
Study Of Microbial Degradation
Of Polyvinyl Alcohol (PVA)

In Wastewater Treatment Plants

Introduction
For environmental and other rea-

sons, it’s important to overview the
manufacture and chemical characteri-
zation of PVA as well as the PVA load of
textile effluents discharged and the cur-
rent level of knowledge on the microbial
degradation of PVA. The evaluation
conducted in Germany is based on
experimental data collected between
1990 and 1992 which indicates that
PVA is microbially degradable in con-
ventional mechanical-biological waste-
water treatment plants if fixed system
requirements such as adaptation, con-
stant influx, food to microorganisms
ratios (F/M) under 0.15 kg BOD s/kg
MLSS x d, and temperatures above
15°C are present.

The temperature dependence of the
microbial degradation of PVA, up to now
inadequately investigated, is presented
in detail on the basis of experimental
data and the results of laboratory inves-
tigations. Results show there is a dras-
tic fall in the efficiency of PVA degrada-
tion through activated sludge in existing
wastewater treatment plants at temper-
atures below IO-12°C. This may be
attributed to the fact that at this temper-
ature level, the wash-out rate of the
PVA-degrading microorganisms is high-
er than the growth rate and their con-
centration is no longer sufficient for a
quantitative degradation of the incoming
PVA loads.

An important area of application of
polyvinyl alcohol (PVA) is its use as siz-
ing agent in the textile industry, for
which it is the oldest fully synthetic poly-
mer. Sizing agents are placed on the
fibers before the weaving process to
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Table I: Specific COD- and BODs-values of the important sizing agents.

Kind of sizing agent spec. COD-value spec. BODs-value

[mg O2/g] [mg O2/g]

Starch 900 -1000

Carboxymethylcellulose (CMC) 800 - 1000

Polyvinyl alcohol (PVA) ca. 1700

Polyacrylates 1350 - 1650

Galaktomannanes 1000-l 150

PES-dispersions 1600 - 1700

Protein sizes 1 200

I) in consideration of the moisture percentage of commercial products

500-600

50 - 90

30 - 80

< 50

400

< 50

700 - 800

2) with non-adapted inocculum

protect  them. Af ter  the weaving
process, the sizing agent has fulfilled its
role. In subsequent finishing processes
it is a disturbance and must therefore
be completely washed out by more
than 90%. This textile pretreatment
process results in a high wastewater
load, which amounts to a COD of 40-
80% of the entire load from a textile fin-
ishing industry3.456,7.

Many investigations have been pub-
lished about the microbial degradation
of PVA. According to these sources,
PVA is biologically degradable under
certain conditions. These conditions are
not always present in wastewater treat-
ment plants and may lead to the
exceeding of prescribed standards,
especially of the sum parameter COD.
This study investigates the requisite
conditions for the microbial degradation
of PVA. The chemical basis of PVA and
an evaluation of its extent of use as a
sizing agent. Although the data were
gained from only one plant in Germany,

the results relate directly to plants of a
similar nature in other countries.

Technically, PVA (Figure 1) is manu-
factured overall through radical chain
polymerization (in an organic solvent-
usually methanol) of vinyl acetate with
ensuing hydrolysis (saponification). The
different PVA types result from variation
of the reactions and procedure condi-
tions (e.g. different methanol percent-
ages for the control of the degree of
polymerization or different catalyst con-
centrations to influence the residual
acetyl group content etc). In the practi-
cal technical sense the molecular
weight (degree of polymerization) and
the residual acetyl group content
(degree of hydrolysis or saponification)
are the proper first line terms. Figure 2
shows a fully hydrolyzed (saponified)
and a partially hydrolyzed PVA in ideal-
ized form, that is without reference to
the steric configuration and without
acetyl chain and main chain branchings.

The molecular weight of technical
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PVA is Gaussian shape distributed. The
interpretation of considering the biologi-
cal oxygen-demand (BOD) and the
degradation curves, one should note, is
that technical PVA could include lower
molecular weight parts as well as chem-
icals remaining from the polymerization
(especially methanol and acetic acid),
which are more quickly and easily
biodegraded than PVA polymers.

PVA quantities
According to an elaborately detailed

estimate, about 15,000 tonnes of sizing
agents are emitted yearly in the united
Germany. The semi and fully synthetic
sizing polymers (PVA, polyacrylates,
CMC, polyesters) cover a share of
about 45%. The imported textiles are
predominantly produced with native siz-
ing agents. Considering the import/
export relationship, the amount of sizing
agents that reaches the wastewater
system from German textile finishing
industries runs between 12,000 and
14,000 tons per year, respectively,
about 14,000 t COD per year. The
absolute share of PVA lies in a magni-
tude of 1,000 tons per year. The mass
specific COD and BODs values for the
most important sizing agents which are



included in the previous estimate are
shown in Table I.

The BODs value for PVA should be
compared to the displayed values of
methanol and acetic acid content as
well as in given cases to the lower mol-
ecular weight PVA content which are, or
can be present in technical PVA.

Microbial degradation
Biological degradability is not only a

characteristic or a property of organic
compounds, but also a system condi-
tion. In many cases the system with its
requirements determines whether an
organic chemical inside degrades or not
and at what kinetic. The saying 
compound x is biologically degrad-
able...” is often worthless without the
specification of the system conditions.
PVA is an outstanding example of this.
As shown in the following, this polymer
is quantitatively degraded in the system
“biological wastewater treatment
plant/activated sludge system” under
the system conditions

- adapted microbial population,
- low food to microorganisms ratios

(F/M) in [kg BODs or kg COD or kg
PVA/kg MLSS x d] - (MLSS = Mixed
Liquor Suspended Solids)

- constant influx and
- temperatures over 18°C.

In contrast, PVA passes through the
same system largely unchanged under
the conditions

- temporary influx and low input con-
centration so that no adaptation is
possible,

- high F/M,
- temperatures under 10°C

This means that for the microbial
PVA degradation the system conditions
are crucial.

In the early 70’s, on the basis of
envisaged COD limits for the effluents
of biological wastewater treatment
plants in the US and in Japan, extensive
and detailed investigations were con-
ducted about the microbial degradation
of PVA. These investigations have
been somewhat forgotten in the
German speaking regions. There it is
clearly stated that PVA is degraded in
mechanical- biological wastewater
treatment plants, but specific conditions
must be maintained.

These conditions are essentially:
- steady PVA influx
- sufficiently low F/M and sufficiently

high sludge age and
- adaptation of the microorganisms,

which as a rule demands several
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wastewater treatment plants. The
degradation was followed with sum
parameters such as COD or TOC/DOC.
here are also numerous investigations

 about PVA degradation which were per-
formed with defined strains of bacteria.
An attempt was made to identify the
microbial degradation path(s).

 According to a literature research by

StraBner there are 29 publications
from the period 1969-1991-with one
exception all were from Japan-which
show that psuedomonas are able to
degrade or assimilate PVA.

We investigated the functions of a
two-stage wastewater treatment plant
located in Munsterland, in the North of
Germany. The two biological stages are

conceived according to the so called
AB-process2*. Thereby, in the first A-
stage, high F/M (F/M,BoD~ = 3-4 kg
BOD5/kg MLSS x d) is applied, so that
quickly growing microorganisms domi-
nate which only metabolize carbon
hydrogen bonds. In the B-stage, on the
other hand, the growth of microorgan-
isms with longer generation times (nitri-



ficants and “degradation specialists”) is
possible, whereby nitrogen oxidation
(nitrification) occurs and more difficultly
degradable bonds can be replaced
microbiallyz3. The flow diagram of this
slant is shown in Figure 3.

Since 1992 an ozonation plant, an
activated carbon adsorption stage as
Nell as a sand filtration have been
added. However, for the microbial PVA
degradation considered here, that is not
relevant. Of special significance is that
the wastewater of a large full scale tex-
tile finishing industry is discharged to
he wastewater treatment plant via a
separate pipe. Moreover, a smaller tex-
tile finishing industry discharges its
wastewater into the public sewer sys-
em.

Self-monitoring
The operator of the wastewater treat-

ment plant takes flow proportional 24-
hour composite samples at four differ-
ent sampling points (SP) daily. As
shown in Figure 3, the procedure con-
cerns both influxes (municipal waste-
water and from the textile finisher) as
Nell as the sampling of the intermediate
clarifier and the final clarifiers. At SP 1,
SP 2 and SP 4 there are flow meters for
he continuous measurement of the
wastewater flow. COD is determined
daily in all samples, PVA once weekly,
at times every two weeks at the outlet of
the intermediate (SP 3) and of the final
clarifiers (SP 4). During a half year mea-
surement plan in 1992 both influxes (SP
1 and SP 2) were also thoroughly ana-
lyzed for PVA. The original values of this
measurement plan are summarized in
Table III. Table IV contains the subse-
quent evaluations. According to the
above, the textile wastewater dis-
charged to the plant by a separate pipe
amounts to approx. 40-50% of the total
flow of wastewater. The percentage of
COD load of the textile finisher runs
between 55 and 75%.

From the desizing process an aver-
age of 200-300 kg of PVA flows daily
into the wastewater treatment plant.
About l0-40 kg PVA per day enter the
plant with the municipal wastewater,
originating mostly from the second tex-
tile finisher discharging to the public
sewer system.

The inflowing PVA load represents
about 10% of the COD influx load. This
relatively high percentage and the
observation that the COD effluent con-
centration of the wastewater treatment
plant clearly increases in winter, allowed

t

I

I

I

I

I

I

he assumption that PVA is no longer
quantitively degraded at low tempera-
tures, and this could be the cause of the
COD increase during winter months.
Therefore, the wastewater treatment
plant operator began to follow the PVA
degradation. For this a PVA specific
investigation method was needed which
s described as follows.

Specific PVA analysis
The blue color reaction of PVA with

iodine was already reported in 1927
later, it was determined that this green-
ish-blue color reaction is considerably
more sensitive in the presence of boric
acid. From this the test methods for
PVA were developed. The photometric
method for the determination of PVA in
coated papers, published by Finley in
1961 was later modified by Hoechst

AG for wastewater analysis”. Thereby,
the interfering influence of starch is
taken into account. This disturbing influ-
ence is often present in conjunction with
desizing and must be considered. The
Hoechst method does not mention the
time dependence of the formation of the
greenish to blue PVA-boric acid-iodine
complex which was already shown in
1964. A new work recognizes that and
has recommended the application of
extinction measurement according to a
set time interval (e.g. 15 minutes)“.

This work contains the following
important conclusions for the analysis of
PVA in wastewater:
- the individual PVA types (various
degrees of polymerization and hydroly-
sis) differentiate themselves only slight-
ly according to color intensity of the
PVA-boric acid-iodine complex.
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- a correlation for the extinction of the
PVA-boric acid-iodine complex exists
neither with the degree of hydrolysis
nor with the degree of polymerization
(viscosity)

- the COD correlates well with the pre-
viously mentioned Hoechst method
following the microbial degradation
of PVA

- the method according to Finley and,
therewith, also the Hoechst method
are applicable to the analysis of

wastewater.
For the determination of PVA degra-

dation in the previously mentioned
wastewater treatment plant ,  the
Hoechst method was applied. In this
manner, the samples were not filtered
but only sedimented. The photometric
determination proceeded 15-30 minutes
after the addition of the reagents (boric
acid and iodine-calcium-iodide solu-
tion). Present starch was enzymatically
depolymerized before.

Evaluation and interpretation
The results of the half year measure-

ment plan conducted in 1992 show that
in the high loaded activated sludge
stage (A-stage), the COD elimination
rates strongly vary by 2050%. This can
be attributed firstly to the equally strong-
ly varying COD influx loads and to the
various retention times (shortened par-
ticularly by occurrences of rain). In the
A-stage with F/M of more than 34 kg
BODs/kg MLSS x d with the predomi-



In every case it becomes significant
that no stable, noteworthy PVA degra-
dation takes place. On the contrary, in
the low loaded activated sludge stage
(B-stage) PVA elimination rates reach
up to 99% at F/M under 0.1 kg BODs/kg
MLSS x d. Thereby the values in the lit-
erature (see Table II) are confirmed.
However, the elimination rates can also
be under 20%. Because this appeared
to be related to the low wastewater tem-
peratures, the effect was pursued in
detail to the correlation between PVA
degradation in the low loaded stage and
wastewater temperature therein.

To this end, not only the values of the
measurement program in 1992 (see
Tables III and IV) but also all the deter-
mined PVA and COD concentrations
and loads in the years 1990 to 1992
were evaluated; from the input and out-
put of the low loaded stage as well as
the corresponding wastewater tempera-
tures. Within this time frame, corre-
sponding data for 108 days were avail-
able. In Figure 4 the determined PVA
and COD elimination rates together with
the associated temperature in the time
period (1990-l 992) are recorded.

This graph shows directly how PVA
degradation efficiency breaks down at
wastewater temperatures under 12°C
and only recovers again at tempera-
ures above 15°C. At temperatures
above 18°C - 20°C elimination rates of
more than 90% are reached. The COD
elimination decreases proportionally to
he decreasing PVA degradation
through which the observed COD
increase in the cold seasons is essen-
tially explained. The degradation of
other organic compounds is, however,
not as temperature dependent as the
PVA degradation. Otherwise, the COD
elimination would have to decrease
even further.

nant, fast-growing microorganisms
there, which at first attack carbon
bonds, PVA is not degraded (see PVA
elimination rates in Table IV). The varia-
tions in the PVA elimination rates in the
A-stage range from zero to values in the
positive and negative range. This can
be explained by the fact, that the sam-
pling did not take into account the
delayed retention time.

The observable breakdown of the
elimination rates in 1992 can be attrib-
uted to the expansion program on the
wastewater treatment plant, which
began at that time. For this, individual
tanks were taken out of operation and
the retention times in the activated

In Figure 5 the correlation of the PVA
and COD elimination rates is depicted

\Nith respect to the temperature.
Accordingly, temperatures above 18°C
are effective for PVA elimination rates of
more than 80% in biological wastewater
treatment plants. Naturally the system
conditions of “adapted microbial popula-
tions” and F/M,PvA < 0.1 kg PVA/kg

IMLSS x d with F/M,BoD~ < 0.15 kg
IB0Ds/kg MLSS x d (see Table II) must
3150 be present. Temperatures above
20°C are optional while at temperatures
Iunder 10°C the degradation at the given
Iretention times is greatly hindered. This
I indicates exactly the temperature level
at which the metabolism of the nitrifying
Ibacteria also decreases significantly.

The nitrifying bacteria can also be

sludge stage sank sharply.

attributed to the psuedomonas. As men-

tioned, numerous psuedomonas have
been isolated which can attack/degrade
PVA microbially. The growth rate of the
PVA degrading microorganisms is less
at temperatures under lO*C-12°C than
the wash-out rate, which leads to elimi-
nation rates at this temperature level
gradually retreat to under 20%.

These results could be interpreted
even more clearly with a mathematical
model of the PVA degradation. But the
available data presented are not sufficient
for its application. The “Activated Sludge
Model No. 1” of the IAWPRC work

group3132 is recommended as a model.
At first glance it does not seem plau-

sible that the mixed water temperature
in a wastewater treatment plant with 40-
50% textile wastewater can actually fall
under 15*C, because textile wastewater
comes in at 30-35°C. In the present
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case, it not only cools greatly at the
ambient external temperatures in a
large mixing and equalization tank of
the textile finishing industry (not con-
tained in Figure 3) with a retention time
of several days, but also in the high
loaded stage and in the intermediate
clarifier, so that the reported tempera-
tures can be explained. Within this
background it should be tested whether
the temperature level could be elevated
I the low loaded stage even at very
cold temperatures through insulation
and/or covering procedures as well as
through direct discharge of hot rinsing
waters from the textile finishing industry
to the low loaded stage.
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The strong temperature dependence
of microbial PVA degradation deter-
mined at the wastewater treatment plant
in Munsterland was to be conditionally
investigated and these observations to
be reproduced or fully carried out in the
laboratory of the EMPA in CH-St.
gallen. A modified Zahn-Wellens test
was used as a test method, which was
conducted according to the 1981 OECD
tandard and meanwhile evaluateda

and conducted also as a Euronorm.
‘hereby, the recommendations of the
MPA St. Gallen (lower test substrate
oncentration and lower biomass con-
entration) were considered. Addition-
Ily, mineralization of organic com-
ounds was determined by measuring
arbon dioxide.

The investigations of the tempera-
ture dependence of various PVA
egrading microbial populations was
ombined with the determination of the
‘VA degradation potential of those acti-
ated sludges. The municipal effluent
reatment plant Teufen does not receive

wastewater from a textile finisher.
Meanwhile, in the Habis plant only tex-
tile wastewater is treated. The other
wastewater treatment p lan ts  l ie
between these extremes. The influence
of the textile wastewater can at first be
compared to the degree of adaptation
and respectively the PVA degradation
capability of the present activated
sludges of the concerned plants, with
the assumption that the textile finishing
industries connected to them also finish
weaved textiles.

Laboratory investigations
The PVA elimination curves con-

tained herein corroborate completely
the previous publications (see Table II),
particularly those from Zahn and
Wellens from the years 1974 and
1980. The elimination curve for a
municipal activated sludge is shown in
Figure 6.

It must be recognized that after a lag
phase, which includes the adaptation
time, the degradation takes place with
the typical exponential profile and PVA
is degraded up to 90% after a total of 50
days. The PVA removal was followed
using DOC. To be certain that a micro-
bial degradation of PVA really takes
place, the carbon dioxide development
was detected as mentioned above as a
direct measure of mineralization.

Figure 7 shows the result for an acti-
vated sludge that is well adapted on
PVA. The PVA elimination and mineral-
ization occurs directly. In Figure 8 fur-
ther elimination curves for activated
sludges of various origins are shown.
This figure does not contain the miner-
alization curves, because in every case
the PVA elimination occurs due to

microbial degradation. Other elimination
mechanism could not observed.

The elimination time shown previ-
ously in Figure 6 with the activated
sludge from the wastewater treatment
plant Teufen is significantly longer com-
pared to the other wastewater treatment
plants. This is understandable, since it
involves a wastewater treatment plant
to which household wastewater flows
exclusively. A “PVA contact” is, accord-
ingly, not made to this activated sludge
in a small area, while it is the case in the
others where textile wastewater comes
in.

The curve shape in Figure 8 further
indexes that many adaptation levels are
possible and finally PVA can be
removed by all activated sludges up to
about 90%.

The temperature dependence of
chemical and microbiological reactions
and the microbial growth has been a
part of our basic knowledge for a long
time. As reinforcement, we initiated
laboratory investigations for the observ-
able temperature influence in the pre-
sent wastewater treatment plant which
could be reproduced in the Zahn-
Wellens tests. A complementary factor
is whether the degradation by more
easily degradable organic bonds can be
significantly less influenced by tempera-
ture. Additionally PVA degradation with
adapted activated sludge was followed
in one case at room temperature, at
15°C and 10°C while at the same time
the degradation curves of an easily
degradable sizing agent (a mixture of
galactomannan and starch) was taken.
The results exhibit the same response
as from industrial practice. Figure 9
shows the PVA elimination curves at the






