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Hospital wastewater contains a considerably higher concentration of drug residues (antibiotics, β-receptor

blockers, analgesics, etc.) than municipal wastewater. Each hospital wastewater treatment process has its own

merits, but combinatory processes frequently achieve higher levels of treatment effectiveness.

hospital wastewater  constructed wetlands  MBR  Fenton oxidation

1. Introduction

Hospitals offer patients medical exams, therapy, nursing, and consultations, while a hospital’s treatment

department, laboratories, wards, and living facilities for administrative employees all generate wastewater . Due

to its varied sources, hospital wastewater contains a high organic load, heavy metals, bacteria, and viruses .

During the era of epidemics, medical resources have been constrained, resulting in a substantial quantity of

hospital wastewater . Hence, the safe treatment of hospital wastewater is particularly important.

During the evolution of wastewater treatment technology, the activated sludge process was the first to emerge. It

was the treatment process most commonly employed in wastewater treatment plants (WWTPs) . The activated

sludge process (ASP) effectively removes the majority of macromolecular pollutants but is ineffective against

bacteria and viruses. Thus, membrane bioreactors (MBRs) were employed to aid sludge–water separation. An

MBR’s built-in filter membrane has a small pore size and can filter the majority of pollutants in hospital wastewater

. Advanced techniques, such as Fenton oxidation, electrocoagulation, and the electro-peroxone process, can be

used to successfully remove organic matter and drugs. However, such techniques are rarely employed in actual

engineering due to technical problems and expenses . Constructed wetlands (CWs) constitute a sustainable

treatment process with low cost, simple operation, and landscape value . In recent years, there have been a

number of reports regarding the treatment of hospital wastewater by CWs systems. A brief summary of the features

of hospital wastewater and its treatment processes is illustrated in Figure 1.
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Figure 1. A schematic summary of hospital wastewater and its treatment processes.

The information and summary of the traditional treatments, advanced technology, and CWs regarding hospital

wastewater from the literature are listed in Table 1. Each of the techniques is introduced from a technical

perspective as well as with respect to their pros and cons for the purpose of identifying the best solution for hospital

wastewater treatment.

Table 1. Traditional treatment, advanced technology, and application of CWs in hospital wastewater treatment.

Number Country Details Treatment Water Quality Indexes Reference

1 Spain

The pretreatment
employed is
coagulation, followed
by the activated sludge
process and UV/H O
disinfection
Volume: 1 L
HRT: 48 h
SRT: 20–22 d

ASP combined with
UV/H O

antibiotics and other
drugs

2 Iran An aeration tank
equipped with an
extended aeration
device and a
submerged biological
filter.

ASP combined with
Biological filter

COD, TSS, amoxicillin,
ceftriaxone

2 2
2 2
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Number Country Details Treatment Water Quality Indexes Reference
ASP
Type: plug flow
Size: L × W × H = 7 ×
6.5 × 4 m.
Biological filter:
Size: L × W × H = 22 ×
12 × 1.2 m
Substrate: slag
(specific surface area
2.49 m /g, porosity
36%,density 2.96
g/cm )

3 Vietnam

MBR:
Material: glass
Size: L × W × H = 0.28
× 0.08 × 0.6 m
Membrane modules:
hollow fiber
Pore size: 0.2 μm
Flux: 10/15/20 LMH
Ozone reactor:
Size: W × H = 8×42 cm
Working volume: 2 L
Contact time: 20 min
Supply rate: (20–40)
mgO /h
The device runs for: 20
d
HRT: 10/6.7/5 h; SRT:
20 d

MBR combined with
ozone oxidation

Norfloxacin,
ciprofloxacin, ofloxacin,
sulfamethoxazole,
erythromycin,
tetracycline, and
trimethoprim

4 Vietnam

Volume: 8 L
Size: L × W × H = 0.28
× 0.08 × 0.6 m
Membrane modules:
hollow fibers (surface
area 0.05 m )
Pore size: 0.4 μm
Flux: 20 LMH
HRT: 8 h; SRT: 20 d

MBR
COD; BOD;
ciprofloxacin

5 Spain

Fe  source: Fe(NO ) ,
c (Fe ) = 25 mg/L
Temperature: 70 °C
Initial c (H O ) = 2 g/L
Initial PH = 3

Fenton oxidation COD, TOC, drugs

6 Spain Temperature: 20 °C
Catalyst: c (Fe-BTC) =
0.6 g/L

Fenton oxidation
combined with

COD, TOC, drugs

2

3

3
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Number Country Details Treatment Water Quality Indexes Reference
Initial c (H O ) = 0.75
g/L
Initial PH = 3

photochemical
catalysis

7 China

The treatment plan: fine
grid-ultrafiltration-
catalytic wet oxidation
Catalyst: carbonized
red soil

Catalytic wet
oxidation

cephalexin, TOC

8 Spain
Temperature: 120–150
°C
c (catalyst) = 1 g/L

Catalytic wet
oxidation

COD, TOC, drugs

9 Colombia

Material: cylindrical,
plastic
Size: L × W × H = 20 ×
2.7 × 0.3 cm
Working volume: 1 L
Cathode and
aluminum: iron and
aluminum, respectively
connected to a DC
power supply.

Electrocoagulation
COD, BOD, phenols,
phosphates, TSS,
naproxen

10 China

Working volume: 120
mL
Anode and cathode:
IrO /RuO  grids
(effective size 2.5 × 2 ×
0.1 cm) and graphite
felt (effective size 2.5 ×
2 × 1.2 cm),
respectively, with a
spacing of 2 cm.

Electro-peroxone
TOC, COD, NH -N,
ciprofloxacin

11 China

Anode and cathode:
platinum plate (3 × 3
cm) and graphite felt
(effective area 42 cm )
Sacrificial anode: iron
electrode (2 × 14 cm)
connected to a DC
power supply.

Electro-peroxone
combined with

Sacrificial iron anode
TOC; ciprofloxacin

12 India Type: horizontal
subsurface flow
Material: galvanized
sheets
Size: L × W × H = 1.2 ×
0.6 × 0.6 m

CWs combined with
tubesettlers

paracetamol, ibuprofen,
carbamazepine,
lorazepam,
erythromycin,
ciprofloxacin, and
simvastatin

2 2
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2. Traditional Treatment

The ASP and MBRs have a long history of technological advancement . The two techniques have similar

mechanisms of biological treatment. After mixing activated sludge with wastewater, a large volume of bacteria can

biodegrade various pollutants via bio-respiration. This is followed by sludge–water separation to generate the

effluent . The ASP has played a key role in hospital wastewater treatment in the past, but its large volume of

excess sludge production during treatment and final disposal makes it tedious and costly with respect to

sustainable applications. Undoubtedly, MBRs enhance the separation of sludge and water. An MBR separates

sludge from water using a filter membrane. The treatment is effective, and the occupancy area is small. The

literature on traditional hospital wastewater treatment processes is presented in Table 1.

The combined process associated with the ASP can be used to eliminate pharmaceuticals and other contaminants,

and such combinations include ASP followed by the use of a biofilter  or dosing activated carbon . Mir-tutusaus

et al.  reported an average removal rate of 83% for 22 pharmaceuticals when the ASP was combined with H O .

In some studies, the removal rate of quinolones such as norfloxacin, ofloxacin, and ciprofloxacin by an MBR

exceeded 90% . An MBR’s filter membrane is often a microfiltration or ultrafiltration membrane. If the

MBR device does not effectively treat bacteria or viruses, the addition of a nanofiltration membrane (1–2 nm) or

reverse osmosis membrane (0.1–0.7 nm) is necessary. Most bacteria and viruses (including SARS-CoV-2) have a

diameter larger than these parameters, and thus the filtering ability is sufficient to eliminate these pathogenic

microorganisms .

As time passes, the filtration performance of the filter membrane will deteriorate, resulting in membrane fouling. At

this point, the cleaning or replacement of the membrane is required ; otherwise, filtration efficiency will be

reduced. Furthermore, models based on mathematics, artificial neural networks, random forests, and other

technologies can forecast membrane fouling. Emphasis should be placed on the implementation of these

technologies .

Number Country Details Treatment Water Quality Indexes Reference
Plant: Australis
phragmites
Flow rate: 20 Ld .
The outlet of CWs was
connected to a
tubesettler

13
Saudi
Arabia

Size: L × W × H = 1 ×
0.7 × 0.6 m
Substrate: gravel and
sand,
Plant: Phragmites
australis
CWs performance was
evaluated with respect
to pre-monsoon,
monsoon, and post-
monsoon seasons

CWs combined with
tubesettlers

paracetamol, ibuprofen,
carbamazepine,
lorazepam,
ciprofloxacin,
sulfamethoxazole,
and Fluvastatin.

14
Saudi
Arabia

Material: galvanized
sheets
Size: L × W × H = 1.5 ×
0.65 × 0.5 m
Substrate: sand
plant: Phragmites
Australis.

CWs combined with
tubesettlers

paracetamol,
ketoprofen,
carbamazepine,
lorazepam,
sulfamethoxazole,
ciprofloxacin, and
Fluvastatin

15 Thailand

Type: vertical flow
Size: L × W × H = 1.5 ×
0.6 × 0.6 m
Substrate: sand and
gravel
plant: Scirpus validus

CWs paracetamol

−1
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3. Advanced Technologies

The literature on the treatment of hospital wastewater by advanced technology is shown in Table 1. Fenton

oxidation, photocatalysis, electrocoagulation, and the electro-peroxone process are effective for the removal of

both organic matter and drugs from wastewater.

Fenton oxidation is the oxidation of contaminants by hydroxyl radicals (•OH) generated by Fenton reagents (Fe

and H O ), and the process is suited to the treatment of industrial wastewater and landfill leachate . According

to a scientific paper, •OH attacks the molecular structure of trace contaminants in three distinct ways: (1) H-

abstraction, (2) single-electron transfer, and (3) electrophilic addition (hydroxylation) . In recent years, Fenton

oxidation has been increasingly used, but its use had mainly been small scale . The electro-peroxone process

and Fenton oxidation both rely on the great oxidation ability of •OH to eliminate contaminants from wastewater. The

electro-peroxone process utilizes electricity as a catalyst to enhance ozone oxidation, resulting in a more effective

treatment than ozone and significantly reduced battery usage . In many cases, the highest contaminant-

treatment efficiency can be achieved by adjusting just a few parameters (ozone flow rate, initial solution pH,

applied current, etc.) . Catalytic wet oxidation is appropriate for treating wastewater with a high organic load

(approximately 10 to 100 g/L COD) . At 150 °C, Segura et al.  utilized catalytic wet oxidation to eliminate 98%

of COD and 90% of total pharmaceuticals from hospital wastewater.

In addition, the combination of multiple advanced technologies can improve treatment outcomes. Kashani et al. 

added an iron electrode (as a sacrificial electrode) to treat hospital wastewater based on an electro-peroxone

device and treated it under optimal conditions (initial PH = 3, ozone 33.1 mg/L, applied current 0.18 A) for 40 min.

Resultantly, ciprofloxacin was eliminated, while the TOC removal rate surpassed 70%. Indeed, multiple kinds of

electro-peroxone, electro-Fenton, ozone oxidation, and electrocoagulation processes coexist in this system, of

which each possesses a remarkably strong oxidizing capacity. In addition, this combination confers a disinfecting

action that can eliminate the majority of organic matter, pharmaceuticals, and pathogens in hospital wastewater 

. This is a promising technique for the treatment of hospital wastewater. Fenton oxidation requires H O  and

higher temperatures, whereas photocatalysis, electrocoagulation, and the electro-peroxone process require a great

amount of electrical energy . These advanced technologies can effectively treat hospital wastewater, but due to

the expenses and technical difficulties involved in their use, they have not become popular and have not been

implemented in large-scale operations. Furthermore, the combined process may have negative impacts that

reduce removal effectiveness . Segura et al.  enhanced Fenton oxidation at 70 °C to remove 70% and 50% of

COD and TOC in hospital wastewater, respectively. The removal rate of 78 kinds of drugs reached 99.8% in a

photocatalytic coupling Fenton oxidation technique, but it was discovered that photocatalysis could hinder Fenton

oxidation’s capacity to remove COD and TOC. The latter COD removal rate declined to 30% under the same

conditions, while the TOC removal rate was only 5%. Currently, the mechanism of action is still unclear.

4. Constructed Wetlands

4.1. Mechanism of Pollutant Removal by Components of CWs

2+

2 2
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A CW is a green, sustainable wastewater treatment technology with striking features such as ecologically

restorative functions, low operational costs, and low energy consumption, and it has been widely used globally for

various wastewater treatments, especially in recent years . In CWs, the substrate, plants, and microbial

community all collaborate to eliminate contaminants from wastewater. Figure 2 depicts the mechanism of

contaminant elimination by each component.

Figure 2. Mechanism of pollutant removal by components of CWs.

Substrates

For many years, gravel, sand, and soil have been common substrates for CWs . These substrates provide a

habitat for microbes. Through van der Waals interactions, surface complexation, hydrophobic partitioning,

electrostatic interactions, and ion exchange, the substrate adsorbs contaminants .

A CW’s substrate plays a key role with respect to pollutant removal, and thus seeking alternative/novel substrates

represents important CWs research and development. It is necessary to choose a substrate that exerts a strong

removal effect towards antibiotics, resistance genes, and other pollutants in order to treat hospital wastewater.

Zeolites have an exceptional capacity to eliminate antibiotics and resistance genes . Lightly expanded clay

aggregate (LECA) is a novel substrate that contains alkaline oxides and carbonates. It has good P removal activity,

conductivity, and high mechanical strength; can provide improved plant rooting and biofilm growth support ; and

through its use pharmaceutically active chemicals (carbamazepine, diclofenac, and ibuprofen) and nutrients are

efficiently removed from hospital effluent . A consensus has been reached regarding the characteristics of the

sustainable development of CW systems; one such characteristic is the availability of a broad selection of

substrates—based on the concept of waste utilization—with which to select some of the so-called waste materials.
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Alum sludge generated in water treatment plants will ultimately be landfilled or burned. However, alum sludge, as a

potential substrate of a CWs due to its outstanding absorption performance, is of tremendous importance from a

waste utilization perspective . In addition, the coupling of alum sludge-based CWs with the ASP offers a greater

capacity for P adsorption and can serve as a habitat for microbes, thereby increasing the biomass of the aeration

tank, microbial activity, ammonia nitrogen load, and hydraulic load . In addition to alum sludge, other waste such

as broken bricks and coal ash can also be utilized as a substrate, and these types of waste are more successful

with respect to eliminating antibiotics and P.

With regard to CWs, substrate clogging is a thorny problem. Biological and abiotic factors contribute to the clogging

of substrates. The excessive growth of biofilm and extracellular polymers on the substrate constitute the biological

reason, whereas the accumulation of organic matter and suspended matter constitute the abiotic cause . There

are several technical methods used to alleviate this condition. Aside from the replacement of the clogging

substrate, some technical measures, including the change of the operation mode, such as the anti-sized

arrangement of the substrate ; the use of composite CWs ; intermittent operation ; and tidal flow CWs 

, are usually employed. Additionally, the occurrence of substrate clogging can be predicted, for which a certain

mathematical model needs to be established .

Plants

Common reeds, Scirpus validus, rushes, cattails, etc., are the typical plant species present in CWs . These

plants consist of two parts: one is the stem and leaves above ground, which can be considered to be a landscape

contributor, and the other is the rhizosphere below ground, which offers a living environment for bacteria and can

eliminate antibiotics and pathogens . For example, Scirpus validus can eliminate paracetamol .

Dires et al.  compared the nitrogen and P removal capabilities of planted (sugar cane) and non-planted CWs

and discovered that planted wetlands had a greater capacity to eliminate nitrogen and P, which was probably due

to the stimulation of the plant rhizosphere to produce more microbes. Through phytoremediation , plants remove

contaminants such as antibiotics, heavy metals, and pathogens. This involves plant adsorbents, root exudation,

and microbial degradation. The influence of a plant adsorbent is negligible in comparison to that of root exudates

and microbial degradation . The roots accumulate the most pollutants among plant tissues , but the

pollutants may migrate upward; thus, the potential risk of plant harvesting (antibiotic enrichment) should be

seriously considered .

Microbes

Different plant rhizospheres have varying densities of microbes. Chen et al.  utilized denaturing gradient gel

electrophoresis to measure the microbial density in the rhizospheres of various plant species. The ranking of

microbe density is as follows: Canna indica, Cyperus flabelliformis, Hymenocallis littoralis, and Iris. Tectorum, in

descending order. Even in the rhizosphere of the same plant, the density of microbes may vary, which may be

correlated with the availability of nutrients, pH, temperature, and the humidity of the plant’s living environment .
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Microbes destroy pollutants via redox reactions, gene transfer, hydrolysis, etc. . Under aerobic and anaerobic

conditions, ammonification, nitrification, and denitrification bacteria can eliminate nitrogen from wastewater .

This alternative aerobic and anaerobic environment is afforded by CWs’ distinctive structure. Antibiotics can also be

degraded by microbes, such as ammonia-oxidizing microorganisms, which can eliminate antibiotics . Curvularia

can effectively eradicate erythromycin . Microbes in CW environments can “prey” on pathogens. Wand et al. 

created CWs by planting a mixture of rushes and reeds and employing coarse sand as a substrate. The primary

elimination process for E. coli is the ability of leelovibrio and protozoa to “prey” on the bacteria. In the investigation

conducted by Proakis et al. , a similar “prey” mechanism was also observed in rotifers. There are few reports on

the microbial degradation of pathogens in CWs, and thus further research is required.

The Interaction among Substrates, Plants, and Microbes

When treating wastewater, CWs rely on the synergy of the substrate, plants, and microbes, wherein the substrate

is the most important part, as it provides a habitat for bacteria and plants and plays a crucial role in the process of

eliminating pollutants.

By producing particular molecules that mediate the link between roots and microbes, plant roots “choose” the

microbial community that is beneficial to their survival , which affects the microbe density and diversity in the

roots . The term “choose” may refer to the habitat in which the plant thrives. If the plant does not acquire the

necessary microbial community, its growth will be stunted, and it may even die . Nitrogen-fixing bacteria, such as

Bacillus and Paenibacillus species, enable plants to uptake nitrogen . Certain root system bacteria affect the

uptake of orthophosphate by plants . Iron is a critical trace element for chlorophyll synthesis. Certain volatile

organic compounds (VOCs) generated by rhizobia “signal” to plants to increase iron absorption by acidifying plant

roots and boosting iron reductase activity . Nonetheless, plants may also pose a hazard to the survival of

microbes. For instance, the alkaloids released by Nuphar lutea inhibit the action of microbes, and even the

phenolic compounds generated by certain plants are toxic to microbes .
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