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Abstract 
It is true that the world we have today is not the world we use to know. The 
Covid-19 pandemic has paralyzed all sector, hence the need for safety and 
enabling environment for mankind is of high importance. Adsorption tech-
nology is far the best and cheapest treatment technology for water and has 
extensively proven its worth for the uptake of micro-pollutant from surface, 
ground and water which are the major channels of home water. Over the 
years activated carbon is considered as the most common and universally 
used adsorbent for the eradication of different types of micro-pollutants from 
water. The contamination of surface water by micro-pollutant is a potential 
threat for the production of high quality and safe drinking water. Adsorption 
operation onto granulated activated carbon (GAC) in fixed-bed filters is often 
applied as a remedying step in the synthesis of safe and drinkable water. Acti-
vated carbon actively tends to act as a carrier material for a thin usually resis-
tant layer of microorganisms (mostly bacteria) that forms on the coat of various 
surfaces (biofilm), hence biological simplification can be an alternative removal 
approach that can be adopted in granulated activated carbon filters. To eva-
luate the capacity of biofilm to biologically simplify micro-pollutants, it is 
very imperative to distinguish adsorption from biological simplification 
(biodegradation) as a removal mechanism. Experiment was carried out under 
the operating condition of a temperature range of 6˚C to 20˚C with biologi-
cally activated and autoclaved GAC to assess the biological simplification by 
the biofilm adsorbed on the GAC surface. Five micro-pollutants were selected 
as model compounds, of which some of them were biologically simplified by 
the GAC biofilm. Additionally, we observed that temperature can increase or 
decrease adsorption. Conclusively, comparison was made on the adsorption 
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capacity of granulated activated carbon used for more than 50,000 beds. 
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1. Introduction 

Basically, organic micro-pollutants resulting from the influence of human beings 
on nature have been detected in surface water worldwide and thus posing a threat 
to the production of safe drinking water. Micro-pollutants encompass a broad 
range of compounds, such as insecticides, herbicides, fungicides, pharmaceuticals, 
industrial chemicals, pesticides, as well as the products to which they are converted 
into. These chemical species frequently enter into the human immediate environ-
ment via the effluent of a wastewater treatment plant (WWTP) and diffuse sources, 
such as storm water runoff, sewer leakage and sewer overflow. Micro-pollutants 
whose composition is not known in the environment are adsorbed to precipitate 
or living matter, it is otherwise converted through reactions involving living and 
non-living organisms. The content of the composition that is left over, can end 
up in the feed water supplied for drinking water production [1]. 

Furthermore, micro-pollutants are partly taken off from the surface water 
source in a drinkable water treatment plant through adsorption onto granulated 
activated carbon (GAC) in fixed bed filters. Granulated activated carbon has also 
been applied at pilot scale in filters and fluidized bed reactors for the removal of 
micro-pollutants from wastewater [2] [3]. Excluding the adsorbing potential of 
the micro-pollutants, granulated activated carbon (GAC) can otherwise be used 

https://doi.org/10.4236/jep.2020.119045


T. Hamed et al. 
 

 

DOI: 10.4236/jep.2020.119045 737 Journal of Environmental Protection 
 

as a carrier material for biofilm. Due to this, micro-pollutants are concentrated 
on the granulated activated carbon (GAC) surface, and hence resulting in an in-
crement in the contact time between the microorganisms and compounds [4], 
and enhanced probability of biological simplification, that is biodegradation. 

Therefore, biological simplification is another method that can be adopted in 
the removal of micro-pollutants from granulated activated carbon (GAC) 
application. The degree at which individual micro-pollutant was adsorbed to 
granulated activated carbon (GAC) and ultimately be biodegraded depends on 
the reversibility of adsorption and on the tendency of the biofilm to biodegrade 
the micro-pollutant. 

To make pointing distinction between adsorption and biodegradation as suit-
able removal techniques to be adopted, in the granulated activated carbon filter, 
the granulated activated carbon filter is expected to assess the strength and activ-
ity of the biofilm in it as well as its effectiveness in micro-pollutants degradation. 
More so, checking into the limitation of the action of the granulated activated 
carbon filter in micro-pollutant degradation is very imperative in this study. 
Adsorption studies with freshly synthesized granulated activated carbon (GAC), 
showed that estimating the quantity of certain adsorbed adsorbate calculations is 
based on the changes in concentration that occurs in the liquid phase of the ad-
sorption media, if adsorption technique is the taken as the only removal method 
[5]. During analytical experimentation with biologically active granulated acti-
vated carbon (bGAC), it was observed that the adsorbate cannot only be ad-
sorbed but also biodegradable. Although slowing down the activity of biodegra-
dation, by putting into consideration granulated activated carbon treatment 
techniques, such as addition of chemicals to the solution mixture so as to alter 
adsorption rate to a considerable extent and also by autoclaving the reaction 
system. A very common biodegrading agent that slows biodegradation activity 
over adsorption is sodium azide [6]. Nevertheless, sodium azide alters adsorp-
tion activity, as demonstrated by [7] who examined the impact of this chemical 
on the removal of fulvic acids by activated carbon (AC). A conclusion was drawn 
by the authors that the sodium azide did not totally slow down the biological ac-
tivity and also that it reacted with the activated carbon (AC) surface thus chang-
ing its adsorption characteristics. In addition to chemically affected activated 
carbon (AC), autoclaved used activated carbon (AC) might have different ad-
sorption properties compared with non-autoclaved (activated carbon) AC, be-
cause autoclaving can potentially alter the biofilm formed on the AC surface and 
the organic matter previously adsorbed to it, thus affecting micro-pollutants ad-
sorption. 

Moreover, adsorption and biodegradation can otherwise be differentiated, by 
making experimental analysis with biologically active granulated activated carbon 
(GAC) at very high and mild temperature, for the remediation of micro-pollutants 
in water. Raising the temperature to a certain limit of about 43˚C tends to en-
hance increment in microbial activity. However, temperature effects on adsorp-
tion are less predictable. Additionally, the overall equilibrium adsorption condi-
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tion and adsorption rate can be affected by temperature. Therefore, raising the 
temperature improves the adsorbate diffusion onto the adsorbent which in turn 
produce a higher adsorption rate [8] though, the overall adsorption capacity can 
either be increased or reduced [9], depending on whether the adsorption occurs 
through an endothermic operation process or exothermic method of operation 
[10]. 

Considering the challenge to differentiate between adsorption and biodegra-
dation as micro-pollutants removal operations, very few studies have estimated 
the micro-pollutant biodegradation ability of biomass growing in granulated ac-
tivated carbon (GAC) filter adopted in drinkable water treatment plant DWTP 
[1] [11]. The differences in biodegradation of micro-pollutants by activated ooze 
from waste water treatment plants (WWTP) are well documented in literature 
[12]. The objective of this research is to investigate if the biomass growing in 
granulated activated carbon filters is capable of degrading a selection of mi-
cro-pollutants relevant for drinking water. Studies were carried out on the re-
moval of micro-pollutants with activated carbon that originates from a drinking 
water production location. Experimental analysis with biologically active or au-
toclaved granulated activated carbon at two different temperatures was per-
formed to distinguish removal due to adsorption and biodegradation or adsorp-
tion only. 

2. Materials and Methods 
2.1. Organic Micro-Pollutants 

At the preliminary stage of the methodology, carefully mixed solution of the 
micro pollutants; benziotriazole, diclofenac, melamine, metformin, Iopromide, 
Iopamidol and guanylurea were purchased at Boluke Pharmacy, Agege, Lagos. 
These organic micro-pollutants have been found mostly in surface water in small 
quantity ranging from 0.15 μg/l to 7 μm/l and are relevant in water treatment.  

A pH meter was used to check the pH, all the five micro pollutants had a neu-
tral charge of pH 7.52, except for metformin and pyrazole, which are positively 
charged and diclofenac which is negatively charged. 

2.2. Micro-Pollutants Disintegration by Biologically Active  
Granulated Activated Carbon (GAC) 

A batch experiment approach was used since the target here is to assess the po-
tential of biofilm growth in granulated activated carbon (GAC) filters to DWTP. 
The filter where the used GAC was collected had been in operation for years, 
more than 100,000 bed volumes by Tom Water Company (location Iju Ifako 
Ijaiye, Lagos Nigeria). This material will be referred to as biological granulated 
activated carbon (bGAC). The biologically granulated activated carbon (bGAC) 
worked both as adsorbent and inoculum. To supply microorganisms with addi-
tional carbon source similar to what is available in the GAC filters, the culture 
media was prepared using GAC filter influent, obtained from the same DWTP as 
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the biological granulated activated carbon (bGAC), and demineralized water, in 
a 1:1 ratio. Concentrated nutrient solutions were diluted in this matrix. Demi-
neralized water was used together with GAC filter influent was used to prepare 
the culture media obtained from the same DWTP as the biological granulated 
activated carbon (bGAC), and demineralized water in an empirical ratio 1:1 to 
avoid high concentration of salt in the culture media, that could harbor microbi-
al activity; demineralized water was used together with GAC filter. Additional 
inoculum was prepared: 15 g of granulated activated carbon was mixed with 20 
ml of culture media and whirl pooled for 5 seconds. The step was repeated up to 
five (5) times to achieve liquid phase at biomass level.  

A wet mass of 0.35 g of the bGAC corresponding to approximately 0.1 g dry 
weight was utilized to inoculate 250 ml serum bottles 10 ml of extra inoculum 
cultured media in a total liquid and micro-pollutant. These similar molar 
concentration (mol/dm3) were used, (260 μmol/dm3), 47 μmol/dm3 and 67 
μmol/dm3 ranging from 1.6 - 53.8 mg/L; which depends on the micro-pollutant. 
Initial micro-pollutants concentrations were measured, the initial concentration 
were the sum of the spiked and the already present micro-pollutant (if any), 
aluminium foil was used to prevent micro-pollutants photo degradation and cul-
tivated as either 6˚C or 21˚C at a 120 revs/min. samples were taken periodically 
0, 9, 21, 33, 44 and 59. Samples were placed in a centrifuge and centrifuged for 
10 mins at 10,000 rev/min, the supernatant was transferred to a clean clear tube 
and again centrifuged. Then the supernatant was diluted, frozen and kept for 
analysis. After washing up to day 59 the result was sufficient to test our hypothe-
sis and draw inference and conclusion, then the experiment was halted. 

2.3. The Adsorbed Micro-Pollutants onto Autoclaved Used GAC 

The adsorbed micro-pollutants onto the granulated activated carbon (GAC) was 
processed in a test with autoclave using the granulated activated carbon (GAC) 
to check the effect of the temperature with autoclave granulated activated carbon 
(GAC) no biodegradation was expected but we expect little variation between 
replicates, which indeed was observed in our data, so that only the duplicates 
were re-run. The experiment which was carried out with one initial concentra-
tion of micro-pollutants (approximately 70 μM diagram below). The bottles 
were cultivated in the same condition as in experiment 2.2 above. 

2.4. Adsorbed Micro-Pollutants onto Fresh GAC 

This experiment is necessary so as to compare the adsorption capacity of 
experiment in 2.3 (used GAC) and the new experiment onto fresh GAC. The 
following are exception to the comparison. 

1) Newly prepared GAC was used instead of used GAC; 
2) Water was partly used in the preparing the media other than the mixture of 

the partly used water with GAC filter influent; 
3) 62 μM, that is one initial concentration of micro-pollutant was used other 
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than three (3). The bottles were kept at 6˚C and mixed at 130 rpm. The samples 
for days zero (0) and day nine (9) were studied and it showed that this time in-
terval is sufficient for fresh granulated activated carbon (GAC) to near 
equilibrium conditions for the selected micro-pollutant adsorbed [13].  

Figure 1 shows a schematic representation of experiments with used GAC 
(6˚C and 20˚C) 

2.5. Chemical Analyses 

Liquid chromatography was used to measure the micro-pollutants coupled to 
high resolution accuracy of the mass spectrometry. In summary, Atlantis T3 was 
used to separate compounds and gradient water/ammonium formate base 2 
mm/formic acid 0.018% (v/v) and methanol/ammonium formate 2 mm/formic 
acid 0.018% (v/v) the resolution for the analysis was 70,000 and was carried out 
in positive electrospray ionization mode upon a Thermo Q Exactive MS in 
full-scan mode. 

3. Results and Discussion 
3.1. The Unique Differences in Micro-Pollutants Adsorption and  

Biodegradation 

Experimental operation carried out with the biologically active granulated ac-
tivated carbon (bGAC) and the autoclaved granulated activated carbon at 
varying temperature in other to access if the biofilm from the GAC filter can 
biologically breakdown (biodegrade) the selected set of micro-pollutants. Mi-
cro-pollutants removal mainly if a low temperature operating condition is as-
sumed as this basically serves as a control method. On the account of observing 
the effects of temperature during the process of micro-pollutants on adsorption 
rate, experiment was performed so as to estimate the effects of temperature on 
adsorption. 

The removal of iopromide using biologically active granulated activated car-
bon (bGAC) apparently remains unchanged until the 9th day with operation 
performed at a temperature range of 6˚C - 20˚C, as shown in (Figure 2(a)). the 
difference that arises in the extent of removal at varying different temperature 
were observed after this period. Over 99% of iopromide was removed at 20˚C 
irrespective of the fresh feed concentration in the period of 54 days, such that 
the residual iopromide concentration was below 0.48 μM. However, a removal 
variation ranges between 50% and 92% were observed at 6˚C, and this depends 
upon the initial amount of the fresh feed iopromide (Figure 2(a)). Also, the 
removal of iopromide with both biologically active granulated activated carbon 
(bGAC) and autoclaved granulated activated carbon showed a correlating activ-
ity (Figure 2). 

Experimental observation and result with autoclaved GAC show that the ad-
sorption activity of iopromide has a positive and direct relationship with tem-
perature rise (Figure 2(b)). Generally, temperature varies directly with rate of  
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Figure 1. Schematic representation of experiments with used GAC. 
 

 
Figure 2. Iopromide concentration in time at 6˚C and 20˚C with bGAC (a) and autoclaved GAC (b). Differ-
ent symbols represent different replicates of the same treatment. Lines connect the mean value of replicates in 
each time point. 

 
diffusion and diffusion in the long run has a limiting effect on adsorption [14]. 
Although, this does not account for the increased iopromide adsorption at 20˚C, 
as at both temperature rate of adsorption virtually remains unchanged. These 
results and data obtained from experimental analysis gives evidence and shows 
adsorption iopromide is simply exothermic in nature and studies on the exo-
thermic adsorption of compounds like ibuprofen and rhodamine shows that 
these compounds adsorption is characterized by the production of adsorption 
sites at higher temperature, this analysis, thus shows biodegradation is very im-
portant removal mechanism with biologically active granulated activated carbon 
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(bGAC) and autoclaved granulated activated carbon (GAC). 
Over 50% removal of iopromide was observed biologically active granulated 

activated carbon (bGAC) filter treating secondary discharge or effluents from a 
waste water treatment plant (WWTP). This goes in accordance with the report 
in the literature review proposed by [15]. Stability was achieved in removal rate 
even after a prolonged operation (30,000 bed volumes was related to iopromide 
adsorption and biodegradation. An approximate amount of about 60% iopro-
mide removal of micro-pollutants from biologically active granulated activated 
carbon (bGAC) filter was reported according to [16]. Therefore, biodegradation 
serves as a very suitable micro-pollutants removal mechanism according to these 
authors hypothesis as looking into the ages of the biologically active granulated 
activated carbon (bGAC) 2 years and the quantity of organic matter around 2 
mg/L available in the influents. This study however helps to also account for 
evidence that iopromide can be degraded by biomass growing in biologically ac-
tive granulated activated carbon (bGAC) filter. 

Biodegradation of iopromide can give rise to refractory change over products 
and full mineralization has not yet been reported [17]. Experimental analysis 
with biologically active granulated activated carbon (bGAC) shows that peaks 
with identical exact mass (within 6 ppm) and isotope pattern in line with 3 io-
promide biodegradation products as given by [18]. This iopromide degradation 
product detected gives additional evidence and supports of suitability of iopro-
mide biodegradation. 

Metformin was biodegraded at 20˚C with biologically active granulated acti-
vated carbon (bGAC) in a way akin to iopromide as shown in the diagram. At 
the initial stage of the process, the removal of metformin was very high during 
the experiment at 6˚C than at 20˚C (34% and 22% average removal on day 9 at 
6˚C and 20˚C respectively), from this, deduction was drawn that metformin ad-
sorption, is an exothermic process. The lowest initial concentration of quality 
(26 μM) has a use up period of 9 days an intermediate use up period of 12 days 
and same for that of the highest, initial concentration with quality of 46 μM and 70 
μM respectively. Metformin biodegradation was discerned in 7 out of 9 bottles at 
the operating temperature of 20˚C also the removal if metformin was noticed to be 
greater than 99% as at day 33, this was the observation deduced after the initial 
phase analysis and this result were independent of initial concentration. More so, 
metformin biodegradation at 20˚C shows more evidence of proves based on its 
production of its first product of degradation guanylurea as shown in (Figure 
3(a)) During experimental analysis the concentration of guanylurea increases in 
all cases accompanied by biodegradation. Experiments with autoclaved granulated 
activated carbon(GAC) proved vital that the removal of micro-pollutant met-
formin is 26% at 6˚C and 17% at 20˚C and guanylurea is 89% at 6˚C and 81% at 
20˚C, hence showing that the removal of metformin and guanylurea at 6˚C were 
higher and to a greater extent than at 20˚C. Referencing the observation deduced 
during the first day of analysis with biologically active granulated activated car-
bon (bGAC) as shown in (Figure 3), it’s obvious and very imperative to  
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Figure 3. Metformin and guanylurea concentration in time at 20˚C (a) and 6˚C (b) in experiment with 
bGAC. Different symbols represent different replicates of the same treatment. Lines connect the mean value 
of replicates in each time point. 

 
conclude that metformin and guanylurea adsorption is exothermic. 

Also, further removal of guanylurea synthesized was aided by either biode-
gradation or adsorption. Although, the removed guanylurea between day 33 and 
day 54 cannot be clarified through adsorption alone (Figure 3(a)). Initially ad-
sorption rate was faster and it slows down with time, but experimental result 
obtained has an inverse trend with this as the initial removal rate of guanylurea 
is lower (between day 33 and day 44), however rises significantly between day 
44 and day 54, this trend is less regular with removal due to adsorption as 
compared to removal due to biodegradation [19]. Also, at the initial stage, the 
dead end metformin biodegradation product has been described as guanylurea 
[20]. Even though recent studies have accounted that the biodegradation of 
guanylurea by activated sludge or culture enriched from activated sludge [21] 
[22] [23], thus showing the consistency and correlation of our experimental ob-
servation with guanylurea biodegradation. 

The biodegradation of metformin and production guanylurea were not ob-
served in all duplicate experimental procedures, only 3 duplicate metformin 
biodegradation with initial concentration of 26 μM shows the production of 
guanylurea from metformin biodegradation considering (Figure 3(a)), however, 
only 2 of 3 duplicate with initial concentration of 46 μM and 1 of the 3 duplicate 
with initial concentration of 70 μM. Hence, duplicate with operating tempera-
ture of 20˚C where there was no biodegradation of metformin was extracted 
during the mathematical procedure for graphing figures. Variation was observed 
between duplicate on performing an independent experiment which goes in re-
lation with the conditions described in 2.2 and 2.3 above as during experiment 
there was metformin degradation in 2 out of 3 replicate (Figure 4). 
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Figure 4. Iopamidol concentration in time at 6˚C and 20˚C with bGAC (a) and autoclaved GAC (b). Dif-
ferent symbols represent different replicates of the same treatment. Lines connect the mean value of rep-
licates in each time point. 

 
Literature reported from [24] [25] [26] accounts for similar variation between 

duplicate for example, an experiment involving 3 duplicates metformin biode-
gradation of 99%, 29% and 9% respectively, in the sludge pre exposed for a pe-
riod of about 9 months to 1.5 mg/L metformin by activated sludge [27]. In this 
experiments duplicate bottles removed metformin to different degrees. (0% vs. 
30% and 50% vs. 100% in two independent experiments). Proposition from the 
authors showed that the huge variation in the micro-pollutants removal rate, 
resulted from the diversity of microbial community in the inoculum, hence only 
the availability of specific degrades in the inoculum can bring about biodegrada-
tion of metformin. The experiments we carried out for analysis used biologically 
active granulated activated carbon (bGAC) in the inoculum present, although 
collecting similar samples of this mixture (inoculum having biologically active 
granulated activated carbon bGAC added) is not always easy therefore, the he-
terogeneous form of this mixture is used and this can tend to make the dupli-
cates have different behaviors. 

It is evident that temperature has varying effects on the adsorption activity of 
micro-pollutants and according to our research, two basic scenarios can be dis-
tinguished. The adsorption activity that occurs by exothermic reaction shows 
that temperature rise has an inverse relationship with the adsorption rate of mi-
cro-pollutants, and those adsorption activities that involve endothermic reaction 
shows that the adsorption rate of micro-pollutants has a direct relationship with 
temperature rise. Therefore, it is observed that when adsorption rate is in-
versely related to temperature rise as in case of the exothermic process, there is 
a fall in biodegradation activity of micro-pollutant and when adsorption activ-
ity of micro-pollutants is directly related to temperature as in the case of 
endothermic reaction, does not really ascertain biodegradation rate is high 
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even though removal rate is high. This simply implies that for exothermic op-
erating condition where temperature is negatively related with adsorption but 
positively related with biodegradation, removal rate is also high and biodegrada-
tion of micro-pollutants is also high, however, for the endothermic case where 
temperature is positively related with both adsorption rate and biodegradation, 
the removal rate is usually high however, biodegradation may or may not be 
high, so at an operating temperature of 20˚C for exothermic condition, higher 
removal rate is a strong indication for micro-pollutants degradation as in the 
case of metformin and at 20˚C in the case of endothermic process, higher re-
moval rate does not ascertain higher micro-pollutants degradation. Therefore, at 
both temperature removals with both bGAC and autoclaved GAC combined 
give a trend indicating whether the compound is biodegraded or not as ex-
plained during iopromide degradation. 

Deduction from our experimental observation and results accounted for a di-
rect relationship between temperature and adsorption rate for iopromidol 
(Figure 4). As removal of iopamidol at 20˚C using bGAC was higher than with 
autoclaved GAC, although at 6˚C the removal rate and extent were even (Figure 
4). On concluding, the experiments it was observed that 70% of the iopamidol 
was removed with bGAC and 45% of iopamidol was removed with autoclaved 
GAC and this removal took place at 20˚C and this shows the biodegradation of 
iopamidol in autoclave GAC. Analysis with a peak of exact mass (within 6 ppm) 
and isotope pattern corresponding to biodegradation product of iopamidol as 
described by [28] was observed in experiment with bGAC cultivated at 20˚C, 
however, this is not so when cultivated at 6˚C, which in turn supports the prop-
osition of iopamidol biodegradation. In other words, at 20˚C, it was observed 
that the removal with bGAC of iopamidol is higher, this could be correlated with 
the biodegradation of metformin and iopamidol. The driving force for the de-
sorption of these compounds from bGAC comes from the biodegradation of 
dissolved fraction of metformin and iuopromide, releasing adsorption sites on 
the GAC surface, and hence contributing to the increased adsorption removal 
rate of iopamidol. 

Analysis on diclofenac shows a higher removal rate with bGAC than with au-
toclaved GAC at both temperature this is totally different from deduction ab-
stracted from iopamidol and iopromide. Hence to draw a conclusion on the 
biodegradation or adsorption of diclofenac onto bGAC seems difficult. Possible 
justification is that biodegradation of diclofenac occurred in bottles cultivated at 
both 6˚C and 20˚C with bGAC. Although at 6˚C, it is expected that the rate of 
biodegradation would not be significant enough to explain the observed remov-
al. More so, peaks corresponding to diclofenac change over product were not 
found in any of these samples from day 54 in either temperature. Therefore, cla-
rifying biodegradation as an additional removal mechanism for diclofenac with 
bGAC could not be achieved.  

Figure 5 shows the graph of Diclofenac concentration in time at 6˚C and 
20˚C with bGAC in (a) and autoclaved GAC in (b). 
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Figure 5. Diclofenac concentration in time at 6˚C and 20˚C with bGAC (a) and autoc-
laved GAC (b). Different symbols represent different replicates of the same treatment. 
Lines connect the mean value of replicates in each time point. 

3.2. The Effect Temperature on Adsorption of Non-Biodegraded  
Micro-Pollutants 

Chemical adsorption process has the advantage to remove non-biodegradable 
micro-pollutants from waste water. Drawback may set in, which is the conven-
tional adsorption process in the design process of the absorbents. 

Different types of adsorbent materials can only remove one particular group 
of pollutants. In most researches carbon adsorbents have been particularly suita-
ble for pharmaceutical pollutants removal. Furthermore macro-porous adsorp-
tion resin (MAR) was used in removing adsorbing soluble microbial products 
(SMP) over the years. 

Observation shows no possible trends indicating biodegradation of the micro 
pollutants with bGAC, so adsorption was the only removal mechanism applica-
ble both with bGAC as well as autoclaved GAC whose results were the basis to 
evaluate the effect of temperature on adsorption of these micro pollutants at dif-
ferent concentrations. 

At 6˚C for both bGAC and GAC melamine and metformin was removed to a 
larger extent than at 20˚C as presented in Figure 6 and Figure 7 respectively. 
The indication was that adsorption of melamine is exothermic. This can be ana-
lyzed on the increased coverage of the GAC surface at increasing micro-pollutant 
initial concentrations. [29] [30] showed that at higher GAC coverage, the tem-
perature dependence of adsorption is reduced, which is related to the site (pores) 
with varying adsorption affinities on the surface of activated carbon. From ob-
servation the sites with high affinity are the first to be occupied by the adsorbate 
and temperature will be higher in those sites, while low affinity sites are accom-
modated only at higher AC surface and site temperature dependence is negligi-
ble [31] At an intial concentration of 70 µM, melamin was captured to a larger 
extent at 6˚C than at 20˚C with autoclaved GAC only. At this junction is it im-
portant to note that autoclaving of the activated carbon might have affected the  
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Figure 6. Melamine removal with bGAC at 3 different initial concentrations - (a) 26 μM, (b) 46 μM, (c) 70 μM - and 
autoclaved GAC - (d) 70 μM - at 6˚C and 20˚C. Different symbols represent different replicates of the same treat-
ment. Lines connect the mean value of replicates in each time point. Y-axis scale runs from 50% - 100% for better 
visualization of the data. 

 

 
Figure 7. Metformin concentration in time at 6˚C and 20˚C with bGAC (a) and autoclaved GAC (b). 
Different symbols represent different replicates of the same treatment. Lines connect the mean value of 
replicates in each time point. 

 
biofilm or organic matter adsorbed previously unto activated carbon and reduc-
ing it coverage. 

There was no difference in benzotriazole removal within the temperatures 
observed (neither with bGAC nor with GAC autoclaved), indication shows that 
this compound was not bio-degraded and that temperature does not affect ad-
sorption to an extent. In these research benzotriazole, iopamidol and melamine 
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were not biodegraded with bGAC, even though their biodegradation has been 
reported in literatures [32] [33] [34] [35]. 

Moreover, we propose that experiments associated with micro-pollutants re-
moval using activated carbon at different temperatures can be used to checkmate 
the micro-pollutants biodegradability by bGAC. 

3.3. The Activity of Adsorption on Used and Fresh GAC 

The used and fresh GAC adsorption capacity was compared by comparing the 
micro-pollutants removal of fresh GAC with MP removal by bGAC (initial con-
centration 70 µM) on the 9th day. We make this comparison so as to get insight 
to the possible loss of adsorption capacity due to GAC utilized. More than 90% 
removal was achieved for 5 out of 7 compounds, despite their hydropholic cha-
racter of these micro-pollutants, as shown in their Log Dow (Table 1). 

The following are the list of micro-pollutant removal by used and fresh GAC 
at 6˚C and relative removal of used and fresh GAC and used/fresh GAC. Values 
correspond to mean of triplicates for used GAC and duplicates for fresh GAC; 
benzotriazole (fresh GAC 98%, used GAC 84%, used/fresh GAC 85%), diclofe-
nac (fresh GAC 96%, used GAC 75%, used/fresh GAC 78%), guanylurea (fresh 
GAC 54%, used GAC 79%, used/fresh GAC 150%), iopamidol ( used GAC 91%, 
fresh GAC 31%, used/fresh GAC 34%), iopromide ( fresh GAC 93%, used GAC 
35%, used/fresh GAC 38%), melamine (fresh GAC 94%, used GAC 63%, 
used/fresh GAC 67%) and metformin (fresh GAC 12%, used GAC 30%, 
used/fresh GAC 250%) 

4. Conclusions 

Analysis backed up with experimental evidence observed in this study, shows 
that the growth of biofilm in the granulated activated carbon (GAC) filter at a 
drinkable water treatment plant (DWTP) has a great tendency of biodegrading 
iopromide, metformin, and iopamidol. More so, results from this study show 
that temperature has a direct relationship to the adsorptive activity of iopromide, 
iopamidol, diclofenac. However, the relationship of temperature with adsorptive 
activity of guanylurea, melamine and metformin is positively correlated. Also,  
 
Table 1. Micro-pollutants, log Dow and molecular weight values. 

Micro-pollutant Log DOW at pH 7.01 Molecular weight (g/mol) 

Benzotriazole 1.33 120 

Diclofenac 1.39 to 3.2 298 

Guanylurea −2.08 104 

Iopamidol −2.6 779 

Iopromide −2.3 793 

Melamine −2.2 128 

Metformin −4.2 to −3.4 131 
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we were able to deduce that the adsorption potential of the granulated activated 
carbon used for more than 50,000 bed volumes can be basically compared to 
adsorption of the contribution of biodegradation as a process of removing mi-
cro-pollutants from the granulated activated carbon filter during drinking water 
production. Additionally, this research gives extended views related to bio rege-
neration of loaded granulated activated carbon (GAC). Finally, this research 
shows and explains that both adsorption and biodegradation take place concur-
rently enough to meet the needs of removing micro-pollutants from water, the-
reby, leading to an effective and fruitful bio regeneration of the granulated acti-
vated carbon (GAC) and hence help reduce thermal recreation and regeneration 
that is actively used for granulated activated carbon filters at drinking water 
treatment plants (DWTP) of fresh granulated activated carbon for diclofenac 
and benzotrriazole and although higher for guanylurea and metformin. 

Furthermore, the experimental method adopted in checking into the correla-
tion and differences in the adsorption and biodegradation technique of mi-
cro-pollutants removal by granulated activated carbon at different temperature 
proved very pivotal and in turn showed the great significance of using the ad-
sorption technique and biodegradation. The differences that arise between these 
methods of micro-pollutants removal, help to shed more light to the potential 
and activity of the growth of the biofilm in the granulated activated carbon filter 
to breakdown the micro-pollutants into simpler units and to clarify the contri-
bution of biodegradation as a removal process for micro-pollutants in these fil-
ters during drinking water production. 
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