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Abstract

A central composite experimental design was used to investigate the influence of incubation conditions (vinasse added and operation
time) for vinasse/cotton waste mixtures on the properties of products obtained (pH, electrical conductivity, organic matter, Kjeldahl-N, C/N
ratio, biodegradability, Kjeldahl-N losses and germination index) in order to determine the best in-vessel composting conditions. The range
of the independent variable measured was 0-80% for vinasse added and 1-50 days for operation time. A second-order polynomial model
consisting of two independent process variables was found to accurately describe the vinasse/cotton waste incubation. The differences
between the experimental values and those estimated by using the equations never exceeded 10% of the former. Obtaining products with
acceptable chemical properties, high biodegradability and minimum N losses entails operating at medium operation time (20-35 days) and
20-30% of vinasse added.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction is a common practicE3-5]. Cotton waste can be used for
co-composting with vinasse.

Beet vinasses are beet molasses which are almost com- Composting is the biological decomposition and stabil-
pletely biochemically desugarized, distilled and sometimes isation of the biodegradable component under controlled
concentrated. Vinasses are disposed of in ponds and lagoonsonditions. It is an aerobic process (requires oxygen) and is
where they become concentrated during the hot summercarried out by micro-organisms which metabolise organic
periods (June—Septembdfl)]. Concentrated vinasses con- Wwaste as an energy source. The effectiveness of the process
stitute an environmental problem due to two main factors: a is dependent upon the environmental conditions present
high organic charge (BOD: 61,000—70,000 m§)land high within the composting systeiig].
salinity (EC: 250-300dS nt) [2]. However, it constitutes The success of the composting process depends on several
a valuable resource as a fertiliser due to its organic matterbasic conditions including: the moisture content (50-60%)
content (350 gkg! dry weight) and nutrient contents (N:  [7,8], effectiveness of the aeratid6,9], the C/N ratio of
30gkgt; K: 30 gkg! dry weight). Furthermore, the direct  the initial mixture (20-30]7,10], to reach a temperature of
application of vinasse has several shortcomings because 0b0-60°C [11-15] The composting process has to produce
its high salinity, phosphorus content (P: 0.06 gkgand an environmentally stable product free of disease causing
its dense liquid character (1.3 gcn) [2]. An alternative to  organisms, offensive odors, insects, and weed seeds.
overcome these disadvantages and to recycle the vinasse is The method of composting can impose some differences
the co-composting with other solid waste. with respect to pile design, operations and costs. Although,

Cotton waste (CW), a waste from the cotton produc- composting can be achieved using a number of different
tion, could also be recycled as fertiliser due to its organic processes, including windrow and aerated static pile tech-
matter and nutrient contents. The incorporation of cotton niques, in-vessel composting offers a number of potential
waste directly or under composting into agricultural land advantages:
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e Can maintain a rapid decomposition process year-roundduring the thermophilic phase. By mass balance, after mois-
regardless of external ambient conditions. ture characterisation, the necessary water to maintain 55%

e Precise control of moisture, temperature and aeration.  of moisture was calculated. Normally, the agroindustrial

e Produces a uniform and high quality organic material.  residues have great variability in form and size distribution.

. . . Particle size distribution (weight percentages) was: >5cm,
The main disadvantages of in-vessel methods are thelrg%; 5_4cm, 18%: 4-3cm, 21%: 3-2 cm. 10% an@lcm,

high capital costs and the requirement for intensive and skil- 18%. This distribution was the same for all experiments in

ful managemeni6]. . - -
. . order to ensure aerobic conditions and the same conditions
When co-composting systems are carried out, another pa-

) X ) : for mixtures. Vinasse absorbed in the cotton waste did not
rameter is also important: the correct proportion of each L . )
) : . . . . change the initial particle size.
material. This work aims to elucidate the optimum vinasse/

. . , Samples collected were dried (80) and ground
cotton waste ratio in order to determine the best in-vessel . . ;
. . . : : (0—25 mm). Moisture was determined by drying at 105
composting conditions (operation time and vinasse added)

to help a correct composting design to constant weight. The mixtures were analysed for the fol-
' lowing parameters: pH (1:5 (w/v)) using a pH electrode, to-
tal organic matter (OM) by loss on ignition (553G for 5 h)
[16], total P (acid digest) using the ascorbic acid method
2. Materials and methods [17], total K, Ca and Mg (acid digest) by atomic absorption
spectrophotometry[17], Kjeldahl-N [17], NH4z N and
Relevant characteristics of the raw materials and initial NO3~™—N using the KCI extraction methdd8] and germi-
mixtures are reported iMable 1 The experiments were car- nation index (Gi) was determined using seeds @pidium
ried out in plastic bins (35cm 20cmx 30cm). The walls  sativumL. [19]. Biodegradability, a parameter that relates
and bottom of each bin was perforated with 100 (Exm initial and final content of compost organic matter during
holes to promote passive aeration. The liquid residue vinassecomposting[6,20], was also calculated for each mixture.
was mixed homogeneously with the solid residue cotton Biodegradability,K,, was calculated using the following
waste at different ratios 0%, 11%, 40%, 69% and 80% equation.
(V/CW, (W/W) wet Welght), mixtures V0, V11, V40, V69 (OM| _ OMf)lOO
and V80, respectively. The mixtures were performed accord- Kp =
. : : . . . OM;(100— OMs)
ing to the experimental design until maximum vinasse ab-
sorption. The mixtures (ca. 5kg) were placed in the bins and where OM is the organic matter content (%, dry weight) at
incubated in thermostatic chambers at&5provided by a the end of the process and QM the organic matter content
blower (701h 1) that delivered air continuously in the ther- (%, dry weight) at the beginning of the process.
mostatic chamber during the entire period of composting. A The Kjeldahl-N losses (%) during the process have
randomised complete block design with four replicates per been calculated from the initial content of Kjeldahl-N, and
mixture was used. Moisture content was established at 55%,the evolution of the organic matter, assuming the mineral

1)

Table 1
Chemical characterisatiérof the raw materials and the initial mixtures
VP cwe-vod V11 V40 V69 V80

AVE S.Df AV S.D. AV S.D. AV S.D. AV S.D. AV S.D.
pH 4.7 0.40 7.56 0.03 6.82 0.03 6.25 0.10 5.60 0.39 5.05 0.19
OM? (%) 27.0 1.41 68.60 7.85 63.50 4.01 52.30 7.07 39.60 0.76 36.10 0.47
N" (gkg™t) 25.0 1.30 1.32 0.10 1.56 0.04 1.85 0.02 2.00 0.39 2.39 0.47
NOs—N (mg kg’l) 350 177.3 36 4.16 52.30 68.6 72.30 12.69 95.70 14.7 115.4. 21.6
NHz—N (mgkg™) 90.0 9.35 13.90 2.10 43.00 2.07 66.00 9.13 76.00 14.39 79.00 8.46
CIN 6.0 0.60 28.90 0.08 22.60 2.67 15.71 2.20 11.00 1.09 8.40 0.63
P (gkg}) 0.05 0.60 0.18 0.02 0.15 0.01 0.11 0.01 0.08 0.00 0.06 0.00
K (g kg‘l) 27.0 1.40 1.18 0.16 1.42 0.20 1.77 0.18 2.08 0.19 2.23 0.25
Ca (gkg?!) 3.4 0.50 2.02 0.12 2.23 0.33 2.01 0.02 2.19 0.09 2.00 0.12
Mg (gkg™1) 5.0 0.60 0.28 0.01 0.35 0.03 0.52 0.01 0.58 0.03 0.61 0.07

aEach value is the average of four samples, dry weight basis.

byv: vinasse.

¢ CW: cotton waste.

dv0, V11, V40, V69, V80 are mixtures with 0, 11, 40, 69 and 80% of vinasse, respectively.
€AV: average.

fS.D.: standard deviation.

9 OM: organic matter.

h'N: Kjeldahl-N.
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amount in each mixture is constant. N losses increased asvhere X is the absolute value of the independent variable
the proportion of vinasse in the mixtures was increased.  concernedX the average value of the variable aXgax and
Xmin are its maximum and minimum values, respectively.
The independent variables used in the equations relating
3. Experimental design for the incubation process to both types of variable were those having a statistically sig-
nificant coefficient (viz. those not exceeding a significance
In order to relate the dependent (pH, organic matter, level of 0.05 in Student'stest and having a 95% confidence
Kjeldahl-N, C/N ratio, biodegradability, Kjeldahl-N losses interval excluding zero). The vinasse added and operation
and germination index) and independent (time and vinassetime used in the different experiments of the central com-
added) variables with the minimum possible number of posite experimental design were 0, 11, 40, 69 and 80% and
experiments, a central composite factor design for two 1, 7, 23, 38 and 45 days, respectively. In that form 0, 11, 40,
factors was used. This experimental design enabled the con69 and 80% corresponding tel1.414,—1, 0,+1, +1.414
struction of second-order polynomials in the independent for the independent variable/* and 1, 7, 23, 38 and 45
variables and the identification of statistical significance days corresponding te-1.414,—1, 0, +1, +1.414 for the
in the variableqd21,22] The total number of observations independent variable™, respectively.
required for two independent variables (time and vinasse
added) was calculated using the following equation:

N=2K412K+1 2)

K in the equation is the number of independent variables Table 2shows the normalised values of independent vari-
was 2 and therl) was 9. The ranges used in these two vari- ables and its subsequent dependent variables of the products
ables were: 1-45 days for operation tintpand 0-80% of obtained in the incubation process. Each value is an average
vinasse added. The results were subjected to multiple lin- Of four samples. The deviations for these parameters from

ear regression as implemented in SAS system package. Thdh€ir respective means were &lb%. _
values of the independent variablgs\) were normalised The equations showed Trable 3were obtained when the
from —1.414 to+1.414 usingEq. (3)in order to facilitate ~ Values of the independent variables were substituted for each

the comparison of the coefficients and visualisation of the dependent variabl&gble 3 into the polynomial expressions
individual independent variables on the response variable, Used. )

This normalisation also results in more accurate estimates of 1h€ response surfaces for each dependent variable was
the regression coefficients as it reduces interrelationships be-lotted €igs. 1-4 in order to determine the optimum values

4. Results and discussion

tween linear and quadratic terms (Montgomery, 1922). of each independent variable. . _
_ The response surface representelign 1 shows the vari-
X, = X—-X A3) ations of pH in relation to the operation time and the amount
(Xmax — Xmin)/2 of vinasse added. It is observed that pH is more influenced
Table 2

Values of the independent variabteend the experimental results for each parameter measured during incubation process using the proposed experimental
design

Normalised values of time Actual values of time pH Kjeldahl-N (%) OM (%) C/IN Kp© Kjeldahl-N Gid

and vinasse added and vinasse added losses (%)

X;© Xy 1 vh

-1 -1 7 11 7.54 1.55 58.30 20.90 19.64 8.16 11

+1 -1 11 9.08 1.35 35.10 14.44 68.91 40.20 73

-1 +1 7 69 8.08 1.83 36.40 11.05 12.71 15.34 0

-1 +1 7 69 9.55 157 30.20 10.69 34.01 36.56 37

+1.414 0 45 40 8.38 1.53 33.50 12.16 54.05 39.49 71

—1.414 0 1 40 6.25 1.85 52.30 15.71 0.00 0.00 0
0 +1.414 23 80 9.39 1.86 32.00 9.56 17.06 30.27 12
0 —1.414 23 0 8.55 1.39 52.40 20.94 49.61 27.92 53
0 0 23 40 9.12 1.60 42.10 14.62 33.68 28.02 39

aEach value is the average of four samples, dry weight basis.
b OM: organic matter.

¢Kp: biodegradability.

4 Gi: germination index.

€X;: normalised value of the operation time.

f Xv: normalised value of the vinasse added.

9t: operation time (days).

hV: vinasse added (% (w/w)).
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Table 3

Equations yielded for each dependent variable

Equation r? SnedecolF
pH = 9.16+ 0.754X, — 0.82X? + 0.27Xy 4 0.96 38.83
KN = 1.61— 1.14X, + 1.45Xy — 0.05X, Xv (5) 0.93 36.70
OM = 4136 — 7.00X, — 6.96Xv + 4.25X; Xy (6) 0.98 90.80
KB = 3218+ 18.38X, — 10.98Xy — 6.99X,Xv @) 0.98 85.53
CN = 1445 — 148X, — 3.71Xy + 152X, Xy 8) 0.98 72.27
NL = 29.04+ 13.64X, — 4.42X? — 2.90X, Xy 9) 0.99 99.14

Gi = 32.89+ 24.93X, — 13.12Xy — 6.25X, Xy (10) 0.98 114.73

Where pH denotes pH; KN the Kjeldahl-N content (%); OM the organic matter content (%); CN the C/N ratio; KB the biodegradability (%); NL the N
losses (%); and Gi the germination inde%, and Xy denote the normalised value of the operation time and vinasse added, respectively. The differences
between the experimental values and those estimated by using the previous equations never exceeded 10% of the former.

by the operation time than that by the vinasse added. In theexplained throughout the evolution of the biodegradability
response surface, a maximum of pH is observed at interme-in the mixture Fig. 2). In the mixtures with low contents
diate operation time (23 days). The values found at a longerin vinasse, greater organic matter losses and thus higher
operation time (45 days) suggest the use of this operationbiodegradability are observed. To obtain high organic matter
time to ensure a suitable final pH. During the maturation losses (high biodegradability), long operation time (38—-45
stage the pH should fall towards neutrality in a correct com- days) and low vinasse addition (0—11%) are recommended.
posting procesf3]. The optimum values of biodegradability and organic mat-
Kjeldahl-N are more sensitive to changes in operation ter losses calculated are similar to values reported by other
time than changes in vinasse added.((5). Long operation authors in agroindustrial residufzi—26]
times give rise to low Kjeldahl-N contents, then high vinasse  In the C/N ratio, the statistical influence of the vinasse
added and short operation time should be used. added is higher than the operation tinigg( (8). The op-
Organic matter evolution was similarly affected by oper- timum C/N ratio of the initial mixtures is between 25 and
ation time and vinasse addeHd. (6). An increase of the 35 [6,9,27,28] therefore, medium-to-low vinasse added
vinasse added produces a decrease in the organic matter afo—40%) was recommended. During incubation, the C/N ra-
the initial mixtures, however, similar values of organic mat- tio decreases in mixtures with low vinasse added. The mix-
ter were observed for all the final mixtures. This fact can be tures with low contents in vinasse undergo greater organic

Fig. 1. Variation of pH as a function of operation time and vinasse added.
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Germination Index

Fig. 4. Germination index variation as a function of operation time and vinasse added.

matter losses and lower N lossdsd. 3) than those with According toFig. 3 and the statistical influence of the
high contents in vinasse. The mixtures with high vinasse quadratic term in the operation time Eq. (9) the influ-
contents suffer greater N losses than organic matter lossesence of the operation time is higher than that of the vinasse
this fact could explain the C/N ratio evolution that occurs in added. Therefore, medium-to-low vinasse added (11-40%)
these mixtures. The typical C/N ratio of finished compost is and medium-to-short operation time (7-23 days) may be
between 10 and 1/27,29] To obtain suitable C/N final val- ~ used in order to ensure minimum Kjeldahl-N losses. The
ues, medium-to-low vinasse added (0—40%) should be usedKjeldahl-N losses found are similar to those found by other
The operation time could be medium-to-short (7—23 days) authors in similar agroindustrial residuis,30,31]

due to the scarce statistical influence of this independent Fig. 4 shows the variation of germination index (Gi)

variable. as a function of operation time and vinasse added. From
Table 4
Chemical characterisatidrof the final (day 45) mixtures
VP V11 V40 V69 V80

AV© s.n¢ AV S.D. AV S.D. AV S.D. AV S.D.
pH 8.20 0.53 8.37 1.14 8.38 1.72 8.53 0.14 8.63 1.59
OME (%) 34.10 5.09 37.70 221 33.50 2.75 32.90 5.31 31.30 4.98
Nf (mgkg™h) 1.06 0.13 1.16 0.10 1.53 0.53 1.31 0.09 1.33 0.05
NO3z-N (mgkg™?) 195.0 30.70 214.0 42.32 174.0 28.84 141.0 26.33 261.0 21.58
NHs-N (mgkg™1) 3.30 0.01 2.42 0.00 7.9 0.16 8.4 0.95 19.4 1.15
CIN 17.80 2.77 16.13 1.69 12.16 2.20 14.00 2.80 13.10 0.34
P (gkgt) 0.26 0.04 0.25 0.00 0.15 0.01 0.11 0.02 0.09 0.01
K (gkg™) 1.45 0.00 1.73 0.19 2.03 0.05 2.39 0.19 2.53 0.50
Ca (gkg™) 4.08 0.63 4.68 0.01 3.65 0.21 3.67 0.68 3.07 0.58
Mg (gkg™%) 0.53 0.10 0.61 0.07 0.70 0.02 0.75 0.03 0.86 0.16

aEach value is the average of four samples, dry weight basis.

bvo, V11, V40, V69, V80 are mixtures with 0, 11, 40, 69 and 80% of vinasse, respectively.
CAV: average.

d3.D.: standard deviation.

€ OM: organic matter.

fN: Kjeldahl-N.
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Eqg. (10) it can be deduced that the positive statistical in- system used, in: M. De Bertoldi, P. Sequi, B. Lemmes, T. Papi
fluence of the operation time is higher than the negative (Eds.), The Science of Composting, vol. II, Blakie, London, 1996,
statistical influence of the vinasse added. If a high (Gi) is - \p/p'A 12:5_2:;& composting of cotton waste, in: Proceedings of
desqed, a medlu_m_to_hlgh operation time (38_45 days) and the éelt\;vide Cotton Conferences, vol. I, New ,Orleans, 4-7 March
medium-to-low vinasse added (11-40%) should be use. For 1997, pp. 1615-1616.
low vinasse added mixtures, intermediate operation time (23 [6] R.T. Haug, The Practical Handbook of Compost Engineering, Lewis
days) was enough to ensure a suitable (Gi >[&9)]. Publishers, Boca Raton, Florida, USA, 1993.

In all cases, the content of N|H—N in the final products [7] 3.S. Jeris, R.W. Regan, Controlling environmental parameters for

(Table 4 was lower than the value advised for mature com- __ 9Pimum composting. Part I, Compost. Sci. 14 (1) (1973a) 10-15.
post (<40 mg kgl) [32 33] [8] J.S. Jeris, R.W. Regan, Controlling environmental parameters for

T . . optimum composting. Part Il, Compost. Sci. 14 (2) (1973b) 8-15.

_ Th_e initial (day 0) an_d final (day 45) numents content  [9] K. Choi, Optimal operating parameters in the composting of swine
in mixtures are shown ifables 1 and Arespectively. As manure with wastepaper, J. Environ. Sci. Health B 34 (6) (1999)
the added vinasse increases, higher values of K, Caand Mg 975-987. _ _

content were observed. Nevertheless, a decrease in P contert0] C.E. Kipp, Optimum processes parameters for composting sludge,

. L . Biocycle 25 (9) (1984) 39-40.
was also observed. This fact could limit vinasse addition. [11] K.L. Schulze, Continuous thermophilic composting, Appl. Microbiol.

The optimum range of C/P ratio is 75-1f%,35] Increases 10 (1962) 108-122.
in nutrient contents are observed at the end of composting,[12] S.T. McGregor, F.C. Miller, K.M. Psarianos, S. Finstein, Composting
due to the decrease in organic matter. process control based on interaction between microbial heat output

Due to economic reasons, medium operation time (23 and temperature, Appl. Environ. Microbiol. 41 (6) (1981) 1321-1330.

davs) is recommended. Amona the products obtained at[13] V.L. McKinley, J.R. Vestal, A.E. Eralp, Microbial activity in
Y ) 9 P composting (1), Biocycle 26 (9) (1985) 39-43.

. . - . A
medium operation ,tlm_e’ the corrgspondmg [_11/(_) vinasse [14] E.I. Stentiford, Composting control: principles and practice, in: M.
ad(_jed, 23 days] point n the expe”mental (_j_eS|g_n is the one " pe Bertoldi, P. Sequi, B. Lemmes, T. Papi (Eds.), The Science of
which represents the highest biodegradability/nitrogen loss  Composting, vol. I, Blackie, London, UK, 1996, pp. 49-59.

ratio values and hence could be the most suitable for its sub-[15] S. Smars, B. Beck-Friis, H. Jénsson, H. Kirchmann, Influence of

sequent in-vessel composting. temperature during the initial phase of composting on biological
activity and emission of ammonia and dinitrogen oxide, in: W.

Bidlingmaier, M. De Bertoldi, L.F. Diaz, E.K. Papadimitriou (Eds.),
Proceedings of the International Conference ORBIT’99 on Biological

5. Conclusions Treatment of Waste and the Environment, Rhombos-Verlag, Berlin,
1999, pp. 119-122.

The results of the experiments indicated that the incuba- [16] L.E. Allison, Organic carbon, in: C.A. Black, D.D. Evans, J.L. White,

fi f Vi d cott te is technicallv f L.E. Ensiminger, F.E. Clark, R.C. Dinauer (Eds.), Methods of Soil
0N process of vinasse and cotton wasle IS technically 18a-  anaysis, vol. 11, SSSA, Madison, Wi, 1965, pp. 367-378.

sible in in-vessel systems and could be considered as ani7; APHA (American Public Health Association), Standar Methods for

ecological way to recycle these wastes. the Examination of Water and Wastewater, APHA, Washington, DC,
Results of the incubation experiment showed that 1995.

the product with acceptable chemical properties entails [18] R.L. Mulvaney, Nitrogen-inorganic forms, in: D.L. Sparks (Ed.),

Operating at medium operation time%ZS days) and :\)A[ftgc])_gz_c])_flgs:” Analysis, vol. lll, SSSA, Madison, WI, 1996,

medlum-to-lpw vinasse percentages (10-40%). MOd?rate [19] F. Zucconi, A. Monaco, M. Forte, Phytotoxins during the stabilisation
amount of vinassex30%) would be the best compromise of organic matter, in: J.K.R. Gasser (Ed.), Composting of Agricultural
to compost this waste with cotton waste. and Other Wastes, Elsevier, London, UK, 1985, pp. 73-85.

The chemical values found for the products obtained from [20] G. Tchobanogolus, H. Theisen, S. Vigil (Ed.), Gestion Integral de

vinasse/cotton waste are similar (same magnitude order) to___ Residuos Solidos, McGraw-Hill, Madrid, 1984. _
other agricultural residues [21] S. Akhnazarova, V. Kafarov, Experiment Optimization in Chemistry

and Chemical Engineering, Mir, Moscow, 1982.
[22] D.C. Montgomery, Disefio y Andlisis de Experimentos, Editorial
Iberoamericana, México, 1991.
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