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ABSTRACT 

Natural organic matter (NOM) is ubiquitous in water sources, particularly 

in dam reservoirs. Fulvic acids, humic acids, and humins can act as 

precursors to trihalomethanes (THMs) and haloacetic acids (HAAs) 

generated during water disinfection. This study aimed to quantify humic 

substances in the water behind Taleghan Dam, a vital water source for 

Tehran, which has experienced declining levels due to climate change. In 

the summer and autumn of 2022, samples were taken at three stations. 

Elevated concentrations of humic acid and fulvic acid were observed in 

summer, peaking at 0.191 mg.L-1 and 1.372 mg.L-1, respectively, while the 

highest concentration of humin (1.382 mg.L-1) was observed in autumn. 

Total humic substances (THS) peaked in summer (August) before the 

entry point into the lake, likely due to decreased rainfall and increased 

bioactivity. Fluctuations in dissolved organic carbon (DOC) 

concentrations were noted across months and stations, ranging from 5.6 to 

190 mg.L-1. The highest DOC concentrations were observed at stations 1 

and 2 in October. Specific ultraviolet absorbance (SUVA) values below 2 

L.mg-1.m-1 indicated the potential for HAA formation. All samples 

throughout the study exhibited THMFP concentrations surpassing 

drinking water standards. These findings suggest the potential for 

disinfection byproduct formation in the water. The study linked variations 

in humic substances to prevalent soil types, urban expansion, and land use 

changes along riverbanks. The findings highlight the importance of 

monitoring water quality to manage the formation and control of THMs in 

Taleghan Dam.  
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HIGHLIGHTS 

• HPLC-SEC analysis was performed to identify the constituent levels of humic substances. 

• The concentration of humic compounds underwent seasonal changes. 

• The concentrations of humin surpassed fulvic and humic acids. 

• SUVA values were indicative of predominance hydrophilic compounds. 

• Humic substances were linked to the region-specific soil types. 

 

1. INTRODUCTION  

Water, as a strategic resource both in the contemporary era and throughout history, plays a pivotal role in the 

natural cycle, the advancement of agricultural endeavors, and the preservation of human health. Surface and 

groundwater are the primary sources of water supply in both rural and urban areas. To safeguard the health and 

integrity of these resources, it is imperative to promptly identify the sources of contamination, anticipate the 

spread of such contaminants, and implement essential measures for their mitigation and prevention (Kundu et 

al. 2024; Htet et al., 2025). 



89                                                                                                  Metall. Mater. Eng. Vol 31 (5) 2025 p. 88-96 

 

In recent decades, environmental concerns stemming from organic substances have increased (Rajneesh 

Kumar et al. 2021; Wu et al. 2023; Violet & Hazarika, 2024). Natural organic matter (NOM), which arises 

from both allochthonous (terrestrial organic carbon input) and autochthonous (phytoplankton and macrophytes 

within a water source) origins, is abundant in all water sources (Marais et al. 2017). In drinking water resources, 

the presence of NOM can pose significant aesthetic and health concerns, necessitating water treatment (Alver 

et al. 2018). NOMs consist of hydrophobic and hydrophilic fractions. These fractions are not removed during 

conventional water treatment due to their contrasting chemical properties. Instead, they instigate the formation 

of byproducts and foster the proliferation of microorganisms within the water distribution network (Riyadh & 

Peleato 2024). The concentration of these natural organic substances in surface water averages approximately 

2.47 mg.L-1 (Hang Vo-Minh et al. 2022; Khodabakhshi et al. 2023; Lee & Westerhoff 2006; Kumar et al., 

2024). Conventional water treatment and purification techniques are not efficacious in removing these 

substances, thereby permitting their ingress into water chlorination units and, ultimately, their utilization for 

potable purposes (Zhang et al. 2015). 

Humic substances can be categorized into three primary constituents based on their solubility in acidic or 

alkaline extracting solutions: humic acids, which are soluble in alkali and insoluble in acid; fulvic acids, which 

are soluble in both alkali and acid; and humin, which resists extraction with dilute acid and alkali and remains 

insoluble in such environments (Barloková et al. 2023; Dube et al., 2024). The distinctions among these 

components stem from factors such as particle size, the structure of humic materials (aromatic and aliphatic 

degree), elemental ratios, and the number of functional groups (Linnik et al. 2013; Yang et al. 2021).  

The present study set out to quantify the levels of humic substances in the water behind Taleghan Dam. The 

rationale for selecting this surface water source for assessment is multifaceted. According to recent 

investigations and the latest data on water storage at Taleghan Dam, only 170 million cubic meters of the 

original 429 million cubic meters of the reservoir have been filled, which can be attributed primarily to lower 

precipitation levels (Ghahreman & Rahimzadegan 2022; Najafian 2024). The water level behind the dam 

significantly influences the presence of humic substances within the reservoir. As the lake's water level recedes 

due to increased consumption or insufficient rainfall, aquatic vegetation along the shoreline proliferates. 

Subsequently, with the onset of autumn rains and the subsequent rise in lake levels, these plants become 

submerged, contributing to the increased presence of humic compounds in the water storage reservoir (Hayes 

& Swift 2020; Lyde et al. 2013; Tursinbayeva et al., 2023). Furthermore, Taleghan is a prominent center for 

animal husbandry; animal manure could be an additional factor. Additionally, the composition of humic 

substances in the soil is inherently tied to the soil formation environment. For instance, fully decomposed 

humic substances are more prevalent in Mollisols, while the humin fraction is commonly found in Vertisols, 

fulvic acid in Spodosols, and humic acid in Leonardite (Von Wandruszka 2000; Оchilov et al., 2024).  

The groundbreaking aspect of this study lies in its meticulous investigation into the diverse types of humic 

substances present in the water behind Taleghan Dam, unraveling a complex interplay between water 

dynamics, vegetation patterns, and humic compound concentrations and linking their origins in various soil 

types to the reservoir's unique composition. By bridging the gap between soil-derived organic matter and water 

quality in dam reservoirs, this research not only enriches the current understanding of humic compounds but 

also provides a novel perspective on the ecological intricacies shaping water environments and deepens the 

understanding of the significance of terrestrial DOM in dam reservoirs. 

 

2. MATERIALS AND METHODS  

Study area 

Taleghan Dam is located 135 kilometers northwest of Tehran, between the geographical coordinates of 50°37' 

to 51°10' longitude and 36°5' to 36°25' latitude. It is situated on the Taleghan River within the Sefidrud 

catchment area. Geologically, Taleghan is part of the Central Alborz region and comprises geological 

formations from the Precambrian to Quaternary periods, which have been influenced by significant tectonic 

activity.  This  earthen dam is constructed with pebbles and a clay core, with a crown length of 1,111 meters 

and a height of 109 meters from its foundation. The dam has a total volume of 429 million cubic meters, with 

its primary goals being the improvement of agricultural water supply in the Qazvin plain, supplying part of 

Tehran’s drinking water, facilitating artificial recharge, and generating 61 gigawatt-hours of hydroelectric 

power annually (Davani Motlagh et al. 2021; Safarov et al., 2024). According to data from the Taleghan 

Meteorological Station, the average annual temperature is approximately 11.4°C, and the average annual 

rainfall in the Taleghan area is 471 mm (Khaleghi et al. 2022; Khayitov et al., 2023). Based on the soil shapefile 

for Iran (Fig. 1), the soil in the study area is classified as clayey in texture, exhibiting relatively high levels of 
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lime and electrical conductivity (EC), an alkaline pH, and is primarily composed of Vertisols, along with some 

Spodosols. 

 
Fig. 1. The soil shapefile for Iran. 

 

Sampling and characterization 

Sampling was conducted during two distinct seasons: (a) summer, characterized by reduced water inflow, and 

(b) autumn, associated with increased precipitation. Water sampling was carried out at three designated stations 

(Fig. 2): S-1, situated before the entry point into the lake; S-2, positioned in the middle of the lake; and S-3, 

located near Taleghan Dam. The selection of these stations was based on their accessibility and ability to 

present a schematic of water quality throughout the dam. Sampling activities were conducted with the requisite 

permits from the Operation and Maintenance Department of Taleghan Dam and Power Plant. Grab samples 

were collected instantaneously at specific points within the stream, ensuring uniform flow across the cross-

section, approximately 1.5 to 4.5 kilometers downstream from the branching point. 

To quantify humic acids, fulvic acids, and humins, high-purity standards of humic acid and fulvic acid with 

a purity level of 97% were procured from Sigma-Aldrich, while the humin was directly sourced from Merck 

(Germany). The constituent levels were determined using High-Performance Liquid Chromatography-Size 

Exclusion Chromatography (HPLC-SEC, Agilent) with a liquid column of tetrahydrofuran and toluene. 

Concentrations of dissolved organic carbon (DOC) were measured using a TOC analyzer (Shimadzu, Japan), 

and the values of UV absorbance at 254 nm (UV254) were determined using a spectrophotometer (SQ-4802, 

Shanghai, China). Specific UV absorbance (SUVA), defined as the ratio of absorbance at 254 nm/m to the 

concentration of DOC (mg.L-1), and the trihalomethane formation potential (THMFP) were also calculated 

(Canale et al. 1997). 
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Fig. 2. A view of the sampling stations in the Taleghan River and Lake. 

 

3. RESULTS AND DISCUSSION 

The quality of water samples obtained from the Taleghan River and Lake are presented in Table 1.  

 

Table 1. The values of the determined parameters of water at the sampling points 

 

No. of 

sample 
pH 

No. of 

station 

Sampling 

month 

Humic 

acid 

(mg.L-1) 

Fulvic 

acid 

(mg.L-1) 

Humin 

(mg.L-1) 

THS 

(mg.L-1) 

DOC 

(mg.L-1) 

UV254 

(m-1) 

SUVA 

(L.mg-1.m-

1) 

THMFP 

(g.L-1) 

1 8.2 1 

Novembe

r 0.08 0.367 1.382 1.829 5.6 9 1.61 375.8499 

2 8.3 3 

Septembe

r 0.133 1.021 1.152 2.306 15.6 10 0.64 1349.88 

3 8.5 2 August 0.191 1.256 1.160 2.607 42.4 9 0.21 4701.412 

4 8.2 3 

Novembe

r 0 0.234 0.372 0.606 34.4 9.5 0.27 3621.602 

5 8.2 1 August 0.169 1.372 1.376 2.917 24 6 0.25 2310.891 

6 8.2 1 

Septembe

r 0.115 1.014 1.125 2.254 19.2 8 0.41 1749.185 

7 8.2 3 October 0.086 0.507 1.220 1.813 11.6 12 1.03 932.6514 

8 8.3 2 

Septembe

r 0.123 0.936 0.974 2.033 6.8 10 1.47 478.9023 

9 8.2 3 August 0.153 1.160 1.162 2.475 8 8.5 1.06 586.5865 

10 8.2 2 October 0.085 0.554 0.691 1.33 106.8 11.5 0.1 14891.3 

11 8.2 1 October 0.088 0.595 0.710 1.393 190 11 0.057 30560.49 

 

Here, the main humic substances in the water behind Taleghan Dam were assessed during 2022. As depicted 

in Table 1, the concentrations of humin surpassed those of the other two constituents, i.e., fulvic and humic 

acids. From a seasonal perspective, the highest concentrations of humic acid and fulvic acid were reported in 

summer, reaching 0.191 and 1.372 mg.L-1, respectively, while the highest concentration of humin (1.382 mg.L-

1) was observed in autumn. Overall, the highest concentration of total humic substances (THS) was observed 

in summer (August) before the entry point into the lake (S-1). As water temperature rises, microbial activity 

increases and hydrophilic compounds form more readily (Lumsdon et al. 2005). Additionally, during the dry 

season, there is an increase in the photo-degradation rate of colored dissolved organic matter (DOM), especially 

aromatic organic compounds (Awad et al. 2017). Higher concentrations in summer could primarily be 

attributed to reduced rainfall during warm seasons in the region. Additionally, Taleghan is a hub of animal 

husbandry, and the presence of animal manure can also contribute to the increased concentrations of these 

compounds in water. 

When raw (untreated) water is high in hydrophobic, aromatic, and humic compounds, THMs tend to form 

more readily compared to when treated water has non-aromatic, hydrophilic compounds (Awad et al. 2016). 
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In contrast, Zhao et al. (2006) found that low molecular weight DOM compounds were the major THM 

precursors in river water. According to the literature, the composition of DOM in a watershed is largely 

determined by the hydrologic connectivity of different landscapes upstream of the receiving waters (Johnston 

et al. 2020; Lynch et al. 2019). In a study by Chen et al. (2016)  tracking monthly changes in the composition 

of DOM in a recently constructed reservoir, the results indicated that during the dry season, the smaller 

molecular fractions of DOM became more abundant, presumably due to photo and bio-degradation in the 

reservoir. It was also found that storms mobilized a large amount of highly aromatic soil-derived DOM to the 

reservoirs. In addition, Volk et al.'s (2005) observations of fluctuations in DOM in rivers showed changes not 

only in quantity but also in composition following precipitation, suggesting that runoff filtered down humic 

substances from the upper soil layer, causing these fluctuations. 

The observed variations in the concentration of humic substances in the study were linked to the soil types 

prevalent in the region. The rapid expansion of urban and rural areas along riverbanks, coupled with population 

growth, has resulted in extensive encroachments on riverbed boundaries and the physical integrity of 

waterways. There have been such encroachments on the Taleghan River in particular, which has made it an 

important river in the country due to its proximity to Alborz Province, the third metropolitan area in Iran; the 

construction of the Taleghan Dam and its vital role as a source of irrigation for crops along the Qazvin plain. 

The construction of this dam, accompanied by alterations in the geological structure, land use patterns, and 

newly developed roads, has led to modifications in specific river segments, which could be correlated with 

variations in humic substances. A study by Liu et al. (2019), highlighted that land use changes, especially 

urbanization and agricultural activities, significantly influence the composition and concentration of humic 

substances in water bodies. 

In surface waters such as rivers and lakes, the composition of NOM may be affected by hydrology and soil 

(Ramavandi et al. 2015). Literature reveals that, in general, soils contain higher concentrations of humin and 

humic acids (HAs). In contrast, fulvic acid (FA) is a water-soluble compound that occurs at relatively high 

concentrations both in soil and water (Pettit 2004). In mineral soils, humin materials are strongly associated 

with soil inorganic colloids, where hydrophobic bonding plays a major role in adsorption (Hayes et al. 2017). 

Humic substances in soil contain a higher percentage of ring compounds (aromatic) than humic substances in 

water (Pettit 2004). 

In light of the information presented, a correlation can be established between the soil type and the values 

of particular humic substances within the study region. According to the soil shapefile for Iran (Fig. 1), the soil 

type in the study area is categorized as follows: clayey in texture, with relatively high lime and EC, as well as 

alkaline pH (predisposed to THMs and HAAs formation), Vertisols (prone to the presence of high humin), and 

more or less Spodosols (prone to the presence of high fulvic acid). 

To quantify DOM in water systems, DOC is the most commonly used parameter (Zhao et al. 2018). 

Considering the DOC concentrations, we noted that the values in August, September, October, and November 

in all three stations varied considerably (5.6-190 mg.L-1) while humic substances were more stable. 

Furthermore, a range of DOC from 5.6 to 190 mg.L-1 created a THMFP of 375.8 to 30560.5 g.L-1. Notably, 

the THMFP concentrations of all samples throughout the study were substantially higher than the 100 g.L-1 

maximum contaminant level for THMs in drinking water (Fooladvand et al. 2011). However, these 

concentrations are not directly comparable to treated water THM concentrations, which undergo coagulation 

and filtration before disinfection and are exposed to different temperatures and chlorine levels. 

The highest concentrations of DOC were observed at stations 1 and 2, respectively, in October. Fluctuations 

in DOC can be attributed to the turbulent flow at the river intake, which diffused and dissolved sediments at 

the bottom of the canal. The average pH value of the water was 8.25±0.094, which could facilitate the 

dissolution of DOC (Libecki & Dziejowski 2008). High DOC concentrations in treated water can affect its 

quality and increase coagulant demand in water treatment plants (WTPs), raising the possibility of THM 

formation (Matilainen et al. 2010). Wang et al. (2012) concluded that specific factors influenced DOC in river 

systems. Thus, DOC concentrations in rivers varied greatly between the mainstream and tributaries due to the 

diverse landscapes and human activities over a large area. Additionally, Nelson et al. (1992) found that soil 

types influence DOC concentrations within a stream based on their adsorption capacities. Clay-rich surface 

horizons typically exhibit stronger adsorption characteristics than coarse-textured soils (Awad et al. 2016). 

Results of a study by Chow et al. (2017) also demonstrated that climatic and hydrological factors are the 

dominant drivers for stream DOC dynamics. 

UV254 is more indicative of aromatic organic content, which forms disinfection byproducts (DBPs) more 

readily when combined with chlorine. The amount of UV absorbance in water is a good indication of the bulk 

concentration of precursors, but a parameter called specific UV absorbance (SUVA) is better for detecting the 
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nature and reactivity of precursors (Alver et al. 2018). SUVA values were used to determine the hydrophobicity 

of DOM, which is a useful indicator of the DBP formation potential of the water. Microbial decomposition of 

DOM can enhance SUVA values, and therefore, higher SUVA values may reflect higher humification, a more 

hydrophobic nature, or lower biodegradability of DOM (Hur 2011). A SUVA value less than 2 indicates a 

predominance of non-humic substances with lower hydrophobicity. A SUVA value between 2 and 4 signifies 

a mixture of hydrophilic and hydrophobic components, and a value exceeding 4 implies a preponderance of 

hydrophobic organic components, primarily composed of humic components (Marais et al. 2017; 

Tungsudjawong et al. 2017). As illustrated in Table 1, SUVA values of all water samples varied from 0.057 to 

1.61 L.mg−1.m–1. The highest SUVA level ((1.61 L.mg-1.m-1) indicating the predominance of non-humic 

substances with lower hydrophobicity) occurred in November before the entry point into the lake for the period 

of investigation. The literature indicates that high SUVA values are indicative of humic substances, whereas 

low SUVA values indicate organic matter that can be measured by DOC and total organic carbon (TOC) but 

does not affect color or absorb UV light (Moodley et al. 2017). Compounds with high hydrophobicity tend to 

promote THMs formation, whereas hydrophilic compounds (SUVA < 2) prefer to form HAAs during 

chlorination (Bond et al. 2009). 

In future studies, the persistence of THM precursors should be considered to determine how far these 

compounds will travel before decay, which will determine whether they reach drinking water. If the 

degradation of THM precursors is rapid, only sources close to drinking water intakes need to be monitored. If 

degradation is slow, even distant sources could contribute to THM concentrations in drinking water. 

 

4. CONCLUSIONS 

Addressing the shortage of clean drinking water requires scrutiny of water reservoirs behind dams. NOM, 

including fulvic acids, humic acids, and humins, constitutes a significant category of contaminants in these 

reservoirs, prevalent in all water sources. The results of this study highlighted that humin concentrations 

surpassed those of fulvic and humic acids, with the highest levels observed in autumn. Notably, the summer 

months exhibited elevated concentrations of humic and fulvic acids, attributed to increased microbial activity 

and reduced rainfall, potentially influenced by the local animal husbandry practices. Moreover, the research 

shed light on the intricate relationship between the presence of humic substances and the specific soil types in 

the region, emphasizing the impact of urban expansion and land use changes on water quality. This is 

particularly relevant given the potential changes in water balance and quality due to land use changes in the 

Taleghan catchment area. The findings underscored the significance of considering soil composition, 

hydrology, and human activities in understanding the dynamics of dissolved organic matter (DOM) and its 

implications for disinfection byproduct formation. 

The study's results also indicated that DOC concentrations varied significantly across different months and 

stations, influencing trihalomethane formation potential (THMFP). Furthermore, SUVA values less than 2 

revealed a predominance of non-humic substances with lower hydrophobicity.  

Since the presence of these compounds at the source has been confirmed, future research will continue to 

monitor the changes in their concentration from the source to the treatment plant. This will provide a clearer 

understanding of how these compounds behave and their fate over time. If their concentrations exceed standard 

limits, regional water authorities should be promptly informed to implement measures to reduce the entry of 

these compounds into the treatment plant.  Overall, failure to undertake suitable measures could lead to an 

escalation of critical humic components in water storage sources, posing a significant threat to the Taleghan 

River and Dam. This study contributes to the broader understanding of humic substances in water 

environments, emphasizing the need for integrated approaches that consider the interconnectivity of soil, water, 

and anthropogenic factors in managing water quality and treatment processes effectively. 
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