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Abstract
This study aimed to assess the efficacy of an adsorption process in removing organic matter and micropollutant
residuals. After a full-scale water circulation system, the adsorption process was considered a post-treatment
step. The system, treating anthropogenically impacted surface waters, comprises a hydro-cyclone, coagulation,
flocculation, and dissolved air flotation unit. While the system generally maintained stable and satisfactory
effluent quality standards over months, it did not meet the highest standard for organic matter (as determined
by chemical oxygen demands). Adsorption experiments utilized two granular activated carbon types, GAC 830
and GCN 830, derived from coal and coconut-shell feedstocks, respectively. The assessment encompassed
organic materials along with two notable micropollutants: acetaminophen (APAP) and acid orange 7 (AO7).
Adsorption kinetics and isotherm experiments were conducted to determine adsorption rates and maximum
adsorption amounts. The quantitative findings derived from pseudo-second-order kinetics and Langmuir
isotherm models suggest the effectiveness of the adsorption process. The findings of this study propose the
potential of employing the adsorption process as a post-treatment to enhance the treatment of contaminants
that are not satisfactorily treated by conventional water circulation systems. This enhancement is crucial for
ensuring the sustainability of urban water cycles.
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Fig. 1. Schematic Description of the Wastewater Treatment Processes of the HCFD System

Table 1. Specifiction and Operational Function of Unit Processes of HCFD System

Unit Process Specification Operational Function

In-flow control for stable operation
of HCFD system

Separation of coarse matters with
high-specific gravity

Equalization Tank 1 m® of square tank

Hydrocyclone D60 mm x H508 mm

Addition of polymer for floc

Coagulation/Flocculation L1080 mm x W540 mm x H1000 mm . .
formation and stirring

High-speed flotation and separation
Dissolved Air Flotation L350 mm x W900 mm x H950 mm with bubble impregnation in
cohesive flocs
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Table 2. Influent and Effluent Water Quality Parameters, on Average, of HCFD

Water Quality Influent Influent Water Effluent Effluent Water = Removal Rate

Parameters (mg/L) Quality Grade (mg/L) Quality Grade (%)

BOD 11.91+18.51 Very poor 0.59+0.34 Very good 89.1+7.90

COoD 11.66+5.15 Very poor 3.33+1.36 Good 65.5+21.9

SS 29.3149.81 Slightly poor 5.93+6.51 Very good 78.9+£25.9

TP 0.30+0.41 Slightly poor 0.02+0.02 Very Good 82.7+14.3
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Fig. 2. Concentration Changes in the Influents and Effluents of HCFD: (A) BOD, (B) COD, (C) SS, and (D) TP
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Table 3. Water Quality Standards for Stream/river in Korea

Water Quality
BOD (mg/L) COD (mg/L) SS (mg/L) TP (mg/L)
Index Grade
Very Good Ia <1 <2 <25 <0.02
Good Ib <2 <4 <25 <0.04
Slightly Good II <3 <5 <25 <0.1
Normal I11 <5 <7 <25 <0.2
Slightly Poor 1\% <8 <9 <100 <0.3
Poor \' <10 <11 No floating objects* <0.5
Very Poor VI >10 >11 - >0.5

Note: *No trash floating on the river.
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Table 4. Summary of Adsorption Kinetics and Isotherm Model Parameters

Adsorbent
Viaekl T GCN GAC GCN GAC GCN
Adsorbate
Humic Acid AO7 AO7 APAP APAP
Kinetic Modeling
k,, (min™) 0.014 0.021 0.025 0.012 0.012
PFO q, (mg/g) 0.55 16.44 31.11 4.21 4.39
R’ 0.96 0.98 0.99 0.987 0.99
k,, (mg/g-min) 0.015 0.002 0.0007 0.008 0.002
PSO q, (mg/g) 0.65 25.71 34.97 5.26 4.88
R’ 0.99 0.99 0.99 0.99 0.99
Isotherm Modeling
k, (L/mg) 0.024 0.303 0.697 0.017 0.004
Langmuir ¢, (ME/8) 1.77 151.52 71.43 138.89 185.19
R’ 0.99 0.99 0.99 0.99 0.99
K, (mg/g-[L/mg]"™") 0.067 34.26 35.54 3.86 0.823
Freundlich 1/n 0.66 0.273 0.131 0.623 1.016
R’ 0.98 0.98 0.81 0.98 0.96
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