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Abstract
A wastewater treatment plant (WWTP) is a major gateway for the engineered nano—particles (ENPs) entering the water
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bodies. However existing studies have reported that many WWTPs exceed the No Observed Effective Concentration
(NOEC) for ENPs in the effluent and thus they need to be designed or operated to more effectively control ENPs,
Understanding and predicting ENPs behaviors in the unit and Wthe whole process of a WWTP should be the key
first step to develop strategies for controlling ENPs using a WWTP. This study aims to provide a modeling tool for
predicting behaviors and removal efficiencies of ENPs in a WWTP associated with process characteristics and major
operating conditions. In the developed model, four unit processes for water treatment (primary clarifier, bioreactor,
secondary clarifier, and tertiary treatment unit) were considered. Additionally the model simulates the sludge treatment
system as a single process that integrates multiple unit processes including thickeners, digesters, and dewatering units.
The simulated ENP was nano—sized TiO,, (nano—TiO,) assuming that its behavior in a WWTP is dominated by the
attachment with suspendid solids (SS), while dissolution and transformation are insignificant. The attachment mechanism
of nano-TiO; to SS was incorporated into the model equations using the apparent solid—liquid partition coefficient
(Kd) under the equilibrium assumption between solid and liquid phase, and a steady state condition of nano-TiO,
was assumed. Furthermore, an MS Excel-based user interface was developed to provide user—friendly environment
for the nano—TiO, removal efficiency calculations. Using the developed model, a preliminary simulation was conducted
to examine how the solid retention time (SRT), a major operating variable affects the removal efficiency of nano—TiO,

particles in a WWTP.
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Fig 1. Schematic diagram of a typical WWTP. Dashed line rectangles indicate the control volumes setup to develop water and mass

balance equations for individual unit processes
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Table 1. Unit processes notations, parameters, and variables used in the model

Abbreviation Description unit

S1 Primary Clarifier / Settling tank -

B Biological Treatment -
Notation of Unit Process S2 Secondary Clarifier / Settling tank or membrane -

S3 Tertiary treatment -

ST Sludge Treatment -

SRT Sludge retention time d

HRTy | Design hydraulic retention time h

Qras Returned sludge flow m’/d
Design Parameters Quwas Wasted sludge flow m’/d

Qs Returned flow m’/d

Vi Bioreactor volume m’

R Recycled sludge ratio -

X MLSS concentration in bioreactor mg/L

X, Effluent SS concentration mg/L

SS Concentration of suspended solids mg/L

n; Total nano-TiO, concentration ug/L
State Variables Ny nano—TiO; particle concentration in water phase ung/L

N nano—TiO; concentration in solid phase ug/l

Qs nano—TiO, concentration attached to solids ng/mg

So BODs concentration in the bioreactor inflow mg/L

S BODs concentration in the bioreactor outflow mg/L

o o Y Microbial yield g cell/g BODs

Microbial kinetic coefficients

kp Decay coefficient 1/d

w Water content of sludge -
Sludge characteristics ¥ Specific gravity of sludge -

fx Ratio of MLVSS and MLSS -

Ky Apparent solid-water partition coefficient of nano-TiO, L/mg
Performance parameters E Removal efficiency of suspended solids in a unit process %

e Removal efficiency of nano-TiO; in a unit process %
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Fig. 2. Simplified material flow diagram for a unit process removing nano—TiO; attached on SS
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Table 2. Ranges of K4 and SRT in the preliminary simulation
Symbol Unit Range
Kasi L/mg 0.010 ~ 0.131
Kgp L/mg 0.001 ~ 0.013
Kysr L/mg 0.001 ~ 0.013
SRT d 5~ 30
Table 3. Input variables in the preliminary simulation
Symbol Unit Value Symbol Unit Value
Qin m*/d 40000 fxv - 0.8
Qs m’/d 2500 Esi % 30
Qs’l mg/d 1000 E53 % 40
SSin mg/L 150 Eqr % 40
SSqa3 mg/L 40 Y sldi - 1.025
SSsr mg/L 200 Y a2 - 1.02
So mg/L 150 Y dis - 1.05
S mg/L 5 Wildl - 0.96
Nejin vg/L 20 Wild2 - 0.99
X mg/L 10 Wais - 0.75
HRTy h 8 Y g cell/g BODs 0.6
R - 0.3 kp 1/d 0.06

100
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Removal Efficiency (%)

0-— T T T T T T T T T T
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Fig. 3. Relationship between SRT and nano-TiO, Removal Efficiency
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Fig. 4. Nano—TiO; mass flow diagram in a WWTP at (a) SRT = 10 d, and (b) SRT =20 d
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