
 2552 



 2552 



STUDY OF HUMIFICATION INDICES ON THE QUALITY OF COMPOST 

By 

Anchalee  Chainet 

A Thesis Submitted in Partial Fulfillment of the Requirements for the Degree 

MASTER OF SCIENCE 

Department of Environmental Science 

Graduate School 

SILPAKORN UNIVERSITY 

2009



  “

 ”  

……...........................................................

                                                                                      ( . )

.......... .................... . ...........

.

....................................................

 ( . )

............/......................../..............

....................................................

 ( . )

............/......................../..............

....................................................

 ( . )

............/......................../..............



50311314 : 

 : / / /

 : .

  : . . . 97 .

 (humification indices) 

(O/C)  (H/C)  (C/N) 

 (humification index; HI) 

 (humification ratio; HR) 

 (Percentage of 

humic acid; PH)  SPSS  

 H/C  C/N 

 (p < 0.01; r = 0.749) 

 (p < 0.01; r = -0.998) 

 HI 

HR  91  (p < 0.01; r = 0.938) 

PH

 35  5  20 

 2552 

........................................

   ........................................ 



50311314 : MAJOR : ENVIRONMENTAL SCIENCE 
KEY WORDS : HUMIFICATION INDICES/HUMIC ACID/COMPOST/ELEMENTAL  

COMPONENT  
ANCHALEE  CHAINET : STUDY OF HUMIFICATION INDICES ON THE QUALITY 
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The objective of this research was to study the humification process of the 
compost by using varieties of humification indices which were oxygen by carbon (O/C), 
hydrogen by carbon (H/C), carbon by nitrogen (C/N), percentage of the amount of carbon in 
humic acid by total organic carbon called humification index (HI), percentage of the amount of 
carbon in humic substances by total organic carbon called humification ratio (HR), and 
percentage of the amount of carbon in humic acid by the amount of carbon in humic 
substances (PH). Their relationships were analyzed by SPSS program. 

H/C and C/N ratio declined over period of time indicating the appearance of more 
aromatic compounds in humic acid structure and they were also positively correlated to each 
other (p < 0.01; r

2
 = 0.561). This was in accordance with the increasing of carbon in humic 

acid which was correlated to the reduction of the amount of oxygen (p < 0.01; r = 0.995) 
implying the increasing of phenolic groups, the most common functional group found in humic 
acid structures. 

The highest degree of humification was shown by the highest ratio of HI and HR at 
91 days. Both ratio were significantly correlated (p < 0.01; r = 0.938) making the PH slightly 
change most of the times. As a result, the appropriate day of using this compost for cultivation 
should be at 35 days where the amounts of humic acid was the highest at least 5-20 times 
comparing to the others.

Other parameters such as pH, moisture content and electrical conductivity of the 
compost received the highly influence from the humification process and showed as some 
linear regressions. As a result, they could be employed to predict the humification process as 
well. This would save time of elaborating analysis and cost of expensive expense of many 
chemical agents.
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 1 

1.

 ( , 2550)  

 ( , 2546)  

 (humification process) (Zech et al., 

1997)  3 

 ( Stevenson, 1994)



2

 (  O/C H/C  C/N)  (humification index, HI) 

 (humification ratio, HR)  (Percentage 

of humic acid, PH)

 (Prudent 

et al., 1995) 

 pH 

 4 

2.

2.1

2.2

2.3

 O/C H/C  C/N  (HI) 

 (HR)  (PH) 

2.4

3.



3

4.

 4 

. . 2548  pH  C/N ratio 

5.

5.1

5.2

5.3  4 

5.4

5.5

5.6

5.7

5.8

5.9

6.

6.1

6.2



4

6.3

6.4



5

 2 

1.

1.1

 ( , 2550; , 2548; 

, 2550)  1  

 45 

 60  ( , 2550)  

 ( , 2548)

 1

 : , 2552
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-

-

-

 ( , 2550) 

-

(Martin, 2005) 

-

(Nelson, 2004; Bernal et al., 2008) 

-

 (Lasaridi and Stentiford, 1998) 

-

 (Cornell Waste Management Institute., 2007) 

1.2

 3  1) 

 2) 

 3) 

1.2.1



7

 (soil aggregation) 

    (cation exchange capacity, 

CEC) 

 ( , 2552)

1.2.2

 0.4 

2.5  0.2  2.5 

 0.5  1.8 

 ( , 2544)  

 ( )

 ( , 2550)

1.2.3



8

1.3

 3  ( , 2550) 

1.3.1

 1 

 ( , 2543)  

 2

 2 

 : , 2009 



9

1.3.2

 30  45 

 ( , 2546)  3 

21

 ( , 2549)

 3

 : Suthus, 2009 

1.3.3

 3  (

Takayuki, 2544)  

.1  ( , 2546)  4 



10

 4

 : , 2553 

1.3.4

.1 

 3  4  ( )

 40-50  30%  

 (

, 2548) 

 SML  5 

 5
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 5

 : , 2551

1.4

 3  5  60  80 

 5  20 

 1/3  1/4 

 2  3  ( ,

2542 ;  Takayuki, 2544 ; , 2548 ; , 2550) 

1.5
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1.5.1

 -  

 -  

-

-

-

 6 

 6 

 : PII BANTEN, 2010

1.5.2

 (C/N 

ratio)  20:1  ( , 2549)  

 (Li et al., 2000)
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 40:1 

 45  70 (Martin, 2005)

1.6

. . 2548  1 

2.  (Humic substances) 

2.1

 (Humic substances)  (natural 

organic matter, NOM)  (MacCarthy, 2001)  (Cavani et al., 2003) 

 (Polak et al., 2005)  (Sanchez-Monedero et al., 1999) 

 (International humic substances 

society, 2007)  

 (humification 

process) (Zech et al., 1997) 

 (Hernanez-Apaolaza et al., 2000)  



14

 (Trubetskaya et al., 2001) 

 1 . . 2548 

1  12.5×12.5 

2  35 

3  5 

     5 

4

5  30 

6 -  (pH) 5.5-8.5 

7  (C/N)  20:1 

8  (Electrical Conductivity)  6 /

9  -  (total N) 

   1.0 

   -  (total P2O5) 

   0.5 

   -  (total K2O) 

    0.5 

10  80 

11  (Aesenic)  50 /

 (Cadmium)  5 /

 (Chromium)  300 /

 (Copper)  500 /

 (Lead)  500 /

 (Mercury)  2 /

 : , 2548 
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2.2

2.2.1   (Lignin Theory) 

 ( , 2543)  

 OCH3

OCH3

 3  coniferyl alcohol, p-hydroxylcinnamyl alcohol  sinapyl alcohol  7 

 coniferyl alcohol 

 sinapyl alcohol  (Tan, 2003)

 7

 : Stevenson, 1994 



16

OCH3  OH 

 (COOH) 

 (COOH  phenolic OH)  

 COOH, C=O  OH 

 COOH  ( )

COOH

 NH3

(Stevenson, 1994)  8

 8   (Lignin Theory)

 : Stevenson, 1982  Waksman, 1932 



17

2.2.2  (Polyphenol Theory) 

 (–OH)  (Ar) 

 ArOH  C6H5OH

 phenylpropane 

 demethylation 

 polymerization 

 OCH3  OH 

 C=O 

Imperfecti  OH 

(R-CHO R-COOH)

 9 

:

 (Stevenson,1994) 
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 9  (Polyphenol Theory)

 : Stevenson, 1982 

2.2.3 -  (Sugar-Amine Condensation

                        Theory) 

 ( , )

 (

)  ( )

 N-substituted-1-

amino-1deoxy-2-ketose

 10  



19

10 -  (Sugar-Amine Condensation Theory) 

 : Stevenson, 1982 

2.3

2.3.1

 3 

 (Humin)  

 pH = 1  (Humic acid)  

 (Fulvic acid) 

 DAX-8  (MacCarthy, 2001; Tan, 2003) 

11

2.3.2

 3 

 (carbon, C)  (oxygen, O)

 (hydrogen, H)  (nitrogen, N)  (sulfur, S)  3 

 2 



20

 11

 :  Stevenson, 1994 

2.3.2.1  (humic acid, HA)

 C10H12O5N

 12  

 30  

 OH

 ( )

( ) ( )

DAX-8 resin
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 13 

 50 

60, 2  4  1  2 

 (Huang et al., 2006) 

 (Stevenson, 1994)

 12

 : Stevenson, 1982 

 13  (humic acid) 

 : Stevenson, 1994 
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2.3.2.2  (fulvic acid, FA)

 C12H12O9N

 45 

 12

 175  3,570  (Tan, 2003  Schnizer 

and Skinner, 1968) 

 COOH  14  

 44  50  

DAX-8 resin  H
+
exchange resin 

 14  (fulvic acid)

 : Stevenson, 1994 
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2.3.2.3  (Humin, HM)

polymerization (Mecozzi et al., 2001)  pH 

 (Rice, 2001) 

 (Hays and Clapp., 2001) 

 2

(% by weight) 

C 50 – 60 40 – 50 

H 4 – 6 4 – 6 

O 30 – 35 44 – 50 

N 2 – 4 < 1 – 3 

S 1 – 2 0 – 2 

 (pH 1) 

 100 –  180 – 10,000 

 functional group (

 functional group) 

          COOH  14 – 45 58 – 65 

                OH 10 – 38 9 – 19 

         C    OH 13 – 15 11 – 16 

         C = O 4 – 23 4 – 11 

         O    CH3 1 – 5 1 – 2 

 : , 2541  Schnitzer and Khan, 1972 
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2.4

 2.3 

 (Fukushima et al., 2009) 

(Wei et al., 2007)   (humification indices) 

 (Huang et al., 2006; Bernal et al., 2008)  

2.4.1

2.4.1.1

 3 

 Huang et al. (2006) 

 (Stevenson, 1994)  

-  (C=O)  

 Wei et al. (2007)  Chai et  al. 

(2007)  Spaccini et al. (2009) 



25

3  (C)  (H)  (O)  (N) 

( )

 (%) 

C H O N 

Huang et al. 
1

0 52.70 6.23 34.70 4.88 

63 47.90 5.51 40.00 5.28 

Chai et al. 
2

365 51.36 5.80 36.82 6.02 

2190 53.3 6.35 33.51 6.84 

Wei et al.
3

0 48.40 6.40 38.40 2.80 

63 45.30 5.80 42.10 2.70 

60 44.70 4.80  5.40 

Spaccini et al.
4
 90 44.10 4.93  5.45 

  150 44.80 5.32   5.32 

Soil HA 
5

56.25 4.70 35.55 2.55 

 : 
1
  Huang et al., 2006 

                  2
  Chai et al., 2007 

                  3
  Wei et al., 2007 

                  2
  Spaccini et al., 2009 

                   5  
Stevenson, 1994 

2.4.1.2

 4 

-  (O/C ratio)

 O/C 

 (Wei et al., 2007)  

 O-alkyl  COOH 
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 0.5  0.7 (Stevenson, 1994; Sparks., 2003; Tan, 

2003)   Huang et al. (2006)  3 

 O/C  (C=O) 

 Chai et  al. (2007)   Wei et al. (2007) 

 O-alkyl 

 Huang  et al.  Wei 

et al.  63 

 O/C  Haung et al. 

 Wei et al.  Chai et al. 

 Wei et al. 

-  (H/C ratio) 

 H/C 

 H/C 

0.90  1.35  1.3  non-humic substance (Tan, 2003)   

H/C  Huang et al. (2006)  1.43  1.39  

 ( )

 Wei et al. (2007) 

 Chai et al. (2007)  Spaccini et al. (2009) 

 Chai et al.  Spaccini et al. 
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 2190  150 

 (Domeizel et al., 2004)    H/C  1 

 (bacterial organic matter) (Belzile et al., 

1997)

-  (C/N ratio) 

 20.83  12.99  45.45  21.74 (Tan, 2003)  

 C/N 

(Huang et al., 2006; Chai et al., 2007; Wei et al., 2007)  

Huang et al.  Wei et al. 

 Spaccini et al. (2009)  

 Veeken et al. (2000)  

(Wei et al., 2007) 

 Mineralization 
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 4  (O/C)  (H/C) 

 (C/N) 

( ) O/C H/C C/N 

Huang et al. 
1

0 0.50 1.43 12.60 

63 0.63 1.39 10.60 

Chai et al. 
2

365 0.53 1.35 9.95 

2190 0.47 1.43 9.09 

Wei et al. 
3

0 0.70 1.43 20.1 

63 0.60 1.25 16.2 

                                                   60                   -               1.27                9.66 

      Spacini et al.
4
                       90                   -               1.34                9.44 

                                                 150                   -               1.43                9.82 

Soil HA
5

  0.50 0.90 20.83 -  12.99 

 : 
1
  Huang et al., 2006 

                  2
  Chai et al., 2007 

                  3
  Wei et al., 2007 

                  2
  Spacini et al., 2009 

                   5  
Stevenson, 1994 

2.4.1.3

 (Acidic functional groups) 

 (COOH)  (phenolic-OH)  

COOH  phenolic-OH 

 phenolic-OH, quinone, ketone  COOH 



29

 (Sanchez-Modero et al., 2003)  5  

 (Sanchez-

Modero et al., 2003; Huang et al., 2006; Brunetti et al., 2007)  

 (Brunetti et al., 2007)  

 Spodosol  Tan (2003) 

 5

mmol g-1  

Brunetti et al. 
1

120 3.71 0.54 3.17   

210 6.21 2.51 3.70  

Sanchez- Monedero

et al. 
2

0 3.08 1.83 1.25   

112 6.66 3.96 2.70   

Huang et al. 
3

0 4.81 3.65 1.16  

63 5.20 3.95 1.25  

Soil HA
4
 - 8.90 5.40 3.50  

 : 
1
 Brunetti et al., 2007 

 2
 Sanchez-Modero et al., 2003 

                 3
 Huang et al., 2006 

                4
 Tan, 2003 
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2.4.1.4  (humification index; HI) 

 (humification ratio; HR) 

(percentage of humic acid; PH) 

 (humification index, HI) 

 (humification ratio, HR) 

 (percentage of humic acid, PH) 

  (Sanchez-Monedero et al., 1999; Brunetti et 

al., 2007; Bustamante et al., 2008; Dias et al., 2010) 

 (Humification Index; HI)   HAC/TOC × 100   [1] 

 (Humification Ratio; HR)                HSC/TOC × 100               [2] 

 (Percentage of Humic acid; PH)   HAC/HSC × 100    [3] 

 HI 

  HR 

 (  + )

  PH 

 6   Dias et al. (2010) 

  HI  HR  PH  

 non-humic  Benito et al. (2003)  

 Jouraiphy et al. (2005) 

 135  HI HR  PH  19.20, 27.9  68.9 
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  Fukushima et al. (2009) 

 HI  HI 

 H/C (r = -0.798) 

(methoxyl and alkyl groups) 

 (phenol and carboxylic groups) 

(demethylation)  (oxidation reaction) 

 HI 

 O/C  (r = 0.951, r = 0.855 )

 (r = -0.571)  HI 

 C/N  

 HI  C/N  (r = -0.789) 

 Iqbal et al. (2010) 

 (HI)  (HR)  Pearson correlation  HI HR         

 (p < 0.01; r = -0.95, -0.97, -0.96  -0.90 )
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 6  (humification index; HI) 

(humification ratio; HR)  (percentage of humic 

acid; PH) 

( )
HI (%) HR (%) PH (%) 

Dias et al.
1

0 9.00 17.32 51.80 

30 6.41 8.88 72.30 

60 7.97 10.85 73.00 

120 7.00 11.90 58.80 

Jouraiphy et al.
2

15 8.5 14.8 57.6 

60 12.9 16.5 77.8 

135 19.2 27.9 68.9 

Benito et al.
3

0 6.02 10.18 59.38 

9 9.81 13.08 75.00 

23 7.90 11.07 66.67 

33 8.12 13.11 62.16 

81 5.38 9.74 55.56 

120 7.19 10.33 69.23 

 : 
1
 Dias et al., 2010 

2
 Jouraiphy et al., 2005 

 3
 Benito et al., 2003 

2.4.2

 (Tan, 2003) 
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 (Prudent et al., 1995)  

 (UV-Vis spectroscopy) (Stevenson, 1994)

 210 

-  260  280 

 (lignin)  (quinone) 

 280 

 (Wei et al., 2007)   460  480 

 600  670 

(Zbytniewski and Buszewski, 2005)   254  465 

 (dissolved organic carbon)  (Zmora-Nahum et 

al., 2005)   15  Amine-Khodja et al. (2006) 

 (200  700 )

 130  0  70 

 70  130 

 365  450 

 420  520  15 

15

 : Amine-Khodja et al., 2006 

HA130

HA70

HA0
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 Domeizel et al. (2004)  16  2 

 (B) 

 21 

 (N)  120  200  220 

 mineralization 

 16  2 

                   ( )  (B) 

 21 (B1), 50 (B2), 80 (B3)  110 (B4) 

                   ( )

 (N)  2 (N1), 10 (N2), 21 (N3), 30 (N4), 50 (N5)  120

                          (N6) 

 : Domeizel et al., 2004 

( )

( )
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2.5

 4  (Bernal et al., 1997;  

Zeng et al., 2009)  17 

2.5.1  (Initial phase)

 0 

2.5.2  (Thermophilic phase)

 45 

 (Aerobic and 

thermophilic microorganism) 

 40  60  50  60 

2.5.3  (End of active phase)

 HI  HR 

 (Veeken et al., 

2000)   40 



36

 C/N  pH 

 3  1 

2.5.4  (Mature phase)

 (

, 2550)

 1  4 

 (Cooperband, 2002) 

 17

 : Smith, 1995 
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 3 

 3 

 18  7 

 7  (Methodologies and instruments) 

†   ‡

  Dry combustion method   Total organic carbon analyzer 

   (difference between TC  

   and TIC) 

  Isolation of IHSS soil fulvic  shaker & centrifuge 

      and humic acid 

-    Elemental analysis  Elemental analyzer 

-    Elemental analysis  Elemental analyzer 

-    Elemental analysis  Elemental analyzer 

-   Elemental analysis  Elemental analyzer 

  Indirect titrations method   - 

 UV-VIS spectroscopy  UV-VIS spectrophotometer 

† TC, total carbon; TIC, total inorganic carbon; IHSS, international of humic substances society 

‡ UV-VIS, ultraviolet-visible



38

 18

 Pearson 

correlation  Regression analysis

 2 mm

 IHSS

     - 

     - 

     - 

     - pH

 200  800 nm 
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1.  (chemicals and reagents)

 8 

Chemical Abstracts Service (CAS) number 

 8  CAS number 

CAS No.

 (organic carbon) 

    Sucrose  

 (inorganic carbon) 

    Acetic acid   64-19-7   J.T. Baker 

    Hydrochloric acid                                         7647-01-0                                  Merck 

    Sodium hydroxide                                        1310-73-2                                   Merck

    Hydrofluoric acid                                         7664-39-3                                   Univar 

    DAX-8 resin                                                                                                    Supelco 

    DOWEX ion exchange resin                        69011-20-7                                Sigma-Aldrich 

    Sodium bicarbonate                                      144-55-8                                    Univar 

    Barium hydroxide                                  17194-00-2                                Univar 

    Calcium acetate                                             5743-26-0      Univar 

2.  (instrumentation) 

    2.1  (analytical balance) 

 4  AB204  Mettler Toledo 

2.2  (centrifuge)

 ROTANTA 46R D78532 Tullingen 4810  Hettich 

zentrifugen  4500 RPM 

2.3  (horizontal shaker) 

 Gallenkamp  20-400 RPM 

 4-60°C 
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2.4  (conductivity meter) 

 Professional Meter PP-50  Sartorius AG Gottingen 

Germany

2.5 sieve 

 Standard Test Sieve B.S.410: 1986 / I.S.O. 3310  2  ELE 

International

2.6  (dry oven) 

 Medcenter 

Ecocell  Einrichtungn GmbH MMM-group  80°C

2.7  (refrigerator) 

 4°C 

2.8 Hotplate stirrer 

          Hotplate stirrer  Daihan Lab Tech  LMS-1003 

2.9 pH meter 

         pH meter  Metrohm  713  buffer pH 4  buffer pH 7 

 Metrohm 

2.10 Total organic carbon analyzer

 Total organic carbon analyzer  Phoenix 8000  Tekmar-Dohrmann 

2.11 Vortex stirrer

           Vortex-2 GENIE  G-560E  Scientific Industries, Inc. 

2.12 Ultraviolet-Visible Spectrophotometer 

           Ultraviolet-Visible Spectrophotometer  Jasco  V-530

2.13 Elemental analyzer 

           Elemental analyzer  Perkin Elmer  PE2400

3.

    3.1 

 9  3 
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 1

-  80 

-  80 

-  40 

-  50 

2

-  10 

-  120 

-  20  ( )

-  50 

 3

-  10 

-  10 

-  200 

-  0.5 

3.1.1

 3  1  200 

 1  2

 25 

3.1.2

 200 

 0, 7, 14, 21, 28, 35, 49, 63, 77, 91, 105  119 
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9

 40 .  >5 

 80 .  >3 

 80 

.

 >5 

 10 .  1 

 120   >2 

 50  3 

 20  3 

 0.5 

.

. .  3 

 10 .  3 

 10 .  >4 

 50 .    

 650     

3.1.3

 (air dry) 

. .2548

 sieve  2.0 

 3 

3.2

          3.2.1 

 (humic acid; HA) 

 (fulvic acid; FA)  Isolation of IHSS Soil Fulvic and Humic Acid

Methods of Soil Analysis, Part3 Chemical methods (Sparks et al., 1996)  5.0 
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 125  pH 2  (conc. HCl) 

 (HCl)  0.1 M 100

 150 RPM  1  2500 RPM 

 5  Extract 1   pH  7 

 (NaOH)  1.0 M  (NaOH) 

 0.1 M  100  4 

 2500 RPM 10 

 (HCl)  6 M

 5  Extract 2 

 (redissolve the humic acid fraction) 

 (HCl)  (HF)  0.1 M HCl/0.3 M HF 10 

 (wet weight)  Freeze dry  (dry 

weight)

 Extract 1  Extract 2 

 Extract  XAD-8 resin  (back elute) 

 (NaOH)  0.1 M  XAD-8 resin 

 (NaOH)  0.1 M  H
+
-

saturate cation exchange resin  50 

(Elemental component)  Elemental 

Analyzer

3.2.2  (total inorganic carbon) 

(carbonate) 

 acetic acid dissolution method (Loeppert and Saurez, 1996) 

 (CaCO3)  0, 50, 100, 200 

 300  (mg CaCO3 L
-1
)  0.5 

 vial  0.40 M 25

 16 
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 pH  pH  5.00 

 pH 

3

3log
mgCaCOT

mgCaCO
 T 

 0.40 M

0.40 M 25  T  480 

b
mgCaCOT

mgCaCO
apH

3

3log     [4] 

 a  b 

 mg CaCO3

0869.100

0107.12
)( 31 mgCaCO

compostmggTIC                                  [5] 

  TIC 

                  12.0117

      100.0869 

3.2.3  (total organic carbon) 

 difference between total carbon and inorganic 

carbon method (Nelson and Sommers, 1996)  (total 

carbon, TC)  total organic carbon analyzer (TOC analyzer) 

 (total inorganic carbon, TIC) 

 boat 

 (  1 )

 1000°C  TOC analyzer 

 mg g
-1
 compost 
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TOC (mg g
-1
 compost) = TC – TIC                                                [6] 

 TOC     (mg g
-1
 compost) 

  TC        (mg g
-1
 compost) 

  TIC       (mg g
-1
 compost) 

          3.2.4  (total acidity) 

 (total acidity)  Indirect 

titrations method (Stevenson, 1994; Swift, 1996)  50 

 125  (Ba(OH)2)  20 

 100 RPM  24 

 GFC  45  (

)  (HCl)  0.5 M

                        Total acidity (mmolc g
-1
) = (Vblank – Vsample) × Macid/Wsample(g)                                [7] 

  Vblank  blank 

  Vsample

  Macid  

  Wsample  (g) 

          3.2.5  (carboxylic (COOH) groups) 

 (carboxylic group)  Indirect 

titrations method (Stevenson, 1994; Swift, 1996)  50 

 125  (Ca(HCOO)2)

0.5 M 40  10 

 100 RPM  24  GFC 

45  ( )

 (NaOH)  0.1 M
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                        COOH acidity (mmolc g
-1
) = (Vsample– Vblank) × Mbase/Wsample(g)                              [8] 

  Vsample

  Vblank  blank 

  Mbase

  Wsample  (g) 

          3.2.6  (phenolic-OH groups) 

 (phenolic-OH groups)  difference between 

total acidity and carboxylic (COOH) groups method (Stevenson, 1994; Swift, 1996) 

 (total acidity)  (carboxylic 

groups)

Phenolic-OH groups (mmolc g
-1
) = total acidity (mmolc g

-1
) - COOH  (mmolc g

-1
)       [9] 

3.2.7

(NaHCO3)  0.05 M  200 

800   (Domeizel et al., 2004; Amine-Khodja et al., 2006) 

3.2.8

 3  (Sanchez-Monedero et al., 1999; Brunetti et 

al., 2007; Bustamante et al., 2008; Dias et al., 2010) 

 (Humification Index; HI) = (HAC/TOC)*100  [10] 

 (Humification Rate; HR) = (HAS/TOC)*100  [11] 

 (Percentage of Humic acid; PH) =(HAC/HAS)*100 [12] 

 HAC   (mg g
-1
)

  TOC   (mg g
-1
)

  HAS   (mg g
-1
)
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 4 

1.

1.1

 119 

 10  

 20  

 (Bernal et al., 1997; Zeng et al., 2009)  4 

1.1.1  (Initial phase)

 (0 )

 19  

 27.0 

 79.94 

 3 

 C/N  8.9 :1 

1.2.2  (Thermophilic phase)

1  34  34.0-39.0 

 39.0  21  

 50.70  63.75 

 2  3 
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 C/N  9.3:1  19.4:1 

1.2.3  (End of active phase)

 35 

48  30.0 

 48.21 

 C/N  14.4 

1.2.4  (Mature phase)

 49  119  27.7-28.3 

26.03  47.62  

 C/N 

 10.0  14.7 

 19

 : 
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10

 ( )
(°C)

C/N

ratio

0 ,  27.0  8.9:1 

7  34.0  19.4:1 

14  35.3  9.3:1 

21  39.0  15.4:1 

28  36.3  13.6:1 

35  30.0  14.4:1 

49  28.3  12.1:1 

63  28.2  10.9:1 

77  27.7  10.0:1 

91  27.5  10.5:1 

105  27.3  12.0:1 

119  27.8  14.7:1 

4
9



50

 20 

 :  1, ; 2, ; 3, ; 4, 

1.2

 119 

. . 2548 

 11

 (C/N ratio) 

  0  63  

 14, 28  63 

 28 

0, 7  21 

 35 49

1

2

3
4



51

2.

 3 

 humification

2.1

2.1.1

 21

 14 

 91 

mineralization

 (Prudent et al., 1995)
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 11 . . 2548 

 ( )

0 7 14 21 28 35 49 63 77 91 105 119 

 12.5×12.5 . 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

27 34 35.3 39 36.3 30 28.3 28.2 27.7 27.5 27.3 27.8

35 % 79.94 63.75 59.55 53.99 50.7 48.21 47.62 43.91 26.03 25.86 26.03 26.03

 5 .

2 2 2.3 3 3 2 3 2.5 3 2 2 1.5

5 % 

 30 % 38.62 41.15 21.11 35.74 26.95 36.5 30.74 26.59 9.41 8.45 12.36 16.62

pH 5.5-8.5 6.69 6.64 6.76 6.91 6.9 7.23 7.27 7.63 7.68 7.7 7.51 7.47

C/N ratio  20:1 8.9:1 19.4:1 9.3:1 15.4:1 13.6:1 14.4:1 12.1:1 10.9:1 10.0:1 10.5:1 12.0:1 14.7:1

5
2



53

 11 . . 2548 ( )

 ( )

0 7 14 21 28 35 49 63 77 91 105 119 

EC  6 dS/m 2.85 3.37 4.86 5.06 4.8 4.95 4.93 4.26 4.28 4.18 4.13 4.15

                           

N (total N) 1.0 % 
2.79 1.75 2.47 1.93 1.87 2.08 2.33 2.19 2.15 2.08 2.03 1.61

P (P2O5) 0.5 % 0.14 0.22 13.99 0.28 25.50 15.79 10.24 29.67 16.50 13.50 18.66 17.50

K (K2O) 0.5 % 42.93 53.62 81.01 53.62 24.21 44.6 36.92 31.02 50.95 34.75 31.11 30.45

80% < 80% < 80% < 80% < 80% < 80% > 80% > 80% > 80% > 80% > 80% > 80% > 80% 

*  (Arsenic)  (Cadmium)  (Chromium)  (Copper)  (Lead)  (Mercury) 

5
3



54

 21 

2.1.2

 (Chai et al., 2007)  

 3 

-  (O/C ratio )

 O/C  22  14 

 (  20)  

 21  Wei et al. 

(2007)  63 
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 C=O  21 

 119  Huang et al. (2006) 

 22  (O/C) 

-  (H/C ratio) 

 H/C  23 

 63 

 Huang et al. (2006)  1.43 

 0  1.39  63  63  119 

Spaccini et  al . (2009)  60 

 150 

 (Polak et al., 2005)
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 23  (H/C) 

-  (C/N ratio) 

 C/N  24 

 21 

 (Polak et al., 2005; Huang et al., 

2006; Wei et al., 2007; Fukashima et al., 2009) 

 63  21  63 

 (Huang et al., 

2006)  (Chai et al., 2007)   77 

 119
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 24  (C/N) 

2.2

 (COOH)  

 (phenolic-OH)  25  

 35 

 35  26 

 35  5  20  49 

 63  105 

 C/N  28  

 35 

 63 
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 35 

25

( )  (total acidity) 

 (COOH) 

( )  (total acidity) 

 (OH) 

( )

( )
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26  (HA) 

 (COOH groups)  (phenolic-OH groups)  

(p < 0.01; r = 0.981) 

 (p > 0.01) 

 multiple regression 

stepwise selection 

total acidity = 1.366 + 1.036 phenolic-OH  R
2
 = 0.962,  n = 12              [13] 

 total acidity =  phenolic-OH = 



60

 [13] 

 96.2%  

 Pearson correlation   [13] 

 12 

 (p < 0.01; r = -0.998) 

 (p < 0.01; r = -0.895) 

(Brunetti et al., 2007)  

 3.08%  1.48% 

Brunetti et al. (2007) 

 3.44  1.52%  Fukushima et al. (2009)  78.38 

20.58%

12  Pearson  (n=12) 

 (C) 1.000 0.903** -0.998** 0.501 

 (H) 1.000 -0.895** 0.186 

 (O) 1.000 -0.548 

 (N) 1.000

 : **  =  0.01 (2-tailed). 

    *  =  0.05 (2-tailed). 

 12  

 multiple regression  stepwise selection 
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C = 81.148 – 0.826 O  R
2
 = 0.995,  n = 12            [14] 

 C =  O = 

 [14] 

 99.5%   12  [14] 

 (r = -0.998  -0.895 )

 (r) 

2.3

 0, 35, 77  119 

 200  800  27 

2.3.1  210 

 210 -

 210 

 –NH3

 (Wei et al., 2007)  

 210 

 119 
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 mineralization  (Prudent et al., 1995) 

2.3.2  280 

 280 

 C=O  C=C 

 280 

 0  77 

 (Domeizel et al., 2004)

2.3.3  460  480 

 460  480 

 0  14  

 35  77 

 119 

 200  400  77 

2.3.4  600  670 

 600  670 

 C=O 

 (Domeizel et al., 

2004) 

 280 

2.4.
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 6 

 O/C H/C  C/N  HI HR  PH 

 27

2.4.1  O/C, H/C  C/N 

 Pearson  O/C, H/C 

C/N  13  H/C  C/N 

 (p < 0.01; r = 0.749)   H/C 

 (Huang et al., 2006)  C/N 

 10 

 (Chai et al., 2007)

HA77

HA119

HA35

HA0
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13  Pearson  (O/C) 

 (H/C)  (C/N) 

(n = 12)

 O/C H/C C/N 

O/C 1.000 0.053 -0.333 

H/C 1.000 0.749** 

C/N 1.000

  **  =  0.01 (2-tailed). 

    *  =  0.05 (2-tailed). 

 (Stevenson, 1994)   stepwise regression 

 C/N 

 O/C  H/C 

C/N = -6.497 + 118.330 H/C  R
2
 = 0.561,  n = 12            [15] 

 C/N =  H/C = 

 [15]  H/C  C/N  56.1% 

 Pearson correlation

 (Polak et al., 2005) 

 O/C 

(C=O)
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2.4.2  (HI) 

 (HR)  (PH) 

 (humification index; HI) 

 (humification ratio; 

HR)

 (Percentage of humic acid; PH)

 28   HI  HR 

 HI  HR 

 91 

 119  

 (Prudent et al., 1995; Domeizel et al., 2004) 

28  (HI)  (HR) 
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 HI  HR  

 14 

14  Pearson 

(TOC)  (HAC) 

(HSC) (n = 12) 

 (TOC) 1.000 0.423 0.319 

 (HAC)  1.000 0.938** 

 (HSC)  1.000

 **  =  0.01 (2-tailed). 

 HI

 (p > 0.01) 

 29

 35  35 

  (End of active phase) 

 (Veeken et al., 2000) 

 mineralization 

 (Sanchez-Monedero et al., 1999) 
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29  (TOC) 

 (HAC) 

 HR 

(p > 0.01)  HI  

 30  29
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30  (TOC) 

 (HSC) 

 (p < 0.01; r = 0.938)  31 

 Linear 

regression

HSC = 1.775 + 0.933 HAC  R
2
 = 0.879,  n = 12             [16] 

 HSC =  HAC = 

 [16] 

 87.9% 
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31  (HAC) 

 (HSC) 

 PH 

 32 

 35  91 

 HI, HR  PH 

 35 

 87.9% 

 HI HR  PH 
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32  (PH) 

3.

 pH 

  (Iqbal et al., 2010) 

 6  O/C, H/C 

 C/N  (HI)  (HR) 

 (PH)  
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3.1  (HI) 

 (HR)  (PH) 

(humification index; HI) 

 (humification ratio; HR) 

 (Percentage of humic acid; PH)

 15  pH 

 HI  (p < 0.01; r = 0.725) 

 pH 

 HI  (p < 0.05;         

r = -0.690) 

 pH 

 HR  pH  HR

(p < 0.01; 0.740)   HR 

(p < 0.01; r = -0.752)  HR  HI

 pH  HR 

 (HSC = HAC + FAC)  pH 

 HI  HR  (p > 0.05)  

 PH 

(p > 0.05) 
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 15  Pearson 

 (humification index, HI) 

(humification ratio, HR)  (Percentage of humic 

acid, PH)  (n = 12) 

 HI† HR‡ PH 

 (CEC)  0.561 0.570 -0.172 

 (EC) -0.118 -0.111 -0.221 

 (Nt) -0.273 -0.319 0.383 

 (Pt) 0.219 0.240 -0.180 

 (Kt) -0.224 -0.258 -0.221 

pH  0.725** 0.740** -0.112 

  -0.690*    -0.752** 0.414 

 -0.487 -0.505 0.034 

 (TC) NA NA 0.384 

 (TOC) NA NA -0.348 

 (TIC) NA NA 0.424 

**  =  0.01 (2-tailed). 

  *  =  0.05 (2-tailed).

 : † HI  29 

‡HR  30 

NA, not applicable 

 pH  HI 

 pH 

HI  pH 

 pH  (Iqbal et al., 2010; Ofosu-Budu et al., 2010) 

 pH 

 33 
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33  pH  (HI) 

 HI 

 HI 

 34 
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34

 (HI) 

 pH  HR 

 HR 

 35  36  HI 

 HR 

 pH 

 pH 

 (Bustamante et al., 2008) 

 HI HR  PH 

 pH 

 pH 
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35  pH  (HR) 

 36

 (HR) 
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3.2  (O/C) 

 (H/C)  (C/N) 

  O/C H/C  C/N  16 

3.2.1

 (O/C) 

 O/C 

  O/C  (total potassium, Kt)

 (p < 0.05; r = 0.602) 

 O/C 

-  (C=O) 

-  (OH)  (Huang et al., 2006)  

 (2553) 

 simple  

regression

 O/C 

Kt = 294.519 + 138.874 O/C R
2
 = 0.363,  n = 12          [17] 

 Kt =  O/C = 

 [17]  O/C 

 36.3% 
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 16  Pearson 

 (O/C)  (H/C) 

 (C/N) (n = 12) 

 O/C H/C C/N 

 (CEC) 0.012 0.216 0.174 

 (EC) 0.352 -0.676* -0.923** 

 (Pt) 0.180 -0.665* -0.484 

 (Kt) 0.602* 0.256  0.055 

pH -0.137 -0.723** -0.410 

 -0.025 0.575 0.492 

 0.224 0.050 -0.277 

 (TC) -0.446 0.602* 0.567 

 (TOC) -0.299 0.490 0.414 

 (TIC) -0.019 -0.162 -0.048 

**  =  0.01 (2-tailed). 

  *  =  0.05 (2-tailed). 

3.2.2

 (H/C)

 H/C 

-  H/C  (electric conductivity, 

EC)  (p < 0.05; -0.676)  
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-  H/C  (total 

phosphorus, Pt)  (p < 0.05; r = -0.665)   H/C 

 Iqbal et al. (2010) 

 pH 

-  H/C  pH 

(p < 0.01; r = -0.723) 

 pH 

 H/C 

 pH 

 HI  HR  pH  3.1 

-  H/C  (total carbon, 

TC)  (p < 0.05; r = 0.602)  

 H/C  HI 

 HR  Iqbal et al. (2010) 

(p < 0.01; r = -0.950  -0.970 )

 pH 

H/C  simple regression 

 pH 

 H/C 

pH = 10.301 – 24.978 H/C R
2
 = 0.552,  n = 12              [18] 

EC = 9.173 – 39.095 H/C R
2
 = 0.457,  n = 12              [19] 

 EC =  H/C = 
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 [18]  H/C  pH 

55.2%  H/C  pH 

 pH 

HI  HR  pH  3.1  pH 

 [19]  H/C 

 45.7%  H/C 

-  polymerization (Brunetti et al., 2007) 

 [19] 

 H/C  (p > 0.05) 

3.2.3

 (C/N) 

 C/N 

 2 

-  (electric Conductivity, EC) 

 C/N  (p < 0.01;  r = -0.923)  

 H/C 

 3.2.2 

 C/N 

 simple regression 

 C/N 

EC = 7.089 – 0.338 C/N   R
2
 = 0.852,  n = 12             [20] 

 EC =  C/N = 
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 [20]  C/N 

 85.2%  C/N 

 C/N 

 H/C  3.2.2  C/N 

 H/C  [20] 

 C/N  (p > 0.05) 
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 5 

 4  0, 7, 14, 21, 28, 

35, 49, 63, 77, 91, 105  119  12 

 4 

 (0 )  27.0  (1-34 )

 34.0-39.0  (35-48 )

 30.0  (49 )

27.7-28.3 

 35 

 48.21  C/N  14.4  

 35  49 

. . 2548 

 91 

 O/C  21 

 H/C  63 

 C/N  



82

 O/C  21  

 (total acidity = 1.366 + 1.036 phenolic-

OH, R
2
 = 0.962) 

 (C = 

81.148 – 0.826 O, R
2
 = 0.995)  

 35  119 

 (Prudent et al., 1995) 

 O/C H/C  C/N  H/C 

 C/N  (C/N = -6.497 + 118.330 H/C, R
2
 = 0.561) 

 H/C  C/N  H/C 

 C/N 

 3 

 (humification index, HI) 

 ( +

) (humification ratio, HR) 

 (percentage of humic 

acid, PH) 
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 HI, HR  PH 

 35 

 87.9% 

 HI HR  PH 

 pH  pH  HI  HR 

(p < 0.01, r = 0.725, 0.740 )  HI 

HR  (p < 0.05, -0.690; p < 0.01, r = -0.752 )  pH 

 pH 

 pH  (Iqbal et al., 2010; 

Ofosu-Budu et al., 2010) 

 O/C H/C  C/N 

 O/C (Kt = 294.519 + 138.874 O/C, R
2
 = 0.363) 

-  (C=O) -  (OH) 

 pH  H/C (pH = 10.301 – 

24.978 H/C, R
2
 = 0.552  EC = 9.173 – 39.095 H/C, R

2
 = 0.457 )

 pH 

 C/N (EC = 7.089 – 0.338 C/N, R
2
 = 0.852) 

H/C  humification 

processes
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1.

 17 †

( )
CEC (cmol/kg) EC (dS/m) N (mg/g) ±SD P (mg/g) ±SD K (mg/g) ±SD pH±SD 

0 8.95 2.85 35.95±3.72 0.14±0.07 429.35±41.73 6.69±0.20 

7 12.21 3.37 18.33±0.55 0.22±0.10 536.20±32.58 6.64±0.47 

14 8.97 4.86 23.60±0.51 13.99±2.50 810.12±20.25 6.76±0.17 

21 6.65 5.06 19.08±0.08 0.28±0.17 536.21±81.60 6.91±001 

28 9.15 4.80 18.54±0.22 25.50±0.00 242.13±26.07 6.90±0.12 

35 8.49 4.95 20.63±0.22 15.79±0.29 446.04±10.43 7.23±0.62 

49 7.14 4.93 22.52±0.32 10.24±0.43 369.22±46.55 7.27±0.46 

63 6.10 4.26 22.35±0.21 29.67±3.51 310.24±10.48 7.63±0.21 

77 12.65 4.28 21.60±0.08 16.50±1.32 509.51±27.58 7.68±0.07 

91 11.59 4.18 18.87±0.99 13.50±4.77 347.51±9.92 7.70±0.09 

105 9.67 4.13 19.76±0.20 18.66±2.31 311.10±2.88 7.51±0.46 

119 12.00 4.15 16.30±0.29 17.50±2.18 304.49±7.57 7.47±0.36 

† CEC, ; EC, ; Nt, ; P, ; K, ;

TC, ; TOC, ; TIC, 

9
2
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 17 † ( )

( )
 (%) 

 (°C) 

±SD
TC (mg/g) TOC (mg/g) TIC (mg/g) C/N ratio 

0 88.82 27.0±0.00 319.93 223.99 95.94 8.9 

7 84.27 34.0±0.00 355.63 238.70 116.93 19.4 

14 74.12 35.3±0.58 219.46 122.42 97.04 9.3 

21 72.27 39.0±2.65 293.83 207.30 86.53 15.4 

28 65.04 36.3±3.21 252.10 156.30 95.80 13.6 

35 53.22 30.0±1.00 297.00 211.73 85.27 14.4 

49 55.37 28.3±0.58 272.44 178.27 94.17 12.1 

63 48.14 28.2±0.76 243.60 154.24 89.36 10.9 

77 35.21 27.7±0.29 216.03 54.56 161.46 10.0 

91 24.66 27.5±0.50 198.11 49.00 149.11 10.5 

105 20.84 27.3±0.58 237.14 71.67 165.47 12.0 

119 20.49 27.8±1.04 239.65 96.37 143.27 14.7 

† CEC, ; EC, ; Nt, ; P, ; K, ;

TC, ; TOC, ; TIC, 

9
3
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2.

21.

 18

 ( )

 (%) 

 (mmol/g)

±SD

COOH

(mmol/g)

±SD

  Phenolic-

OH (mmol/g) 

±SD
C H N O O/C H/C C/N 

0 58.77 8.68 4.65 27.9 0.47 0.15 12.64 3.45±0.06 1.57±1.57 1.89±0.06 

7 58.58 8.2 5.27 27.95 0.48 0.14 11.12 6.98±0.08 1.67±1.66 5.30±0.14 

14 23.74 3.08 3.21 69.97 2.95 0.13 7.4 6.86±0.07 1.46±1.47 5.41±0.10 

21 50.67 6.21 7.71 35.41 0.7 0.12 6.57 6.82±0.06 1.67±1.69 5.14±0.06 

28 49.57 5.71 7.2 37.52 0.76 0.12 6.88 7.54±0.06 0.98±0.99 6.56±0.08 

35 46.94 5.69 7.02 40.35 0.86 0.12 6.69 8.45±0.07 1.64±1.63 6.81±0.02 

49 49.41 5.79 6.44 38.36 0.78 0.12 7.67 2.20±0.35 1.78±1.78 0.42±0.35 

63 51.83 5.51 5.97 36.69 0.71 0.11 8.68 3.45±0.10 1.82±1.84 1.63±0.08 

77 50.42 5.73 6.53 37.32 0.74 0.11 7.72 1.18±0.09 1.09±1.09 0.09±0.16 

91 49.98 5.82 6.43 37.77 0.76 0.12 7.77 3.23±0.06 1.97±1.97 1.26±0.20 

105 44.53 5.26 5.75 44.46 1.00 0.12 7.74 4.93±0.03 2.00±2.01 2.93±0.04 

119 37.05 4.71 4.96 53.28   1.44 0.13 7.47 0.05±0.06 0.04±0.04 0.01±0.03 

9
4
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