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Decomposition of coated papers
from a quick-service restaurant
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ABSTRACT: Coated papers represent a large proportion of the
waste stream from quick-service restaurants. The biodegradation
rate of waxed paper, polyethylene-coated paper, and uncoated
paper is evaluated under composting conditions and in soil at
room temperature, by weight loss and CO, evolution
determinations, respectively. Petroleum wax degrades readily
and serves as a metabolic energy source. While the restaurant
waste showed significant degradation and would lend itself to
composting, a major drawback is its significant nondegradable
content, i.e., plastic material, which requires segregation or
sorting. The restaurant waste could be applied as a direct soil
amendment at up to 25 metric tons/hectare without inhibiting

rye grass growth.
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he composting process repre-

sents an important strategy in
diverting waste streams from land-
fills and returning organic content
to soils. While not recovering the
material value of closed loop recy-
cling, composting is an attractive al-
ternative when organic materials are
intimately mixed with putrescibles
such as food (1,2). Such is the case in
the quick-service restaurant indus-

try. More than 50% of over-the-
counter (OTC) waste is typically
composed of coated and uncoated
paper and paperboard (3). Up to 30%
can be plastics, including polysty-
rene, polyethylene, and polypropy-
lene; foodstuffs are a lesser
component. Behind-the-counter
(BTC) waste has a higher content of
foodstuffs as well as polyethylene
films.
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Biodegradability
of coated papers

Most of the paper used for packag-
ing in quick-service restaurants is
treated with materials that provide
moisture and grease resistance. Pe-
troleum wax-based or low-density
polyethylene (LDPE) coatings are
typically used for moisture resis-
tance, while fluorocarbon-derived
treatments are used for grease re-
sistance, either alone or in combina-
tion with the other coatings. When
petroleum wax-based coatings are
used with hot foods, they are typi-
cally modified with high-melting-
temperature synthetic waxes to
provide the required high-tempera-
ture properties. Wax and polyethyl-
ene are also used as laminants in
packaging constructions containing
more than one paper layer. Previous
work (4-6) with paraffin wax-based
coatings indicates that they are in-
herently biodegradable and readily
decompose under normal outdoor
exposure conditions, as well as in a
composting process. Higher-melt-
ing-temperature microcrystalline
waxes biodegrade at a slower rate
than paraffins. The results of
composting a coating composed of
paraffin wax, poly (ethylene vinyl
acetate), and aliphatic hydrocarbon
resins indicated that the wax com-
ponent decomposes quite readily,
while the polymer and resin compo-
nents do not. Polyethylene films do
not biodegrade under normal out-
door conditions. ASTM G22 Stan-
dard for Biodegradability has been
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I. ASTM G21/G22 fungal growth. Rating
scale: 0=no growth, 4=heavy growth.

1. Cumulative carbon loss in soils amended with papers or restaurant waste at rates
simulating 25 mg paper/ha and NH,NO, at 333 kg N/ha
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used as a screening method for bio-
degradability, using the ability to
support fungal growth as a predictor
of this property. See Table I.

University of Guelph
composting study

OTC and BTC waste from a quick-
service restaurant was composted as
is and with an added nitrogen source
(poultry manure) for a period of 84
days to study the degree of decom-
position with a minimal amount of
amendment. The decomposition of
uncoated paperstock, heavily waxed
cupstock, waxed burger wrap, and
double-sided polyethylene coated
paper was monitored by isolating 5-
cm? paper samples in 0.2-mm mesh
screens and immersing the screens
in the compost. The screens were
removed weekly for examination.
Litter bags were added 28 days into
the study and were analyzed for
weight loss after 56 days of immer-
sion in the compost (Table I1).
After 84 days, the average dry
weight loss of the composts was
49.4% for BTC waste and 66.8% for
OTC/BTC mixed waste. Additions of
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approximately 50% poultry manure/
straw mix to the over-the-counter
mix resulted in 71.0% weight loss.
Although the composts showed a
temperature cycle and significant
weight loss, the waste composted
without manure appeared more like
garbage than humus.

The composts were mixed with soil
in pots at up to 5% by weight and
allowed to incubate for varying peri-
ods. The pots were seeded with rye
grass, and the yield was determined.
The 5% levels of compost caused
growth inhibition of the rye grass,
while 2.5% levels supported adequate
growth if the incubation period was
adequate (132 vs. 32 days). The inhi-
bition could be due to either salt lev-
els or phytotoxins, which are
indicative of immature compost.

Paper degradation in soil

In addition to the short-term
composting study, the University of
Guelph engaged in a longer-term
study to evaluate the degradation of
the waxed and unwaxed polyethyl-
ene, coated cupstock paper, and com-
bined restaurant waste in soil at room

temperature for 143 days. Degra-
dability was monitored by CO, evo-
lution, and the soils were evaluated
for impact on plant growth by study-
ing germination and growth of pe-
rennial rye grass in the amended
soil samples. Different levels of pa-
per and nitrogen application were
tested to estimate the practical up-
per level of direct soil amendment.
The results of this study indicated
that the papers all decomposed
readily. The waxed and polyethyl-
ene-coated material showed only a
slight lag compared to the uncoated
papers. In this study, the papers were
finely shredded to 2-4 mm in size.
The significant difference in the pa-
pers was the higher level of CO, evo-
lution with the waxed paper (Fig. 1).
This reflects the fact that the waxed
paper served as a higher-level source
of available carbon than the other
materials. As a consequence of this
enhanced biological activity, the wax
paper-amended soil showed more
critical dependence upon applied ni-
trogen than the other materials. Af-
ter 18, 32, and 132 days, the mixtures
were seeded with rye grass, and
growth yields were determined (Fig.



2. Effect of amending a soil with different rates of paper and NH,NO_-N on the dry weight of
perennial rye grass after 20 days of growth (g/pot). Treatments included naked paper,
waxed paper, polyethylene-coated paper, and restaurant waste. Least significant difference:

p<0.05, 4 degrees of freedom

Il. Dry weight loss of coated paper after 56
days of composting
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RYE GRASS YIELD, g

RYE GRASS YIELD, g

Mean weight
Paper loss, %
Waxed burger wrap 74.2
Waxed cupstock 78.8
Double-sided polyethylene 31.3
Uncoated cupstock 81.3"

*No significant difference according to
Duncan’s mean test

11l. Wax degradation in papers from soil degradation study

Soil level, Degradation,
Paper metric tons/ha %
Waxed paper 25 98.7
50 46.6
100 12.3
Restaurant 50 92.1
paper 100 31.7

2). At 18 days, the waxed paper and
restaurant waste showed good
growth up to 15 metric tons/hectare
(ha) in the soil, and increased nitro-
gen demand compared to the other
paper materials, which showed
growth at 25 metric tons/ha. The dif-
ference is attributable to higher bio-
logical activity with the wax. After
132 days, all the treatments gave
good yields at up to 25 metric tons/
ha.

Analysis of residual materials

The compost and some of the soil
degradation samples were analyzed
for residual wax by hexane extrac-
tion and gas chromatograph analy-
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sis. The compost was also analyzed
for heavy metal contaminants, and
the polyethylene paper soil degrada-
tion samples were analyzed for re-
sidual polyethylene.

The compost samples contained
residual wax contents of less than
1%. For the OTC compost, this rep-
resented approximately 90.5% wax
degradation. The compost sample
analysis showed low metal levels,
meeting provincial and state guide-
lines (existing as of 1991), although
the chicken manure contributed to
high levels of manganese, zinc, and
copper.

The analysis of the wax residue in
the waxed paper and restaurant pa-
per samples from the soil degrada-

tion study indicated that the level of
degradation reached by the end of
the study was dependent on the soil
loading level of the paper (Table I11).
Analysis for residual polyethylene in
the polyethylene-coated paper soil
degradation samples indicated no
degradation of the polyethylene.

Discussion

The restaurant wastes used in this
study could be composted alone, al-
though cocomposting with a readily
degradable, nutrient-rich organic
waste would be necessary to opti-
mize the nitrogen content and wa-
ter-holding capacity. The coating
degradation results reinforced re-
cently reported work (2) that shows
waxed coatings readily biodegrade
during composting, with the wax pro-
viding a metabolic energy source.
Polyethylene seriously inhibited
composting of large pieces of paper
(5x5cm).

The quality and value of finished
compost primarily depend on the
quality of the raw materials. While
restaurant waste typically has low
levels of heavy metals and toxic or-
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ganics, it contains nonbiodegradable
or “foreign” material. The quality is
determined by material segregation
prior to composting and screening
of the finished compost. If the initial
waste is not finely chopped, screen-
ing should handle large plastic and
metal foil contaminants after degrad-
able organics have been thoroughly
composted. However, polyethylene-
coated paper may degrade too
slowly, and the residual plastic film
appears to be too thin and fragile to
be conventionally screened from the
finished compost.

If paper wastes are not heavily
contaminated, an alternative to
composting is direct application to
soil. This would require less man-
agement than composting, there
would be no need for cocomposting
wastes, and compost quality prob-

lems such as salinity would be
avoided. Soil productivity would ben-
efit from an increase in humus.
Overall, it appears that waxed pa-
per would best lend itself to
composting due to its high labile car-
bon content. The metabolic energy
source provided by wax may con-
tribute to the necessary high tem-
peratures in composting. Itand other
materials could also be suitable to
direct soil amendment. Restaurant
waste may be best composted if plas-
tic and metal foil contaminants must

be screened out.
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