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ABSTRACT 
Aerobic composting is a typical biochemical process of stabilization and harmlessness of organic 
wastes during which organic matter degrades, and then aggregates, to produce humic substances 
HSs. HSs are a core product of—and a crucial indicator of—the maturation of compost that can 
be used in soil amendments. The formation of HSs is affected by the characteristics of the raw 
materials involved, the presence of compost additives, microbial activity, temperature, pH, the 
C/N ratio, moisture content, oxygen content and particle size, all ofwhich can interact with each 
other. The formation of HSs is therefore complex, moreover, it is difficult to identify definitive 
structures of humic acids (HA) and fulvic acids (FA), which are the two major components of 
(HSs). However,( HSs) represent the same functional groups and structural arrangements, which 
helps to predict their structures. Functional groups represented by phenol and carboxylic acid 
groups of (HA) and (FA) can provide various agronomic functions, such as plant growth 
enhancement, water and nutrient retention, and disease suppression capacity. Overall, (HSs) can 
act as a soil amendment, fertilizer,and plant growth regulator, these functions of (HSs) enhance 
the reuse potential of organic waste compost products; however, this requires scientific control of 
various composting parameters and appropriate application of final products. The purpose of this 
study is to follow the evolution of humic acids generated end of the composting of municipal and 
agricultural wastes, through the starting elements. analysis and spectroscopic methods (Fourier 
Transform Infra-Red) FTIR and Nuclear Magnetic Resonance: 13C-NMR),  at the end of the 
composting process,  the humic acids showed a greater abundance of aromatic structures while the 
levels of aliphatic molecules were strongly decreased, It can be seen that FA is mostly 
aliphatic/carbohydrate, while HA is mostly aliphatic/aromatic in terms of structural units, 
germination index (GI), and Humic matters (HMs), including humic substance (HS), humic acid 
(HA), and fulvic acid (FA), that the quality of the humic substances generated could be a useful 
indicator to evaluate the maturity of the final producd to assess its agronomic value, this confirms 
the stability of the final product after 35 days of composting . 

Keywords: Humic acid (HA),Fulvic acid (FA), 13C nuclear magnetic resonance 
spectroscopy(13C NMR),Fourier transform-infrared spectroscopy(FTIR) 
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 1. Introduction 
Management of organic wastes has become a global environmental challenge, especially in 
developing countries , with the rapid development of intensive agriculture and animal husbandry,  
The Food and Agriculture Organization of the UN (FAO) estimated tha one-third of all food 
produced is lost or wasted, which is a contemporary environmental, social, and ethical issue (34). 
 During aerobic composting process, raw organic materials can be transferred, into more stable 
materials by microorganisms, which are mainlyhumic substances (HSs)at the same time, easily 
degradable compounds are mineralized to CO2, NH3, and H2O , the transformation of organic 
wastes into HSs can reduce environmental toxicity (23), in addition to being an important product 
of aerobic composting, HSs comprise one of the most important standards for evaluating the 
aerobic composting process (47).  
HSs are heterogeneous, complex mixtures that are mainly composed of humic acids (HAs), fulvic 
acids (FAs) and humins (HUs) (41). 
HAs are soluble in alkaline solutions, but insoluble in acidic solutions, while FAs are soluble at 
any pH and HUs are insoluble at any pH (33).  
The formation of HSs can be affected by many physical-chemical parameters including the type 
of raw materials, compos additives, microbial activity, temperature, pH, the C/N ratio, moisture 
content, oxygen content, and particle size (28). 
The agronomic benefits of (HSs) are obvious; for soils, HSs can be used to form aggregates, to 
increase soil porosity, and to enhance nutrient preservation and water-holding capacity (19), for 
crops, HSs can be used for nutrients and as a water reservoir ( 42). 
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Moreover,HSs are useful as natural pesticides because they can suppress various soil-borne 
phytopathogens and minimize the toxicity of chemical products ( 25). 
The oxygen containing functional groups (carboxyl, phenol, hydroxyl and ketone) tend to increase 
the cation exchange capacity (CEC) of the soil. 
 These benefits are attributed to various functional groups of HSs, including carboxylic, phenolic, 
hydroxylic, and quinonyl groups (19). 
Therefore, the primary goal of aerobic composting is to efficiently convert organic matters into 
HSs. This is because HSs are not only the core products of the compost, but are also the main 
source of themultiple benefits described (26; 8). 
 Investigating the formation mechanisms of (HSs) and identifying the functional groups of HSs 
that correspond to different agronomic functions, can help predict the effects of manure-based 
organic fertilizers when applied to the farmland. 
Humic acid (HA) is a complex organic molecule with high molecular  
 weight ranging from approximately 5,000–100,000 Daltons.  It is dark brown or black, soluble in 
alkaline solution and insoluble in acidic condition (13). 
The role of HA in improving agricultural soils is well established, especially in soils with low 
organic matter (29). 
The market for humate is expanding. Humic acid products mainly as plant growth enhancers and 
as an ingredient in fertilizer the world. The largest markets are in Europe. 
 
2. Structural properties of humic substances 
Humic substances (HSS) are small particles, (19) found that the average particle size of HSs 
derived from dairy manure and sugarcane press mud compost was 300–600 nm. Because of the 
complexity of raw materials, microbial communities, environmental parameters, transformation 
time, and the polydispersive properties of HSs, it is difficult to establish a definitive structure for 
these compounds (41). 
 However, from a qualitative perspective, all HSs represent the same types of functional groups 
and structural arrangements (45).  
HSs associate small molecules and other heterogeneous polymers via hydrophobic interactions 
and hydrogen bonds (8), which results in HSs having a molecular weight of 500–1,000,000 Da (7). 
 HAs to exist as supramolecules with a molecular weight of 10,000–100,000 Da ,IIn contrast, FAs 
have much lower molecular weights, typically between 600 and 1500 Da (11).  
According to these models, the hydrophilic groups in HAs and FAs structures are at the exterior 
of the structure, including carboxylic and phenolic groups. Aliphatic chains and aromatic rings 
constitute the hydrophobic fractions of HSs (5).  
Carboxylic, phenolic, and amino groups are the most prevalent functional groups in HSs, and 
carboxylic and phenolic groups are the main substances that make up their total acidity (10). 
 Has to have a higher aromatic degree than FAs; however, FAs have a higher carboxyl and phenolic 
group content, and thus a greater total acidity (4). 
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3. MATERIALS AND METHODS 
3.1. Equipment 
Equipment and apparatus used in this study are listed in Table 1 
 
Table 1: List of Equipment 

sequence Apparatus and Equipment Company 
1 digital electronic scale Chinese 
2 mill Chinese 
3 Perkin Elmer (FTIR  analysis) united Kingdom 
4 Varian 300 spectrometer Varian inc, USA 

  3.2. Materials and Methods 

100 gm of mixture At the end of the composting process, compost in a pile. Over the course of the 
three-month study period, the pile was chopped, crushed, and ground. Primary and spectroscopic 
analyzes were performed on samples of humic acids extracted from the end of the composting 
process 

3.3. Extraction of the humic substances 

Extraction and separation of (HA) and (FA)were carried out according to the procedure described 
by (17;36 ). Compost samples were air-dried and crushed and plant residues and roots were 
crushed as much as possible in a mixer. 10  gm of compost sample were put into a 2,000 ml 
polypropylene flask, and 100 ml of 0.1 M NaOH was added, to the solution. The system was 
shaken intermittently for 24 h at room temperature, the filtrate is separated from the sediment using 
a  light cloth (the filtrate contains humic and fulvic acid), then the filtrate is acidified using a dilute 
solution of hydrochloric acid (0.5 M HC1)to the limits of (PH=1.5 -2  )The system was shaken 
intermittently for 24 h at room temperature, and the filtrate is separated from the sediment using a  
light cloth (the filtrate contains fulvic acid),  acid Humic (the precipitate) and allowed to stand for 
24 h  at room temperature to permit the coagulation of the HA fraction. after separation when 
checking (FA) from the residual sample by centrifugation (2,500 rpm for 15 min), Then humic 
acid is prepared for examination. 
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Figure 1. Extraction and separation of (HA) and (FA) 

 

 

Figure 2. Additives for the extraction of humic material 

4. Fourier transform-infrared (FTIR) spectroscopy 
Similar absorption bands in FTIR spectra were identified in the analyzed compost, (Figure 1, 
2),Table2. The broad band centered between 3850.5- 3436 cm-1 corresponded to O-H stretching 
of hydroxyl groups (alcohols, phenols, and carboxylic acids) and also of N-H stretching in amines 
I, II and amides.   
The peaks between 2357.6 and 2074.35 cm-1 were due to the C-O vibration (stretch) of Carbonate 
groups It is present in the AF sample and not present in the HA sample.The strong band at about 
1637.95-1637.76 cm-1 was attributed to the C=C vibration of aromatic structures, and C=O 
stretching of amide I and carboxylic acids. Aromatic skeletal vibration of the lignocelluloses 
absorbed around 1558.5-1540.24 cm-1in the AF sample more intense than in the respective HA 
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.Another broadband was noted between 1471.41-1418.35 cm-1 arising from the O-H in a plane 
bend of carboxylic acids, The peak 1395.52 (N–H) Aromatic primary and secondary amines It is 
present in the AF sample and not present in the HA sample and C-O stretch vibration of carbonates 
It is present in the AF sample and not present in the HA sample, C–O stretch of polysaccharides 
(from 1114.05 to 1110.07 cm-1), absorption of Si- O and other bonds in silicates in the region of 
1110.07 cm–1 sewage sludge-based compost can be distinguished from 
others by the broad band with maximum at 1034 cm1. The bands at about 600 cm-1 correspond to 
primary and secondary amines and amides, FTIR analyses indicate that materials such as 
polysaccharides, peptides and lipids bound to the HA core structure are degraded during 
composting, leading to more aromatic humic structures.  The infrared (FTIR) spectra of humic 
acid are similar to fulvic acid, so the absorption appears at frequencies (3412, 2357, 2074, 1637, 
1110, 683 cm-1), the main difference in FTIR spectra of humic and fulvic acid is the intensity 
Vibrations at 1630, 3850 cm-1. In the AF samples, the bands of absorption around 1720 and 1100 
cm-1 were proportionately more intense than in the respective HA. We note that they are clear in 
the case of fulvic acid, indicating that it contains a carboxylic group (COOH) higher than in humic 
acid and this is confirmed by the results of chemical analysis, and the tests at the Center for 
Chemistry Analysis (CAC), which were equal to the findings reported by (1). 
 
Table 2. Major bands present in FTIR spectra of HA and FA extracted from MSW compost , the 
assignment to functional groups (Singh, J., & Kalamdhad, A. (2018). 
Wave Numbe 

(cm−1) 
Vibration Functional Group References 

3300–3400 C–H, O – H 
H-bonds and OH 
groups Provenzano et al. (2014) 

2850-2500 C–H stretch Methylene) Smith (1999) 

1640–1650 C=O 
Primary amides and 

aromatics 

Haberhauer et al. (1998)and 
Ouatmane et al. (2000) 

1560 C–N Secondary amides Provenzano et al. (2014) 

1540 C–N Peptide structure Amir et al. (2005) 

1430 CO2 stretch Carboxylic acid Smith (1999) 

1432 O–H Phenolic group Provenzano et al. (2014) 

1384 N–O Nitrate Smidt et al. (2002) 
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1320 C–N Aromatics and amines 
Smith (1999) and Ge et 
al.(2015) 

1160 and 1080 C–O–C Polysaccharides Grube et al. (2006) 

1030 Si–O–Si Silica Huang et al. (2006) 

875 C–O 

Carbonates and 

polysaccharides 

 

Bosch Reig et al. (2002)and 
Ge et al. (2015) 

. 
 

 

Figure 1.FTIR spectrum For compost converted from municipal waste(HA) 
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Figure 2.FTIR spectrum For compost converted from municipal waste (FA) 

5.  13C nuclear magnetic resonance (13C NMR) spectroscopy 
The peaks appeared near 15 ppm in the HA sample (Figure 3). Bands in the aliphatic region near 
19 ppm correspond to terminal methyl groups. The aliphatic region (0–50 ppm) was intense in two 
spectra (Figs. 3,4., Table 3), this region corresponds mainly to aliphatic carbons or carbons bound 
to carbon only. with a constant intensity at 33 ppm (polyethylene C) is commonly present in 13C 
NMR spectra of HA extracted from compost ( 27;12). 
This signal is characteristic of (CH2) present in fatty acid chains and ramified aliphatic structures 
and/or long chains of HA. The spectra for two samples exhibited absorbance centered near 39 ppm  
with HA and FA  having the strongest peak near 39 ppm for the alkyl carbon , the peaks near this 
area (39–40 ppm) correspond to methylene groups near points of carbon branching (24; 9). 
The region between 50 and 112 ppm is called the carbohydrate region or aliphatic alcohol and 
ether region . In this region, resonances between 60 and 110 ppm are characteristic of carbon atoms 
singly bonded to oxygen or nitrogen in alcoholic, etheric, or amine carbons (30). 
 Samples  showed a chemical shift between 60 and 90 ppm, mainly due to carbohydrates 
(Figs.4.12,4.13).The spectra of two samples  exhibited astrong peak centered near 58 ppm that 
corresponded to bands for C6 atoms, which are generally between 63 and 65 ppm for all 
carbohydrates (14). 
 HA and FA  exhibited peaks for O-alkyl at  95 ppm,   and the weakest was for FA (Figs 4). This 
chemical shift corresponds to the anomeric carbon atoms of carbohydrates, which usually have a 
band between 90 and 105 ppm (32) and could also be due to aliphatic carbon atoms attached to 
protonated carbon atoms of phenols (14). 
The relatively weak bands between 60 and 96 ppm in HA indicated that this sample had lower 
carbohydrate content HA . The bands between112–163 ppm are aromatic and phenolic carbons 
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and the peaks in this region mainly correspond to aromatic and olefinic carbons (46).  
The intensity of the peaks varied, but generally weaker peaks were centered near 111 ppm in the 
spectra of  sample FA, indicating ring carbons in which the ring contains a strong electron donor 
such as oxygen or nitrogen in addition, HA  exhibited astrong peaks near 111 ppm , 128 ppm 
and132 ppm ,  indicating that an alkyl aromatic carbon was substituted by a nitrogen or oxygen 
(Fig 3).On the other hand, FA  exhibited relatively weak peaks near.In the aromatic region, HA  
exhibited peak at  154 ppm while FA  exhibited no peaks in this position. The chemical shift 
corresponds to aromatic carbons substituted by functional groups containing oxygen and nitrogen, 
such as – OCH, –OH, –OR, or –NH2. (30). 
Thus, these findings clearly indicate that aromatic carbons, substituted by oxygen or nitrogen, such 
as aromatic ethers, phenols, and aromatic amines, are more common in HA  and this sort of carbon 
is not contained in FA , the carbonyl region is between 160 ppm, 220 ppm, and there is a 
considerable overlap of the chemical shifts in this region due to the huge number of chemical 
components that contain a carbonyl group (32). 
 In fact, all  spectra showed chemical shifts of the bands between 160 and 190 ppm.  the spectra 
for HA , exhibited strong peaks at 163 ppm, 164 ppm and167 ppm respectively (Fig 3).The peaks 
in this region correspond to carbonyls of carboxylic acids or carboxylate salts esters or peptides 
(32), but the region between 163 and 170 ppm most likely corresponds to ester linkages (46), and 
is expected to indicate an aromatic ester because aliphatic esters usually have a band at 170 ppm , 
HA  exhibited relatively strong  peaks near.In the aromatic region , is not contained in FA  (35). 
  On the other hand,  peaks were observed in the region between 190 and 220 ppm for HA of the  
sample at 172ppm, 173 ppm,190 ppm,  is typically dominated by a peak at 173 ppm, attributed to 
the carboxylic C (40), even in this case the peak intensity increases in mature composts indicates 
that degradable organic compounds, such as aliphatic chains, are modified during the composting 
process to generate condensed aromatic structures containing large proportions of hydroxyl, 
methoxyl, carboxyl and carbonyl groups (see the increase of peak intensities at 173 and 130 ppm; 
Table 3). A common trait that characterizes the MSW composting matrix during the process is the 
decrease of carbohydrate compounds, and the progressive increase in aromaticity and carboxyl 
content (2;22). 
Which confirms the existence of carbonyl groups in this region. This region is the chemical shift 
of carbonyl carbon of aldehydes, ketones, and quinines (32). 
It can be seen that FA is mostly aliphatic/carbohydrate, while HA is mostly aliphatic/aromatic in 
terms of structural units 
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Table 3. Major bands of 13C NMR of humic acids and fulvic acid  
 

Table 1 Major bands of 13C NMR 

Samples Carbonyl shift Carboxyl shift Aromatic shift 
Carbohydrate 
shift 

Aliphatic 
shift 

samples 
range (191–
220 ppm) 

range (161–190 
ppm) 

range (111–160 
ppm) 

range (51–
110 ppm) 

range (0–50 
ppm) 

HA – 

163.94 
164.6 
167.2 
172.09 
173.69 
190.03 
190.33 

111.2 
111.52 
111.8 
111.94 
124.98 
125.18 
126.61 
126.77 
126.89 
126.97 
128.16 
128.28 
128.38 
128.51 
128.62 
128.76 
128.96 
129.01 
129.15 
130.56 
131.39 
132.02 
139.73 
154.66 

56.62 
58.67 
59.04 
59.38 
60.91 
83.33 
95.89 
98.79 

13.4, 
15.4 
16.39 
18.27 
28.28 
29.57 
30.9 
32.56 
39.31 
39.52 
39.72 
39.93 
40.11 
40.14 
40.35 
40.56 

FA – - 

127.67 
128.29 
128.47 
128.79 
139.37 

57.28 
58.68 
58.87 
63.91 
95.87 

19.79 
20.7 
29.15 
33.42 
39.33 
39.54 
39.75 
39.96 
40.17 
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40.37 
40.58 

 

 

Figure 3 .13C NMR spectra of humic acid HA extracted from compost 
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Figure 4. 13C NMR spectra of Fulvic acid FA extracted from compost 
 
In conclusion thermal analysis and FTIR and C13 NMR spectroscopy appear reliable and suitable 
indicators for the assessment of the evolution, maturation and stabilization of the OM during MSW 
composting. the humic acids showed greater abundance of aromatic structures while the levels of 
aliphatic molecules were strongly decreased. This indicates that the compost had reached a mature 
and stable stage as confirmed by germination tests carried out in the same product in later studies. 
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