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ABSTRACT 

Biological activated carbon (BAC) is widely used in drinking water treatment because it combines adsorption on activated 
carbon with biodegradation carried out by the attached microbial community. However, environmental shifts such as changes 
in pH, temperature, or physical disturbances may cause previously adsorbed organic matter (OM) to detach from the activated 
carbon. This phenomenon can increase dissolved organic carbon in treated water and potentially affect downstream processes. 
This study examined how pH, temperature, and ultrasonication influence the release of OM from BAC. The BAC was extracted 
using DOC-free tap water under different pH conditions (5.8, 7.0, and 8.6) and temperatures (5°C, 20°C, and 30°C), with and 
without the application of ultrasonication. After treatment, dissolved organic carbon (DOC) and UV absorbance at 260 nm 
(UV260) were measured to characterize the released OM. The results show that higher pH promotes OM detachment, with 
both DOC and UV₂₆₀ values increasing markedly under alkaline conditions. Temperature also played a strong role; warmer 
conditions enhanced OM release, indicating that higher kinetic energy and increased molecular mobility facilitate detachment. 
Ultrasonication consistently intensified the release across all conditions, suggesting that the disruption of biofilms and the 
reopening of blocked pores contribute to this effect. The findings highlight the sensitivity of BAC to operational changes and 
underscore the importance of monitoring OM release to maintain the reliability of drinking water treatment systems. 
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1. INTRODUCTION 

Biological activated carbon (BAC) plays a vital role in drinking water treatment because it combines the adsorption 
of organic matter (OM) with biological degradation carried out by microorganisms [1,2]. This material originally 
comes from granular activated carbon (GAC), which has long been used in water purification. Over time, 
microorganisms begin to colonize the surface and internal pores of the GAC, forming a biofilm [3]. As a result, 
the material gradually transforms into BAC, giving it a dual function, which includes adsorbing contaminants and 
breaking them down biologically. 

During extended use, some of the previously adsorbed OM may be released back into the water, especially when 
environmental conditions shift, such as changes in pH, temperature, or physical disturbances. This detachment 
process can increase dissolved organic carbon (DOC) concentrations in the treated water, reducing filtration 
efficiency and potentially affecting the stability of the distributed water quality [4]. In drinking water systems, this 
is a significant concern because higher DOC concentrations can interfere with subsequent treatment stages and 
may contribute to the formation of disinfection by-products (DBPs), which pose public health risks [5,6]. 

Several environmental factors are known to influence the release of OM from BAC. Shifts in pH can alter the 
surface charge of the carbon and the degree of ionization of the organic molecules, affecting the strength of 
interactions between them [7,8]. Temperature changes can modify molecular kinetic energy and diffusion rates, 
potentially accelerating the release process [9,10]. Physical treatments such as ultrasonication may disrupt biofilm 
structures and open up clogged pores, making it easier for trapped organic matter to escape [11,12]. Liu et al. 
(2017) show that ultrasonication can help reopen larger pores and expose carbon surfaces [13]. Research on BAC 
specifically has revealed that ultrasonication can do more than renew the carbon’s adsorptive capacity. In some 
cases, low-frequency ultrasonication trims down excess biomass while also making mid-sized and larger pores 
accessible again. Some bacteria are reduced in number, and blocked adsorption sites reopen, an observation that 
supports the idea that ultrasonication helps release OM that has been trapped within the biofilm or lodged inside 
the pore structure [13]. A study by Li et al. (2024) adds another perspective. They observed that low frequency 
ultrasonication not only cleans carbon pores but also influences the surrounding microbial community [14]. The 
treatment reduced dissolved organic nitrogen and the precursors of nitrogen-containing disinfection by-products, 
suggesting that ultrasonication reshapes the biofilm environment in ways that affect the character of the organics 
released [14]. 

Although many studies have examined adsorption processes and biological regeneration of BAC [15–19], 
systematic comparisons of how pH, temperature, and ultrasonication collectively influence OM detachment remain 
limited. Taken together, the literature shows that although ultrasound-based regeneration of BAC has been 
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explored extensively, most studies focus on how well adsorption capacity recovers or how microbial communities 
shift afterward. What remains less understood is the nature of the OM that comes off the carbon, especially when 
changes in pH, temperature, or ultrasonic exposure occur at the same time. 

This study is important because the release of OM from BAC can directly affect treatment performance, the quality 
of water delivered to consumers, and associated health risks. In many water treatment plants, detachment is rarely 
monitored, as operational attention typically focuses on adsorption and biodegradation. OM release can still occur 
unexpectedly when operating conditions shift, highlighting the need for a clearer understanding of the factors that 
control this behavior. 

Therefore, this study aimed to investigate how variations in pH, temperature, and ultrasonication influence the 
detachment of OM from the pores of BAC when exposed to DOC-free tap water. The characteristics of the released 
OM were evaluated using ultraviolet absorbance at 260 nm and dissolved organic carbon analyses. The findings 
are expected to provide a more comprehensive understanding of OM stability within BAC and to support the 
development of strategies that minimize its release in drinking water treatment systems. 

2. MATERIALS AND METHODS 

Sample Preparation 
The BAC was taken from a drinking water treatment plant located in Central Japan. The plant supplies clean water 
to the surrounding area and produces around 220,300 m³ of treated water each day. DOC-free tap water was 
prepared by continuously passing tap water through a granular activated carbon (GAC) column (F400 type) until 
the effluent turbidity reached a stable value. Once the turbidity became constant, the treated water was immediately 
used to extract OM from the BAC. The use of GAC was intended to produce water free of DOC, while residual 
chlorine was expected to be removed through the adsorption process. 

Detachment Experiment 
The working solutions were prepared by adjusting the pH of DOC-free tap water to 5.8, 7.0, and 8.6 using 0.1 M 
hydrochloric acid or 0.1 M sodium hydroxide. Subsequently, 100 mL of the pH-adjusted DOC-free tap water and 
10 g of BAC were added to a 300 mL reactor. Some samples were subjected to ultrasonication, while others were 
not. Ultrasonic treatment was applied at 40 kHz for 5 minutes, following the procedure described in previous 
studies [20,21]. After ultrasonication, all samples were shaken at 5°C, 20°C, or 30°C. The shaking process was 
performed at 100 rpm for 180 minutes to simulate different environmental conditions. Samples at 5°C were 
maintained in a cooling unit, whereas samples at 20°C and 30°C were kept in an incubator set to the respective 
temperatures. 

Following shaking, the samples were filtered through a 0.2 µm cellulose acetate membrane. Water-quality analyses 
were then conducted, including the measurement of dissolved organic carbon (DOC) using a TOC analyzer and 
UV absorbance at 260 nm (UV260) using a spectrophotometer. Specific ultraviolet absorbance (SUVA) was 
calculated by dividing the UV260 value by the DOC concentration. SUVA is commonly used as an indicator of 
the aromaticity and hydrophobicity of organic matter (OM). Higher SUVA values generally indicate a greater 
proportion of aromatic, conjugated carbon structures, while lower SUVA values suggest the presence of more 
aliphatic or simpler organic compounds [6]. 

3. RESULTS AND DISCUSSION 

Effect of pH on OM Release from BAC 
The effect of pH on the release of OM from BAC, reflected in both DOC and UV260 concentrations, is shown in 
Fig. 1. The results clearly indicate that pH has a strong influence on the release of OM from BAC. As the pH of 
the test solution increases from 5.8 to 8.6, both the DOC and the UV260 concentrations rise significantly. As 
shown in Fig. 1a, in the ultrasonicated samples at pH 8.6, DOC reached its highest level (2.3 mg L⁻¹), whereas at 
pH 5.8 it was much lower (1.45 mg L⁻¹). A similar trend is observed in UV₂₆₀, where the concentration increases 
from 1.7 m⁻¹ at pH 5.8 to over 3.2 m⁻¹ at pH 8.6 under ultrasonic treatment, as displayed in Fig. 1b. This pH-
dependent behavior suggests that under more alkaline conditions, the BAC releases more OM. At higher pH, the 
deprotonation of acidic functional groups on organic compounds (e.g., carboxyls or phenolics) enhances their 
solubility, making them more likely to detach from the activated carbon structure [22,23]. In addition, at higher 
pH there may be repulsive electrostatic forces (due to deprotonated groups) that weaken the interaction between 
OM molecules and the BAC surface, further promoting detachment [24]. The observed pH-dependent increase in 
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both DOC and UV260 is consistent with previous study that desorption from carbonaceous media is strongly 
influenced by pH solution [21].  

Interestingly, even without ultrasonication, the non-sonicated samples show the same upward trend in DOC and 
UV260 with increasing pH. However, the absolute values are lower than with ultrasonication, which suggests that 
pH and ultrasonic treatment act synergistically, higher pH makes OM more mobile, and ultrasound further 
accelerates its release. 

 

Fig 1. Changes in the release of OM from BAC based on the DOC (a) and UV260 (b) concentrations measured 
at different pH levels at 20°C. 

These findings align with earlier studies showing that biochar materials often exhibit greater release of OM when 
exposed to higher pH conditions [25]. Under alkaline environments, aromatic and humic-like structures become 
more prone to detachment. Liu et al. (2022) also reported that increases in pH influenced the release of humic-like 
from biochar, supporting the pattern observed in this study [25]. 

Effect of Temperature on OM Release from BAC 
The results show that temperature plays a critical role in regulating the concentration of OM released from BAC. 
As illustrated in the Fig. 2, both DOC and UV₂₆₀ values increased gradually as the temperature rose from 5°C to 
30°C. At 5°C, the release of DOC remained relatively low for both treatments. However, when the temperature 
was increased to 20°C and further to 30°C, the concentration of OM released became noticeably higher. This trend 
was consistent in both DOC and UV260 concentrations, indicating that higher temperatures promote the 
detachment of organic compounds from BAC surfaces. 



Jurnal Teknik Sipil Dan Arsitektur Vol.31 No.1 Januari 2026 ISSN: 2598-2257(Online) 2807-9418(Print) 
 
 

229 
 
 
 

 

Fig 2. Changes in the release of OM from BAC based on the DOC (a) and UV260 (b) concentrations measured 
at different temperatures at pH 7. 

The samples that received ultrasonication consistently released more OM compared with those processed without 
ultrasound. This difference became more pronounced at elevated temperatures, suggesting that ultrasound and 
temperature act in a complementary manner. Higher temperatures are known to enhance molecular mobility, 
reduce solution viscosity, and increase the flexibility of biofilm structures, which collectively facilitate the 
breakdown and release of trapped organic components [26]. These mechanisms help explain why the combination 
of ultrasonication and warmer conditions yielded the highest DOC and UV260 values in this study. 

Previous studies indicate that temperature notably affects the behavior of BAC. Warmer conditions tend to 
accelerate microbial metabolism within biofilms and alter the extracellular polymeric matrix in ways that reduce 
structural cohesion, thereby making trapped organic matter more likely to be released [27]. Investigations focused 
on carbonaceous adsorbents further show that increasing temperature enhances molecular mobility and mass 
transfer, which in turn promotes faster diffusion of organic molecules within porous media and raises detachment 
rates from activated carbon surfaces [28]. These findings provide a scientific basis that aligns well with the 
temperature-dependent release patterns observed in the present work. 

Effect of pH and Temperature on The Aromaticity of OM 
Fig. 3 shows that both pH and temperature significantly influence the aromatic content of the OM released from 
BAC. As shown in Fig. 3a, the SUVA values obtained at different temperatures show a clear but nuanced pattern. 
At pH 7, SUVA tends to increase from 5°C to 20°C for both treatments, suggesting that a moderate temperature 
enhances the release of more aromatic fractions from the BAC. This trend aligns with the understanding that higher 
temperatures can promote detachment and slightly increase microbial activity at the BAC surface, allowing more 
chromophoric organic matter to be released. Taken together these mechanisms explain why SUVA rose with 
moderate warming in our experiments and are consistent with observations reported in recent studies of BAC and 
other carbon-based adsorbents [29].  

However, when the temperature rises to 30°C, SUVA decreases for both ultrasonic and without ultrasonic 
conditions. This decline may indicate that excessive temperature promotes the release of organic matter that is less 
aromatic, or that the BAC surface becomes less efficient in maintaining its biofilm structure at higher thermal 
stress. Research on activated carbon under elevated temperatures also reports that the detachment of non-aromatic, 
lower-molecular-weight compounds becomes more dominant as the system warms [30], which supports the pattern 
observed here.  
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Fig 3. SUVA of OM released from BAC under different temperatures at pH 7 (a) and under different pH 
conditions at 20 °C (b). 

The SUVA values measured at 20 °C show a clear dependence on pH, and this dependence also differs depending 
on whether ultrasonication was applied, as shown in Fig. 3b. For samples treated with ultrasound, SUVA rises 
from approximately 1.2 L mg⁻¹ m⁻¹ at pH 5.8 to 1.6 at pH 7.0, then decreases to 1.4 at pH 8.6. In the without 
ultrasonicated samples, a similar pattern emerges, SUVA is about 1.2 at pH 5.8, increases to 1.7 at pH 7.0, and 
then declines to 1.6 at pH 8.6. This trend suggests that neutral pH (7.0) favors the release or presence of more 
aromatic or conjugated organic molecules, as indicated by the higher SUVA. Aromatic compounds, which have 
extensive π-conjugation, tend to absorb UV strongly, and SUVA captures this behavior when normalized to DOC. 
The drop in SUVA at both lower (5.8) and higher (8.6) pH indicates that the nature of the released organic matter 
might shift away from strongly aromatic moieties toward more aliphatic or less conjugated structures when the pH 
moves away from neutrality. 

Mechanistically, at acidic pH (5.8), protonation of acidic functional groups in organic compounds may reduce 
their solubility or alter their conformation, limiting the release of highly aromatic structures. On the other hand, at 
more alkaline pH (8.6), deprotonation may change the molecular interactions, increased negative charge could 
enhance repulsive forces, making the more-conjugated, UV-absorbing components less stable in solution, or favor 
the release of more polar, less aromatic substances [31]. 

Interestingly, the influence of ultrasonication seems to be modest in terms of SUVA, while ultrasound clearly helps 
mobilize organic matter, it does not always lead to the highest SUVA values, especially at the highest of pH. At 
pH 7.0, the without ultrasonicated samples show a slightly higher SUVA than the ultrasonicated ones. This could 
mean that ultrasound preferentially releases less-aromatic, possibly more labile, organic fractions that are loosely 
bound to the BAC, while the more strongly aromatic molecules may remain more tightly associated, especially 
under certain pH conditions. This behavior aligns with findings in the literature. For example, a review on the 
optical properties of DOC highlights that pH can strongly influence molecular structure and light-absorbing 
behaviors, because changes in protonation affect the conformation and thus the UV-visible characteristics of 
organic compounds [32].  

4. CONCLUSIONS 

This study shows that changes in pH, temperature, and ultrasonication strongly affect how organic matter (OM) 
detaches from biological activated carbon (BAC). Higher pH consistently led to greater DOC and UV₂₆₀ values, 
indicating that alkaline conditions weaken the interactions between OM and the carbon surface, making the 
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compounds easier to release. Ultrasonication further increased this release, demonstrating that chemical conditions 
and physical disturbance can work together to mobilize OM that is trapped inside BAC pores or biofilm layers. 

Temperature also played an important role. As the water warmed from 5°C to 30°C, more OM was released, 
reflecting faster molecular movement and reduced biofilm integrity at higher temperatures. The combined effect 
of heat and ultrasonication produced the highest detachment rates. The SUVA results revealed that both pH and 
temperature shape not only the amount of OM released but also its aromatic character. Moderate conditions (20°C 
and pH 7) favored the release of more aromatic compounds, whereas more extreme pH values and higher 
temperatures shifted the release toward less-aromatic, lighter organic fractions. 

Overall, the findings highlight that OM stability in BAC is sensitive to even small changes in operational 
conditions. Understanding these influences is essential for maintaining BAC performance and preventing 
unexpected increases in OM that could affect downstream treatment processes and drinking water quality. 
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