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Abstract  

Humic substances (HSs) are most important natural polymers in the world. The main sources of HSs, are 

leonardite ores, lignites and peats. Our objective is to appraise the state of art concerning these subtances: their 

morphology in the native solid state, methods of identification as well as the difficulties in utilizing and 

processing it for selected applications. HSs, which are insoluble in acidic aqueous media (Humic Acids), are 

used in many applications (agriculture, animal health and feeding, food, cosmetics, biomedical and 

pharmaceutical applications). We briefly describe the chemical modifications of HSs—an area in which a variety 

of syntheses have been proposed tentatively, but are not yet developed on an industrial scale. This review 

emphasizes recent papers on the high value-added applications of these materials in industry, medicine and 

cosmetics. 

Key words: Humification, Humic acid, Fulvic acid and Humus.  

 

Introduction  

 

HSs are natural polyelectrolytes of major importance, first identified in 1761 (Figure 1). Those biopolymers are 
synthesized by an enormous number of living organisms; and considering the amount of organic matters 

produced by humification at millions years ago in the world, they are the most abundant polymers. HSs occur in 

nature as ordered nanocolloids forming structural components in the organic matter. HSs are also produced by a 

number of living organisms in the lower plants and animals, serving in many functions where reinforcement and 

strength are required. One of the fractions that can also be extracted from peat is humic acids, which have 

attracted attention for their potential use in healthcare. Humic acids belong to a group of polymers with high-

molecular-weight macromolecules. Chemical and spectroscopic analyses have revealed the presence of aromatic 

rings, phenolic hydroxyl, ketonyl, quinone carbonyl, carboxyl and alkoxyl groups in HSs (Livens et al., 1991, 

Schulten et al., 1991). Although the exact composition of humic acids is unknown, it varies according to their 

extraction source. Chemical structure, composition, functional groups present in HSs vary markedly depending 

on their origin and humification processes they have undergone. Studies on humic acid chemistry have revealed 
that aromatic rings, phenolic hydroxyl, ketone carbon, quinone carbonyl, carboxyl and alkoxyl groups are 

present in their molecules. 

 

 

Figure 1. Simple representation of HSs’complex structure (R:supramolecule body)  

Despite the widespread occurrence of HSs, up to now the main commercial sources of HSs have been leonardite 

ore and peats. In industrial processing, HSs are extracted from those sources by alkali treatment to dissolve 

humates. These treatments must be adapted to each HSs source, owing to differences in the ultrastructure of the 

initial materials. The resulting HSs need to be graded in terms of purity and color since residual humate and 

pigment can cause problems for further utilization, especially for biomedical products.  



Medicine 

One of the fractions that can also be extracted from peat is HSs, which have attracted attention for their potential 

use in healthcare. The biological effects of HSs differ due to variability in their chemical structure and 

physiochemical properties. In Turkey, there are several drug studies using HSs in medicine in recent years. A. B. 
Aras et al. (2014) investigated the potential neuroprotective effects of humic acid in a focal cerebral ischemia 

model. In their study, twenty-four rats were divided equally into three groups. A middle cerebral artery occlusion 

model was performed in this study where control (group II) and humic acid (group III) were administered 

intraperitoneally following an ischemic experimental procedure. Group I was evaluated as sham. 

Malondialdehyde (MDA), superoxide dismutase (SOD) and nuclear respiratory factor-1 (NRF-1) levels were 

analyzed biochemically on the right side of the ischemic cerebral hemisphere, while ischemic histopathological 

studies were completed on the left side to investigate the antioxidant status. Biochemical results showed that 

SOD and NRF-1 levels were significantly increased in the humic acid group (III) compared with the control 

group (II) while MDA levels were significantly decreased. On histopathological examination, cerebral edema, 

vacuolization, degeneration, and destruction of neural elements were decreased in the humic acid group (III) 

compared with the control group (II). Cerebral ischemia was attenuated by humic acid administration. These 
observations indicate that humic acid may have potential as a therapeutic agent in cerebral ischemia by 

preventing oxidative stress. 

 

Akbaş A. et al. (2015) investigated the potential renoprotective effects of humic acid in a renal ischemia 

reperfusion model. In their study, twenty-one rats were randomly divided into three equal groups. Intraperitoneal 

serumor humic acid was injected at 1, 12, and 24 h. Non-ischemic group I was evaluated as sham. The left renal 

artery was clamped in serum (group II) and intraperitoneal humic acid (group III) to subject to left renal 

ischemic reperfusion procedure. Ischemia and reperfusion time was 60 min for each. Total antioxidant status, 

total oxidative status, oxidative stress index and ischemia-modified albumin levels were analyzed biochemically 

from the serum samples. Kidneys were evaluated histopatologically and immunohistochemically. Biochemical 

results showed that total oxidative status, ischemia-modified albumin and oxidative stress index levels were 

significantly decreased, but total antioxidant status was increased in the humic acid group (III) compared with 
the ischemia group (II). On histopathological examination, renal tubular dilatation, tubular cell damage and 

necrosis, dilatation of Bowman’s capsule, hyaline casts and tubular cell spillage were decreased in the humic 

acid group (III) compared with the ischemia group (II). Immunohistochemical results showed that apoptosis was 

deteriorated in group III. Renal ischemia reperfusion injury was attenuated by humic acid administration. These 

observations indicate that humic acid may have a potential therapeutic effect on renal ischemia reperfusion 

injury by preventing oxidative stress. 

 

Çalışır et al. (2016) evaluated the morphometric and histopathological changes associated with an experimental 

periodontitis model in rats in response to systemic administration of humic acid. Tissues were 

histopathologically examined to assess the differences of osteoclast numbers, osteoblastic activity and 

inflammatory cell infiltration among the study groups. Enzyme-linked immunosorbent assay interleukin (IL)-1β 
and IL-10 levels in serum and gingival homogenates were studied. Within the limits of this study, it can be 

suggested that humic acid, when administered systemically as an 80 mg/kg dose, may prevent alveolar bone loss 

and reduce inflammation in the rat model. 

 

In addition to this study, M. Çalışır et al. (2012) investigated the effect of humic acid on oral aphthous ulcers as 

a potential alternative to topical antimicrobial mouthwashes. At the end of the 3rd day while lesion size 

decreased by approximately 60%, at the end of the first week it was almost non-existent. After application of 

humic acid, it was observed that the patient has no new complaint and current pain, difficulty in chewing and 

speaking complaints were healed up. These results showed that humic acid solution accelerates wound healing. 

 

Meriç G. et al. (2016) evaluated the efficiency of humic acid substances on removing micro-organisms from 

denture base materials. The most used denture-cleaning agents (Corega and Steradent) were equally effective to 
the humic acid-based experimental solution with respect to the ability to remove micro-organisms. 

 

Cosmetic and Dermacosmetics 

Humic acids have been successfully used in the dermatocosmetical practice of clinical medicine (Wollina U., 

2009). There are many indications that also a chemical component may contribute to the clinical success of 

cutaneous humic acids’ treatment because several pharmacological effects have been found which cannot be 

contributed to the well established physicochemical effects. Those chemical effects demonstrate antibacterial 

properties (L. Galgóczy et al., 2011), antiviral properties (R. Klöcking et al., 2013), antimicrobial properties 



(C.E.J. van Rensburg et al., 2000). Examinations of the stimulatory effects of humic acids on the skin tissue have 

demonstrated that low molecular weight substances (<1000 Da) are responsible for the stimulatory properties. 

Humic acids have been found to be of particular importance when considering the biological effects of peat 

(Beer A. M. et al., 2000).  

After having identified the chemical substances responsible for the found additional therapeutic effects, it has 

now to be proven whether the permeation of these active hydrophilic substances through human skin is possible 

and may be the explanation for these additional effects. However, it is well known that the composition of humic 

acids in general is very complex and additionally differs depending on the source from the peat, lignite and coal. 

In addition, the quality and composition of the humic acids is depending on many different factors as the place of 

origin, the primary types of the plants of origin and a whole spectrum of environmental factors. 

Furthermore, exact structure elucidation of many compounds is hampered because they are oxidized during the 
extraction process and in most cases multicomponent extracts of high and low molecular compounds have been 

analyzed. Available literature on humic acid compositions further indicates that polyphenols, polycarboxylic 

acids and quinone derivatives are also present in aqueous extracts which also may be able to permeate across 

human skin in pharmacologically active amounts (Beer A. M. et al., 2003). 

It has been proved that humic acids have the properties of biogenic stimulators (3 mg/kg). They stimulate the 

macrophage defense reaction, promote nervous tissue regeneration, stimulate tissue reparation, and produce anti-

inflammatory effect in case of tissue burns and cornea diseases. They stimulate mitochondrial respiration and 

inhibit free radicals. By their radioprotective properties various fractions of humic acids show the evident 
radioprotective effect. Humic acid molecules are polydispersed (molecular mass is 1000-100000). Certain part of 

them penetrate the human skin by diffusion and electrophoresis (E. F. Dolidovich et al., 1992). 

Humidone® is a polymeric molecule formed by complexes between polyvinylpyrrolidone (PVP) and sodium 

humate (SH) with polyethylene glycol (PEG) (Figure 2). It is prepared by strong intermolecular interaction 

involving the formation of hydrogen bonds between the carbonyl group of PVP and hydroxyl groups and –NH2 

of SH (A. Tutar et al., 2012). 

 

Figure 2. A possible model of Humidone® (R1, R2: Phenolics, carbonyls, amines, carboxylic, 

aliphatics) 



 
                                                     (a)                 (b) 

 

Figure 3. Treatment of pilonidal sinus diseases: (a) before Humidone®, (b) after Humidone®. 
 

 
  (a)       (b) 

Figure 4. Burn treatment by Humidone® : (a) before treatment, (b) after 10 days. 
 

Cosmetic or dermatological preparations which are aimed at protecting the skin care not novel in principle. In 

the past, there has already been various compositions in cosmetics and in dermatology whose task was to protect 

skin, in particular human skin. Nevertheless, there continues to be the need to improve or to modify skin 

protection because the environmental conditions and also living conditions and habits of users are changing. 
Thus, for example, the increased emission of CO2 into the atmosphere brings about climate change which is 

linked to an increase in temperature. This has effects on the human skin, which requires increased protection and 

also modified protection. In the course of progress, there are contaminations of the environment, in particular of 

the air. These contaminations can be gaseous in the form of carbon dioxide, methane, halogenated and partly 

halogenated hydrocarbons and other gases or particulate, e.g. in the form of soot particles. All of these 

contaminations come into contact with the skin and can cause irritations ranging to severe disorders. This too 

renders improved and modified skin protection necessary. 

 

Altered living conditions lead to many people, especially in western countries, spending long periods of the day 

in closed rooms. At cold times of the year, these rooms are heated and the room air is consequently in most cases 

very dry. The skin reacts to this by drying out. Improved skin protection is necessary. 
 

Klöcking et al. (2013) analysed the UV/Vis spectra of three natural HA and three synthetic HA-like Substances 

to determine the appropriateness of their UV-absorbing characteristics for the product under development. 

Preliminary results from cultures of human U937 cells assayed for survival 24 hours after exposure to UV-B 

radiation show that both HA and castor oil exert a significant concentration-dependent UV-B protective filter 

effect similar to that of the UV-B absorbing reference substance p-aminobenzoic acid (PABA). 

 

HSs are known for their therapeutic and cosmetic properties (Wollina U., 2009). Various cosmetic products 

based on these properties exist in the market such as a beauty plaster, comprising among other ingredients, 

natural salt and mud.  

 



HSs are especially known for its therapeutic properties on psoriasis and other skin related disorders. Patients, 

suffering from various skin diseases try to have treatments with HSs. It is the aim to overcome the problems 

associated with treatments with HSs by providing an easy and pleasant to use creams that while having the 

therapeutic benefits of them. 

 

The incorporation of cosmetic into a leave-on cream which should be evenly spreadable, aesthetic, pleasant to 

use and absorbed easily to the skin, is not simple, because it involves a suspension of solid particles in an oil-in-

water emulsion that contains electrolytes in a very high concentration. Such a combination has a high tendency 
to aggregate and to separate into phases. Still the cream must be stable and with a reasonable shelf life. 

 

It is an easy and simple to use HSs’ cream that is absorbed into the skin and in contrast to the treatments used 

today, it may be in prolonged contact with the skin (i.e., leave-on cream), enhancing the beneficial effects of 

HSs. It is also stable, does not separate to phases and has long shelf life. HSs’cream relates to an oil-in-water 

emulsion, suitable for applying to skin, of various viscosity ranges including milk, lotion, cream and ointment 

for the use of treating (healing) and preventing or delaying skin disorders and diseases. Cream composition for 

topical application for the treatment of skin disorders and skin diseases comprising 1-20% wt HSs as an active 

ingredient. HSs’ composition is for use in treating skin disorders and skin diseases such as pilonidal sinus ( 

Figure 3), psoriasis, saborrehic dermatitis, xerosis, attopic dermatitis, eczema, diaper rush, skin burns ( Figure 

4) of stage I and sensitive skin. HSs’ cream composition is also for use as a leave-on cosmetic cream for 

beautifying and enhancing the skin appearance. 

 

Nowadays in Turkey, HSs are also used in shampoos, peelable masks, anti-aging creams, sunscreen creams, 

soaps, depilatory creams, toothpastes, skin moisturizing, anti-wrinkle creams, anti-pollution creams, and many 

personel care cosmetics. 

 

Food 

HSs are very important in food prosessing due to its antioxidant and mitigating effects on problems caused by 

some chemical additives. The effects of humic acid addition into bread (Figure 5) and cake (Figure 6) 

formulation at certain levels in terms of quality parameters, molding and staling were investigated. Humic acid 

solution (20%, v/v) was added into bread formulation at the levels of 1, 2, 3, 4%, and into cake formulation at 

the levels of 2.5, 5.0 and 7.5% (in water basis).  

 

 
                             Control       1%       2%                 3%                    4% 

 

Figure 5. Photographs of bread samples containing humic acid. 
 

The bread and cake samples were evaluated in terms of physical parameters (weight loss, volume, index values), 

color (Minolta Spectrophotometer CM-3600d, Japan) and texture (Brookfield CT3 Texture Analyzer, USA) 
values. The products were packed in plastic bags and stored at room temperature to observe mold growth on the 

surface. Bread volume did not changed significantly up to 3 and 4% addition level. Molding was delayed in 1 

and 2% humic acid supplemented breads, but increased in 3 and 4% added samples.  

 



 
         Control  2.5%         5%   7.5% 

 

Figure 6. Photographs of cake samples containing humic acid. 
 

Cake volume increased with increasing addition level of humic acid. After 12 days of storage of cakes, mold 

growth was only observed on the surface of 2.5% humic acid added sample. On 25th days of storage, mold 

growth was observed at all samples, except 7.5% humic acid added one. Because of the higher water absorption 

capacity of humic acid, weight loss and hardness values of products decreased with increasing addition levels. 

Although color of the humic acid added products were darker than that of the control sample, they were still in 

the acceptable range. Humic acid addition into the products did not caused any adverse effects in terms of taste 

and odor (S. Öztürk et al., 2014). 

 

In Turkey humic acid and fulvic acid have had a permission of the Food and Agricultural Ministry (FAM) by 

taking orally as food additives since 2016.  

 

Scale inhibitor and dissolved oxygen scavanger 
 

Scale build-up is a serious problem in many industrial water systems, such as cooling towers, heat exchangers, 

evaporators, pulping digesters, washers and in the production and processing of crude oil-water mixtures, etc. 

The build-up of scale deposits reduces the efficiency of heat transfer systems, interferes with fluid flow, 

facilitates corrosive processes and harbors bacteria. Calcium carbonate, generated in various processes, is one of 

the most commonly observed scale formers in industrial water systems. This scale is an expensive problem in 

many industries, which causes delays and shutdowns for cleaning and removal. 

In particular, most industrial waters contain metal ions, such as calcium, barium, magnesium, aluminium, 

strontium, iron, etc. and several anions such as bicarbonate, carbonate, sulfate, oxalate, phosphate, silicate, 

fluoride, etc. When combinations of these anions and cations are present in concentrations which exceed the 

solubility of their reaction products, precipitates form until product solubility concentrations are no longer 
exceeded. For example, when the concentrations of calcium ion and carbonate ion exceed the solubility of the 

calcium carbonate reaction products, a solid phase of calcium carbonate will form. 

Solubility product concentrations are exceeded for various reasons, such as partial evaporation of the water 

phase, change in pH, temperature or pressure, and the introduction of additional ions which form insoluble 

compounds with the ions already present in the solution. As these reaction products precipitate on the surfaces of 

the water carrying system, they form scale or deposits. 

For boiler systems and similar heat exchange systems, the mechanism of scale formation is apparently one of 

crystallization of scale-forming salts from a solution which is locally supersaturated in the region adjacent the 

heating surface of the system. The thin viscous film of water in this region tends to become more concentrated 

than the remainder of the solution outside this region. As a result, the solubility of the scale-forming salt reaction 
product is first exceeded in this thin film, and crystallization of scale results directly on the heating surface. In 

addition to this, a common source of scale in boiler systems is the breakdown of calcium bicarbonate to form 

calcium carbonate water and carbon dioxide under the influence of heat. 



For open recirculating cooling water systems, in which a cooling tower, spray pond, evaporative condenser, and 

the like serve to dissipate heat by evaporation of water, the chief factor which promotes scale formation is 

concentration of solids dissolved in the water by repeated evaporation of portions of the water phase. Thus, even 

a water which is not scale forming on a once-through basis usually will become scale forming when concentrated 

a multiple number of times. 

Several reports have been made on natural organic molecules as scale inhibitors that are environmentally 

acceptable compared with conventional inhibitors. The calcium carbonate scale ability of humic acid in synthetic 
water was (100 mg/L) at 35 °C. Results showed effective calcium carbonate scale inhibition with humic acid at a 

concentration of 1 mg/L. Humic acid had also a significant effect on scaling at concentration as low as 0.2 mg/L 

( Figure 7), (Chaussemier M. et al., 2015). 

 

 
Figure 7. Scale inhibition by humic acids (HA). 
 

HSs are strong antioxidants that scavange oxygen in water. Dissolved oxygen is transformed into free oxygen at 

102⁰C. Free oxygen gives a damage by drilling at needle shape throughout the steel. Especially in boilers, this 

condition is very dangerous at high pressures by causing to exploition. HSs prevent oxygen in water by binding 

it with their antioxidant properties.  

 

Cement 

 

HSs are widely used in cement industry in Turkey. Aggregates used in concrete production constitute the 70-

80% by volume of concrete design. Crushed sand has the largest proportion in aggregate composition with its 

advantages on the cost of production. For this reason, the dirtiness of crushed sand is one of the most important 
parameters affecting the quality of concrete as well as being outstanding for chemical admixture producers on 

forming admixture design. In Turkey, dirtiness of aggregates creates severe problems in production of concrete. 

In most regions of country, it is difficult to find clean aggregates and concrete is produced with aggregates 

having high methylene blue value, which causes problems in production. Therefore, aggregate producers should 

take precautions to prevent stepping fine materials such as clay and silt in aggregates. In this sense, content and 

quality of fine material passing from 0.063 mm sieve such as clay, silt and very fine stone powder, directly 

affects the quality of concrete. Clay is a laminar or fiber formed hydrated aluminum or magnesium silicate based 

material that holds water and has a great ion exchange capability, having particles smaller than 0.02 mm. 

Activity of clay minerals depends on its characteristic patterns. It is known that some types of clay are relatively 

affectless and do not change aggregate performance, but other types are moist sensitive, expansive and have 

significant effects on aggregate performance even in small amounts. The presence of clay and silt in aggregates 
weakens the bond between coarse aggregates and cement paste, and increases the specific surface area of 

aggregates. Hence, the amount of mixing water and water/cement ratio (w/c) increases. This causes problems in 

strength, durability and volume stability of concrete. Another important property of clay and silt is water holding 

or water adsorption capability. Adsorbing water causes volume expansion and shrinkage follows this 

phenomenon, which increases tensile stress on surface. Clay and silt decrease the adherence by reacting with 

cement, and delay hydration and setting. Besides, very small amounts of fine material improve workability and 

impermeability of concrete. It is preferred to be in minimum because of their negative effects. Although 

conventional polycarboxylate based chemical admixtures reduce water requirement and provide consistency, 



they have limited usage because of being sensitive to dirtiness of aggregate. Some special chemical admixtures 

can be developed to eliminate negative effects of clay-bearing aggregates. This will be useful for producers 

which cannot find clean aggregates in concrete production. K. Kılınç et al. (2016) studied humic acid based 

chemical admixtures which were developed for aggregates having high methylene blue value. 15 cm x 15 cm x 

15 cm concrete specimens were cast in laboratory conditions, then the mechanical properties of specimens were 

examined. 

 

The studies about effects of humic acid on concrete are limited. Robertson and Rashid investigated the corrosive 
effect of humic acid on concrete in 1976. They studied on fresh water and brine water with organic substance 

concentration of 10 ppm. Calcium cation was released in water having 28 and 96 ppm humic acid 

concentrations. As a result, it was observed that humic compounds have no destructive effect on concrete 

structures. Besides, humic substances act as a protective layer on concrete surfaces. Prabha and Thajudeen 

examined the fresh and hardened concrete properties of concrete including humic acid. Humic acid was added in 

proportions of 0.5%, 1.0% and 1.5% by weight of cement. Maximum splitting tensile strength of cylindrical 

specimens and maximum flexural tensile strength of beams were observed on specimens including 0.5% of 

humic acid. Compressive strength of concrete with humic acid at the age of 7 days was lower than reference 

specimen’s compressive strength. On the other hand, 28-day compressive strength was 31% higher than the 

reference (Prabha K.S. et al., 2015). 

 
G. Kang et al. (2017) investigated strength development through a vane shear and unconfined compression tests 

with different water, cement, and humic acid contents. The results indicate that the strength development was 

governed by the cement and humic contents. Further, a threshold cement content, at which the adverse effects of 

humic acid on strength development are overcome, existed for a given humic acid content. Finally, a new 

compound was observed to form when humic acid was added to cement-treated clay. 

 

Renewable Energy 

 

HSs are tried  in energy industry giving extreme important effort in Turkey. Especially they are used both 

photovoltaic and photogalvanic systems. Though common materials used for photovoltaics (i.e., the conversion 

of sunlight into electrical energy) are inorganic, there has been a tremendous effort to develop HSs’ solar cells 
within the last three decades. The field started by the application of humic molecules (pigments), and since the 

development of semiconducting polymers, these materials were incorporated into humic acid solar cells resulting 

in remarkable improvements within the past years. The potential of semiconducting HSs to transport electric 

current and to absorb light in the ultraviolet (UV)-visible part of the solar spectrum is due to the sp2-

hybridization of carbon atoms. Due to the isomeric effect, these -electrons are of a delocalized nature, resulting 

in high electronic polarizability. An important difference to inorganic solid-state semiconductors lies in the 

generally poor (orders of magnitudes lower) charge-carrier mobility in these materials, which has a large effect 

on the design and efficiency of organic semiconductor devices. Most of the organic semiconductors are hole 

conductors and have an optical band gap around 2 eV, which is considerably higher than that of silicon and thus 

limits the harvesting of the solar spectrum to a great extent.  

 

Photovoltaic effect, production of electricity by converting photons of the sunlight, occurs in an organic solar 

cell by the following steps: Absorption of photons of the light in the solar cell and exciton (electron-hole pair) 
creation; separation of charges and carriers generation from exciton dissociation; transport and then collection of 

charges by respective electrodes.  

 

HSs have a photoresponsive character and cover a broad spectrum of the visible region. The abundance of 

functionalities in the framework of HSs allow it to anchor onto the titania surface, which has been successfully 

employed as a thermally stable natural light harvesting agent. The DSSC (dye sensitized solar cells) device 

sensitized with HA showed 1.4% PCE (power conversion efficiency) under illumination of 1 sun. An optimum 

2.4% PCE was achieved for the same device under illumination of 0.5 sun. The said efficiency was good 

compared with that of other reported natural sensitizers. Further, the modification in the structure of 

multifunctionalities of HSs may lead to an enhancement in efficiency. Hence, this work will pave the way for 

utilizing soil components for the generation of energy from sunlight (Vekariya R. L. et al., 2016). 

 
Photogalvanic solar cells are based on such photochemical reaction, which give rise to high energy products on 

excitation by a photon. These energy rich products loose energy electrochemically which lead to generation of 

electricity. HSs play vital role to solubilize the system by forming high molecular weight aggregates or micelles 

in dilute solution. HSs also enhance the electrical output of the photogalvanic cell by making process of photo 

ejection of electron easier if the dye and HSs are opposite in charge, the photo ejection of electron will be more 



pronounced and hence the efficiency of photo galvanic cell will increases. It is observed that electrical output of 

the cell is found to increase on increasing the concentration of HSs reaching a maximum value. On further 

increase in their concentration, a fall in photo potential, photocurrent and power of photogalvanic cell is 

obtained. 

 

Wastewater Treatment 

 

HSs are amphiphilic species whose behavior in aqueous solution suggests that they form pseudomicelles 
aggregates akin to the micelles familiar from synthetic surfactant chemistry. It is thought that humic 

pseudomicelles can be formed by both intramolecular coiling and intermolecular association, depending on the 

molecular weight, structural characteristics, and polydispersity of the humic acid in question. The process does 

not feature a critical micelle concentration. Experimental evidence indicates that metal ions enhance the 

detergent character of dissolved humic acid by facilitating the coiling and folding of the polymer chains. A 

recently conceived alternative model suggests that humic acids consist of relatively small subunits that associate 

through weak molecular interactions. This view appears to run counter to certain experimental observations, but 

deserves careful attention. The strong association between metal ions and solid humic acid makes it possible to 

use an inexpensive commercial grade for the decontamination of polluted water. A continuous elution process 

through a column packed with humic acid allows for the removal of both heavy metals and organic xenobiotics 

from aqueous solution (Von Wandruszka R., 2009). 
 

Conclusions  

 

Humic materials are naturally occurring organic compounds, which are produceed by humification process, 

including humic acid, fulvic acid and humus and may contain small amounts of inorganic metals. Humic acids 

are soluble in basic medium and insoluble in acidic medium where, Fulvic acids are not only soluble in acidic 

medium but also in basic medium & humus is completely insoluble in both acidic and basic medium . Humic 

substances mainly originated from ecosphere’s soils, water and sediment. The concentration, functional groups, 

structures of humic  and fulvic acid can be varied depend on sources, location of raw materials. Molecular 

weight, size of humic acid molecules can also vary, as for example, soil based humic acids are larger than 

aquatic derived humic acid molecules (Choppin G.R. et al., 1985, Stevenson F.J. et al., 1982). HSs are 
macromolecules & conatain important functional group on their skeleton, due to this reason, they are used as 

active chemicals for the production of a large number of benefical products in Turkey as well as many countries 

in the World. 
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