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CHAPTER 5

Stabili , Maturlty, and Phytotomcny

NTRODUCTION

The ultimate goal in composting is to produce a humus-like product that
an be used for soil improvement and plant growth. Analytical procedures
or determining inorganic elements and organic compounds that can affect
- plant growth have been well defined. Soil and plant analytical procedures
are:known and accepted (Methods of Soil Analysis, American Society of
=7Agronomy, 1982).

53Tt has been much more difficult to assess and quantify the biological
anifestations that occur during composting, however. In lieu of definitive -
hemical methods, the composting industry for decades relied on bioassays
hat determined plant growth response. At the same time, there was a
onstant search for chemical methods that could provide quick results and
suld be related to the state of decomposition of the compost. Some of the
7 arly literature relied on techniques taken from soil science. Others sought
10  éxamine chemical changes that occurred during the decomposition of
,rgamc matter while being composted.

*Soil science has long recognized that from a microbiological view, the
measurement of total carbon in a soil was a poor representation of the
otential activity. Methods by Schollenberger (1945), Walkley and Black
1934) Walkley (1947) and Mebius (1960) attempted to measure available
carbon in soils. The Walkley-Black method is still readxly accepted and used
m ' the evaluation of available carbon in soils.

“Using these techniques and adapting wet chemistry, Epstein (1956) stud-
the decomposition of organic matter in soil and its effect on soil aeration.
igure 5.1 depicts carbon dioxide evolution while Figure 5.2 shows the
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FIGURE 5.1. Percent carbon dioxide at 20 cm soil depth with incorporation of dif‘ferent type
of organtc matter. (From Epstein, 1956.)

oxygen content in soil as a result of incorporating different types of organic}f.
matter into soil. When fresh organic matter, alfalfa or an unstable compost;—_t?:f
is incorporated into a soil, the rate of CO, evolution is high. Percent COQ‘*‘
increases and percent O, decreases. As the microbial community consumes:
the readily available carbon, the rate of CO, production decreases; thei
percent CO, decreases and, if the soil pore space is free (water does noi
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FIGURE 5.2. Percent oxygen at 20 cm soil depth with incorporation of different types ofi
organic matter. (From Epstein, 1956.) ' L.
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=p‘ .the pore space), oxygen diffuses into the soil and the percent O,

5 ases If the soil pores are blocked, however, anaerobic conditions can
e and plants suffer. Soil aeration can affect plant water relations and
S2liient uptake (Chang and Loomis, 1945; Lawton, 1946; Epstein, 1956;
;;g_l .in and Konke, 1957).

it early as 1924, Starkey (1924) reported that CO, evolution in the soil
Tean serve as an indication of the process of decomposition. This was
= ftantiated by Allen et al. (1934) and Bodily (1944). It was difficult to

g
¢

5
5 A

'blish a relationship between microbial counts and CO, production
gle, 1934; Vandecavey and Katznelson, 1938). :

Other researchers delved into the chemical makeup of organic matter and
‘changes that occurred during the decomposition process. Waksman’s
36) proximate analysis of organic matter attempted to evaluate the
anic components through fractionation of organic matter. These com-
pounds consisted of sugars, starches, and other simple carbohydrates, fats,
SHatty acids, cutins, sterols, hemicellulose, cellulose, and lignin. It was argued
if one could follow the changes that occurred in such compounds as
“sugars, hemicellulose, cellulose, and lignin, or evaluate the formation of
us, it would be possible to identify the path of degradation and determine
age where the rate of decomposition is very slow. Scientists involved in
mposting research attempted to use these techniques to identify the state
tof decomposition during composting. Table 5.1 provides a comprehensive
+ist of the methods used to assess compost stability and maturity.

t4:Two terms subsequently appeared in the literature, “stability” and “ma-
‘turity,” and these were often used interchangeably. The two terms are not
nonymous, however. Stability is a stage in the decomposition of organic
atter and is a function of biological activity. Maturity is an organo-chemi-
«¢al condition of the compost which indicates the presence or lack of phyto-
éﬂtoxic organic acids. It must be noted that the term “stabilization” is used in
many different contexts. For example, USEPA classes biosolids stabilization
‘s related to pathogen reduction. Biosolids stabilization has also been used
%fto indicate odor and volatile solids reduction (Bruce and Fisher, 1984).
.Figure 5.3 illustrates the organic-matter decomposition curve during
compostmg At the peak of decomposition when microbial activity is great-
‘est, the compost is highly unstable; that is, it is undergoing rapid changes.
‘Fhese changes are principally the result of microbial utilization of the easily
decomposable compounds. As these compounds are utilized, the organisms
still seek other sources of carbon for energy. They proceed then to attack the
more complex-structured carbonaceous compounds. As a result, activity
begms to decrease. When the rate of decomposition becomes very low, the
compost is “stable.” Stable does not mean that no further change will occur,
but rather that the rate of decomposition is stable at a very low rate. In fact,

5 "ﬂgﬁ‘&'ﬁ;‘ﬁk
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TABLE 5.1. Methods Used to Assess Compost Stability and Maturity.

1. Chemical Methods

. Carbon/nitrogen ratio
“Nitrogen species

pH

Cation exchange capacity
Organic chemical constituents
Acetic acid

Starch-iodine

Reactive carbon
Humification parameters
—Humification index
—Relative concentrations of fulvic acid to humic ac1d
—Humic substances
—Functional groups

J- Optical density

2. Physical Methods
a. Temperature
b. Color, odor, specific gravity
c. Fluorescence

= FR 0o A0 o

3. Plant Assays
a. Cress seed
b. Wheat and rye grass germination
¢. Root color

4. Microbiological tests and activity
a. Respiration—oxygen depletion
b. Respiration—carbon dioxide evolution
c. Microbial changes—content of fungi, actinomycetes, etc.
d. Enzyme activity

the rate is often so low that it is difficult to detect changes over short periods
of time.

Maturity is a function of the organo-chemical properties of the compost
as related to phytotoxicity to distinguish between phytotoxic effects due to
inorganic chemicals and salinity. The organo-chemical phytotoxic effects
are primarily attributed to fatty acid. formation. However, other organic
compounds are present in immature compost, which could also result in
phytotoxicity. B

Factors other than organo-chemicals that can cause phytotoxicity or
inhibit germination and plant growth include salinity, trace elements, heavy
metals, ammonia, carbon dioxide, soil compactlon soil moisture, and soil
aeration. '

Why should compost be stable and is a stable product always necessary?
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An unstable product continues to decompose rapidly. Unless the compost is
cured under aeration, anaerobic conditions will occur in the center of piles.
~Anaeroblc conditions generate reduced compounds of C, N, S and P.
;Ammes sulphamines, mercaptans, skatoles, and H,S are malodorous
.:(Mather et al., 1993b).
! Inaddition, methane and phosphine can be produced from C and P, which
fare inflammatory gasses (Mathur et al., 1993a). Fires in immature biosolid
.,gompost have occurred at the Baltlmore composting facility and others.
E’"s;;mila,rly, in Riverside, California, fires have occurred in large piles of
mmature manure compost. Mather et al. (1993b) also indicated that stock-
=pxles of immature compost may release methane and nitrous oxide to the
tannosphere and that these gasses are considerably more effective than CO,
:as greenhouse gasses. Mather et al. (1993b) reported that bagged immature
compest erupted as a result of gasses.
i A stable product, on the other hand, does not produce odors in storage. If
the product is bagged at the proper moisture content, opening the bag should
ot release putrescible odors. Further, when incorporated into the soil, a
stable product does not decompose rapidly and utilize nitrogen required for
pplant growth. When a compost that has a high C/N ratio is added to soil, the
microbial population competes with plants for soil nitrogen. In this case,
iplants typically exhibit chlorosis, yellowing of the leaves, indicating nitro-
‘gen deficiency. If organic materials with low C/N ratios are added to soil,
ammonia can be released, which can cause phytotoxicity (Dowdy et al.,
1976). Ammonia in refuse extracts has been shown to reduce germination
and root elongation (Wong, 1985).
* The decrease in oxygen in soil can result in reduced oxygen levels or
anaerobic conditions, which not only affect plant growth but also soil
chemical species, heavy metal solubility and uptake of nutrients.

HIGH RATE -

COMPOSTING
TEMPERATURE {AGTIVE COMPOSTING)

Qf
CARBON DIOXIDE
RESPIRATION
Of -
OXYGEN UPTAKE

CURING

STABLE QR MATURE
COMPOST

TIME

FIGURE 5.3. Phases during composting as related to temperature, and carbon dioxide
respiration or oxygen uptake.
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Composting to the pomt of stability often requires considerable tlme
particularly if cellulolytic feedstocks (e.g., MSW) are used. Stability wnh:
high cellulolytic materials can be achieved by proper feedstock preparatmﬂ
such as particle-size reduction and C/N ratio adjustment. Many compostmgf;
operators want to market material as soon as possible in order to reduce;
storage space requirements and materials handling.

In certain situations, .an unstable product could be used. For example, 111
remote land-reclamation areas, unstable compost could be applied and the
amended soil could be.planted at a later date. However, even this practlceg
should be avoided since storage and transportation might release odorsf
Further, E&A Environmental Consultants, Inc. (1987) found that using
uncured compost resulted in depressed growth of jack pine, red pine, whltej
spruce, Siberian pea shrub, and chokecherry seedlings, which were to be
used for mine land reclamation. In a subsequent application of cured (:om-%i
post to a taconite mine: tailing, the composted plots maintained Vegetatlon§
for two growing seasons whereas the fertilized plots had no Vegetatlon§
Applying uncured compost to land without planting for one to two months.%
would reduce potential phytotoxic effects.

One objective of this chapter is to discuss the various methods that have;f
been used to measure stability and maturity of composts. To be valid; a
stability method must relate to physical changes in the compost as a result.
of microbial degradation. These physical parameters include color, odor, and
more, a stable compost product should not produce excess CO, in the soil ori_f
utilize soil nitrogen, which would affect plant growth. : i

A mature compost should not reduce germination or result in decreased
plant growth. Tests for maturity should distinguish between bloleglcal
impacts on plant growth and chemical effects such as salinity. The stabzhty;_‘:
method should be valid for composts of different feedstocks.

Several recent reviews of the literature focused on stability and maturlty,:"
for example, Jimenez and Garcia (1989), Beck & Associates (1990) and‘{
Mathur et al (1993b).

STABILITY AND MATURITY

Many methods have been suggested and evaluated to assess the state of
decomposition and the suitability of the compost as a medium for plaﬁt
growth (Table 5.1). Not all these methods will be discussed here, since’
several of them have had limited success and were abandoned after mmal
evaluation. &

One of the major early centers of research on composting in the Umted

States was the University of California’s Sanitary Engineering Department__;
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1ay safely be put on agricultural soil because of its low C:N ratio or the poor
S8 ailability of its carbon.” After 42 years this statement is still valid.

S An early review of the methods of measuring maturity as related to raw
=< fuse and/or sewage sludge was made by Keller of the Swiss Water Control
“Federation (Keller, 1961). Many of Keller’s observations are currently being
evisited. For example, he stated that first of all a raw refuse-biosolids
b;hpoist must be hygienic. He also questioned whether short-time decom-
osition can destroy resistant organisms such as spores and cysts as well as
eed seeds. Further, Keller (1961) stated that the most important purpose
f applying compost is to raise or maintain the humus content of soils and
at the production and use of fresh compost does not result in an increase
fhumus. Furthermore, he indicated that the use of fresh compost can result
y crop failures. He does point out, however, that Dutch experiments have
hown favorable results with immature compost on clay soils. This may have
sulted from the interaction of the organic matter and the clay particles,
‘eldmg increased water permeabzhty and improved soil aggregation.

i
1
iz

if;Chemfcai Methods

More effort and research have gone into chemical methods for determin-
fing stability and maturity than into the biological or physical evaluations. In
general chemical methods require less time and are often more rapu:i

3*'CAF?BON/NITF%OGEN RATIO (CIN).

*.C and N are the building blocks of plant and animal cells and, therefore,
Are impacted by microbial activity. Hence they are the most studied parame-
ters during the decomposition process. One of the most difficult aspects of
C determinations is the evaluation of what fraction of the total C is readily

ﬁavaﬂable C for microorganisms.

= The C/N ratio has been used to indicate the stability of compost. Ratios

;:fbelow 20 were assumed to be indicative of a stable compost. Keller (1961)

moted that the C/N ratio was not a reliable indicator of stability due to the

?ﬁlarge variability. This was further substantiated by Hiari et al. (1983), who
“found that the C/N ratio varied from 5 to 20 for different feedstocks. Mathur
(1991) indicated that a mature compost should have a C/N ratio of about 10
:as in humus. This is not readily achieved since different compounds decom-
pose at different rates.

* Chanyasak et al. (1983) suggested that the ratio of organic C to organic N

.,..-...-.....,-..._-
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(org.-C/org.-N) of water extracts from compost was indicative of maturity:
Evaluating the ratio of org.-C/org.-N in water extracts, Hiari et al. (1983);
found that with the exception of biosolids, this ratio was almost 5 to 6
regardless of material (Figure 5.4). The reason that this parameter was not'
applicable for biosolids was the low initial org.-C/org.-N ratio. Hiari et ali
(1983) also found a good correlation between total-C and the ratio of:
organic-N to total N in water extracts, but not with solid material. :
Morel et al. (1985) proposed that the final C/N to initial C/N ratio was
better indicator of maturity or stability, based on the finding that nitrogen
rich feedstocks often resulted in low C/N ratios. No specific values wer
given for the ratio, which would indicate stability or maturity. i
Jimenez and Garcia (1989) utilized data in the literature to determine 1f
this concept was valid. The data indicated that the final C/N to initial C/N
ratio ranged widely (0.49 to 0.85) for different composting times. Some ef
the lowest and highest values were found for the same duration of compost-
ing. As aresult, Jimenz and Garcia (1985) concluded that the final C/N ratio®
to initial C/N ratio could be used as a guide but not as an absolute mdlcator ‘
of the degree of compost maturity. .
Inbar et al. (1990) found that the C/N ratio decreased rapidly from 27 tg:
10 during the first 60 days of composting separated cattle manure (Figure
5.5). After 60 days the C/N ratio decreased slightly, to 8.7. The C/N ratm
was highly correlated with composting time (#*=0.991). Since the data were
not related to plant growth, it is difficult to assess when after the 60- day

u.-

period the compost was considered stable or mature.

ORG.-C/ORG,-N |
35 T
30
25

B FRESH |
1 COMPOST |

20
15

BS BS+SD G+B G MSW- _
FEEDSTOCK :
BS = BIOSOLIDS: BS+SD = BIOSOLIDS AND SAWDUST '
G = GARBAGE; MSW =MUNICIPAL REFUSE;
L = LEAVES.

FIGURE 5.4. Changes in the ratio of organic carbon to Drganlc nitrogen during compostmg
{Reprinted with permission from Hirai et al., 1983.)
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FlGUFiE 5.5. Changes in C/N ratio during composting of separated cattle manure. (Reprinted
witi'l permission from Inbar et al., 1990.)

£
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NITROGEN SPECIES

Changes in nitrite (N Oa) nitrate (NO3) and ammonia (N H,) have also been
suggested as indicators of maturity.

:z:Spohn (1978) reported that the presence of ammonia indicated that the
Ei‘fbmpost was not cured (ripe), whereas the presence of nitrate indicated that
it.was well “ripened.” Spohn (1978) indicated that N tests alone were not
sufﬁc;ent and that they should be complemented with a sulfide test and a
cress seed germination test.

Keller (1961) reported that in some samples of unripe compost large
amounts of NO; in relation to NO3;-N were found. However, the ratio of
NO2/NO; tests gave only an indication of maturity.

. Finstein and Miller (1985) related maturity to the amount of NO,~ and
NO;~. The appearance of considerable quantities of these radicals during
compostmg was a sign that the compost was mature. In aerated static pile
methods with composting of biosolids, NO,™ appeared after 86 to 113 days;

NO; appeared after 96 to 123 days.

PH

Changes in pH have been noted to occur during the composting period
and, therefore, have been considered as a possible indicator of biological
activity. Generally, the pH drops durmg the very early stages of composting
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and then i increases to arange of 6.5 to 7.5. A typical pH curve was shown i m
Chapter\Q Figure l28 However, exceptions to this “typical” curve exist. :

Jimenez and Garcia (1989) noted that acid pH values indicate a lack og
maturity due to short composting time or the occurrence of anaerobic
conditions. Often with very acid food processing wastes (grape pomace,
cranberry waste), the initial pH is low and even under aerobic condxtlons
over long periods of time it remains acid. i

Jann et al. (1960) found that when an aerobic stable compost is subjected
to anaerobic conditions, there is no further change in pH, and odors are nof
produced. The pH of the material was slightly alkaline at a pH of 7.5. In
general pH is not a good indicator of stability. :

CATION EXCHANGE CAPACITY (CEC)
CEC is a measure of an inorganic or organic particle’s ability to sorb or
retain cations on its surfaces. Since many cations (K, Ca, Mg, etc.) are{
important plant nutrients, the higher the CEC, the greater the particle’ s
ability to retain these nutrients so that they may be available to plants.
Harada et al. (1981) found that during aerobic composting, the CEC
increased from approximately 40 me/100 g to 70 to 80 during five to elght
weeks and then remained essentially the same. A highly significant-negative’
correlation (r = —0.94) was found between CEC and the C/N ratio. i
Inbar et al. (1990) noted that the CEC increased rapidly with compostmg
time and that over a period of 150 days it was threefold that of the ongmah
material (Figure 5.6). A correlation coefficient, 72 = 0.990, was obtained:
Similar data were obtained in other studies. A minimum value of 60 meq/
100 g is an acceptable state of maturity. Mathur et al. (1993b) indicated thai‘
the CEC is not a reliable indicator of maturity since humic substances may
vary in CEC partly as a result of the blocking of their exchange sites by
. complexing ions such as Cu, Fe, and Al, partly due to interaction thh“‘
amorphous Fe and Al compounds. :

ORGANIC CHEMICAL CONSTITUENTS

e

.,.‘

discussed in Chapter 4 :
Cellulose content yields a good index of the degree of maturity of the!

1

compost (Keller, 1961). Figure 5.7 shows that cellulose decreased wﬁhr

. T T
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GUHE 5.6. Changes in cation exchange capacity during composting of separated cattle
anure. (Reprinted with permission from Inbar et al., 1990.)
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1;5 GUHE 5.7. Changes in percent celiulose during the windrow compaosting of refuse. (Data
; ‘om Keller, 1961 )
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duration of composting. Several methods have been suggested to determme
cellulose. e
Inoko et al. (1979) studied the changes in hemicellulose and celluiose
(reducing sugars) during composting of city refuse. They reported that the
content of these polysaccharides decreased from approximately 36% of theg
total dry weight to about 20% after 60 days. A positive correlation was founcff
between the polysacchaﬂdes and the C/N ratio (Jimenez and Garcia, 1989)_{55
With nine samples, the regression equation was:

Reducing sugars = (1.749 C/N) — 6.424r =0.909

Microbial metabolic activities on organic matter take place in the water
film on the surfaces of particles. Hirai et al. (1983), therefore, studied the
changes of water soluble components during composting. Amino acids, |
fatty acids, and polysaccharides greatly decreased during the composting o
refuse and garbage; however, composting of biosolids resulted in a decreas
of amino acids and low fatty acids but not polysaccharides or peptides. I
fact, polysaccharides and peptides increased. Peptides also increased durin
composting of garbage. Finally, total organic C decreased during the com
posting of refuse, garbage, and biosolids (Figure 5.8). :

Recently, Zhang et al. (1992) suggested that reactive carbon could be use
to assess maturity. Reactive-C measurement is an attempt to quantify th
available C, which microorganisms utilize for energy. The approach modi

MUNICIPAL REFUSE . BIOSOLIDS
250 |
2 n B0 -
.}
= 200 o %]
o 2 ol
L(’)' 150 % i
' : 30 |+
% 100 E
& ¢ 20
2 50 =] s
E E’ 10
AA LFA PEP POLY. TOC 0

AA  LFA PEP POLY.

BFRESH CICOMPOSTED

- AA = AMINO ACIDS; LFA = LOW FATTY ACIDS; PEP = PEPTIDES
POLY = POLYSACCHARIDES; TOC = TOTAL ORGANIC CARBON.

W FRESH CICOMPOSTED |

FIGURE 5.8. Changes in several chemical components during compaosting of refuse an
biosolids. (Reprinted with permission from Hirai et al., 1983.) :
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GURE 5.9. Changes in reactive-C during compaosting of MSW. (Data from Zhang et al.,
92.)

ied the Walkley-Black methods used in soils for measuring available C.
anges of reactive C during composting are shown in Figure 5.9.
As illustrated, the initial values of approximately 33 mg reactive-C/100
mg sample and final values of approximately 11 mg/100 mg were similar to
12 to 16 mg/100 mg obtained with yard waste. However, in the case of a
iosolids-MSW co-compost, the final value remained near 30 mg/1 00g. This
y indicate that the method does not apply to all organic materials to be
somposted or that in the case of biosolids or other material, some factor may
mterfere with the determination.
"The authors indicated that since the MSW tested retained some phytotoxic
roperties, reactive-C is not a good indicator of maturity. One of the
uthors stated that the sample size must be less than 200 mg dry weight per
;;-assay Above this size, the results were not linear. This method may require

 larger number of samples to ascertain its reproducibility. Data for other
aterials did show good reproducibility.

;g,f,;?UM/FICA TION PARAMETERS

-‘The changes in the constituents of organic matter represent a potential for

gevaluatmg the degree of stabilization. Several studies have looked at changes
sin humic acid, fulvic acid and other products of decomposition.
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- cation index.” Humification ratio (HR) was the percentage of total ex-
tractable humic-C (C-ext) as related to the total organic-C (C-org) (i.e..
HR = C-ext X 100/C-org). The humification index (HI) was defined as the:
percentage humic acid C (CHA) as related to the C-org (i.e., HI = CHA x
100/C-org).
As a result of the extraction procedure, the authors mdicated that thef
method overestimated the extent of humification in the early stages of
composting. No comparisons were made at different stages of compostmgi
with other parameters. : :

Relative Concentrations of Humic Acid to Fulvic Acid

Saviozzi et al. (1988) attempted to follow the changes in decomposition;
(i.e., maturation process) by evaluating various humification parametersff
They used a different “humification index,” which was based on the ratio’
between the organic C of the non-humified fraction and that of the humic:
acid (HA) + fulvic acid (FA). The HI seemed to be appropriate for evaluating’
stability but was deemed to be complicated and slow. The authors recoms’
mended that considerably more analyses with different materials needed to:
be tested before the methodology could be accepted.

Humic Substances

Another approach has been to evaluate the total content of humic sub-:
stances (HS). Inbar (1989) reported that the total content of humic material:
extracted from separated cattle manure compost increased from 377 to 710
g’kg OM (see Figure 4.14, Chapter 4). Humic material increased rapldly;:f
during the first 60 days and from 60 to 140 days a very gradual change was
noted.

Functional Groups

The advent of sophisticated organic chemical methods provided smentlsts'fi
with tools to evaluate changes in specific C compounds. Two more recen’tﬁ?ﬁ
methods include solid-state cross-polarization magnetic angle spinning 3C-
nuclear magnetic resonance (CPMAS"C-NMR) and infrared spectroscopy.:
Distribution of C in several organic compounds using CPMAS*C-NMR, for:
fresh and composted manure is shown in Figure 4.13, Chapter 4 (Inbar et:
al., 1990). This method reflected the changes in various C compounds durmg;jﬁjj
decomposition of cattle manure. :

The humification methods require sophisticated expensive equipment:
and, therefore, are not suited for routine evaluation of stability for ﬁeld’ﬁi
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grations. However, they can be extremely valuable by furthering our
2 ’:"‘éwlédge on the transformations that occur during composting. They may
. ‘{blprovide validation of simple techniques that could be used for routine

esented compared the results to temperature, % O, biological oxygen
mand (BOD), dissolved organic carbon (DOC), NH,*, NO;~, and cress
: germination tests. The optical density data (Mathur et al.,, 1993a) only
mshowed lower adsorption (E665) at the end of 59 days of composting. . -
ariation between replicates was great. For three of the four treatments, the

- No other statistical data were provided. At this time, limited testing on
omposted manures using passive aeration in bins cannot justify the use of
iis method to determine what the authors termed “biomaturity” or “matur-

“ity” as a result of biological activity.

‘4 Schnitzer et al. (1993) indicated that optical density of water extracts was
ile to many intermediate products of decomposition. Optical density de-
reased during composting as a result of the formation of “new” humus.
omposting does not produce humus, but rather a state leading to the

“liltimate production of humus.

§070°C It remains at this level with minor fluctuations for several days and
then gradually decreases to a constant state near ambient. The point at which
Efcmperatures approach ambient may be considered the state of stability of
‘the product.

=

R A
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Heat output is a function of microbial activity. Niese (1963) used Dewar.
flasks to measure heat production as related to respiration. It was found that
the temperature increased to a maximum and then declined as the process:
progressed. Heat loss could not be prevented even with Dewar flasks when
using small amounts of organic matter. When heat was not -dissipated
temperatures increased.

Maximum temperatures of about 75°C occurred. The maximum tempera-
tures were dependent on the ambient temperature. Unless the surrounding
temperature of the flask was controlled, inaccurate results were obtained:
Dewar’s data indicated that temperatures of self-heating, with large tempera-
ture differentials between flask and ambient temperature, were not the same
as those present during spontaneoué self-heating and were, therefore, inac-
curate. : i

Niese (1963) indicated that with a high bacterial count, the temperature
rose immediately; but at low bacterial counts, there was a delay in temper
ture increase. In 8.0f 10 experiments, the number of mesophilic bacteria were
between 2 X 10° and 15 X 10%g dry weight. Self-heating temperatures
increased rapidly, reaching 45°C in 7-15 hours. The maximum temperature
ranged from 73.5°C to 77.5°C. Based on these results, it was concluded tha;i
self-heating resulted in maximum temperatures if sufficient nutrients were
available to the microorganisms. :

From these studies, Niese stated that a judgment of decomposition 0
refuse and refuse compost can be made using several stages of temperature
(Table 5.2). However he cautioned that this is only a guide and tha
comparisons with plant growth need to be made. Spohn (1978) stated tha
heating in a pile or a well-insulated aerated vessel is indicative that the
compost is unstable or “unripe,” but that the lack of temperature does né
indicate that the compost is “ripe” or stable. ‘ S

TABLE 5.2. The Relationship of Degree of Decompasition to Temperaturé
as Determined by Self-Heating in a Dewar Flask (Niese, 1963).

Maximum .
Temperature Achieved Degree of Decomposition
Above 70°C 0 Raw refuse, very slight decomposition
60-70°C 1 Moderate decomposition
45-60°C 2 Medium decomposition
30-45°C 3 Good decomposition
Under 30°C 4 Decomposition mostly or completely ﬁmshed

3
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Recently, the Dewar flask-heat output method was reintroduced by Ger-
* 'man and U.S. scientists (Brinton et al., 1993; Woods End Research Labora-
tory; Inc., 1993). Currently there is little information on the relation of this
& method to other stability measurements or plant growth.

5%z, Jann et al. (1960) felt that temperature was not a good criterion by which
¢ to evaluate maturity because “a low temperature could be the result of loss
& sfacrobic conditions and of loss of moisture and the production of excessive
heat during the high plateau could inhibit microbial activity.” This has been
“{Hbserved at numerous composting facilities; temperatures drop because of
#inhospitable conditions for microbial activity, and material is considered
i stable. Later, rewetting or long-term storage of the material results in
* reactivation and subsequent anaerobic conditions.

>COLOR, ODOR, STRUCTURE AND SPECIFIC GRAVITY

Keller (1961) indicated that the physical properties of color, structure,
6’%_',' and specific gravity were not specific enough to assess stability. The
ollowing were some ofhis criteria. A mature compost should be dark brown
) black regardless of the feedstock. Mature compost should have “smells
ike forest soil (typical soil odor is caused by actinomycetes).” _
Recently two USDA scientists (Becker, 1995) determined that the smell
f'soilis primarily the result of two gasses, geosmin and 2-methylisoborneol,
hich are by-products of fungi and actinomycetes. The scientists are devel-
ping an odor-based soil test as a barometer of organic activity. If these two
aéses are present in compost, it is possible that they could be used to
etermine stability, .
dor and color are too subjective to provide accurate assessment of
ability, and structure is too difficult to describe and measure accurately.
 specific gravity increases during composting. Ranges in a mature

6mpost are from 0.5 to 0.9 g/cc. Because of this wide range, this parameter
as not been deemed accurate.

:Plant assays are used to evaluate maturity but have not been used to

termine stability. Keller (1961) used plants to determine phytotoxicity in
ifield trials. However, he felt that these tests were subject to error and
commended they only be used in conjunction with other tests. Keller
{(1961) studied the relationship between wheat growth and age of compost.
‘With 100% compost, yield was depressed for 45-day-old compost but
:00-day-old compost produced a 49% increase over the control.
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In 1969 the cress seed germmanon and elongation tests were described
along with two analytical methods (Spohn, 1969). Prior to that time, othef'
planttests were used. Zucconi etal. (1981a)studied the cress seed gennmahon
testand established a germination index, obtained by multiplying the percent
germination by the percent root growth as related to control. The presence of
phytotoxic compounds indicated that the compost was not stabilized.

Windrow and static piles were compared. Toxicity disappeared much;
more rapidly in the static piles than in windrows. This is not surprising smce
within a very shorf time after turning the windrow it becomes anaerobic, and_,
under these conditions organic acids are produced, which can be phytotox1

Studies by E&A Environmental -Consultants, Inc., found a correlatio

-between poorly stabilized compost and cress germmatxon but highly stabl
compost did not relate to cress germination. As indicated earlier, the cor
founding effects of other chemical parameters including salinity, C/N ratio
and pH can affect germination and provide erroneous conclusion rega;rdm
the maturity of the compost. ' .

Other plants, cucumber, ryegrass and radish have been used. Iannott'
al. (1994) found that these plants differed in their response to MSW comp
treatments.

No single plant bloassay has been 1dent1ﬁed as related to maturﬂy
compost. Several germination and growth tests may be needed using differ
ent plants to assure-users of the maturity of compost. Alternatively, a methot

that would remove the confounding effects of salinity and other factors coul,
be valid.

MICROBIOLOGIGAL TESTS AND ACTIVITY

Since stability represents the state of microbiological activity, measure.
ments of respiration either through CO, evolution or O, uptake should
provide the best indication  of this state. The problem with respirati
measurements, as well as most chemical measurements, is the use of smaﬂ'
disturbed samiples. If a material is homogeneous and represents the entire
mass, then the measurement would indicate the state of stability. However,

results. MSW often includes inerts, plastics, and other contaminants that
affect the results. Yard waste also may contain woody particles that skew
the data. Pressel and Bidlingmaier (1981) indicated that sample conditions
and preparation could significantly affect measurements of oxygen uptak
Moisture content of the sample was directly related to respiratory activity.:

Frostetal. (1992) pointed out that a good assay avoids excessive screenmg,ﬁ
or grinding as it will increase the surface area and provide for an increase it &
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;zsoﬂs-(Epstezn 1957; Bartha and Pramer, 1965; Anderson, 1982). Two

%ﬁprmmpal methods may be used to determine the carbon ledeB respzratlon

igﬁérlad Resmra’non is expressed as mg/COa C per gram of compost per day,
""’mg COZ per kg of bxologlcal Voiatzle solids (VS) per hour. The term

f"}hgh respiratory activity indicates greater microbial activity as C is being
arsformed to CO,. A low respiration activity indicates that the available C
4s essentially been utilized. E& A has established a compost stability index
gséd on a large number of samples for different feedstocks in relation to
eir-decomposition time. Different stages of stability as related to CO,
Volu’non are shown in Table 5.3. Compost is considered relatively stable -
“when the respiration rate is less than 5 mg CO,-C/g compost C. Rates over
Ahis _almcunt reflect different stages of instability. The advantage to this
“method is its simplicity and low cost.

‘E Apother approach that measures continuous CO; evolution has been used
110 measure soil organic matter decomposition (Epstein and Kohnke, 1957).
; hls method allows for continuous monitoring of CO; and determining the
'te' of respiration over time.-

t'Fice“s’,c)ira7.‘ion«-—~-~-0xyg;ven Uptake

- Oxygen uptake as a result of microbial activity has been used for many
:years (Epstein and Kohnke, 1957; Pressel and Bidlingmaier, 1981). Pressel
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TABLE 5.3. Compost Stability Index Based on Carbon Dioxide Evolutiori;.;f

Respiration Rate
(mg CO2-C/g | -
compost C-day) Rating Characteristics =)
<2 very stable well cure; no malodors; earthy 7
odor
2-5 stable | cured compost; minimal impact
1 on soil dynamics _
5-10 moderately stable uncured compost; some malodor - ?
potential; addition to soil may B
immobilize N; high phytotoxicity - |:
potential; not recommended for
growing compost from seed
10-20 unstable compost very immature compost; high
malodor and phytotoxicity o
potential; not recommended for |
growing plants from seed
>20 very unstable extremely unstable material; very \
compost high malodor and phytotoxicity i
' ' - potential; not recommended for 7}
use i

Source: E&A Environmental Consultants, Inc., 1994,

and Bidlingmaier (1981) stated that the spemﬁc biological oxygen consump—;;
tion or respiratory activity in a sample of compost was indicative of the:
compost’s state of decomposition. Willson and Dalmat (1986) determined_f
oxygen consumption rate by measuring the decrease in partial pressure. of?
oxygen. A 75% decrease in respiration was observed during curing of
biosolids composting.

Frost et al. (1992) and lannotti et ai (1994) evaluated a dissolved Oz test-_.;;;
which requires only several hours in contrast to much longer times for COz
evolution determinations. Again, this method determines a single point- in’
time. The method provides for. on-site measurement of respiration and;
compost stability As Frost et al. (1992) noted, sample drying and anaerobic.
samples give false results. Samples must be pre-incubated overnight. Tl:nagjE
change in % 02 in air is converted to an O, based on VS as follows:

—CVS60D

Mean O, uptake =
Kwrs
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~above sea level based on the dissolved oxygen recommendations of the
-instrument manufacturer

ghly significant. Oxygen respirometry correlated well w1th maturity as
-determined by ryegrass growth (Figure 5.1 1) ‘The index for O, is shown in
‘Table 5.4.

E&A Environmental Consultants, Inc., has used the CO; respirometry
] ethod for several years applied to a wide variety of feedstocks. Based on
the 1&rge data base, an index was developed as shown in Table 5.3.

ICROBIAL CHANGES

Durmg composting the microbial populations change (see Chapter 3,
‘Microbiology).. Several researchers indicated that these changes can be
“indicative of the state of stability or maturity (Keller, 1961; Citernesi and De
; Bertolch 1979). Keller (1961) noted that actinomycetes appeared at the later
‘stages of composting. Citernesi and De Bertoldi (1979) found that thermo-

: ph}lic baetena decrease as the compost approaches maturity and that a total

i-ENZYME ACTIVITY

fMicrobial enzymes’ activities may indicate changes in carbon substrates
‘and may, therefore, be good indicators of the status of the composting
§i;_5fproeess (Herrmann and Shann, 1993).
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FIGURE 5.10. Changes in rates of respiration based on oxygen uptake per gram of volatiig
solids during MSW composting. (Reprinted with permission from lannactti et al., 1993.) ;

1 -
0.9 i\
<08 [

& 0.7
Z sk
206/
2 05

0.4 F

=
= 0.80 - 0.60 log (oxygen uptake)

03 [ 2 H X ] £ ! : i . l
0.5 1 15 2 25 3 35
| | MEAN O2 UPTAKE - g O2/kg DW VS/hr
Maturity = rygrass growth without fertilizer In compost - -
divided by growth In fertilized peat.

FIGURE 5.11. Relationship between rate of respiration as measured by oxygen uptake é_n 3
growth of ryegrass. (Reprinted with permission from lannotti et al., 1993.) Ll
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=54 Qompé:sftf&_a_bility Index Based on Oz Uptake.

-Rating © - | Characteristics .

VEry stable —well cure
—no odors

—no continued decomposition

stable ~—cured compost
. —limited odor potential
——minimal impact on soil carbon and
nitrogen dynamics

A T P R Y P E T O TR N Y PSS et 1
T —" I - " PEv——
LR K pall it

moderately stable | —uncured compost

—minimal odor production

—addition to soil may result in
nitrogen immobilization

-—high phytotoxicity potential

—not recommended for growing
plants from seed

bl b U g ] e pie Sl o D Lty w0 vty St e e il

unstable compost ——very immature compost

—high odor and phytotoxicity
potential

—not recommended for growing
plants from seed

_unstabilized —extremely unstable
material —very high odor and phytotoxicity
potential
—not recommended for use

L-Ke_z_ligr_ (1961) evaluated the reductase enzyme activity proposed by Buck-
.steeé'and Thiele (1959). It was reported that reductase activity in biosolids
‘was related to oxygen consumption and the number of organisms. However,
'Keiler (1961) did not find that the method was appropriate for compost.

A morerecent study evaluated several enzymes including endo-cellulase,
{gh_lcosuiase lipase, and phosphatase (Herrmann and Shann, 1993). For both
‘ndo-cellulase and glucosidase activity, there was relatively little change
.durmg -the first 80 days of composting. Peak activity occurred during the
fcu}:mg phase at approximately 112 days and then decreased rapidly. This
npeaking was believed to be the result in a shift towards utilization of the more
n_recaimtrant carbon sources of cellulose, lignocellulose and lignin. The
;aﬁtlylty of these enzymes does not appear to be a good indicator of changes

‘occurring during composting. With the alkaline and acid phosphatase activi- .
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ties, which make organic phosphorus available, a very rapld decrease: was
noted during the first few days. Subsequently, for the next 40 to 50 days theu
activity level remained low. After the compost was removed from the bms
to be placed into curing, the activity level rose. No correlations were given}
between enzymatic activities and other changes occurring during the corn-.zr
posting period.

Based on the above reports, it does not appear that enzymatic act1v1ty 13?;{
-a good indicator of compost stability. ;

g

N f
;'.-?L

o
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Phytotoxicity
Phytotoxicity can occur from heavy metals, other morgamc elements
soluble salts and organic compounds. In this chapter only phytotoxicity fromit
organic compounds will be discussed. Phytotoxic compounds during com—-§
posting may be produced during composting as a result of anaerobic condi-
tions, which arise from insufficient aeration or excessive moisture. A result%j
of anaerobic metabolism is the production of low- molecular-weight orgamc;if
acids such as acetic, propionic, and butyric acids. Phytotoxicity caused by
organic compounds generated during composting can be remedied by i in-
creasing the period of aerobic decomposition. The formation of fatty aclds.éf
during composting was presented in Chapter 4, Biochemistry. g
Still et al. (1976) found that composting bark for 30 days reduced orfii
eliminated phytotoxic substances that inhibit growth of cucumber roots
(Figure 5.12). Zucconi et al. (1981a) reported that olive tree stunting was a”
function of the amount of compost. This was the result of partial destructmn*
of the root system. This damage appeared to be trarsitional, however. Cress
seed (Lepidium sativum, L) was selected to determine the phytotoxicity of*
compost. Zucconi et al. (1981a) established a “germmatlon index” by =
multiplying germination and root elongation. o :
DeVleeschauwer et al. (1981) found numerous organic acids in frés
compost and only small amounts of acetic acid in five-month-old compost?:;
Cress seed germination was inhibited until the compost had been composted':
for 120 days. They found little difference in germination between aera.’tadfj
and non-aerated MSW compost. ‘ };
Wong (1985) found that dry weight of Brassica parachmenszs Baﬂey was'
inhibited for over 75 days. Highest yields occurred after 105 days. .
minimum of four months is needed to avoid phytotoxicity of MSW compost
Ammonia and ethylene oxide appeared to inhibit root growth. The author
did not investigate the presence of other compounds that have been shown
to inhibit germination and root elongation.
Manios et al. (1987) found that phytotoxicity was positively related to;
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W FRESH
{0 COMPOSTED

H SM

I TREATMENT
ontrol CW= Coltonwood bark extracl H= Hackberry bark extract;

“brganic acid production during composting of olive tree leaves. Organic
Yavids decreased with composting time and germination of lettuce increased.
00k 80 to 180 days for the phytotoxic effect to disappear. Shiralipour and
:McConnell (1991) found that the presence of a water-soluble substance in
: _e'cbmpost inhibited seed germination. | |

~+*Phénolic acids are the primary phytotoxic compound in eucalyptus. These
*compounds were degraded after 84 days in the laboratory but required 300
idays for complete degradation in the soil (Ratcavek, 1989). E&A Environ-

The followmg six treatments were used: eucalyptus compost soil 2:1,3:1,
:1; sawdust compost:soil 2:1, 3:1 , and 4:1. In addition to these treatments,
;control consisting of a 3:1 mixture of a commercial organic mix and soil
as-also used. Each treatment was replicated 15 times.

2 The final vertical growth measurements depiéted in Figure 5.13 show that
'plants grown in the sawdust compost treatments grew to almost twice the
helght of plants grown in the eucalyptus compost treatment. However, the
growth of eucalyptus treatments was similar to that in the control. This
md1cated that the eucalyptus compost probably did not have a toxic effect
:on plant growth. Orthogonal contrasts determined that the eucalyptus com-
post treatments were significantly lower (p < 0.01) than the sawdust
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Treatments consist of soil as control and ratios of Eucalptus- -
biosolids compost to soil or sawdust - biosolids compost to soil.

FIGURE 5.13. Effect of eucalyptus-biosolids compost and sawdust-biosolids compost on§
the growth of Pittosporum tovira. (From E&A Environmental Consultants, Inc., 1990.)
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FIGURE 5.14. Effect of Pucatyptus-b!osolzds compost and sawdust-biosolids compos
the weight of P:ttosporum tovira. (From E&A Environmental Consultants, !nc 1990)
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: ';ﬁprt treatments. No significant differences were found between the
= ucalyptus compost treatments and the control. Similar results were obtamed
' r‘wet weight measurements (Figure 5.14).

= Although there is no one single method to evaluate maturity (Inbar et al.,
% = '90) the producer and user of compost has several good methods to assess

'r‘and other plants may be the best mdxeaters for general use ofthe compost
e'maturlty test should be used in con_;unet;on with a test for soluble salts,

tlon to the changes that occur during composting and relate these changes to
i'::mpler stability and maturity methods.

A.reliable stability test must be applicable to composts prepared from
_1fferent feedstocks. It should require minimal preparation so as not to alter
he physical characteristics of material, which could affect the respiration
ﬂarate“ This includes grinding or excessive screening (Frost et al., 1992).
“Sample size should be sufficiently large to represent the matrix tested.

: Sftabzhty tests should be easy to perform by staff at composting facilities
dbe i mexpeusxve to allow for frequent testing. The latter is important
cause the margin of error is reduced by i increasing the number of samples.
@Vhen amaterial is heterogeneous, more samples are needed to obtain a more
trealistic average.

i Three predominant methods are currently in use, CO, and O, respirometry
a.nd_the self—heatmg Dewar-flask method. The CO; method had been used
: ._,‘orra_ considerably longer time and is based on a much larger data base than
-the othér two techniques. It is recommended that at present the CO, respi-
trometry method be used unless a facility develops a reliable data base for a
Especific feedstock using the O, or Dewar self-heating method.
E@%%Thytotoxwzty can result if an immature compost is used. Und aerobic
Gl postisu nder anaero
@Cj ditions phytotoxic compounds can be formed, but they can disappear

%’d rlong periods of curing. Some natural compounds found in bark or wood

]

%’ hlpsv can be phytotoxic in fresh or immature compost. Composting under
ga obic conditions reduces the phytetoxze effects.
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