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Role of the polymer degradation processes in environmental 
pollution and waste treatment

S u m m a r y  —  T h e effect o f various processes o f environm ental degradation  of 
p olym ers (under atm ospheric conditions, in w ater, soil, liv in g  organism s) on  
the p ollu tion  o f the en vironm en t has been characterized. A ctivities concern
ing  utilization o f plastics w astes h ave been described. Som e problem s con 
cerning the u se o f ph oto- and biodegradable p olym ers h ave been  d iscu ssed . 
The results o f author's research w orks on  the course o f degradation  o f p o ly 
olefins (PE, i-PP) or ep oxy  resin (ER) w ith  ad d ition  o f various am ou n ts of 
lign in  m o d ified  w ith ep oxy  grou ps are presented as w ell as the effect o f such  
blen ds on the plants grow th. Except the positive influence on vegetative m ass  
also significant detrim ental effects occurring d u rin g b lo ssom  period h ave  
been observed.
K e y  w o rd s : environm ental degradation , en vironm ent pollu tion , b iod egrad a

tion, p o lyo lefin s, ep oxy  resin, plants grow th.

GENERAL INFORMATION

P o ly m e r  d e g ra d a tio n  as a factor o f  en v iro n m e n t  
p o llu tio n

A ll  m a teria ls  o f o rg a n ic  o rig in  in c lu d in g  natural 
p o ly m ers sh o w  an inherent ten den cy to degradation. 
For m a n y  decad es this property has been regarded as a 
m ajor d isad van tage , especially w h en  the m aterials w ere  
u sed for lon g-life  products. T h e efforts w ere d evelop in g  
m aterials characterized w ith  nearly infinite durability or 
at least im p ro v e d  d u rab ility  in co m p arison  w ith  the 
existing m aterials. Traditionally, the synthetic p o lym ers  
have been  d esign ed  to be environm en tally  resistant, so  
m o st o f th em  w ere inert or u n d ergo in g  b io -, p h oto - or 
en vironm en tal d egradation  v ery  slow ly. N o w  the in d u s
try p roduces d aily  m a n y  tons o f indestructible packings  
and oth er sh o rt-te rm  u se p ro d u c ts , w h ich  in flu en ce  
negatively  on the environm ent.

Scientists started searching for com p rom isin g  so lu 
tions to reduce the durability o f the products to a con 
trolled d u ration . G en erally , the natural p o ly m ers are 
v ery  e ffic ien t fro m  e c o lo g ica l p o in t o f  v iew . C o n se 
quently, the role o f the natural p o lym ers w as re-assigned  
w h en  they are m o d ified  or u sed  in m ixture w ith  sy n 
thetic p o lym ers. In such m ixtures the synthetic p o lym er  
retards m icrobiological attack d u e to the h ydroph ob ic

nature, w h ile  the b iod egrad ab le  com p on en t sh o w s ac
celerating effect.

A s  a rule, the en vironm en t causes via variou s d egrad 
ing agents (light, m a in ly  U V  light, heat, water, ultra
so u n d s, h igh  en ergy radiations, o x y g en , chem icals, en 
zy m es, very h igh  or very  lo w  tem peratures) the deterio
r a tio n / degradation  (or agin g), d ecom p ositio n  and disin 
tegration (or even  m ineralization) o f  m aterials, so  they  
b e c o m e  w a ste s  p o llu t in g  the e n v ir o n m e n t. V ariou s  
kinds o f environm ental effects su rrou n d  us, so  environ
m ental deterioration m a y  be s lo w  or rapid bu t alw ays  
occurs, its type d ep en d s on the prevalen t factor or d e 
grad in g  agen t (p h otoch em ical, therm al, chem ical, h y 
dro lysis , oxid ation , b iod egrad ation ). In the m aterials' 
agein g, several factors are cou p led  and  their com b in a
tion m a y  create m o re  serious d a m a ge  o f a m aterial than  
each one separately. D egradation  o f p o ly m ers partici
pates in a con tin u ou sly  rising p ollu tion  o f the environ
m e n t (soil, w ater or atm osp h ere), d ep letion  o f o zo n e  
layer, increase o f the intensity o f solar radiation and  o f  
radioactivity, increase in the concentration o f the p o llu t
ants such as su lp h u r or nitrogen oxides, d u st and  other 
toxic agents a lon g  w ith  the appearance o f other specific  
toxic substances (d ioxin s, ben zofu ran s, etc.) [1]. M ech a 
n ism s o f degradation  in variou s en vironm en ts are sp e 
cific and differ for separate agents and co u p led  ones. For 
exam ple, in natural terrestrial en vironm en ts such as gar-
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den  soil, m arin e floating or coastal sedim en t, b iod egra 
dation occurs in aerobic conditions bein g  accom panied  
b y  p h oto -d eg rad a tio n , oxidative degradation  and h y 
drolysis, w h ile  in m a n -m a d e  en vironm ents (landfills, d i
gesters, co m p ostin g  w astes) the conditions are u sually  
anaerobic, p h oto - and oxidative processes rather d o  not 
occur.

The ch an ges in the p olym ers properties accom p an y
ing the d egradation  process m a y  or m a y  not be desir
able, d ep en d in g  on the application  considered. For ex
a m p le  the lig h t-in d u ced  em brittlem en t of p o lyo lefin s  
m a y  be con sidered as a desirable or not desirable result 
in the case o f p h otod egrad ab le  m aterials u sed  as short- 
-term  products (e.g., packings) and as respectively the 
lon g-term  products. In case o f short-term  products an 
accum ulation  o f p h oto - or bio-d egrad ation  products oc
curs w h ile  in the lon g -term  ones an accum ulation of 
w astes takes place; the im pact on the en vironm ent al
w a y s exists bu t it is probab ly  less im portant in the first 
case.

W h e n  the service-life  is overp assed , the d egraded  
p o ly m er products b ecom e w astes w hich  finally pollute  
soil, but also air and w ater by release their ingredients 
and d egradation  products. Independ ently  on polym er  
ap p lication , fin ally  it b ecom es w aste  m aterial, w hich  
m u st be either d isp osed  or utilized [2]. O n e  m a y  con
clu de that the "s ta tu s " o f p o lym ers as pollutants of the 
en viron m en t has drastically ch an ged last years. U ntil 
1985 p o ly m ers w ere considered as serious m acro -p ollu 
tants w ith lo w  toxicity but w ith m a n y  side effects. Re
cently a su d d e n  change has been observed. Essentially  
this is d u e  to the rapid d ev elop m en t o f the polym eric  
m aterials in the packaging industry and con su m ption , 
fo llow ed  b y  a large accu m ulation  o f plastic w astes.

M o st p eo p le  consider that the fast food  packaging  
(m ain ly  PS fo am ) and disposable diapers are m ajor con 
stituents o f garbage. It is not true; they constitute only
0 .3— 0.5 percent. It is also believed that plastics as con 
stituents o f so lid  w astes, b y  their non -biodegradability  
create serious p roblem s and m u st be considered as d an 
gerous "h a z a r d o u s " w astes. The plastics industry has 
generally agreed that plastics are not easily biod egrad 
able, but explain ed  that this in an advan tage, citing the 
p roblem s arising from  the by -p rod u cts o f b iod egrad a
tion, w h ich  are k n ow n  as "g re en h o u se  g a se s ".

R o le  o f  d e g ra d a tio n  in  p o ly m e r  w a ste  treatm en t

R apid d egradation  o f m aterials is often preferred for 
en vironm en t protection. The so -called  "5 R "  objectives of 
solid  w aste m a n ag em en t im p ly : reduction, reuse, recy
cling, recovery and research. In each direction proposed  
for w astes treatm ent, degradation  o f p o lym er m aterial 
plays a key role. Its preven tin g is im portant for the re
duction , reuse and  recycling. Its controlling is im portant 
for recovery and for the d ev elop m en t o f ph oto- and bio
d egradable  m aterials. R ecyclability o f plastics and also

o f paper is lim ited because o f deterioration o f their qu a
lity and physical characteristics in a "ca sca d e  effect".

In d u c e d  d e g r a d a tio n  (p h o to - a n d  b io d e g r a d a b le  
plastics) is a n ew  solu tion  bu t it is still a subject o f d iscu s
sion . It is th ou gh t that in the depth  o f a typical m unicipal 
landfill an intense chem ical and biological ferm entation  
occurs that transform  the organic m atter, except co m 
m o n  plastics, into a sort o f rich m oist b ro w n  h u m u s con 
verting the w astes at least to "th e  n atu re".

It is also believed that paper b iod egrad es easily. The  
d yn am ics o f a m o d ern  landfill is very  close, opposite of 
w h at m o st p eo p le  think. L an dfill is very  m u ch  m ore  
static biologically  and chem ically  than it is co m m o n ly  
su p p osed . B iodegradation  o f so m e m aterials g o  on for a 
w h ile  and then slow s d o w n  to a steady state; for other 
m aterials b iodegradation  does not proceed at all. U p  to 
10— 15 years o ld  paper is easily identified. Therefore it is 
not true that paper biodegrades and plastics not: oxi
d ized  plastics degrade in the environm en t. C oexisting  
w ith  biodegradation  is also a leachate, a toxic com plex  
m ixture o f chem icals that d iffu se into su rrou n d in g  con 
tam inating it.

The treatm ent (recovery) procedures are m o stly  de
s tr u c t iv e  su c h  as o x id a t io n , b a c te r ia l c o n v e r s io n ,  
so lvo lysis , h yd rolysis, p yrolysis and  com b u stion  [2].

S o m e  p r o b le m s  co n n ected  the u se  o f  the b io -  
an d  p h o to -d e g r a d a b le  p o ly m e r  m ateria ls

It is th ou gh t that b iod egra d ab le  p o ly m ers degrade  
w ith  a rate w h ich  m atch  or exceed that o f n aturally oc
curring p o ly m ers and sh o u ld  h av e  n o  d etrim en tal effect 
on h u m a n  health or en viron m en t; th ey  sh ou ld  even tu 
ally  be incorporated into natural cycles, bein g  n on -accu - 
m u lative  in the en viron m en t. P h oto - an d  b iod egrad ab le  
m aterials are d e v e lo p e d  b y  syn th esis o f co p o lym ers, by  
m ixin g  o f synthetic p o ly m ers w ith  natural ones, b y  a d d 
ing o f so m e ad d itives, b y  m icrobial synth esis or are ob 
tained from  ren ew able resources, as b iom ass [3]. A c tu 
a lly  b io d e g ra d a b le  p lastics m u st tota lly  co n ve rse  to 
carbon d iox id e  +  w ater and  co m p ost. O ccasionally, in
term ediate products o f b iod egra d ation  cause pollu tion  
o f the en viron m en t if they are released in a short period  
o f tim e and a narrow  space. Their b ig  qu antity  affect 
vegetation  and  probab ly  so m e  liv in g  o rgan ism s. L an d 
fills are fascinating m icrobial en v iro n m en ts, so  that u n 
der anaerobic con dition s, ninety percent o f the natural 
p o ly m ers and  part o f the synthetic ones are transform ed  
b y  b iodegradation  into m eth an e, carbon d io x id e , nitro
gen  or am m o n ia . It is w e ll-k n o w n  that the increase o f  
C O 2 co n cen tration  in a tm o sp h e re  ca u ses the g reen 
h ou se  effect w ith direct con sequ en ces for clim ate and  
the grow th  o f plants.

Therefore, on ly  apparently p h oto - and biodegradable  
p olym ers are en vironm en tally  frien dly  m aterials. O n  the 
other h an d , introducing o f degrad able  plastics into the 
recycling stream  m a y  create p roblem s in the quality of
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plastic articles contam inated w ith b iodegradable m ate
rial.

A ll  these considerations sh o w  that b io - and  p h oto d e
gradation  is not a m a g ic  solu tion  for solid  w aste d isposal 
problem . P h oto-fragm entation  o f p o lym ers, abiotic and  
biod egrad ation  can be p rop osed  as ultim ate solutions  
for u n -collectable plastic w astes treatment.

C on troversial aspects and  p roblem s for discussion  
appear concerning the fate o f the fragm ents o f p o ly eth y 
lene (PE) resulted  b y  bio-disin tegration  o f P E-based m a 

terials. T h ese m aterials persist in finished com p ost and  
accu m ulate in soil so  cou ld  hinder m icrobial and plant 
grow th ; the m etal salts as those o f C o , M n , C u , a d d ed  to 
increase the rate o f disintegration and  the degree o f frag
m entation , contam inate the com p ost. Inserting PE even  
in infinitesim al quantities bu t every d ay is altering the 
fu n d am en tal property o f soil [4].

The u n an sw ered  questions for research and  society  
are:

a) d oes the fast b iodegradation  o f d isso lv ed  organic  
m atter in w ater co n su m e oxy g en  and m a y  be accom pa
nied b y  reduction  o f o x y g en  content and w hether this 
w o u ld  affect aquatic life?

b) h o w  to protect the clim ate through the reduction of 
carbon d iox id e  released b y  b iodegradation  and to pre
vent the green h ou se effect?

c) w h ich  is the effect o f interm ediate products o f b io 
d egrad ation  on  the vegetation  and other liv in g  orga
nism s?

This paper presents a su m m a ry  o f the studies on the 
use o f lign in  in p o ly m er b len ds and  com posites directed  
m a in ly  to recovery o f lignin , w h ich  is a b y -p rod u ct in 
p u lp  and paper industry, to im p rov e  so m e properties of 
synthetic p o ly m ers and  also to increase the degradation  
rate o f the m aterials. N ex t to cellu lose, lignin  is the m ost  
ab u n d a n t ren ew a b le  resource on the earth. L ign in  is 
n o w  a v ery  attractive raw  m aterial for industry because  
it is ren ow ab le  and  natural resource, is also available  
locally, and  it can reach very interesting price levels that 
are v ery  com p etitive to oil derivatives [5].

EXPERIMENTAL

P olym er b len ds consisting o f synthetic p o lym ers —  
ep oxy  resins (ER), and p olyolefin s (PO ) such as p o ly 
ethylene (PE) or isotactic p o lyp rop ylen e (IPP) —  in the 
m ixtures w ith  variou s am oun ts o f epoxy m o d ified  lignin  
[LER, w ith  lo w  m olecu lar w e ig h t (d yn am ic viscosity  
8 0 0 0 — 20 0 0 0  cP ), e p o x y  e q u iv a le n t o f 0 .0 6 — 0 .1 7 % ,  
w ater solu ble] h ave been stu d ied  b y  investigation their 
m o rp h o lo g y  (visually  and b y  optical and electronic m i
croscopy), and  estim ation the changes in the m echanical, 
dielectric, therm al and  superficial properties in com pari
so n  w ith  th ose  o f  the base sy n th etic  p o ly m e rs . The  
E R /L E R  blen ds h ave been prepared b y  m ixin g  the li
qu id  com p on en ts in variou s ratios fo llow ed  b y  curing in 
presence o f the m aleic an h yd rid e, phtalic anh ydride or

d iam in od ip h en ylm eth an e w h ile  PE or P P /L E R  blends  
h ave been obtained b y  o p e n -ro ll/p r e ss in g  m e th o d ; for 
details see [6]. Sam ples w ere buried  in soil and  p H  o f the 
soil w as m on itored . The sam p les w ere also  exposed  to a 
m icroorgan ism s' culture, w h ich  w as an m ixture consist
ing o f stan dardized and  special fu n gi (Aspergillus niger, 
Paecilomyces varioti, Penicillium funiculosum, Caetonium 
globosum, Trichoderma viride, etc.) active in natural p o ly 
m ers biodegradation . A ctive  grow th  on  surface w as ex
am ined w ith  a stereom icroscope and  b y  w eig h t loss o f  
p o ly m er blends.

Terrestrial p lan t grow th  test w as u sed  to assess the 
influence o f the degradation  products on  vegetation . The  
stu died  plants w ere Vicia X Hybrida hort, Lathyrus Sativus 
L, Pisum Sativum L, Amorpha Fruticosa L and Myosotis 
Alpes tr is

Tw o series o f experim ents h av e  been  m a d e  to investi
gate the influence o f the degradation  produ cts, released  
to the soil, on the vegetation  and effect o f the gaseou s  
d egradation  products ed u ced  to the atm osphere. D y 
nam ics o f plants grow th  w as m on itored  d u rin g several 
v e g e ta t io n  c y c le s  b y  fo l lo w in g  g e r m in a tio n , p la n t  
height, b lo om in g , n u m ber o f b u d s and  seed s, vegetable  
crude and dried m ass after croppin g, ch loroph yll (A  and  
B) p ig m e n ts , carotenoidic p ig m e n ts , lig n in  (K la sso n - 
-K o m a ro v ), m ineral content —  ash and  m icroelem ents  
(by atom ic absorption  spectroscopy). A ll  determ inations  
h ave been m a d e  com p aratively  w ith  reference plants  
cultivated in the sam e conditions but w ith ou t p olym er  
sam ples (degradation  products) close to their constitu
tive elem ents (roots, leaves, etc.). D etails on such studies  
can be fou n d  in [6— 10].

P ollu tion  caused b y  p y roly sis  or incineration pro
ducts appears m a in ly  b y  accidents or w h e n  they leave  
the installations as exhaust gases. A verage com p osition  
o f gaseou s pyrolysis products (obtained from  m unicipal 
plastics pyrolysis, at atm ospheric pressure, at tem pera
ture 400— 5 0 0 °C , autogenerated atm osphere) w as: 1 .6 %  
H 2, 1 6 .4 %  C H 4, 5 .3 %  ethane and  ethene, 1 1 .4 %  propane  
and propene, and 6 1 .8 5 %  C 4 h ydrocarbons and C O  and  
C O 2 . Pyrolysis gas w as trapped in a reservoire equ ipped  
w ith pressure g au g e  and flo w m eter and  than passed  
over Myosotis Alpestris plants in a constant tim e interval 
(each 3 d ays) and in a constant am oun t.

RESULTS AND DISCUSSION

Environmental degradation o f  polym er b lends 
containing epoxy-m od ified  lignin

In com p osite m aterial as w o o d , lign in  there is a p o ly 
m er m atrix in w h ich  cellu lose fibres are em b ed d ed . It is 
o b viou sly  design ed  as a h igh -im p act strength, therm ally  
resistant m aterial, therm oset, w h ich  perform s in com bi
nation w ith  h igh ly  crystalline cellu losic fibres.

L ignin  is considered to be a n on -b iod egrad ab le  m ate
rial, but naturally it is transform ed into h u m u s at a s low
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rate in a ca rb o n -o x yg en  cycle h elp ed  b y  catabolitic ac
tivities o f m icroorgan ism s. Ligninase acts b y  cleavage of 
the b o n d s and finally h u m u s, sm all phenolic fragm ents, 
carbon d iox id e  and  w ater are form ed.

Industrial and  com m ercial lignins are different, they 
h ave lo w  m olecu lar w eig h t and different functionalities 
w ith  ran d o m  distribution  and  they are so lu ble  in water. 
Th ese k inds o f lignins are m ore easily degradable in en
vironm en tal con dition s and m ore com p atible w ith other 
p olym ers [5].

The incorporation  o f ep o x y -m o d ified  lignin  into all 
ab ove m en tion ed  synthetic p o lym ers leads to [6]:

—  a significant increase o f the dielectric properties 
(2— 4 orders o f m a gn itu d e),

—  increase o f C h a rp y  im pact strength (2— 5 tim es),
—  significant im p rovem en t o f adhesive properties.
D u e  to its p h en ol p ropan oidic structure lignin  acts as

a n tio x id a n t (con cen tration  <  5 % , the d e c o m p o sitio n  
tem peratu res increased abou t 10— 2 0 °C ), and  surface  
properties im p rov es b y  increasing o f the h ydroph ilic  
character o f c o m p o u n d s (polar com p on en ts o f the free 
surface en ergy increase of 3— 4 tim es, m ainly  electron  
don or com p on en t d u e  to the presence of o xy g en -con 
ta in in g  g r o u p s ). In the case o f  h ig h er  in corp o rated  
a m o u n t o f LER, a clear tendency to environm ental d e g 
radation w a s observed . A fter at least seven m on th s of 
soil burial the change in E R /L E R  or P O /L E R  blends  
starts at surface b y  form ation  o f cracks, cavities loss of 
ph ysico-m ech an ical properties, w ater absorption (at be
g in n in g), w eig h t loss, presence o f the m icro-organism s  
w h ich  w ere observed  on the surface, etc.

T h e w e ig h t loss w a s 75— 9 0 %  for E R /L E R  blen ds  
containing m ore than 3 0 %  LER, w h ile  the w e ig h t loss o f  
the b le n d s  co n tain in g  less than 3 0 %  L E R  w a s  o n ly  
2— 3 % , sim ilar to the sam p les containing PO .

P O /L E R  blen ds containing 10— 1 5 %  LER, p h oto -o xi
d ized  and p lasm a or electron beam  ex p ose d , exhibited a 
significant w eigh t loss: m ore than 20  w t. % . N aturally, 
the w eigh t loss is explain ed  either b y  leaching o f w ater- 
solu ble natural p o ly m er from  the surface or b y  evolu tion  
o f so m e products o f degradation . M igration  o f w ater in, 
ou t or through the sam p les favou rs degradability  start
ing w ith leachable com p on en ts, lea vin g  m atrix brittle 
and m ore susceptible to further degradation . A ccord in g  
to the literature data and our results [6 ,1 1 ] , the d egrada
tion o f the b len ds leads to a series o f c o m p o u n d s such as 
h ydrocarbons, acids, p h en ols, a ld e h y d es, ketones, esters 
w h ich  effect is the decrease o f p H , the increase o f acidity  
o f soil and  con sequ en tly  the anabolism  and  en zym atic  
activity w ill be perturbed.

T h e  e ffect o f  p o ly m e r  b le n d s  a n d  p y r o ly s is  g ases on  
the p lan ts  g ro w th

M icrobial en vironm en t is also affected e.g. if som e  
bacteria prefer retaining on the surface, the activity of 
so m e en zy m es is inhibited so  equ ilibriu m  is disturbed. 
T h e interm ediate products o f p h o to -, th erm o- and bio 
oxidation  are b iod egrad able  lo w  m olecu lar w e ig h t car
boxylic acids and  alcohols (Schem e A )  form ed  prim arly  
in the surface layers o f p o lym ers. T h ey  m igrate into soil 
so the roots plants are in close contact w ith  them ; in

Unmodified polymer material Vegetation and living organisms

Scheme A. Schematic representation of environmental degradation of a polymer material and influence of 
intermediate product of degradation on soil and enzymatic activity
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so m e cases a negative influence on  the p lan ts ' grow th  is 
observed.

Positive and  n egative influences of the buried sa m 
ples on the p lan ts ' grow th  are observed. Positive influ 
ence is assessed for the plants bein g  higher w h at results 
in greater accu m ulation  o f crude and dried vegetable  
m ass in com p arison  w ith  reference plant. The negative  
influence appears d u rin g b lo o m in g  period (Tables 1 and  
2) a n d  is m u c h  sign ifican t w h en  the LER  content is 
higher than 10 w t. %  and for w eig h t loss higher than 20  
w t. % .

W h e n  the d egradation  w as fast and high  am ou n t of 
d egradation  products w a s ev olv ed  the germ ination  w as  
affected, the content o f p igm en ts in the leaves o f the 
plants decreased and the content o f m icroelem ents w as  
changed.

T a b l e t  Data of the plants' growth test in the presence of 
ER/LER and ER/LER/Fe203 blends

Samples 
(crosslinked 

with diamino- 
diphenyl- 
methane)

Blooming
period

Total Chloro
phyll, %

Carotenoidic 
pigments, %

Lig
nin
%

Height 
of the 
plant, 

cm

No.
buds

I II I II

Reference plant 
(without poly-

52 50 0.0342 0.6041 0.0012 0.0317 20.3mer samples 
buried in soil) 

ER 30 31 0.0160 0.9558 0.0005 0.0739 22,5
86% ER/

22 21 0.0204 0.7866 0.0013 0.0408 20.914% LhK 
75% ER/

14 8 0.0164 0.7202 0.0009 0.0459 22.8
L'O ’ia  L h K  

LER 17 28 0.0316 0.4807 0.0011 0.0442 15.6
ER/5% F e 2C>3 17 14 0.0202 0.6031 0.0011 0.0503 20.5
81.4% ER/ 

13.5% LER/ 26 33 0.0200 0.8220 0.0019 0.0503 21.8
5% Fe20 3 

71% ER/ 
24% LER/ 18 21 0.0201 0.5939 0.0047 0.0307 20.5
5% F C 2O 3 

LER/5% F C 2O 3 28 41 0.0239 0.4526 0.0011 0.0359 17.6

I — the first vegetation cycle, 4 months during autumn, winter period;
II — the second vegetation cycle, two months, summer period.

It is w e ll-k n o w n  that biodegradation  processes o f the 
lignin  and its derivatives results w ith  substances o f aro
m atic structure and carboxylic grou ps o f phenoxy-acetic  
type w h ich  skeletal structure is also fo u n d  in ph yto  h or
m o n es, au xin es w ith  stim u latin g effect on  the p lan ts' 
grow th . O n  the other h an d , b y  processes o f d em eth yla - 
tion, oxidation  and b y  m icroorgan ism s' attack, the h u 
m u s is fo rm ed  w h ich  is an im portant constituent for 
m aintain ing o f favorable conditions in soil for vegeta
tion g ro w th . H u m u s  influences the structure and texture 
of soil increasing aeration and  m oisture h old in g  capa

city. It is also able to store and g rad u ally  release nutri
ents to the su rrou n din g en viron m en t b y  sim u lation  o f  
plant en zy m e system . This is explanation  for apparent 
positive effect.

A  decrease o f ch loroph yll and  carotenoidic pigm en ts  
as w e ll as m icroelem en ts' content is ev id en t from  Tables 
1 and 2. It is d u e to the change o f soil environm en t. The  
interm ediate products decrease the p H  o f the soil and  
therefore p h ysiological state o f the plan t and  also its abi
lity o f m icroelem ents assim ilation  are affected.

T a b l e  2. Data of the plants' growth test in the presence of 
PO/LER blends (greenhouse conditions, summer period)

Blooming
period

Content of micro
elements (mg/100 g 

dried mass) Lig-
Samples * Height nin

of the 
plant

No.
buds

Fe Mn Cu Zn
%

cm

Reference plant (without
polymer samples 
buried in soil)

52 50 0.28 0.38 0.37 1.73 20.3

IPP 33 36 2.04 2.71 1.05 2.72 21.3
91% IPP/9% LER 

(PP-g-GMA) 42 34 0.41 1.34 0.59 2.34 19.8

87% IPP/13% LER 
(PP-g-GMA) 40 21 1.09 1.54 1.21 2.43 19.3

PE 35 26 0.41 1.28 0.78 0.97 21.0
PE/20% LS-NH4  (EVA) 46 38 0.30 1.83 0.25 0.15 20.5
PE/30% LS-NH4  (EVA) 44 42 0.16 0.45 0.14 0.52 19.7

1 In the brackets, the compatibilizing agents are given: PP-g-GMA — 
polypropylene grafted with glycidyl methacrylate, EVA — ethyl- 
ene/vinyl acetate copolymer, LS-NH4  — ammonium lignosulfonate.

Test o f incubation w ith  one m icro -organ ism  or colo 
nies o f m icro-organism s sh o w ed  that m icro-organ ism s  
in soil act sim ilarly  to the w o o d -d e g ra d in g  m icro-orga
nism s. T h e h yph ae grow th  on  the sa m p le  surface w ere  
m ore abundant. T h e lon ger exposu re tim e w a s, the sur
face covered by m icro -organ ism s increased starting from  
m icro -d om ain s o f natural p olym er. From  the com plex  
m icrobial pop u lation  on ly  certain fu n gi w ere accu m u 
lated  o n  the su rfa ce  n a m e ly : Penicillium funiculosum, 
Stachybotrias atara, Myrothecium verrucaria, a n d  h a v e  
acted the tested p olym ers. The results indicate no sign ifi
cant differences b etw een  the beh aviou r o f the lignin- 
-filled  p olym ers and starch-filled P O  [1 1 ,1 2 ].

T h e m a x im u m  height o f the Myosotis Alpestris plant 
u n exp osed  to the p yrolysis gas w as 9 .5 cm  and 11— 12 
cm  for exposed  plants, therefore the sa m e greater accu
m u la tio n  o f vegetative  m ass in ex p osed  sa m p les has 
been observed as in those g ro w n  in the presence o f p o ly 
m ers buried  in soil. T h e content o f the p igm en ts in the 
leaves o f the p lan t ex p ose d  to the p y roly sis  gases is 
sm aller than that o f reference plant: 3 .8 4  m g /g  in co m -
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T a b l e  3. Content of assimilatory pigments in M y o s o t i s  A l p e s t r i s  exposed to gaseous pyrolysis products

Plants
Chlorophyll Total Carotenoidic Total available Chlorophyll

A В Chlorophyll Pigments pigments A/В Ratio

REFERENCE 1.32 0.46 1.78 4.83 6.62 2.87
EXPOSED 0.72 0.27 0.98 2.49 3.84 2.67

parison  w ith  6 .62  m g /g  (Table 3). The cartenoidic p ig 
m ents content w as higher in u n exp osed  leaves, the ratio 
ch loroph yll A /В  w as also higher. The ph ysiological data  
obtained b y  biochem ical analyses o f photosynthetic p o 
tential of the leaves confirm  the decrease o f the caro- 
tenoidic p igm en ts content and o f both chlorophylls con 
tent. The p H  o f soil sligh tly  decreases, so  d im inish in g of 
the p h o to sy n th etic  capacity  o f these p h yto tax o m s in 
presence o f the degradation  products has been sh ow n .

CO NCLU SIO N S

T h e d egradation  processes are essential in p o lym er  
w aste m an agem en t. Each m eth od  o f degradation  pre
sen ts both  a d v a n ta g e s  a n d  d isa d v a n ta g e s in respect 
w ith  en viron m en t protection.

The interm ediate degradation  products influence the 
p lan ts' grow th . Both positive and negative influences of 
the buried sa m p les are observed. The plants g ro w n  in 
presence o f p o ly m er sam p les or degradation  products  
are higher and sh o w  greater accum ulation  o f crude and  
d rie d  v e g e ta b le  m a ss  in  c o m p a riso n  w ith  reference  
plant. N eg a tiv e  influence appears in b lo o m in g  stage and  
is m u ch  significant w h en  the degradation  w as fast and  
high a m o u n t o f degradation  products w as evolved . In 
such case p H  o f the soil decreased, the germ ination  w as  
affected and  the content o f pigm en ts in the leaves o f the 
plants decreased.
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