r i t i o n a l  s t r e s s e s  by immobil izat ion of n i t rogen ,  
phosphorus and mic ronu t r i en t s  r equ i r ed  t o  s u s t a i n  a  mic rob ia l  popula t ion  
u t i l i z i n g  PAEs a s  energy and carbon sources .  Thus t h e  e f f e c t s  of phtha- 
l a t e  a c i d  e s t e r s  a t  high a p p l i c a t i o n  r a t e s  would be s i m i l a r  t o  t h a t  of 
hydrocarbons, o rganic  a c i d s  and a l coho l s ,  o i l s ,  and aromatic  compounds 
(Overcash and P a l ,  1979).  The C / N  r a t i o  of t h e  s o i l  waste  mixture w i l l  be 
widened and t h e r e  would be immobil izat ion of N ,  P, S, and o t h e r  e s s e n t i a l  
n u t r i e n t  elements r equ i r ed  f o r  r ap id  microbia l  p r o l i f e r a t i o n .  The microbes 
t h a t  a r e  s e n s i t i v e  t o  PAEs would probably not  .be a s  a c t i v e  a s  t hose  u t i l i z -  
i ng  PAEs a s  s u b s t r a t e .  R e a l i s t i c a l l y ,  s o i l  l e v e l s  of PAE h igh  enough t o  
evidence C / N  s h i f t s  and changes i n  phys i ca l  p r o p e r t i e s  probably would never  
occur .  

Biodegradat ion 

There i s  cons iderable  evidence t h a t  PAEs a r e  biodegraded and meta- 
bo l ized  by enzymatic rou te s  i n  h igher  animals ,  p l a n t s ,  and microbes. Tarvin 
and Bushwell (1934) repore ted  f o r  t h e  f i r s t  t ime t h a t  Rhodopseudomonas palus-  
t r i s  p a r t i a l l y  degraded p h t h a l i c  a c i d .  S t a h l  and Pessen (1953) used 
Asperg i l lus  v e r s i c o l o r  QM 432 and Pseudomonas aeruginosa QMB 1408 t o  s tudy  
t h e  breakdown of p l a s t i c i z e r s .  N-octyl, e thylhexyl ,  and methylheptyl  
p h t h a l a t e s  were s tudfed  a s  carbon sources  f o r  t h e  organisms and i t  was 
found t h a t  t h e  3  isomers of o c t y l  e s t e r  supported no growth of A. v e r s i c o l o r  
bu t  supported t h e  growth of P.aeruginosa.  

Klausmeir and Jones (1960) found t h a t  c u l t u r e s  of Fusarium 2 P3 were 
capable of growing on d i b u t y l  p h t h a l a t e  and o t h e r  p h t h a l a t e  e s t e r s  such a s  
dimethyl p h t h a l a t e ,  d i e t h y l  p h t h a l a t e ,  b u t y l  i sodecyl  p h t h a l a t e ,  and 
i soocty l - i sodeeyl -phtha la te .  The mechanism of degrada t ion  was proposed a s  
d e - e s t e r i f i c a t i o n  of one of t h e  a lcohol  moe i t i e s  on t h e  d i e s t e r ,  y i e l d i n g  
monoester p h t h a l a t e  w i th  no f u r t h e r  d e - e s t e r i f i c a t i o n  of t h e  second group. 
The e s t e r a s e s  i n  most b i o l o g i c a l  systems a r e  capable of hydrolysing most of 
t h e  PAEs w i t h  except ion  of DEHP ( d l e t h y l  hexyl p h t h a l a t e ) ,  which degrades 
very  slowly under most cond i t i ons .  Klausmeir and Jones (1960) hypothesized 
t h a t  an e x t r a c e l l u l a r  e s t e r a s e  was involved which may have been very s p e c i f i c  
f o r  t h e  d i e s t e r  s u b s t r a t e .  





Enge lhard t  e t  a l .  (1978) s t u d i e d  t h e  m i c r o b i a l  metabol ism of  v a r i o u s  
d i a l k y l  p h t h a l a t e s .  P e n i c i l l i u m  l i l a c i n u m ,  Nocardia ,  A r t h r o b a c t e r ,  
Pseudomonas and A l c a l i g e n e s  biodegraded di -n-butyl  p h t h a l a t e  t o  mono-n- 
b u t y l  p h t h a l a t e ,  and t h e  b u t a n o l  moiety  was u t i l i z e d  as a ca rbon  s o u r c e .  
As o u t l i n e d  i n  F i g u r e  1.1, it  was thought  t h a t  mono-n-butyl p h t h a l a t e  
degraded t o  p h t h a l i c  a c i d ,  a l t h o u g h  i t  was n e v e r  d e t e c t e d  a s  a n  i n t e r -  
media te  (Enge lhard t  e t  a l .  1975) .  They i d e n t i f i e d  p r o t o c a t e c h u i c  a c i d  and 
4,5-dihydroxy p h t h a l i c  a c i d  as i n t e r m e d i a t e s  which were  metabo l ized  f u r t h e r  
t o  C02 and H20. S i m i l a r  pathway was conceived by Ribbons and Evans (1960) 
f o r  s o i l  ~seudomonads .  They expec ted  t h a t  mixed p o p u l a t i o n s  o f  s o i l  were  
most e f f e c t i v e  i n  degrad ing  PAEs. The h y d r o l y s i s  of second a l c o h o l  moiety  
was found as t h e  rate l i m i t i n g  s t e p  i n  b i o d e g r a d a t i o n .  Var ious  r e p o r t s  on 
b i o d e g r a d a t i o n  of PAEs are summarized i n  Tab le  1.1. 

Table  1.1. ReportS -on Biodegrada t ion  o f  PAEs. . - 

I n v e s t i g a t o r  Summary on  Biodegrada t ion  
-- 

T a r v i n  e t  a l .  (1934) Rhodopseudomonas p a l u s t r i s  degraded p h t h a l i c  
a c i d  

S t a h l  e t  a l .  (1953) Pseudomonas a e r u g i n o s a  QMB 1408 decomposed 
n - o c t y l  e s t e r  

Klausmeir e t  a L  (1960) Fusar ium 2p3 degraded di -n-butyl  p h t h a l a t e  
and o t h e r  e s t e r s  of p h t h a l i c  a c i d  

Ribbons and Evans (1960) PAE d e g r a d a t i o n  was more r a p i d  w i t h  mixed 
p o p u l a t i o n  t h a t  w i t h  p u r e  c u l t u r e  of 
Pseudomonads. The r a t e  l i m i t i n g  s t e p  i n  
b i o d e g r a d a t i o n  was t h e  h y d r o l y s i s  of ,second 
a l c o h o l  moiety .  Mechanism of  p h t h a l a t e  de- 
g r a d a t i o n  was p o s t u l a t e d .  

S t a n i e r  e t  a l .  (1966) 

Eggins  e t  a l .  (1971) 

Mathur (1974a) 

Pseudomonads u t i l i z e d  o - p h t h a l i c  a c i d  a s  
G-source and t e r e p h t h a l i c  a c i d  was a l s o  
degraded by t h e  same organism.  

U t i l i z a t i o n  of 7  p l a s t i c i z e r s  by m e s o p h i l i c  
organisms and breakdown p r o d u c t s  o f  2 
p l a s t i c i z e r s  by t h e r m o p h i l e s  were  r e p o r t e d .  

Degrada t ion  of PAE a t  4  and l Q e C  was 
m a r g i n a l  b u t  a t  22-25OC and 32OC was sub- 
s t a n t i a l  when di -n-butyl  p h t h a l a z e  and 
o t h e r  PAEs were added t o  a loam s o i l  a t  
0.3% rate of  s o i l  we igh t .  



Table  1.1. (Continued) 

I n v e s t i g a t o r  Summary on Biodegrada t ion  

M i l l s  and Eggins (1974) Thermophi l ic  f u n g i  decomposed d i o c t y l  
p h t h a l a t e  and t h e  growth of t h e r m o p h i l i c  
organism was abundant  on a m i n e r a l  media 
c o n t a i n i n g  I% d i o c t y l  p h t h a l a t e  a s  ca rbon  
and energy  s o u r c e .  

Engelhardt  e t  a l .  (1975 Pen ic i lP ium l i l a c i n u m  and 3  b a c t e r i a  
and 1977) l a t e r )  were invo lved  i n  de- 

g r a d a t i o n  of d i -n-butyl  p h t h a l a t e .  The 
i n t e r m e d i a t e s  and m e t a b o l i t e s  of b io-  
d e g r a d a t i o n  were a l s o  i d e n t i f i e d .  

Mathur and Rouat t  (1975) S e r r a t i a  marcescens  degrades  DEHP up t o  
2 .5% c o n c e n t r a t i o n  i n  t h e  media and can 
decompose 95% of t h e  PAE i n  3  weeks. 

Nagata e t  a l .  (1976) 

Enge lhard t  e t  a l .  (1976 Nocardia ,  A r t h r o b a c t e r ,  Pseudomonas s p e c  
and 1978) 5030, and A l c a l i g e n e s  s p e c ,  DSM30128 bio-  

degraded di -n-butyl  p h t h a l a t e  v i a  4,5- 
d ihydroxy-ph tha l i c  a c i d ,  p r o t o - c a t e c h u i c  
a c i d ,  and cis-cis-B-carboxymuconic a c i d .  
Mechanism of d e g r a d a t i o n  was i d e n t i f i e d .  

B a c t e r i a l  s t r a i n  PB73 degraded 90% o f  
di -n-butyl  p h t h a l a t e  i n  60 h r s  w h i l e  
b a c t e r i a l  s t r a i n  PO32 degraded 80% of  
d i o c t y l  p h t h a l a t e  i n  60 h r s  from a medium 
c o n t a i n i n g  1% PAE. These s t r a i n s  cou ld  
grow i n  a medium c o n t a i n i n g  up t o  20% of  
PAE . 

Saeger  and Tucker (1976) ' PAE p l a s t i c i z e r s  and m e t a b o l i t e s  r a p i d l y  
underwent u l t i m a t e  d e g r a d a t i o n  i n  d i f f e r -  

, e n t  mixed m i c r o b i a l  sys tems  a t  concen t ra -  
t i o n s  r a n g i n g  from 1 t o  83  mgl l  r i v e r  
w a t e r  o r  a c t i v a t e d  s l u d g e .  

Harada and Koiwa (1977) AlcaPfgene P3 and PP2, Cornynebacterium 
P49, 1P4, 1 P t  and A r t h r o b a c t e r  1P3, TP2 
a t t a c k e d  p h t h a l i c  a c i d ,  t e r e p h t h a l i c  a c i d ,  
and i s o p h t h a l i c  a c i d ,  and t h e  p r o d u c t s  of 
metabol ism were  3-hydroxyphthal ic  and 
p r o t o c a t e c h u i e  a c i d .  



T a b l e  1.1. (Cont inued)  

I n v e s t i g a t o r  Summary on  Biodegrada t ion  

Kurane e t  a l .  (1977a and b)  Pseudsmonas a c i d o v o r a n ~  256-1 decomposed 
0-P- comple te ly  i n  72 hours .  
Most p h t h a l a t e  e s t e r s  cou ld  b e  a s s i m i l a t e d  
r e g a r d l e s s  of t h e  s i d e  c h a i n  l e n g t h .  
Branched a l k y 1  p h c h a l a t e  was a s s i m i l a t e d  
b e t t e r  t h a n  n - a l k y l  p h t h a l a t e ,  

Overcash e t  a l .  (1981) Mixed p o p u l a t i o n s  o f  microbes  from Davidson 
c l a y  loam and Lakeland sand e f f e c t i v e l y  
biodecompoaed di -n-butyl  p h c h a l a t e ,  rangirbg 
from 18 t o  34% of  t h e  added amount a t  1 ,000  
t o  l 0 , 0 0 0  ppm a p p l i c a t i o n  rate over  3 months 
p e r i o d .  At 200 and 800 ppm a p p l i c a t i o n  
r a t e s ,  t h e  l o s s e s  due t o  m i c r o b i a l  decay 
were  h i g h e r  o v e r  t h e  same f n c u b a t i o n  p e r i o d .  

Saeger  and Tucker (1976) r e p o r t e d  t h a t  PAEs were  degraded i n  a c c l i m a t e d  
a c t i v a t e d  s l u d g e  p r o c e s s e s  i n  which t h e  p h t h a l a t e  ester was hydro lysed  t o  
p h t h a l i c  a c i d  monester  and a n  a l c o h o l .  Graham (1973) r e p o r t e d  91% degrada-  
t i o n  of DEHP and 99% d e g r a d a t i o n  s f  b u t y l b e n z y l - p h t h a l a t e  i n  a n  a c t i v a t e d  
s l u d g e  p r o c e s s  under e o n t r o l P e d  c o n d i t i o n s  a t  a c o n t i n u o u s  f e e d i n g  r a t e  of 
5  mg/48 h o u r s ,  Thom and Agg (1955) observed enhancement o f  p h t h a l a t e  b io-  
d e g r a d a t i o n  by b i o l o g i c a l  sewage r r e a t m e n t  w i t h  s u i t a b l e  a c c l i m a t i z a t i o n .  
Experiments by Monsanto m d i c a t e d  b i o d e g r a d a b i l i t i e s  o f  91% f o r  DEHP and 
99% f o r  b u t y l  benzy l  p h t h a l a t e  compared t o  99+% f o r  l i n e a r  a l k y l  benzene 
s u l f o n a t e  i n  a semicon t inusus  a c t i v a t e d  s l u d g e  u n i t .  

Saeger  and Tucker (1976) concluded t h a t  p h t h a l a t e  e s t e r s  and subsequen t  
m e t a b o l i t e s  undergo u l t i m a t e  d e g r a d a t i o n  i n  mixed m i c r o b i a l  sys tems of 
s l u d g e s  and r i v e r  w a ~ e r / s e d f m e n t s  a t  c o n c e n t r a t i o n s  r a n g i n g  from 1 t o  8 3  
mg/l .  Mathur e t  a l .  (P974a) found t h a t  f o u r  p h t h a l a t e  e s t e r s  b iodegraded i n  
s o i l  and sugges ted  t h e  mechanisms t o  b e  some form of h y d r o l y s i s  by s p e c i f i c  
e s t e r a s e s .  Degrada t ion  r a t e s  d e c r e a s e d  a t  lowe: t empera tu re .  Johnson and 
Lulves  (1975) i n  a  l a b o r a t o r y  s t u d y  found t h a t  -"C-carbonyl l a b e l e d  di-n- 
b u t y l  p h t h a l a t e  degraded i n  f r e s h w a t e r  h y d r o s o i l  w i t h  a h a l f  l i f e  of 1 day 
under  a e r o b i c  c o n d i t i o n s .  The r a t e  of d e g r a d a t i o n  was much lower  under  
a n a e r o b i c  c o n d i t i o n s .  The f i r s t  d e g r a d a t i o n  s t e p  was a l s o  found t o  b e  
enzymat ic  h y d r o l y s i s  t o  a p h f h a l i c  a c i d  monoester and a n  a l c o h o l .  Subsequent 
o x i d a t i v e  d e c a r b o x y l a t i o n  of t h e  exposed COOH group may r e s u l t  i n  1 ,2 -  
dihydroxybenzene as a f i n a l  s t a b l e  p r o d u c t .  



A f t r i n g  e t  a l .  (1977) found a n a e r o b i c  decay o f  p h t h a l i c  a c i d s  i n  t h e  
p r e s e n c e  of n i t r a t e s  and d e n i t r i f y i n g  p o p u l a t i o n .  The d e g r a d a t i o n  p roduc t  
was benzo ic  a c i d .  Comparison of t h e  decomposi t ion r a t e  t o  t h a t  under a e r o b i c  
c o n d i t i o n s  was n o t  made. 

Other  r e p o r t s  d e a l i n g  w i t h  b i o d e t e r i o r a t i o n  o f  p l a s t i c i z e r s  by s o i l  
organisms relate t o  World War 11, when p l a s t i c s  were  exposed t o  t r o p i c a l  
and s u b t r o p i c a l  c l i m a t e s .  The p l a s t i c s  became b r i t t l e  because  o f  t h e  l o s s  
o f  p l a s t i c i z e r  by m i c r o b i a l  decay.  Then e f f o r t s  were  d i r e c t e d  a t  deve lop ing  
more p e r s i s t e n t  p l a s t i c i z e r s  which cou ld  economica l ly  b e  i n c l u d e d  i n t o  formu- 
l a t i o n s  t o  keep p l a s t i c s  f l e x i b l e  and u n b r i t t l e  f o r  l o n g e r  t i m e  ~ e r i o d s .  I n  
1968, Booth and Robb b u r i e d  PVC f i l m s  i n  s o i l  i n o c u l a t e d  w i t h  ~seudomonas  and 
Brev ibac te r ium.  The e x t e n t  of p l a s t i c i z e r  decay was d i f f e r e n t  f o r  each 
s t a b i l i z e r  used i n  t h e  PVC f o r m u l a t i o n .  I n  t h e  same y e a r ,  Decoste (1968) re- 
p o r t e d  t h e  l o s s  of p l a s t i c i z e r s  from a v i n y l  c h l o r i d e  p l a s t i c  b u r i e d  i n  s o i l s  
o f  Georgia and New Mexico f o r  4 y e a r s .  Wendt e t  a l .  (1970) b u r i e d  p l a s t i c  i n  
s o i l  and found a 16% l o s s  i n  weight  o f  PVC f i l m  which he  a t t r i b u t e d  t o  bio-  
l o g i c a l  decay of PAEs t h a t  were l o s t  d u r i n g  2  weeks of c o n t a c t  a t  30°C. 
Eggins  e t  a l .  (1971) t e s t e d  b i o d e g r a d a t i o n  o f  s y n t h e t i c  polymers a t  48OC by 
s o i l  organisms and found t h a t  t h e r m o p h i l i c  f u n g i  d i d  a t t a c k  c e r t a i n  p l a s t i -  
c i z e r s  b u t  n o t  a l l .  Overcash e t  a l .  (1981) found t h a t  d i -n-butyl  p h t h a l a t e  
i s  l o s t  from s o i l s  when a p p l i e d  a t  rates r a n g i n g  from 200 t o  10,000 ppm of  
s o i l  we igh t .  The l o s s  r a t e s  ranged from 1 9  t o  34% o f  added amount o v e r  a  1 2  
week p e r i o d  f o r  a p p l i c a t i o n s  above 1 ,000 ppm i n  t h e  s o i l .  At 200 and 800 ppm 
a p p l i c a t i o n s  t h e  l o s s e s  were  of t h e  o r d e r  of 53 t o  57% of t h e  a p p l i e d  amount 
(Table  1 . 2 ) .  

Tab le  1 . 2 .  Ra tes  o f  d i -n-butyl  p h t h a l a t e s  l o s s  from amended Davidson c l a y  
loam. 

P h t h a l a t e  A p p l i c a t i o n  Rate  % o f  Added Amount Los t  Over 1 2  Weeks 
(ppm o f - s o i l  wt)  & 0.5%) 

200 55* 

6,000 1 9  

10,000 2 3  

* 
Glassware  was u t i l i z e d  i n  t h e  exper iment  w i t h  no c o n t a c t  o f  p l a s t i c s .  



A v a r i e t y  of organisms t a k e  up and accumulate p h t h a l a t e  e s t e r s ,  
Table 1.3.  P h t h a l a t e  a s s i m i l a t i n g  mic rob ia l  genera occur  abundantly 
i n  t h e  environment. Some of t h e  s o i l  s p e c i e s  t h a t  can u t i l i z e  PAEs have 
not  been cha rac t e r i zed  and t h e  l i s t  i s  indeed longer  t han  presented  i n  
Table 1 .3 .  A v a r i e t y  of b a c t e r i a l ,  fungal  and act inomycete s t r a i n s  have 
been shown t o  possess  t h e  a b i l i t y  t o  t a k e  up and accumulate p h t h a l a t e  
e s t e r s .  Mixed micropopulat ions can degrade PAEs more r a p i d l y  than  pure 
c u l t u r e s .  Degradation i s  slower under anaerobic  cond i t i ons  than  ae rob ic  
cond i t i ons .  A v a r i e t y  of m u l t i c e l l u l a r  organisms have demonstrated a b i l i t y  
t o  biodegrade di-n-butyl p h t h a l a t e s .  In summary, b io t ransformat ions  and 
b iodegrada t ion  a r e  important  f a t e  processes  f o r  p h t h a l a t e  e s t e r s  a s  a group, 
which a r e  degraded under most cond i t i ons .  

Table 1 .3 .  Microbial  Genera Decomposing P h t h a l a t e  Acid E s t e r s  i n  S o i l  
and Water. 

Bac te r i a  Fungi Actinomycetes 

Rhodopseudomonas 

Pseudomonads 

Ar throbac ter  

Alca l igenes  

S e r r a t i a  

B a c i l l i  

Corynebacterium 

Unknown and u n i d e n t i f i e d  
s t r a i n s  of mixed s o i l  
popula t ion  

Fusarium Nocardia 

Penic  i l l i u m  

Aspe rg i l l u s  

Cephalosporium 

Muc c 

Torula 

~ p o r o t r i c h u m  

Thermoascus 

Malbranchaea 

Chaetomium 

Thermoascus 



Chemical Conversions, Pho to lys i s ,  and V o l a t i l i z a t i o n  

The hydro lys i s  of p h t h a l a t e  a c i d  e s t e r s  i s  accomplished by both a c i d s  
and bases  (Thanassi and Bruice 1966).  Radhakrishnamurti and Pa t ro  (1971) 
ca l cu la t ed  t h e  second o rde r  r a t e  cons tan t  f o r  a l k a l i n e  hydro lys i s  of d i -  
methyl p h t h a l a t e  a t  30°C i n  50% aqueous dimethyl su l fox ide .  From t h i s  r a t e  
cons t an t ,  0.14 P i t e r /mo le / sec . ,  t h e  h a l f - l i f e  of PAEs was es t imated  t o  b e  1.6 
years .  I n  t h e  s o i l - p l a n t  system, a c i d  o r  a l k a l i n e  hydro lys i s  of PAEs a r e  
not  l i k e l y  t o  be s i g n i f i c a n t  un le s s  t h e  land  a p p l i c a t i o n  a r e a  i s  a  s e r i o u s l y  
a c i d  o r  a l k a l i - a f f e c t e d  s o i l .  

The PAEs do no t  undergo p h o t o l y t i c  decomposition. I n d i r e c t  pho to lys i s  
involving i n t e r a c t i o n  of -OH r a d i c a l  wi th  aromatic  r i n g  may proceed i n  
n a t u r a l  water  a t  a  very  slow r a t e  which i s  environmental ly  i n s i g n i f i c a n t  
(Dorfman and Adams, 1973). '  

No information was found i n  reviewed l i t e r a t u r e  t o  suggest  PAE v o l a t i l i z a -  
t i o n  a s  a  major t r a n s p o r t  p rocess  i n  s o i l - p l a n t  ecosystem. Di-n-butyl phtha- 
l a t e  i n  t h e  t e r r e s t r i a l  a s  w e l l  a s  a q u a t i c  environments a r e  v i r t u a l l y  non- 
v o l a t i l e  a t  usua l  temperatures .  There i s  some evidence t h a t  PAEs a r e  s l i g h t l y  
v o l a t i l i z e d  from p l a s t i c s  i n t o  a i r  a t  h igher  temperatures  (Thomas 1973 and 
Marx 1972).  P h t h a l a t e  e s t e r s  were found i n  t h e  a i r  and coated on t h e  windows 
of automobiles i n  hot  c l ima te  due t o  v o l a t i l i z a t i o n  from v i n y l  fu rn i sh ings  
(Autian 1973 and Mathur 1974a).  Thus i n  extremely ho t  cond i t i ons  t h e  PAEs 
may escape a s  vapors .  

Vapor p re s su re  f o r  PAEs a t  25OC a r e  extremely low, c o n t r i b u t i n g  much t o  
t h e i r  gene ra l  s t a b i l i t y  i n  p l a s t i c s ,  t h e  vapor p re s su re  of di-n-butyl phtha- 
l a t e  i s  approximately 0 .1  t o r r  a t  115OC ( P a t t y ,  1963).  Data on a c t i v i t y  co- 
e f f i c i e n t s  of PAE i n  water  o r  aqueous phase a r e  l ack ing  (Mackay and Wolkoff, 
1973).  V o l a t i l i z a t i o n  of PAEs from sorbed s t a t e  i s  much l e s s  than  i n  f r e e  
(unsorbed) s t a t e .  . 

Since di-n-butyl p h t h a l a t e  (DNBP) i s  r e a d i l y  sorbed on p a r t i c u l a t e s ,  
v o l a t i l i z a t i o n  i s  not  considered a  l i k e l y  t r a n s p o r t  p rocess  f o r  DNBP i n  
n a t u r a l  environment. Furthermore, t h e  s o l u b i l i t y  of DBP i n  water i s  f a i r l y  
h igh  (4,500 ppm), and a s  a  consequence t h e  v o l a t i l i t y  of DBP from a q u a t i c  and 
so i l -water  systems i s  f u r t h e r  decreased.  Under s t e r i l i z e d  s o i l  cond i t i ons ,  0 
Overcash e t  a l .  (1981) found no v o l a t i l i z a t i o n  of di-n-butyl p h t h a l a t e  from 
Davidson c l a y  loam and Lakeland sand amended wi th  2,000 ppm r a t e .  Af te r  3  
months of t rea tment ,  a l l  of t h e  added DBP was e x t r a c t e d  from t h e  spiked s o i l  
samples. This observa t ion  confirms t h e  r e s u l t s  of Saeger and Tucker (1976) 
where they  found no s i g n i f i c a n t  l o s s  due t o  v o l a t i l i z a t i o n  i n  an experiment 
w i t h  t w o  p h t h a l a t e  a c i d  e s t e r s  i n  an a c t i v a t e d  s ludge  p l a n t .  

Thus p h t h a l a t e  v o l a t i l i z a t i o n  from so i l -p l an t  system i s  not  viewed a s  
a  competi t ive o r  important process  f o r  e i t h e r  d i s p e r s i v e  l o s s  o r  t r a n s p o r t /  
migra t ion  i n  t h e  o v e r a l l  r e c y c l e  of s y n t h e t i c  organics .  Under n a t u r a l  con- 
d i t i o n s ,  t h e  v o l a t i l e  l o s s e s  would be l e s s  than  0.5% of t h e  t o t a l  PAE i n  t h e  
system. 



Adsorption, Leaching, and Runoff 

Sorp t ion  of p h t h a l a t e  a c i d  e  s t e r s  t o  p a r t i c u l a t e s  and corn ~ p l e x a t i o n  
wi th  humic subs tances  a r e  probably t h e  most important mechanisms f o r  bind- 
i n g  of p h t h a l a t e  e s t e r s  i n  s o i l s .  Since t h e  PAEs a r e  nonionic  t h e  b inding  
involves  s o l v a t i o n ,  a t t r a c t i o n  t o  s o i l  c o l l o i d s ,  o r  l i gand  exchange a r e  
t h e  probable mechanisms f o r  so rp t ion .  

P h t h a l a t e  e s t e r s  i n t e r a c t  r e a d i l y  w i th  f u l v i c  ac id  p re sen t  i n  s o i l s  
and water .  The i n t e r a c t i o n  forms a  f u l v i c  ac id-phtha la te  e s t e r  complex 
whiah 4s almost completely s o l u b l e  i n  water  and thus  mobi l izes  and t rans-  
p o r t s  p h t h a l a t e  e s t e r s  (Ogner and Schn i t ze r ,  1970).  A s  t h e  s o i l  pH in -  
c r e a s e s  from 2.5 t o  7.0, t h e  p h t h a l a t e  e s t e r  complexation wi th  s o i l  humic 
m a t e r i a l  decreases  by 25% (Matsuda and Schn i t ze r ,  1971).  It is  es t imated  
t h a t  one normal average molecular weight f u l v i c  a c i d  s o l u b i l i z e d  one mole 
of di-n-hutyl p h t h a l a t e .  In  24 hours ,  125 mg f u l v i c  a c i d  s o l u b i l i z e d  about 
35 mg d i -buty l  p h t h a l a t e  from a  mixture.  

Runoff d a t a  f o r  p h t h a l a t e  a c i d  e s t e r s  have not  been r epor t ed .  The low 
l e v e l  of PAEs i n  s o i l  and t h e  competing mechanisms of decomposition may 
r e a l i s t i c a l l y  l i m i t  any nonpoint source p o l l u t i o n a l  impact. Should i t  be 
necessary  t o  p r e d i c t  t h e  r a i n f a l l  runoff  t r a n s p o r t  of PAE's t h e  b a s i c  model 
formula t ions  a r e  a v a i l a b l e  (Donigian 1977, Overcash 1982).  One would u s e  
t h e  p e s t i c i d e  t r a n s p o r t  model w i t h  inpu t s  r e l a t i n g  t o  t h e  s o i l  l e v e l ,  
adso rp t ion / so lu t ion  c o e f f i c i e n t ,  and water s o l u b i l i t y .  

PLANT EFFECTS 

Phy to tox ic i ty  

F o l i a r  a p p l i c a t i o n  of di-n-butyl p h t h a l a t e  a t  0,  1, 10 ,  100, and 
1,000 kg/ha r a t e s  t o  soybean revea led  t h a t  100 kg/ha r a t e  was ,phyto toxic .  
Typical  b leaching  symptoms were apparent ly  s i m i l a r  t o  z i n c  dekic iency  
symptoms i n  p l a n t s  . 

E f f e c t s  of s o i l  appl ied  di-n-butyl p h t h a l a t e  on corn ,  soybean, and 
f e scue  revea led  t h a t  p h t h a l a t e  a p p l i c a t i o n  above c r i t i c a l  l e v e l s  produced 
b leaching  of o l d e r  l eaves  i n  every crop and s o i l  type.  The c h a r a c t e r i s -  
t i c  wh i t e  o r  bleached l e a f  symptom i n  ph tha l a t e -a f f ec t ed  p l a n t s  seems t o  
d isappear  w i t h  growth and t ime,  as p h t h a l a t e  l o s s  from s o i l  ensues.  The 
bleaching e f f e c t  could n o t  be co r r ec t ed  by supplemental z i n c  a p p l i c a t i o n s  
(Shea, 1981) t o  s o i l s .  Adverse p h t h a l a t e  e f f e c t s  on a l l  c rops  t e s t e d  
were v i s i b l e  a t  s o i l  concen t r a t ions  g r e a t e r  than  2,000 ppm. A t  20,000 
ppm r a t e ,  t h e  t o x i c i t y  symptoms p e r s i s t e d  longer  than  10 weeks. 

A t  200 and 2,000 ppm a p p l i c a t i o n  r a t e  of di-n-butyl p h t h a l a t e ,  t h e  
growth of corn ,  soybean, and f e scue  were increased  when p lan ted  a s  a  
second crop a f t e r  5  weeks of p h t h a l a t e  t rea tment .  The c r i t i c a l  phyto- 
t o x i c  l e v e l  of di-n-butyl p h t h a l a t e  i n  Lakeland sand is 200 ppm of s o i l  



I weight  and i n  Davidson c l a y  loam i s  2,000 ppm f o r  c o r n  and soybean. Above 
t h e s e  s o i l  i n c o r p o r a t i o n  l e v e l s ,  p h y t o t o x i c i t y  symptoms o f  di-n-butyl  
p h t h a l a t e  become a p p a r e n t .  The germlnatdon of soybean and c o r n  remained 
u n a f f m t e d  even a t  20,000 ppm rate b u t  t h e  growth was a f f e c t e d  a t  2,000 
ppm r a t e  of s o i l  we igh t .  S i m i l a r  o b s e r v a t i o n s  were  made f o r  f e s c u e .  

P l a n t  up take  and b ioaccumula t ion  

The ev idence  o f  p h t h a l a t e  up take  by t e r r e s t r i a l  p l a n t s  was judged t o  
be  n e g a t i v e  by Versar, I n c .  (1979).  Although PAEs have been i d e n t i f i e d  i n  
c e r t a i n  l i v i n g  organisms,  t h e r e  i s  dilemma on whether  t h e s e  a r e  b i o a c c u n u l a t -  
ed from t h e  e x t e r n a l  environment o r  s y n t h e s i z e d  by t h e  organism i t s e l f .  Re- 
c e n t  s t u d i e s  of p l a n t s  from s o i l s  w i t h  h i g h  r a t e s  o f  DNBP have shown some 
p h t h a l a t e  e s t e r  u p t a k e  (Shea 1981) .  

I n  a q u a t i c  sys tems ,  Metcal f  e t  a l .  (1973) r e p o r t e d  t h a t  p h t h a l a t e  
e s t e r s  were  biomagnif ied by a  v a r i e t y  o f  a q u a t i c  p l a n t s  b u t  t h e  d e g r e e  o f  
b ioaccumulat ion was l e s s  t h a n  o r g a n o c h l o r i n e  i n s e c t i c i d e s .  



Chapter 2  2,4-DINTTROPHENOL 

INTRODUCTION 

Chemistry and P r o p e r t i e s  

2 , 4 - d i n i t r o p h e n o l  (DNP) i s  a phenol  w i t h  NO2 s u b s t i t u t i o n s  a t  t h e  C-2 
and C-4 p o s i t i o n s  on t h e  a r o m a t i c  r i n g .  P r e p a r a t i o n  o f  2 , 4  DNP i s  by 
a l k a l i n e  h y d r o l y s i s  o f  2,4-dinitro-1-chlorobenzene, which i n  t u r n  i s  pre-  
pared from t h e  n i t r a t i o n  o f  monochlorobenzene  ar art ford, 1973) .  A l t e r n a t e  

. r o u t e s  o f  p r e p a r a t i o n  a r e  by n i t r a t i o n  o f  benzene w i t h  NO2 and mercurous 
n i t r a t e ,  and by t h e  o x i d a t i o n  o f  m-dini t robenzene.  Pure  DNP i s  a s o l i d  of 
y e l l o w i s h  t o  y e l l o w  or thorhombic  c r y s t a l s ,  w i t h  a  molecu la r  we igh t  of 184.11,  
a d e n s i t y  o f  1 .683  g/ml,  and a  m e l t i n g  p o i n t  of 112 t o  114'C (Anon, 1976) .  
The compound i s  s p a r i n g l y  s o l u b l e  i n  c o l d  w a t e r ,  b u t  s o l u b i l i t y  i n c r e a s e s  
w i t h  t e m p e r a t u r e ,  6 . 0  g / l  a t  25OC (Morrison and Boyd 1973) .  DNP is  q u i t e  
s o l u b l e  i n  most o r g a n i c  s o l v e n t s  and e s s e n t i a l l y  n o n - v o l a t i l e .  The com- 
pound i s  modera te ly  a c i d i c ,  w i t h  a  pKa of  4.09 (Pearce  and S i m p l i n s ,  
1968) .  The s t r u c t u r e  and i o n i z a t i o n  of DNP i s  g i v e n  i n  F i g u r e  2.1.  At pH 
2.6 ,  DNP i s  c o l o r l e s s ,  b u t  becomes y e l l o w  a t  pH 4 . 4 ,  and hence h a s  been 
used a s  a n  i n d i c a t o r  s p e c i e s  (Anon, 1976) .  DNP can a l s o  b e  used a s  a 
r e a g e n t  t o  d e t e c t  K+ and N H ~ *  i o n s .  

N i t r o  groups  a r e  e l e c t r o p h i l i c  , and t h e  e lec t ion-wi thdrawing  e f f e c t  
o f  one NO2 group on t h e  r i n g  enhances  t h e  r e a c t i v i t y  o f  t h e  oxygen on t h e  
other 'NO2 group.  Th is  i s  i m p o r t a n t ,  s i n c e  b i o d e g r a d a t i o n  of n i t r o a r o m a t i c  
compounds h a s  been found t o  i n v o l v e  t h e  convers ion  o f  NO2 g roups  t o  OH 
groups  (Alexander and Lustigman, 1966; McCormick et a l . ,  1976; Woodcock, 
1978) .  

- Alexander  and Lustigman (1966) proposed t h r e e  p o s s i b l e  p r o c e s s e s  i n  
t h e  t r a n s f o r m a t i o n  o f  DNP: (1)  r e d u c t i o n  of t h e  n i t r o  group,  (2 )  hydroxy- 
l a t i o n  o f  t h e  a r o m a t i c  r i n g ,  and (3)  d i sp lacement  of t h e  n i t r o  g roups  by 
hydroxyl  groups .  The p o s i t i o n s - o f  t h e  n i t r o  groups  a r e  i m p o r t a n t  i n  
de te rminfng  t h e  r e d u c f b i l i t y  o f  DNP. O r t h o - s u b s t i t u t e d  NO2 i s  g e n e r a l l y  
c o n s i d e r e d  t o  b e  more Y e a d i l y  reduced t h a n  p-NO2 i n  n i t r o p h e n o l s  
(McComick e t  a l . ,  1976) ,  b u t  p a r a  o r i e n t a t i o n  o f  t h e  hydroxyl  and n i t r o  
g ~ o u p s  may b e  more i m p o r t a n t  i n  m i c r o b i a l  d e g r a d a t i o n  of DNP (Gundersen 
and J e n s e n ,  1956) .  I n  any c a s e ,  n i t r o  g roups  of DNP ( a s  w e l l  a s  i n  d i n i -  
t r o a n i l i n e )  a r e  g e n e r a l l y . m o r e  s lowly  reduced t h a n  t h o s e  o f  d i n i t r o b e n z o i c  
a c i d  and d i n i t r o t o l u e n e  (McCormick et  a l . ,  1976) .  N i t r o p h e n o l s  are a l s o  
s u b j e e t  t o  o x i d a t i o n  th rough  n u c l e o p h i l i c  a t t a c k  by hydroxyl  r a d i c a l s  a t  
t h e  C-2 and C-4 r i n g  p o s i t i o n s ,  which may r e s u l t  i n  t h e  f o r m a t i o n  o f  
benzosemiquinones (Suarez  e t  a l . ,  1970) .  

S p e c t r o c h e m i c a l l y ,  CNP a b s o r b s  l i g h t  a t  360 nm ( a t  n e u t r a l  pH) and 
t h i s  c h a r a c t e r i s t i c  can  be used as an  a n a l y t i c a l  t o o l .  The p o s i t i o n  o f  
t h e  peak o f  maximum a b s o r p t i o n  i s  pH-dependent, though r a t h e r  s t a b l e  be- 
tween pH 6 . 0  and 1 2 . 0  ( S t e n l i d ,  1949; Rao, 1969) .  For  i l l u s t r a t i o n ,  t h e  
s p e c t r a  showing maximum absorbance  peaks  f o r  DNP a t  pH 1 . 5  and 8 . 5  are 
g iven  i n  F i g u r e  2.2.  







There  a r e  two dangers  i n h e r e n t  i n  t h e  u s e  of n i t r o p h e n o l s :  (1) t h e y  
may c a u s e  e x p l o s i o n s ,  and ( 2 )  t h e  f r e e  compounds a r e  h i g h l y  c o r r o s i v e  
(van Groenou, e t  a l . ,  1951) .  Thus t h e y  a r e  o f t e n  combined w i t h  o t h e r  
compounds, p a r t i c u l a r l y  m e t a l l i c  sa l ts ,  when used i n  i n d u s t r y .  

Occurrence 

P h e n o l i c  compounds have a widespread d i s t r i b u t i o n  i n  n a m r e ,  s i n c e  
t h e y  occur  b o t h  n a t u r a l l y  and a l s o  o r i g i n a t e  from i n d u s t r i a l  s o u r c e s  Q 

(Glass  and Bchm, 1991;  Reed, 1992;  L e i t h e ,  1973;  M i l l e r ,  1977,  Weber, 
1978; Weber and S h e e t s ,  1978; Overcash and P a l ,  1979) .  Sources  of 
i n d u s t r i a l  w a s t e  e f f l u e n t s  i n c l u d e  mines,  f o u n d a a s ,  m e t a l  and pe t ro leum 
p l a n t s  ( L e i r h e ,  19779. Nitrophenob may e n t e r  t h e  environment a s  a  de- 
g r a d a s i o n  p roduc t  of o t h e r  compounds, such  a s  i n  t h e  fo rmat ion  o f  p- 
n i c r o p h e n s l  from p a r a t h i o n  (Sethunanthan,  1973;  B a r i k  and Sethunanthan,  
1998) .  

N i t ~ a t e d  phenols  have been used i n  t h e  p r e s e r v a t i o n  s f  wood s i n c e  t h e  
end o f  t h e  19sh c e n t u r y  (van Groenou e t  a x . ,  l 9 5 1 ) ,  u s u a l l y  i n  combinat ion 
w i t h  m e t a l l i c  s a l t s  such  a s  NaF o r  ZnF2, NaCl, o r  K2CrOl.c. For example, 
FCAP t y p e  B ( f luor -chrome-arsena te  pheno l )  i s  a wate rborne  p r e s e r v a t i v e  
( o r g i n a l l y  manufactured i n  a  form known as TanoPi th)  c o n t a i n i n g  20% F, 37% 
C r 6 + ,  25% A s ,  and 16% DNP ( H a r t f o r d ,  1 9 7 3 ) -  

Davies (1967) r e p o r t e d  t h e  a v e r a g e  phenol  c o n c e n t r a t i o n  i n  was tewate r  
from 16 pe t ro leum r e f i n e r i e s  was 135  ppm, b u t  was reduced t o  a n  a v e r a g e  of 
7 .8  ppm by wastewater  t r e a t m e n t .  I n  s t u d y i n g  secondary  was te  t r e a t m e n t  
sys tems ,  M i l l e r  (1979) found t h e  a v e r a g e  c o n c e n t r a t i o n  of r e l e a s e d  p h e n o l i c  
compounds r e p r e s e n t e d  a  r e d u c t i o n  from 65 t o  99 p e r c e n t .  Reed (1972) ,  
u s i n g  a  t y p i c a l  e f f l u e n t  a n a l y s i s  of 0 .3  mg/l  p h e n o l i  c s ,  c a l c u l a t e d  t h a t  
6 . 2  Ib/A.would b e  a p p l i e d  t o  l a n d  r e c e i v i n g  2  i n c h e s  p e r  week o v e r  a 40 
week p e r i o d .  

Low c o n c e n t r a t i o n s  o f  DNP may a c t u a l l y  b e  b e n e f i c i a l  t o  w a s t e  w a t e r  
t r e a t m e n t  sys tems .  Shah e t  a l .  (1975) r e p o r t e d  s t i m u l a t i o n  of g l u c o s e  
consumption when DNP was added t o  t h e  sys tem ( F i g u r e  2 . 3 ) .  Maximup'con- 
sumptfon o c c u r r e d  at. 5  x  M DNP (-0 .92 mgrl )  a t  which c o n c e n t r a t i o n  
t h e  sys tem was 85 p e r c e n t  more e f f i c i e n t  t h a n  t h a t  r e c e i v b g  no DNP. 
M a t e r i a l  b a l a n c e  c u r v e s  i n d i k a t e d  t h a t  t h e  e x c e s s  g l u c o s e  consumed was 
a e r o b i c a l l y  degraded by t h e  mic robes  t o  CO2 and H20. At h i g h e r  DNP con- 
c e n t r a t i o n s ,  g l u c o s e  consumption d e c r e a s e d ,  t h e n  f e l l  t o  a lmos t  z e r o  a s  
t o x i c  l e v e l s  were  reached .  The e f f e c t s  o f  DNP on g l u c o s e  consumption 
were a t t r i b u t e d  t o  i n c r e a s e d  r e s p i r a t i o n  and t h e  uncoupl ing  o f  o x i d a t i v e  
p h o s p h o r y l a t i o n  ( s e e  l a t e r  s e c t i o n )  

The r e a c t i o n s  and f a t e  of d i n i t r o p h e n o l s  ( a s  w i t h  a l l  o r g a n i c s )  i n  
t h e  environment a r e  dependent  on t h e  chemical  p r o p e r t i e s  of b o t h  t h e  
s l u d g e  components and s o i l  c o n s t i t u e n t s  r e c e i v i n g  them (Weber, 1978;  Weber 
and S h e e t s ,  1938) .  Chemical p r o p e r t i e s  of r h e  components i n c l u d e  mole- 
c u l a r  s t r u c t u r e ,  vapor  s t r u c t u r e ,  i o n i z a b i l i t y ,  p o l a r i z a b i l i t y ,  and w a t e r  







11s and nitrophenols and 
metabolites remove@. 

Major 
Chemical Optimum pH Metabolite(s) 

References Organism 

Simpson and Evans, 
1953 

o-nitropBeno1 7.0 - 7.5 
p-nitrophenol 7.5 - 8.0 

catechol, nitrite 
quind, nitrite 

Pseudomonas spp. 
Pseudomonas spp. 

2,4-dinitro phenol 7.3 - 8.5 Gundelson and 
Jensen, 1956 

. . 
Madhosingh 1961 

nitrite Corynebacterium 
simplex 

4-amino-2- 
nitro phenol 
2-amino-4- 
nitro phenol 

Fusarium exysporum 

Germainier and 
Wuhrmann, 1963 

Nocardia alba nitrite 

nitrite 
!3 

"Pseudomonads" 
"Arthrobac t er-like" 

Jensen and Lautrop- 
Larsen, 1969 

p-nitrophenol 7.0 
2,4-dinitrophenol 

Sethunathan, 1973 p-nitrophenol 5.5 (soil 
solsie) 

Bacillus sp. 

p-nitrophenol 7') Barik and 
Sethunathan, 1978 

nitrite Pseudomonas sp . 





o r i e n t a t i o n  of t h e  OH and NO2 groups, such a s  i n  metabolism by 
Corynebacterium simplex, i n  which n i t r i t e  i s  r e l e a s e d .  Thus, McCormick 
e t  a l .  (1976) summarized two p o s s i b l e  modes of a t t a c k  by microorganisms 
on n i t ropheno l s :  (1) r educ t ion  of t h e  n i t r o  groups t o  amino groups, 
followed by o x i d a t i v e  deamination wi th  t h e  r e l e a s e  of ammonia, o r  (2) 
t h e  r e l e a s e  of a n i t r o  group a s  n i t r i t e .  

The f i r s t  mode appears  t o  be t h e  most s i g n i f i c a n t  i n  t h e  metabolism 
of mono-substituted aromatic  n i t r o  compounds, inc luding  n i t robenzene  and 
n i t ropheno l  (Jensen and Lautrup-Larsen, 1967).  However, t h i s  may a l s o  be  
occurr ing  i n  t h e  metabolism of 2,4 DNP by t h e  fungus Fusarium oxysporum. 
Madhosingh (1961) observed t h a t  t h i s  organism was capable  of f a c i l i t a t i n g  
t h e  i n f e s t a t i o n  and spread of t h e  wood-decaying fungus Coprinus micaceus, 
by reducing t h e  t o x i c i t y  of t h e  wood p r e s e r v a t i v e  DNP. Both organisms a r e  
found i n  a s s o c i a t i o n  i n  decaying fence  p o s t s ,  but  Coprinus is f a r  more 
s u s c e p t i b l e  t o  Dm. I n  DNP-treated media (buf fered  a t  pH 7.2), 86 percent  
of 32.6 p moles/100 m l  was degraded t o  2-amino-4-nitrophenol and 4-amino- 
2-ni t rophenol ,  p l u s  an unknown (perhaps a m e t a b o l i t e  of one of t h e  former) ,  
dur ing  t h e  f i r s t  30 days of incubat ion .  The metabolism r a t e  was g r e a t e s t  
dur ing  t h e  f i r s t  20 days. The optimum pH f o r  t h e  process  was 7.1, and a 
decrease  i n  metabolism occurred under e i t h e r  more a c i d  o r  a l k a l i n e  condi- 
t i o n s ,  but  e s p e c i a l l y  a t  lower pH. A s  t h e  pH was lowered, t h e  4-amino isomer 
dominated; under more a l k a l i n e  cond i t i ons  t h e  2-amino isomer was t h e  major 
product .  Woodcock (1978), i n  reviewing t h e  microbia l  decomposition of DNP, 
diagramed t h e s e  pathways based on r educ t ion  observed by Madhosingh, and 
inc lud ing  n i t r o s o  in t e rmed ia t e s  pos tu l a t ed  by Yamashima e t  a l .  (1954) (F igure  
Z.4j.  

Decomposition of n i t ropheno l s  and d in i t ropheno l s ,  w i t h  subsequent r e -  
l e a s e  of n i t r i t e ,  has  been more f r equen t ly  r epo r t ed  i n  t h e  l i t e r a t u r e .  Two 
s p e c i e s  of ~seudomonas i s o l a t e d  from f i l t e r  beds of a b i o l o g i c a l  d e t o x i c a t i o n  
p l a n t  were demonstrated t o  decompose o- and p-ni t rophenol  (Simpson and Evans 
1953).  This a c t i v i t y  was pH dependent,  and maximal growth occurred between 
pH 7.0 and 7 .5  and between pH 7.5 and 8.0 f o r  t h e  o- and p-ni t rophenol  decom- 
posers ,  r e s p e c t i v e l y .  Metabolism r e s u l t e d  i n  t h e  product ion of ca t echo l ,  
which could then  be f u r t h e r  metabolized by previous ly  descr ibed  pathways 
(Gibson, 1968).  Simpson and Evans (1953) a l s o  i s o l a t e d  an  u n i d e n t i f i e d  
organism from a s o i l  which could s i m i l a r l y  metabol ize  DNP. Douros and Reed 
(1556) found t h a t  Pseudomonas aeruginosa and Pseudomonas p u t i d a  produced 
reasonable  growth on minera l  s a l t  media con ta in ing  DNP a s  t h e  s o l e  carbon 
source.  

Gundersen and Jensen (1956) demonstrated decomposition of DNP by 
Corynbacterium simplex, w i th  t h e  subsequent r e l e a s e  of n i t r i t e  (Figure 2.5) .  
This  decomposition was pH-dependent. For media DNP concen t r a t ions  of 0 .01 
t o  0 . 1  pe rcen t ,  decomposition occurred only  between pH 7.3  t o  8.5 (F igure  
2 .6) .  L i t t l e  a c t i v i t y  occurred a t  pH l e s s  than  7.0.  DNP became phyto toxic  
a t  e i t h e r  h igher  concen t r a t ions  (0.5% i n  t h e i r  s tudy)  o r  a t  lowered pH. 







N i t r i t e  r e l e a s e  was a l s o  observed i n  t h e  metabol ism of DNP by s t r a i n s  
of Nocardia a l b a  (Germanier and Wuhrman, 1963) .  They found t h a t  t h e  organism - 
a s s i m i l a t e d  35 p e r c e n t  o f  t h e  DNP-nitrogen, and 64 p e r c e n t  o f  t h e  n i t r o g e n  was 
d e t e c t a b l e  i n  t h e  n u t r i e n t  media a s  n i t r i t e .  Although t h e  a u t h o r s  s p e c u l a t e d  
t h a t  such  o x i d a t i v e  c l e a v a g e  o f  t h e  n i t r o  groups  would l e a d  t o  t h e  fo rmat ion  
of oxydihydroquinone,  t h i s  compound was n o t  found i n  t h e  medium. Thus t h e y  

I '  hypo thes ized  c l e a v a g e  o f  t h e  C-2 n i t r o  group, fo l lowed  by r i n g  f i s s i o n  and 
subsequent  c l e a v a g e  of t h e  n i t r o  group a t  C-4, a s  p r e v i o u s l y  shown f o r  
ch lo rophenoxyace t i e  a c i d  (Evans and Smith,  1954) .  Yet t h i s  mode shou ld  pro- 
duce a n  i n t e r m e d i a t e  4 - n i t r o  compound, and t h i s  was n o t  d e t e c t e d  i n  t h e  media.  
S i m i l a r  f i n d i n g s  were  r e p o r t e d  by Jensen  and Lauthrup-Larsen (1967),  who 
a t t e m p t e d  t o  e x p l a i n  t h e  p r o d u c t i o n  of n i t r i t e  as o c c u r r i n g  by n e c e s s i t y :  
s i n c e  t h e  metabol ism would r e q u i r e  a v e r y  a p p r e c i a b l e  p a r t  o f  t h e  s u b s t r a t e  
ca rbon  f o r  p r o t e i n  s y n t h e s i s ,  t h e r e  would be  h a r d l y  any H-donor remain ing  f o r  
t h e  r e d u c t i o n  of s u r p l u s  n i t r o g e n  from t h e  d i n i t r o  compounds t o  ammonia. Thus 
t h e  p r o d u c t i o n  o r  r e l e a s e  o f  n i t r i t e  would, i n  e f f e c t ,  be a n  energy-saving 
d e v i c e .  

Din i t ro -o-c reso l  (DNDC), DNP, and p i c r i c  a c i d  ( 2 , 4 , 6 - t r i n i t r o p h e n o l )  were  
a t t a c k e d  by A r t h r o b a c t e r  s p e c i e s  and formed n i t r i t e  i n  t h e  b a s a l  a g a r  medium 
a t  2  x  l o m 4  M DNP ( Jensen  and Lautrup-Larsen,  1967) .  I n  t h e  decomposi t ion o f  
DNOC by Pseudomonas, n i t r i t e  p r o d u c t i o n  d e c r e a s e d  w i t h  pH? below 8 .3 .  A t  pH 
7.0 ,  a  s t e e p  d e c l i n e  o c c u r r e d ,  and o n l y  s l i g h t  a c t i v i t y  was observed  a t  pH 
6.4.  Traces  of n i t r i t e  were found a t  pH 5 .9  t o  6 .0 ,  and no n i t r i t e  was 
measured a t  pH 4.0  t o  4 .4 ,  o r  above pH 8 . 0  t o  8 . 4 .  A s s i m i l a t i o n  o f  DNP was 
s i m i l a r ,  b u t  much reduced,  w i t h  o n l y  o n e - t h i r d  o f  t h e  DNP-N be ing  r e l e a s e d  
as n i t r i t e .  Th i s  was t a k e n  t o  i n d i c a t e  t h a t  DNP was l e s s  a v a i l a b l e  t h a n  DNOC. 
These a u t h o r s  t h e o r i z e  t h a t  t h e  i n c r e a s e d  i n h i b i t o r y  e f f e c t s  of DNP a t  low-er 
pH a r e  due t o  t h e  g r e a t e r  p e r m e a b i l i t y  of t h e  c y t o p l a s m i c  membrane t o  t h e  
u n d i s s o c f a t e d  molecu les ,  t h e  c o n c e n t r a t i o n s  of which a r e  de te rmined  by pH. 
But s i n c e  Pseudomonas was observed t o  b e  s t i l l  a c t i v e  a t  pH 4 .4 ,  t h e y  b e l i e v e  
it must have NO2-l iberat ing enzymes w i t h  p r o p e r t i e s  d i f f e r e n t  from t h o s e  o f  
o t h e r  decomposing o rgan i sms ,  o r  i t  may p o s s e s s  a more e f f i c i e n t  mechanism f o r  
t h e  r e g u l a t i o n  o f  i n t r a c e l l u l a r  pH. 

Gibson (1968) m a i n t a i n s  t h a t  t h e  secondary metabol ism of t h e  benzene 
r i n g  o f  pheno ls  i s  dependent  on d i h y d r o x y l a t i o n ,  i n  which OH groups  become 
o r i e n t e d  o r t h o  o r  p a r a  t o  e a c h  o t h e r  ( c a t e c h o l  b r  hydroquinone,  r e s p e c t i v e l y ,  
and p o s s i b l y  d e r i v a t i v e s ) .  Varga and Neujahr (1970) observed  t h i r t e e n  s t r a i n s  
of microorganisms ( 6  b a c t e r i a ,  3  y e a s t s ,  and 4  m y c e l i a l  f u n g i )  t h a t  cou ld  
grow on phenol  and produced c a t e c h o 1 , a s  a  d e g r a d a t i o n  p r o d u c t .  Subsequent 
d e g r a d a t i o n  o f  c a t e c h o l  o r  hydroquinone cou ld  t h e n  f o l l o w  (Gibson, 1968) .  

There  i s  a l s o  t h e  p o s s i b i l i t y  f o r  cometabolism ( s imul taneous  metabol ism 
of two compounds b o t h  n o t  n e c e s s a r i l y  u t i l i z e d  d i r e c t l y  by t h e  organism,  as 
demonstra ted f o r  p -n i t rophenol  by a n  i s o l a t e  of a  F lavobac te r ium s p e c i e s  o r  
a F lavobac te r ium- l ike  s p e c i e s  o f  b a c t e r i a  (Raymond and Alexander ,  1971) .  
4 - n i t r o c a t e c h o l  was found a s  a  d e g r a d a t i o n  p r o d u c t .  

N i t r o p h e n o l s  may e n t e r  t h e  environment a s  d e g r a d a t i o n  p r o d u c t s  of 
o t h e r  compounds. I n  a n  i n i t i a l  s t u d y ,  Se thuna than  (1973) showed t h a t  hydro- 



l y s i s  of t h e  organophosphaLe i n s e c t i c i d e ,  p a r a t h i o n ,  i n  f looded  s o i l s  
r e s u l t e d  i n  t h e  f o r m a t i o n  of p -n i t rophenol ,  which was t h e n  decomposed by 
a b a c t e r i u m  b e l i e v e d  t o  b e  a  s p e c i e s  of B a c i l l u s .  P -n i t rophenol  (20 
ppm) was degraded by 75 p e r c e n t  i n  24 h o u r s ,  and 100  p e r c e n t  a f t e r  48 
h o u r s  i n  i n o c u l a t e d  m i n e r a l  growth medium. I n  a l a t e r  s t u d y ,  B a r i k  and 
~ e t h u n a t h a n  (1978) found t h a t  a  Pseudomonas s p . ,  i s o l a t e d  from a p a r a t h i o n -  
amended a l l u v i a l  s o i l  (pH 6 . 2 ) ,  was c a p a b l e  o f  r . ead i ly  h y d r o l y z i n g  para-  
t h i o n  t o  p - n i t r o p h e n o l ,  and t h e n  degraded t h e  l a t t e r  w i t h  t h e  p r o d u c t i o n  
o f  n i t r i t e .  A F lavobac te r ium s p e c i e s  was a l s o  i s o l a t e d  which cou ld  com- 
p l e t e l y  h y d r o l y z e  40 ug p a r a t h i o n  i n  m i n e r a l  s a l t s  medium (pH 7.1)  i n  72 
h o u r s  and produce 18.6  ug of p -n i t rophenol .  These a u t h o r s  found no de- 
g r a d a t i o n  o f  DNP i n  a m i n e r a l  s a l t s  medium c o n t a i n i n g  1 5  mg/ l  DNP and 
i n o c u l a t e d  w i t h  pa ra th ion-enr ichment  c u l t u r e s  from e i t h e r  a n  a l l u v i a l  s o i l  
(pH 6 .2 )  o r  a n  a c i d  s u l f a t e  s a l i n e  s o i l  (pH 4 . 2 ) ,  even a f t e r  1 2  days  o f  
i n c u b a t i o n .  When 50 ppm DNP was added t o  t h e s e  same s o i l s  under  f l o o d e d  
c o n d i t i o n s ,  d e g r a d a t i o n  d i d  o c c u r  o v e r  t h e  same t i m e  p e r i o d  and n i t r i t e  
was recovered  from t h e  a l l u v 9 a l  s o i l  i n o c u l a t e d  w i t h  pa ra th ion-enr ichment  
c u l t u r e s  from t h a t  s o i l  (Tab le  2 . 2 ) .  DNP d e g r a d a t i o n  on t h e  a c i d  s o i l  
where no n i t r i t e  was produced,  may be  p a r t i a l l y  due t o  i n c r e a s e d  f u n g i  popu- 
l a t i o n s  a t  lower  pH. 

Tab le  2 .2 .  Metabolism of DNP i n  f l o o d e d  a l l u v i a l  and a c i d  s u l f a t e  s o i l s  
i n o c u l a t e d  w i t h  pa ra th ion-enr ichment  c u l t u r e s  from r e s p e c t i v e  
s o i l s  (Bar ik  and Se thuna than ,  1978) .  

I n c u b a t i o n  a f t e r  A l l u v i a l  S o i l  Acid S u l f a t e  S o i l  
I n o c u l a t i o n  

I n o c u l a t e d  Uninocu la ted  I n o c u l a t e d  Uninocu la ted  

0  h o u r s  450' (0)  468 (0 )  428 (0)  441 (0 )  

72 h o u r s  315 (0 )  323 (0 )  180 (0 )  208 ( 0 )  

7  d a y s  8 0  (40)  240 ( 0 )  0  (0)  105  (0)  

1 0  d a y s  0  (101) 120 (0 )  0  (0)  0  (0 )  

~ D N P  r e c o v e r e d .  

2 ~ i t r i t e  r e c o v e r e d .  

The s t u d i e s  o f  decompos i t ion  of 2 , 4  DNP and r e l a t e d  compounds have been 
a lmos t  e x c l u s i v e  i n c u b a t e d  media i n v e s t i g a t i o n s  u s i n g  microorganisms common 
t o  s o i l s .  Thus o n e  conc ludes  t h a t  s i n c e  decomposi t ion o c c u r s  t h e r e  i s  










































































































































