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Abstract: Constructed wetland systems (CWs) are the best natural base for wastewater treatment, having the advantage of treating 

domestic, agricultural, mining, and industrial waste water together with emerging organic contaminants (EOC). At present, there can 

be an increasing load on hospitals and constant challenges to supply vacations from pharmaceutical companies due to Corona 

pandemic waves. This leads to excessive EOCs such as pharmaceutical products (PhCsP), immunity booster products (IBP), the 

production of steroidal hormones (SH), and personal care products (PCP). The horizontal subsurface flow - constructed wetland 

(HSFCW) is used as a secondary treatment unit for wastewater. Pharmaceutical waste water by HFCW as average 98% of the removal 

efficiency reported by the researchers. In this paper, the treatment performance will be evaluated by biological oxygen demand (BOD), 

Chemical Oxygen Demand (COD), total solids (TS), Total Nitrogen (TN), total phosphorus (TP), pharma active compounds (PhACs), 

pathogens, etc. There are many treatment techniques, such as ultraviolet treatment (UVT), Ozone Treatment (OT), anaerobic digestion, 

trickling filter, biosolids, activated sludge method, conventional activated sludge (CAS), and membrane bioreactors (MBR) are available 

for wastewater treatment. Due to direct disposal in the environment, it is very important to shorten the various techniques for the 

treatment of WW.  
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1. Introduction 
 

According to published data, developing and non - 

developed countries generate 200–400 L of HWW per bed 

per day [1, 2, 3, 4, 5]. Germany 2258, Portugal 892, USA 

968, Brazil 687, Spain 572, and India 156 - 480 L/patient / 

day generated [6]. The amount of waste generated depends 

on the number of beds occupied by the hospital at the time. 

Due to the large amount of wastewater generated from 

hospitals and pharmaceutical companies, its treatment is a 

challenge for environmental engineers [7]. These challenges 

also increased when HWW and PWW were observed in 

groundwater [8]. The amount of hospital wastewater 

contains much more types of pollutants, including phenolic 

compounds (floor cleaner), liquid medical waste, kitchen oil, 

laundry, in - house wastewater, and health care technical 

facilities [11]. In most countries, hospitals and 

pharmaceutical companies leave wastewater in surface water 

bodies such as ponds, rivers, lakes, and streams, with or 

without primary treatment [11–12]. CWs are low - cost, 

nature - based treatment systems.  

 

Types of Pollutent in Pharmaceutical/ Hospital Waste 

water 

The pharmaceutical micropollutants include atenolol, 

bezafibrate, carbamazepine, clarythromycin, ciprofloxacin, 

cyclophosphamide, diclofenac, erythromycin, ketoprofen, 

lidocaine, metoprolol, propranolol, n - acetyl 

sulfamethoxazole, and sulfamethoxazole. Corrosion 

inhibitor pesticides and herbicide micropollutants are 

benzotriazole, carbendazim, deet, diuron, isoproturon, 

terbutryn, mecoprop, tris (2 - chloroisopropyl) phosphate, 

tolyltriazole, and glyphosate AMPA 

(aminomethylphosphonic acid) [9]. Researchers reported 

that durges metabolites in effluents in WWTP. Caffeine, 

Clofibric acid, Cotinine, Cyclophosphamide, Diclofenac, 

Fenoprofen, Fluoxetine, Gemfibrozil, Ibuprofen, 

Indomethacin, Ketoprofen, Naproxen, Norfluoxetine, and 

Trimethoprim are the pharmaceutical compounds found in 

WW effluents [10].  

 

Types of Constructed Wetland 

There are two types of wetlands: natural wetland and 

constructed wetland (CW). The CW was further classified 

into 3 categories: 1. wetland constructed with vertical flow 

2. Subsurface flow - constructed wetland 3. Hybrid - flow - 

constructed wetland. The main part of wetland is the 

substratum and vegetation’s [5–13].  

 

Plants Used in Horizontal Flow Constructed Wetland 

The selection of plants in HFCW depends on local 

conditions, that is, climate, temperature, local availability of 

plants, and types of pollutants [15]. Scirpus, Typha, Carex, 

Swamp Foxtail Grass P. australis, T. latifolia, P. hydropiper, 

A. sessilis, C. esculenta, and P. stratoites, common rush, 

common reed, club - rush, cattail, common water plantain, 

Reed canary grass, Meadowsweet, Yellow Flag, Compact 

Rush, and Canna indica are used for wastewater treatment in 

CWs at the base of the soil [16]. Typha angustifolia, 

Phragmites australis, Hydrocottle spp., Typha latifolia, 

Juncus effuses, Ryegrass, Dryan, Waseyutaka, Salix 

atrocinerea, Lolium, Juncus effuses, and Paspalum spp. are 

some plants used for pharmaceutical and hospital 

wastewater treatment in HFCW [17].  

 

Machanisum of Constructed Wet Land 

CWs remove organic impurities, solids, phosphorus 

compounds, nitrogen compounds, pathogens, and heavy 

metals (EPA) as a result of various processes. For instance, 

sedimentation, filtration, and absorption all remove different 
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types of solids. An organic impurity (BOD, COD) removes 

microbial, aerobic, and anaerobic action. According to the 

EPA, nitrogen available in the form of organic nitrogen, 

ammonia (NH3) or ammonium (NH4
+
), nitrate (NO3

 -)
 and 

nitrite (NO2
 -)

 are available in sludge and wastewater. 

Vitalization, plant uptake, adsorption, ammonification, 

nitrification, or denitrification are some of the processes that 

remove nitrogen from the environment (USEPA). In the 

literature, mechanisms of relation between plant tissue and 

subsurface materials are available. Phosphorus is available 

in the form of orthophosphate, polyphosphate, and organic 

phosphate in wastewater and sludge, which is removed by 

plant uptake, adsorption, precipitation, and complexation 

[14]. The removal of heavy metals or trace elements by CWs 

occurs through the action of plant uptake, oxidation, 

sedimentation, adsorption, filtration, cation exchange, and 

complexation [15]. Pathogen removal occurs through 

sedimentation, natural die - off, UV degradation, and 

adsorption. The working nature of plants includes 

phytostabilization (reduction of heavy metals in the soil) in 

the root, phytodegradation (breakdown of contaminants by 

effective enzymes) in the trunk, phytoaccumulation or 

phytoextration (plants and algae remove high - density 

heavy metals from soil, sediments, and wastewater), and 

phytovolatiozation (release of contaminants in the 

atmosphere) [18].  

 

Pharmaceutical and Hospital wastewater treatment by 

subsurface constructed wetland 

The constructed wetlands are becoming increasingly popular 

for wastewater treatment. Although a constructed wetland 

requires a large land area, its operation is very cheap. The 

various features of CWs are shown in table 1. All the 

contents in Table 1 are for treatment of pharmaceutical and 

hospital wastewater. This detail is based in full scale or pilot 

scale treatment unit. Primary treatment is necessary for the 

treatment of HWW/ PWW.  

 

Table 1: Performance evaluation of SFCW for various parameters 

Country Flow HRT Media Plants 
Removal % 

Reference 
BOD COD TN TP 

India 10 m3/d 7 dats Sand and gravel Phragmites australis 96 94  79 [19] 

Southern Ethiopia 237.6 liters/day 4 days Broken Brick Papyrus 80 76 95 84 [20] 

Southern Ethiopia 237.6 liters/day 4 days Broken Brick Typha 95 61 95 87 [20] 

Southern Ethiopia 237.6 liters/day 4 days Broken Brick No Plants 83 76.2 67 50 [20] 

Southern Ethiopia 237.6 liters/day 4 days Gravel Sugar cane 96 67 - - [20] 

Southern Ethiopia 237.6 liters/day 4 days Gravel Typha 96 61 75 55 [20] 

Southern Ethiopia 237.6 liters/day 4 days Gravel Papyrus 93 68 69 52 [20] 

Southern Ethiopia 237.6 liters/day 4 days Gravel Bulrush 93 70 70 50 [20] 

Southern Ethiopia 237.6 liters/day 4 days Gravel No Plants 87 76.2 47 30 [20] 

Nepal 20liters/day 1 day Gravel and Sand Phragmites karka 98 95 89 69 [21] 

Iran 220 liters/day 4 days Sand Gravel and Clay Vativer 88 91 88 99 [22] 

Iran 220 liters/day 4 days Sand Gravel and Clay Reed 82 81 75 99 [22] 

(Reference 20 has been considered for dry season)  

 

Table 1 shows by what percentage a lot of wastewater pollution can be reduced by wetland.  

 

Table 2: Range of parameters 
S. No. Parameters Unit HWW MWW Reference 

1 BOD 5 mg/L 200 - 300 150 - 400 

 

 

[24] 

2 COD mg/L 120 - 500 50 - 170 

3 TSS mg/L 150 - 160 50 - 60 

4 TN mg/L 5 - 80 20 - 70 

5 TP mg/L 0.2 - 13 4 - 10 

6 Chlorides mg/L 65 - 360 30 - 90 

7 E. Coli MPN/100 ml 103 - 106 106 – 107 

8 Fecal Coliform MPN/100 ml 103 - 107 106 - 108 

9 Total Coliform MPN/ 100 ml 105 - 108 107 - 108 

 

The average 90% removal of TSS, BOD and COD is 

possible for HWW [20 - 29]. The pharmaceutical compound 

in wastewater can be effectively removed by CW under the 

redox condition of anaerobic and aerobic soil [23]. Soil - 

based CWs are more effective to remove the pollutants [25 - 

30].  

 

2. Conclusion 
 

All living things, including animals, plants, and people, are 

seriously threatened by the presence of pharmaceutical and 

hospital wastewater in the environment. The majority of 

current research focuses on the overall elimination of 

pharmaceutical and hospital wastewater utilising 

Constructed wetlands. Additional studies are required to 

determine the effectiveness of various bacteria with regard 

to climate and temperature, to incorporate anaerobic setup to 

complete the denitrification - nitrification process, and to 

examine the impact of pharmaceuticals from hospitals on 

treatment through CWs effectiveness.  
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