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Abstract: Emerging contaminants are micropollutants found in wastewater, such as antibiotics widely applied to prevent 
or treat human and animal diseases, and steroid hormones used for animal fattening. Anaerobic processes are widely 
applied in the treatment of swine, cattle and poultry wastewater, but their performance can be diminished by the 
inhibition effect of antibiotics. Emerging contaminants cannot be entirely removed by conventional wastewater 
treatment. They accumulate in sludge and manure applied as fertilizers on the agricultural soil, resulting in localized 
contamination of surface and ground waters. Released in the environment, the emerging contaminants have eco-
toxicological effects in aquatic and terrestrial organisms and human health: feminization of aquatic organisms, bacterial 
resistance, endocrine disruption, neurotoxicity and cancer. Emerging contaminants endanger the reuse of treated 
wastewater for irrigation of vegetable and energy crops, a regular practice among farmers trying to overcome water 
scarcity in arid and semiarid areas. The uptake and bioaccumulation of emerging contaminants in plants and fodders 
and their subsequent entry in the human food chain have been gaining attention over the last decade. This paper provides 
a review on the existence and the removal of antibiotics and steroid hormones in wastewater via different treatment 
technologies. 
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INTRODUCTION 
In arid and semiarid areas, the reuse of wastewater for 
irrigation is regularly applied by farmers. 
Micropollutants in municipal wastewater, such as 
pharmaceutics, personal care products, pesticides, 
insecticides, surfactants, detergents, dyes, polymers, 
plastics, phthalates, flame retardants, industrial 
additives, and the micropollutants in livestock 
wastewater, such as antibiotics applied to prevent or 
treat animal diseases and steroid hormones used for 
farmed animal fattening, are known as emerging 
contaminants (ECs). Since they cannot be entirely 
removed by conventional wastewater treatment, the 
ECs are released into the receiving environments 
including rivers, fishponds, and crop fields. 
Most commonly found molecules of human drugs in 
treated effluents and the environment include 
antibiotics, analgesics, contraceptives, anti-cancer 
agents, beta-blockers, lipid regulator agents, anti-
inflammatory drugs, anticonvulsants, contrast agents, 
hormones and even disinfectants (Deblonde et al., 
2011). Chemical, natural, or synthetic antibiotics are 
widely administered drugs in human and veterinary 
medicine and in aquaculture to block the 
multiplication of pathogenic microorganisms or to 
treat diseases caused by bacteria (Marcelino et al., 
2017). More than 150 antibiotics are currently in use, 
of which over 90% are natural products of bacteria, 
fungi and semisynthetic modifications of natural 
compounds, and only a few are entirely synthetic (von 
Nussbaum et al., 2006). The increasing use of 
antibiotics and the subsequent development of multi-
resistant bacteria pose severe risks to human and 
animal health (Grenni et al., 2018) and the 
environment (Pan and Chu, 2017).  

The problem of ECs is the lack of knowledge of their 
impact in the long-term effect on human health and 
the environment. Antibiotic residues have been 
frequently identified in rivers, sediments and soils 
(Michael et al., 2013). Often, antibiotics 
manufacturers discharge illegally the wastewater in 
their neighboring environment, causing further 
contamination to groundwater, waterways, soil and 
local communities (Pan and Chu, 2017). A 
preliminary risk assessment database for common 
pharmaceuticals and their risk to the environment has 
been developed (Cooper et al., 2008). When these 
undesirable compounds end up in the environment, 
they pose risks to all living organisms: antibiotic-
resistant bacteria, antibiotic-resistant genes, 
neurotoxicity, endocrine disruption, cancer, allergic 
reactions (Martinez et al., 2014) and feminization of 
aquatic organisms such as fish, alligators and frogs 
(Orlando and Ellestad, 2014). Endocrine-disrupting 
products (steroid hormones, antibiotics and other 
pharmaceuticals) interfere with normal functioning 
of hormone systems in wildlife and influence plant 
development (Habteselassie et al., 2013). 
Antibiotics cannot be fully metabolized by humans 
and animals. During their transfer from ingestion by 
the animal to the environment and then in wastewater 
treatment processes, antibiotic molecules could 
undergo transition and degradation. Thus, various 
unknown metabolites could be produced through 
different physicochemical processes, i.e. oxidation, 
hydrolysis, photodegradation and reduction 
reactions, which might produce compounds with 
higher toxicity than those of the antibiotics (Cheng et 
al., 2018). Eighteen antibiotics have been detected in 
soil, and seventeen in animal manure and biosolids, 
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the most abundant of which was tetracyclines, with 
2.68 μg/g in soil and 184 μg/g in manure, as well as 
ciprofloxacin with 3.26 μg/g in biosolids (Pan and 
Chu, 2017). Sabourin et al. (2012) have studied the 
uptake of antibiotics by different crops (potato, carrot, 
tomato and sweet corn) from field soils previously 
treated with municipal biosolids and reported 
sulfonamides, trimethoprim and quinolones with 
concentrations ranging from 0.02 to 14 ng/g (dw) in 
the edible parts of the crops. The residual antibiotics 
may be taken up by crops which can be used for 
animal or human consumption (Dolliver et al., 2007). 
Once transmitted in the water environment, the 
residual antibiotics are toxic to algal and 
cyanobacterial populations that have crucial roles in 
the health of aquatic ecosystems (Gonzalez-Pleiter et 
al., 2013). Long-term exposure to residual antibiotics 
generates antibiotic resistant bacteria and antibiotic 
resistant genes, and this is recognized as one of the 
most serious overall public health issues (Davies and 
Davies, 2010). The prevalence of resistance to old 
antibiotics (aminopenicillins, tetracyclines, 
sulfonamides, or erythromycin) can reach more that 
50% of some bacterial populations discharged in the 
final effluents of WWTPs with conventional treatment 
(Rizzo et al., 2013). Antibiotics and antibiotic resistant 
genes are emerging environmental contaminants 
(Pruden et al., 2006) and they have been detected in 
soils at depth of 20–30 cm (He et. al., 2019) or 40–60 
cm (Tang et al., 2015), showing the transfer of 
antibiotics and migration of resistance determinants 
to deeper layers of soil by long-term application of 
animal manure and biosolids. Antibiotic resistance 
gene levels in the soil increase after irrigation with 
wastewater (Dungan et al., 2018). Antibiotic resistant 
bacteria are considered to be ECs (Pruden et. al., 
2006) and they can make their way from the farm 
environment to humans through occupational 
exposures on farms and at meat processing facilities, 
as well as by food borne exposures among consumers, 
use of animal manures as crop fertilizers, and 
contamination of surface water and groundwater at 
animal production facilities (Koch et al., 2017).  
In recent years, biocides have also been seen as ECs, 
due to their widespread use in household products. 
Biocides have adverse effects on aquatic organisms, 
such as toxicity to algae, weak estrogenic activity, and 
potential role as endocrine disruptors due to 
aromatase inhibition (Oliveira et al., 2017). Exposure 
of aquatic organisms to ECs may cause sexual 
disruption, such as feminization, intersex, altered 
oogenesis (Kidd et al., 2007) and could interfere with 
their growth, aging, survival and reproduction at 
ng/L levels in aquatic environments (Biswas et al., 
2017). Wastewater treatment plants (WWTPs) are the 
most important source of ECs in the water 
environment (Sim et al., 2011). Due to their high 

solubility, low volatility and low degradability, the ECs 
can survive wastewater treatment processes in 
WWTPs and be sorbed by biosolids, which are 
subsequently applied to agricultural lands as 
fertilizer.  
HUMAN ANTIBIOTICS 
In developed countries, the annual consumption of 
pharmaceuticals per capita is of 50–150 g (Zhang et. 
al., 2008). Human antibiotics are only metabolized 
partially and after use, their metabolites are excreted 
into the sewerage network with 30–90% of the parent 
compounds in feces and urine, and finally end up in 
the receiving environment (Zhou et al., 2013), not 
only in wastewater treatment plants (WWTP) but also 
in surface waters (Hussain et al., 2012), groundwater 
and soil. In addition, a significant percent is given by 
expired and unused medicines, inadequately disposed 
through sinks and drains (Kümmerer, 2009). 
Antibiotics reach water and soil (Figure 1) by 
discharge of municipal sewage, animal husbandry, 
manufacturing industry, landfill leachates of 
antibiotic disposal, runoff from agricultural field 
containing livestock manure, aquaculture ponds (Ben 
et. al., 2019), hospital and pharmaceutical 
wastewater (Gadipelly et al., 2014), irrigation with 
treated wastewater in arid and semi-arid regions, 
application of biosolids - manure and sludge - to 
fertilize the soil (Pan and Chu, 2017; Grenni et al., 
2018). 
 

 
Figure 1 - Human exposure to antibiotic resistance due to 

antibiotic residues in environment (Ben et al., 2019) 
 

When wastewater, animal manure or biosolids are 
used in the soil-plant system, the antibiotics might 
accumulate in irrigated soil, then can be taken up by 
crops and accumulate in different plant tissues. The 
uptake and bioaccumulation of pharmaceuticals 
active compounds in the edible parts of food crops and 
fodders and their subsequent entry into the human 
food chain have been gaining prominence over the 
last decade (Christou et al., 2017). 
VETERINARY ANTIBIOTICS 
Veterinary antibiotics are extensively used in 
prevention and treatment of animal diseases, but they 
are also administered on a large-scale basis, often in 
feed and water, to enhance productivity, which far 
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outweighs their use as animal therapeutics at present 
(Gelband et al., 2015). Common antibiotics used as 
growth promoters in animal breeding are ampicillin, 
tetracycline, sulfonamide, chlortetracycline and 
colistin (Tao et al., 2014). Other widely used 
veterinary antibiotics belong to the following four 
classes: oxytetracycline (OTC), sul-famethoxazole 
(SMX), tylosin (TYL), and monensin (MON) (Tasho 
and Cho, 2016; Pan and Chu, 2017). Globally, the 
annual usage of antibiotics has been estimated in the 
range of 100000 and 200000 tons (Kümmerer, 
2003). China, the biggest swine (Liu et al., 2012) and 
poultry (Wei et al., 2011) breeding country in the 
world, is also the largest producer and consumer of 
veterinary antibiotics in the world, with annual usage 
of over 25000 tons in 2007 (Xu et al., 2007) and 
84000 tons in 2015 (Zhang et al., 2015). In United 
States, about 11200 tons of antibiotics are used for 
non-therapeutic purposes, mostly to promote the 
growth of poultry, swine and cattle (Kümmerer, 
2009). According to the European Center for Disease 
Prevention and Control (ECDPC), in 2014, the 
consumption of veterinary antibiotics in Spain, Italy, 
and Germany was of 2964, 1432, respectively 1306 
tons; the lowest consumption and the lowest 
consumption were recorded in Luxembourg (2.1 
tons) and Iceland (0.6 tons) (Pan and Chu, 2017). In 
2030, China would still be the largest consumer of 
antibiotics in food-producing animals, followed by 
the USA, Brazil, India and Mexico (van Boeckel et al., 
2015).  
Given their over-dosage and low assimilation, 70–
90% of veterinary antibiotics are excreted into the 
environment with animal wastes (urine and manure) 
and thus threaten the health of humans and other 
organisms by inducing the prevalence of antibiotics 
resistant bacteria and genes (Cheng et al., 2018). It 
was estimated that the antibiotics residue excreted 
from a swine was about 18.2 mg/day (Zhou et al., 
2013). Moreover, antibiotics do not emerge in swine 
wastes individually, but with many other types of 
antibiotics or toxic pollutants, for example with 
hormones or heavy metals (Zhang et al., 2017). 
Due to the effectiveness, broad-spectrum and 
favorable price, sulfonamides, tetracyclines, 
fluoroquinolones, macrolides (Chen et al., 2012) and 
other antibiotics (bacitracin, lincomycin, ormetoprim 
and trimethoprim) were extensively used in swine 
industry (Zhang et al., 2015). These antibiotics have 
different operation modes on microorganisms, such as 
interfering with the functions of cell membranes, 
blocking protein synthesis and preventing nucleic 
acid synthesis (Cheng et al., 2018). The maximum 
concentrations of sulfonamides, tetracyclines, 
fluoroquinolones and macrolides have ranged from 
23.8 µg/L to 685 µg/L, with some varying from trace 
amounts to those as high as the ppm levels in manure 

slurry (Chen et. al., 2012). In liquid swine manure, 
concentrations of tetracycline from 14 to 41 mg/kg, 
chlortetracyclinefrom 0.9 to 1.0 mg/kg, and 
sulfamethazine at 7.2 mg/kg were reported 
(Hamscher et al., 2005). Tetracyclines from 0.05 to 
15.7 µg/g and sulfonamides from 0.015 to 2.1 µg/g 
were discovered (Jacobsen and Halling-Sorensen, 
2006). Oxytetracycline, erythromycin, florfenicol, 
sarafloxacin, premix, sulphonamides are commonly 
used antibiotics in aquaculture (Kumar and Pal, 
2018). 
The possible remanence of veterinary antibiotics in 
the environment is influenced by animal excreta, soil 
type, pH, temperature and UV light. Some antibiotics, 
for example fluoroquinolones and sulphonamides, 
are very strongly adsorbed by animal faeces and 
manure, and they remain unaltered even with 
increased aeration and temperature in the manure, 
thereby spreading into the environment in their 
original active form (Tasho and Cho, 2016). To 
reduce the environmental and health risk of 
antibiotics, their use as animal growth promoters has 
been forbidden in the E.U countries (Alban et al., 
2008) and in the United States (FDA, 2003). Current 
legislation at European level does not contain an 
antibiotic concentration requirement for discharge 
from WWTPs to receiving water (Carvalho and 
Santos, 2016). However, the E.U Water Framework 
Directive 2015/495 requires those responsible for 
wastewater treatment to monitor the presence of 
emerging pollutants with the future aim of improving 
the quality of the effluent released to surface waters 
(Acheampong et al., 2019).  
STEROID HORMONES  
Steroid hormones can interfere with the endocrine 
function in organisms at low concentrations (Wu et 
al., 2017). Natural steroids are mainly originated 
from the feces and urine of human, livestock and 
aquaculture (Liu et al., 2009). Some natural and 
synthetic steroids have been used in human daily life 
for contraception and therapy, and in livestock 
production to prevent and treat diseases, to promote 
growth and to improve productivity (Liu et. al., 2012) 
and animal breeding control (Liu et al., 2015). 
Natural and synthetic steroid hormones, which are 
proved to induce biological effects on some organisms 
at part per trillion concentrations (ng/L), are poorly 
eliminated by conventional wastewater treatment 
processes (Fatta-Kassinos et al., 2011). Steroids are 
estrogens, androgens, glucocorticoids and 
progestagens. Estrogens, a group of endocrine 
disrupting compounds (Amin et. al., 2018), are 
natural (estrone, 17β-estradiol and estriol) when are 
produced in humans and animals, and synthetic 
(17α-ethynil estradiol) used as birth-control drugs 
(Zheng et al., 2008). Women daily excrete 10–100 µg 
of estrogen, and excretion increases up to 30 mg 
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during pregnancy. The average human excretion of 
estrone and 17b-estradiol was 10.5 µg/day and 6.6 
µg/day (Tiwari et al., 2017). In influents, the 
concentrations of estrone, 17β-estradiol and 17α-
ethynil estradiol were measured in ranges from 2.4–
116, 4–150 and n.d-14.4 ng/L (Amin et al., 2018). In 
effluents, the concentrations of estrone, 17β-estradiol 
and 17α-ethynil estradiol were measured in ranges 
from n.d-96, n.d-30, and n.d-5 (Combalbert and 
Hernandez-Raquet, 2010). It was found that 10–100 
ng/L concentrations of natural estrogens have an 
effect on the levels of the estrogenic exposure 
biomarker, vitellogenin, in fish (Cai et. al., 2013).  
Dairy cows are the largest contributor of excreted 
estrogens in comparison to pig, sheep and chickens 
(Cai et al., 2013). Sewage and livestock wastewater 
are major pathways of estrogens in aquatic 
environment (Zheng et. al., 2008). Progestagens are 
growth promoters that improve the efficacy of feed 
conversion in animals through increasing bone 
density and muscular mass (Yang et al., 2009). The 
E.U, Netherlands and China have prohibited the 
administration of steroid hormones for farmed animal 
fattening due to adverse human health effects of 
hormone residues in animal meats (Liu et al., 2015). 
REMOVAL OF EMERGING CONTAMINANTS FROM 
THE WASTEWATER 
Different types of treatments are currently being 
tested to effectively remove the ECs from wastewater, 
with the lowest possible economic cost, before being 
discharged into the ecosystems. Tertiary treatment 
technologies (ozonation, chlorination, ultraviolet, 
membrane technologies, sand filters) are the most 
promising options for reducing ECs. 
The conventional activated sludge (AS) and anaerobic 
digestion (AD) processes are ineffective for antibiotics 
and hormones removal, and they can still pose risks to 
the surrounding environment (Figure 2). 
Nevertheless, AD systems can degrade the antibiotics 
in swine wastewater to various degrees, depending on 
the initial concentrations and classes of antibiotics, 
type of bioreactor and operating conditions. More 
attention should be given to the toxic effect of 
antibiotics on micro-organisms involved in anaerobic 
processes of wastewater treatment. The presence of 
antibiotics in anaerobic processes changes the 
microbial structure by altering microorganisms to less 
sensitive ones to specific antibiotics or by promoting 
strains with antibiotic resistant genes (Angenent et al., 
2008). In biological treatment, biosorption and 
biodegradation are two major mechanisms for 
antibiotics and hormones removal (Cheng et al., 
2018). Biosorption and biodegradation followed by 
the removal of excess sludge can be considered for the 
removal of the estrogens in WWTPs (Luo et al., 2010), 
with reported removal rates between 19-98% for 

estrone, 62-98% for 17β-estradiol and 76-90% for 
17α-ethynil estradiol (Mohagheghian et al., 2014). 
 

 
Figure 2 - Removal possibilities of antibiotics and 

hormones from swine wastewater (Cheng et al., 2018) 
 

Membrane bioreactors (MBRs), constructed wetlands 
(CWs), stabilization ponds and modified processes 
perform better due to higher biodegradation of 
toxicants (Cheng et al., 2018). Microalgal-bacterial 
processes developed in photobioreactors have 
recently been recognized as environmentally friendly 
and cost-effective alternative for ECs removal from 
wastewater, especially at: high sludge retention time 
(4–20 days), enhanced penetration of UV light as a 
result of their high surface area to volume ratios, high 
daily variations of pH (between 7–11), 2–25 mg O2/L 
dissolved oxygen concentration (Norvill et al., 2017). 
Ibuprofen, naproxen, salicylic acid, triclosan and 
propylparaben were removed by photodegradation in 
novel algal-bacterial photobioreactors (Lopez-Serna 
et al., 2019). 
Lagoons as secondary or tertiary treatment have 
proved to be viable solutions for estrogens removal 
from livestock wastewater. Large-scale CW systems 
can effectively remove antibiotics, antibiotic resistant 
genes, non-steroidal anti-inflammatory drugs, 
analgesics, stimulants, psychoactive drugs, highly 
chlorinated compounds (Zhang et al., 2012). The 
presence of plants in CW improves the removal 
capacity for pollutants by direct absorption, by 
providing retention sites and by increasing microbial 
activities (Carvalho et al., 2014). Vertical subsurface 
flow CW obtained higher antibiotic removal 
efficiencies than horizontal subsurface flow and free 
water surface flow counterparts (Liu et al., 2014). 
Antibiotic resistant genes (tetracycline and 
macrolide-lincosamide-streptogramin B) arising 
from swine-feeding operations can survive typical 



ACTA TECHNICA CORVINIENSIS – Bulletin of Engineering [e-ISSN: 2067-3809] 
TOME XIII [2020] | FASCICULE 4 [October – December] 

69 | University POLITEHNICA Timisoara / Faculty of Engineering Hunedoara  
http://acta.fih.upt.ro/ 

animal waste treatment processes, because their levels 
remained high in swine wastes during composting 
(Wang et al., 2012), lime stabilization, anaerobic 
digestion (Tao et al., 2014), constructed wetlands (Liu 
et al., 2014) and lagoons (Brooks et al., 2014). 
Membrane processes (reverse osmosis and 
nanofiltration), have been effective in the removal of 
different ECs and allow the separation of divalent and 
monovalent ions from wastewater. In a feasibility 
study of removing antibiotics (norfloxacin, ofloxacin, 
roxithromycin and azithromycin) from a WWTP by 
secondary treatment followed by nanofiltration were 
obtained up to 98% removal rates (Liu et al., 2014). 
Photocatalytic oxidation, intermittent sand or coke 
filters can remove the ECs from wastewater (Egea-
Corbacho et al., 2019). 
Adsorption on activated carbon, ozone-based 
advanced oxidation, photooxidation, radiolysis and 
electrochemical oxidation have been tested at lab and 
industrial scale to remove the ECs from wastewater, 
but toxic by-products are formed and these 
technologies are quite expensive to be widely applied 
in WWTPs (López-Serna et al., 2019). Adsorption on 
multi-walled carbon nanotubes was studied to 
remove 1,8-dichlorooctane, nalidixic acid and 2-(4-
methylphenoxy) ethanol (Patino et al., 2015). 
Indomethacin, diclofenac, betablockers (atenolol, 
metoprolol and propranolol), which are poorly 
removed in AS conventional treatment, showed large 
ozonation rates and were removed from treated 
wastewater using moderate ozone doses (Rosal et al., 
2010). Electrooxidation using boron doped diamond 
electrodes is a promising technology to reduce Ecs in 
wastewater sludge (Barrios et. al., 2015). 
Acetaminophen and sulfonamide were removed from 
wastewater using spent mushroom compost of 
Pleurotus eryngii (Chang et al., 2018). 
CONCLUSIONS 
The presence of emerging contaminants, a category of 
micropollutants that include any chemical that is not 
usually monitored in the environment, was observed 
in treated wastewater effluents, aquatic environments 
and soil. Even at low concentrations, the emerging 
contaminants can increase the resistance among 
microorganisms and can have a significant impact on 
the aquatic ecosystems and human health. The 
development of antibiotic resistant bacteria and 
antibiotic resistant genes also pose an increasing 
concern. Although intensely studied, there are still 
knowledge gaps in the ecotoxicological effects of 
antibiotics and hormone steroids. 
Conventional WWTPs, usually based on biological 
processes, are unable to fully remove the emerging 
contaminants from wastewater. Tertiary treatment 
technologies are the most promising options for 
reducing ECs. Future research must concentrate on 
developing sustainable and innovative treatment 

processes to increase the removal efficiency of 
emerging contaminants in WWTPs. 
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This paper is based on the paper presented at ISB–INMA 
TEH' 2019 International Symposium (Agricultural and 
Mechanical Engineering), organized by Politehnica 
University of Bucharest – Faculty of Biotechnical Systems 
Engineering (ISB), National Institute of Research–
Development for Machines and Installations Designed to 
Agriculture and Food Industry (INMA Bucharest), 
Romanian Agricultural Mechanical Engineers Society 
(SIMAR), National Research & Development Institute for 
Food Bioresources (IBA Bucharest), National Institute for 
Research and Development in Environmental Protection 
(INCDPM), Research-Development Institute for Plant 
Protection (ICDPP), Research and Development Institute 
for Processing and Marketing of the Horticultural Products 
(HORTING), Hydraulics and Pneumatics Research Institute 
(INOE 2000 IHP) and “Food for Life Technological 
Platform”, in Bucharest, ROMANIA, between 31 October – 
1 November, 2019. 
Acknowledgement 
This work was supported by a grant of the Romanian 
Ministery of Research and Innovation CCDI - UEFISCDI, 
Project INNOVATIVE TECHNOLOGIES FOR IRRIGATION 
OF AGRICULTURAL CROPS IN ARID, SEMIARID AND 
SUBHUMID-DRY CLIMATE, project number PN-III-P1-
1.2-PCCDI-2017-0254, Contract no. 27 PCCDI / 2018, 
within PNCDI III. 
References 
[1] Acheampong E., Dryden I.L., Wattis J.A.D., Twycross 

J., Scrimshaw M.D., Gomes R.L., (2019), Modelling 
emerging pollutants in wastewater treatment: A Case 
study using the pharmaceutical 17 α−ethinylestradiol, 
Computers and Chemical Engineering, vol. 128, pp. 
477–487; 

[2] Alban L., Nielsen E.O., Dahl J., (2008), A human 
health risk assessment for macrolide-resistant 
Campylobacter associated with the use of macrolides 
in Danish pig production, Prev. Vet. Med., vol. 83, pp. 
115–129; 

[3] Amin M.M., Bina B., Ebrahimi A., Yavari Z., 
Mohammadi F., Rahimi S., (2018), The occurrence, 
fate, and distribution of natural and synthetic 
hormones in different types of wastewater treatment 
plants in Iran, Chinese Journal of Chemical 
Engineering, vol. 26, pp. 1132–1139; 

[4] Angenent L.T., Mau M., George U., Zahn J.A., Raskin 
L., (2008), Effect of the presence of the antimicrobial 
tylosin in swine waste on anaerobic treatment, Water 
Res., vol. 42, no. 10, pp. 2377–2384; 

[5] Barrios J.A., becerril E., De Leon C., Barrera-Diaz C., 
Jimenez B., (2015), Electrooxidation treatment for 
removal of emerging pollutants in wastewater sludge, 
Fuel, vol. 149, pp. 26–33; 

[6] Ben Y., Fu C., Hu M., Liu L., Wong M.H., Zheng C., 
(2019), Human health risk assessment of antibiotic 
resistance associated with antibiotic residues in the 
environment: A review, Environmental Research, vol. 
169, pp. 483–493; 

[7] Biswas S., Kranz W.L., Shapiro C.A., Snow D.D., 
Bartelt-Hunt S.L., Mamo M., Tarkalson D.D., Zhang 
T.C., Shelton D.P., van Donk S.J., Mader T.L., (2017), 
Effect of rainfall timing and tillage on the transport of 



ACTA TECHNICA CORVINIENSIS – Bulletin of Engineering [e–ISSN: 2067–3809] 
TOME XIII [2020] | FASCICULE 4 [October – December] 

70 | University POLITEHNICA Timisoara / Faculty of Engineering Hunedoara  
http://acta.fih.upt.ro/ 

steroid hormones in runoff frommanure amended 
row crop fields, J. Hazard. Mater., vol. 324, pp. 436–
447; 

[8] Brooks J.P., Adeli A., McLaughlin M.R., (2014), 
Microbial ecology, bacterial pathogens, and antibiotic 
resistant genes in swine manure wastewater as 
influenced by three swine management systems, 
Water Res., vol. 57, pp. 96–103; 

[9] Cai K., Phillips D.H., Elliott C.T., Muller M., Scippo M.-
L., Connolly L., (2013), Removal of natural hormones 
in dairy farm wastewater using reactive and sorptive 
materials, Science of the Total Environment, vol. 461–
462, pp. 1–9; 

[10] Carvalho I.T., Santos L., (2016), Antibiotics in the 
aquatic environments: a review of the European 
scenario, Environ. Int., vol. 94, pp. 736–757; 

[11] Carvalho P.N., Basto M.C.P., Almeida C.M.R., Brix H., 
(2014), A review of plant– pharmaceutical 
interactions: from uptake and effects in crop plants to 
phytoremediation in constructed wetlands, Environ. 
Sci. Pollut. Res. Int., vol. 21, no. 20, pp. 11729–
11763; 

[12] Chang V.-V., Fan S.-N., Tsai Y.-C., Chung Y.-L., Tu P.-
X., Yang C.-W., (2018), Removal of emerging 
contaminants using spent mushroom compost, 
Science of the Total Environment, vol. 634, pp. 922–
933; 

[13] Chen Y., Zhang H., Luo Y., Song J., (2012), 
Occurrence and dissipation of veterinary antibiotics 
in two typical swine wastewater treatment systems in 
east China, Environ. Monit. Assess., vol. 184, pp. 1–
13; 

[14] Cheng D.L., Ngo H.H., Guo W.S., Liu Y.W., Zhou J.L., 
Chang S.W., Nguyen D.D., Bui X.T., Zhang X.B., 
(2018), Bioprocessing for elimination antibiotics and 
hormones from swine wastewater, Science of the Total 
Environment, vol. 621, pp. 1664–1682; 

[15] Cheng D.L., Ngo H.H., Guo W.S., Chang S.W., Nguyen 
D.D., Kumar S.M., Du B., Wei Q., Wei D., (2018), 
Problematic effects of antibiotics on anaerobic 
treatment of swine wastewater, Bioresour. Technol., 
vol. 263, pp. 642–653; 

[16] Christou A., Karaolia P., Hapeshi E., Michael C., Fatta-
Kassinos D., (2017), Long-term wastewater irrigation 
of vegetables in real agricultural systems: 
Concentration of pharmaceuticals in soil, uptake and 
bioaccumulation in tomato fruits and human health 
risk assessment, Water Research, vol. 109, pp. 24–34; 

[17] Combalbert S., Hernandez-Raquet G., (2010), 
Occurrence, fate, and biodegradation of estrogens in 
sewage and manure, Appl. Microbiol. Biotechnol., vol. 
86, pp. 1671–1692; 

[18] Cooper E.R., Siewicki T.C., Phillips K., (2008). 
Preliminary risk assessment database and risk ranking 
of pharmaceuticals in the environment, Sci Total 
Environ., vol. 398, pp. 26–33; 

[19] Davies J., Davies D., (2010), Origins and evolution of 
antibiotic resistance, Microbiol. Mol. Biol. Rev., vol. 
74, pp. 417–433; 

[20] Deblonde T., Cossu-Leguille C., Hartemann P., 
(2011), Emerging pollutants in wastewater: A review 
of the literature, International Journal of Hygiene and 
Environmental Health, vol. 214, pp. 442–448; 

[21] Dolliver H., Kumar K., Gupta S., (2007), 
Sulfamethazine uptake by plants from manure 

amended soil, J. Environ. Qual., vol. 36, pp. 1224–
1230; 

[22] Dungan R.S., McKinney C.W., Leytem A.B., (2018), 
Tracking antibiotic resistance genes in soil irrigated 
with dairy wastewater, Science of the Total 
Environment, vol. 635, pp. 1477–1483; 

[23] Egea-Corbacho A., Gutiérrez S., Quiroga J.M., (2019), 
Removal of emerging contaminants from wastewater 
through pilot plants using intermittent sand/coke 
filters for its subsequent reuse, Science of the Total 
Environment, vol. 646, pp. 1232–1240; 

[24] Fatta-Kassinos D., Kalavrouziotis I.K., Koukoulakis 
P.H., Vasquez M.I., (2011), The risks associated with 
wastewater reuse and xenobiotics in the 
agroecological environment, Science of the Total 
Environment, vol. 409, pp. 3555–3563; 

[25] FDA, 2003. New Guidance for Industry on 
Antimicrobial Drugs for Food Animals. GFI#152. 
Released October 23. US Food and Drug 
Administration, p. 35; 

[26] Gadipelly C., Pérez-González A., Yadav G.D., Ortiz I., 
Ibáñez R., Rathod V.K., Marathe K.V., (2014), 
Pharmaceutical industry wastewater: review of the 
technologies for water treatment and reuse, Ind. Eng. 
Chem. Res., vol. 53, pp. 11571–11592; 

[27] Gelband H., Molly Miller P., Pant S., Gandra S., 
Levinson J., Barter D., White A., Laxminarayan R., 
(2015), The state of the world's antibiotics, Wound 
Heal. South. Afr., vol. 8, pp. 30–34; 

[28] Gonzalez-Pleiter M., Gonzalo S., Rodea-Palomares I., 
Leganes F., Rosal R., Boltes K., Marco E., Fernandez-
Pinas F., (2013), Toxicity of five antibiotics and their 
mixtures towards photosynthetic aquatic organisms: 
implications for environmental risk assessment, 
Water Res., vol. 47, pp. 2050–2064; 

[29] Grenni P., Ancona V., Barra Caracciolo A., (2018), 
Ecological effects of antibiotics on natural ecosystems: 
A review, Microchemical Journal, vol. 136, pp. 25–
39; 

[30] Habteselassie M.Y., Xu L., Norton J.M., (2013), 
Ammonia-oxidizer communities in an agricultural 
soil treated with contrasting nitrogen sources, Front. 
Microbiol., vol. 4, 00326; 

[31] Hamscher G., Pawelzick H.T., Höper H., Nau H., 
(2005), Different behavior of tetra-cyclines and 
sulfonamides in sandy soils after repeated fertilization 
with liquid manure, Environ. Toxicol. Chem., vol. 24, 
pp. 861–868; 

[32] He L.-Y., He L.-K., Liu Y.-S., Zhang M., Zhao J.-L., 
Zhang Q.-Q., Ying G.-G., (2019), Microbial diversity 
and antibiotic resistome in swine farm environments, 
Science of the Total Environment, vol. 685, pp. 197–
207; 

[33] Hussain S.A., Prasher S.O., Patel R.M., (2012), 
Removal of ionophoric antibiotics in free water 
surface constructed wetlands, Ecological Engineering, 
vol. 41 (0), pp. 13–21; 

[34] Jacobsen A.M., Halling-Sorensen B., (2006), Multi-
component analysis of tetracyclines, sulfonamides and 
tylosin in swine manure by liquid chromatography-
tandem mass spectrometry, Anal. Bioanal. Chem., vol. 
384, pp. 1164–1174; 

[35] Kidd K.A., Blanchfield P.J., Mills K.H., Palace V.P., 
Evans R.E., Lazorchak J.M., Flick R.W., (2007), 
Collapse of a fish population after exposure to a 



ACTA TECHNICA CORVINIENSIS – Bulletin of Engineering [e-ISSN: 2067-3809] 
TOME XIII [2020] | FASCICULE 4 [October – December] 

71 | University POLITEHNICA Timisoara / Faculty of Engineering Hunedoara  
http://acta.fih.upt.ro/ 

synthetic estrogen, Proc. Natl. Acad. Sci., vol. 104, no. 
21, pp. 8897–8901; 

[36] Koch B.J., Hungate B.A., Price L.B., (2017), Food-
animal production and the spread of antibiotic 
resistance: the role of ecology, Front. Ecol. Environ., 
vol. 15, pp. 309–318; 

[37] Kumar A., Pal D., (2018), Antibiotic resistance and 
wastewater: Correlation, impact and critical human 
health challenges, Journal of Environmental Chemical 
Engineering, vol. 6, pp. 52–58; 

[38] Kümmerer K., (2003), Significance of antibiotics in 
the environment, J. Antimicrob. Chemother., vol. 52, 
pp. 5–7; 

[39] Kümmerer K., (2009), The presence of 
pharmaceuticals in the environment due to human 
use - present knowledge and future challenges, J 
Environ Manage, vol. 90, pp. 2354–2366; 

[40] Kümmerer K., (2009), Antibiotics in the aquatic 
environment – a review – part I, Chemosphere, vol. 
75, no. 4, pp. 417–434; 

[41] López-Serna R., Posadas E., Garcia-Encina P.A., 
Muñoz R., (2019), Removal of contaminants of 
emerging concern from urban wastewater in novel 
algal-bacterial photobioreactors, Science of the Total 
Environment, vol. 662, pp. 32–40; 

[42] Liu Z.H., Kanjo Y., Mizutani S., (2009), Urinary 
excretion rates of natural estrogens and androgens 
from humans, and their occurrence and fate in the 
environment: a review, Science of the Total 
Environment, vol. 407, no. 18, pp. 4975-4985; 

[43] Liu S., Ying G.-G., Zhou L-J., Zhang R.-Q., Chen Z.-F., 
Lai H.-J., (2012), Steroids in a typical swine farm and 
their release into the environment, Water Research, 
vol. 46, pp. 3754–3768; 

[44] Liu P., Zhang H., Feng Y., Yang F., Zhang J., (2014), 
Removal of trace antibiotics from wastewater: A 
systematic study of nanofiltration combined with 
ozone-based advanced oxidation processes, Chem. 
Eng. J., vol. 240, pp. 211–220; 

[45] Liu L., Liu Y.H., Wang Z., Liu C.X., Huang X., Zhu G.F., 
(2014), Behavior of tetracycline and sulfamethazin 
with corresponding resistance genes from swine 
wastewater in pilot-scale constructed wetlands, J. 
Hazard. Mater., vol. 278, pp. 304–310; 

[46] Liu S.-S., Ying G.-G., Liu Y.-S., Yang Y.-Y., He L.-Y., 
Chen J., Liu W.-R., Zhao J.-L., (2015), Occurrence and 
removal of progestagens in two representative swine 
farms: Effectiveness of lagoon and digester treatment, 
Water Research, vol. 77, pp. 146–154; 

[47] Luo Y., Guo W., Ngo H.H., Nghiem L.D., Hai F.I., 
Zhang J., Liang S., Wang X.C., (2010), A review on the 
occurrence of micropollutants in the aquatic 
environment and their fate and removal during 
wastewater treatment, Science of the Total 
Environment, vol. 473–474, pp. 619–641; 

[48] Marcelino R.B.P., Leao M.M.D., Lago R.M., Amorim 
C.C., (2017), Multistage ozone and biological 
treatment system for real wastewater containing 
antibiotics, Journal of Environmental Management, 
vol. 195, pp. 110–116; 

[49] Martinez J., Coque T.M., Baquero F., (2014), What is 
a resistance gene? Ranking risk in resistomes. Nat. 
Publ. Group, 1–8; 

[50] Michael I., Rizzo L., McArdell C.S., Manaia C.M., 
Merlin C., Schwartz T., et al., (2013), Urban 
wastewater treatment plants as hotspots for the 

release of antibiotics in the environment: a review, 
Water Res., vol. 47, pp. 957–995; 

[51] Mohagheghian A., Nabizadeh R., Mesdghinia A., 
Rastkari N., Mahvi A.H., Alimohammadi M., Yunesian 
M., Ahmadkhaniha R., Nazmara S., (2014), 
Distribution of estrogenic steroids in municipal 
wastewater treatment plants in Tehran, Iran, J. 
Environ. Health Sci. Eng., vol. 12, pp. 1–7; 

[52] [52] Nikolaou A, Meric S, Fatta D., (2007), 
Occurrence patterns of pharmaceuticals in water and 
wastewater environments, Anal Bioanal Chem., vol. 
387, pp. 1225–1234; 

[53] Norvill Z.N., Toledo-Cervantes A., Blanco S., Shilton 
A., Guieysse B., Muñoz R., (2017), Photodegradation 
and sorption govern tetracycline removal during 
wastewater treatment in algal ponds, Bioresour. 
Technol., vol. 232, pp. 35–43; 

[54] Oliveira I.B., Groh K.J., Schönenberger R., Barroso C., 
Thomas K.V., Suter M.J., (2017), Toxicity of emerging 
antifouling biocides to non-target freshwater 
organisms from three trophic levels, Aquat. Toxicol., 
vol. 191, pp. 164–174; 

[55] Orlando E.F., Ellestad L.E., (2014), Sources, 
concentrations, and exposure effects of 
environmental gestagens on fish and other aquatic 
wildlife, with an emphasis on reproduction, Gen. 
Comp. Endocrinol., vol. 203, pp. 241–249; 

[56] Pan M., Chu L.M., (2017), Fate of antibiotics in soil 
and their uptake by edible crops, Science of the Total 
Environment, vol. 599–600, pp. 500–512; 

[57] Patino Y., Diaz E., Ordonez S., Gallegos-Suarez E., 
Guerrero-ruiz A., Rodriguez-Ramos I., (2015), 
Adsorption of emerging pollutants on functionalized 
multiwall carbon nanotubes, Chemosphere, vol. 136, 
pp. 174–180; 

[58] Pruden A., Pei R.T., Storteboom H., Carlson K.H., 
(2006), Antibiotic resistance genes as emerging 
contaminants: studies in northern Colorado, Environ. 
Sci. Technol., vol. 40, pp. 7445–7450; 

[59] Rizzo L., Manaia C., Merlin C., Schwartz T., Dagot C., 
Ploy M.C., et al., (2013), Urban wastewater treatment 
plants as hotspots for antibiotic resistant bacteria and 
genes spread into the environment: a review, Science 
of the Total Environment, vol. 447, pp. 345–360; 

[60] Rosal R., Rodriguez A., Perdigon-Melon J.A., Petre A., 
Garcia-Calvo E., Gomez M.J., Aguera A., Fernandez 
Alba A.R., (2010), Occurrence of emerging pollutants 
in urban wastewater and their removal through 
biological treatment followed by ozonation, Water 
Research, vol. 44, pp. 578–588; 

[61] Sabourin L., Duenk P., Bonte-Gelok S., Payne M., 
Lapen D.R., Topp E., (2012), Uptake of 
pharmaceuticals, hormones and parabens into 
vegetables grown in soil fertilized with municipal 
biosolids, Science of the Total Environment, vol. 431, 
pp. 233–236; 

[62] Sim W.-J., Lee J.-W., Shin S.-K., Song K.-B., Oh J.-E., 
(2011), Assessment of fates of estrogens in wastewater 
and sludge from various types of wastewater 
treatment plants, Chemosphere, vol. 82, pp. 1448–
1453; 

[63] Tang X., Lou C., Wang S., Lu Y., Liu M., Hashmi M.Z., 
Liang X., Li Z., Liao Y., Qin W., Fan F., Xu J., Brookes 
P.C., (2015), Effects of long-term manure applications 
on the occurrence of antibiotics and antibiotic 
resistance genes (ARGs) in paddy soils: evidence from 



ACTA TECHNICA CORVINIENSIS – Bulletin of Engineering [e–ISSN: 2067–3809] 
TOME XIII [2020] | FASCICULE 4 [October – December] 

72 | University POLITEHNICA Timisoara / Faculty of Engineering Hunedoara  
http://acta.fih.upt.ro/ 

four field experiments in south of China, Soil Biol. 
Biochem., vol. 90, pp. 179–187; 

[64] Tao C.-W., Hsu B.-M., Ji W.-T., Hsu T.-K., Kao P.-M., 
Hsu C.-P., Shen S.-M., Shen T.-Y., Wan T.-J., Huang 
Y.-L., (2014), Evaluation of five antibiotic resistance 
genes in wastewater treatment systems of swine farms 
by real-time PCR, Science of the Total Environment, 
vol. 496, pp. 116–121; 

[65] Tasho R. P., Cho J. Y., (2016), Veterinary antibiotics in 
animal waste, its distribution in soil and uptake by 
plants: A review, Science of the Total Environment, 
vol. 563–564, pp. 366–376; 

[66] Tiwari B., Sellamuthu B., Ouarda Y., Drogui P., Tyagi 
R.D., Buelna G., (2017), Review on fate and 
mechanism of removal of pharmaceutical pollutants 
from wastewater using biological approach, 
Bioresource Technology, vol. 224, pp. 1–12; 

[67] van Boeckel T.P., Brower C., Gilbert M., Grenfell B.T., 
Levin S.A., Robinson T.P., Teillant A., Laxminarayan R., 
(2015), Global trends in antimicrobial use in food 
animals, Proceedings of the National Academy of 
Sciences of the United States of America- PNAS, vol. 
112, no. 18, pp. 5649-5654; 

[68] von Nussbaum F., Brands M., Hinzen B., (2006), 
Medicinal chemistry of antibacterial natural products 
exodus or revival? Angew. Chem. Int. Ed.. vol. 45, pp. 
5072–5129; 

[69] Wang L.L., Oda Y., Grewal S., Morrison M., Michel 
F.C., Yu Z.T., (2012), Persistence of resistance to 
erythromycin and tetracycline in swine manure 
during simulated composting and lagoon treatments, 
Microb. Ecol., vol. 63, no. 1, pp. 32–40; 

[70] Wei R., Ge F., Huang S., Chen M., Wang R., (2011), 
Occurrence of veterinary antibiotics in animal 
wastewater and surface water around farms in 
Jiangsu Province, China, Chemosphere, vol. 82, pp. 
1408–1414; 

[71] Wu Q., Lam J.C.W., Kwok K.Y., Tsui M.M.P., Lam 
P.K.S., (2017), Occurrence and fate of endogenous 
steroid hormones, alkylphenol ethoxylates, bisphenol 
A and phthalates in municipal sewage treatment 
systems, Journal of Environmental Sciences, vol. 61, 
pp. 49-58; 

[72] Xu W.H., Zhang G., Zou S.C., Li X.D., Liu Y.C., (2007), 
Determination of selected antibiotics in the Victoria 
Harbour and the Pearl River, South China using high 
performance liquid chromatography spectrospray 
ionization tandem mass spectrometry, Environ. 
Pollut., vol. 145, pp. 672–679; 

[73] Yang Y., Shao B., Zhang J., Wu Y.N., Duan H.J., 
(2009), Determination of the residues of 50 anabolic 
hormones in muscle, milk and liver by very-high-
pressure liquid chromatography-electrospray 
ionization tandem mass spectrometry, J. Chromatogr. 
B., vol. 877, no. 5, pp. 489–496; 

[74] Zhang Y., Geißen S.U., Gal C., (2008), Carbamazepine 
and diclofenac: removal in wastewater treatment 
plants and occurrence in water bodies, Chemosphere, 
vol. 73, pp. 1151–1161; 

[75] Zhang D.Q., Gersberg R.M., Hua T., Zhu J., Tuan N.A., 
Tan S.K., (2012), Pharmaceutical removal in tropical 
subsurface flow constructed wetlands at varying 
hydraulic loading rates, Chemosphere, vol. 87, no. 3, 
pp. 273–277; 

[76] Zhang Q., Ying G., Pan C., Liu Y., Zhao J., (2015), 
Comprehensive evaluation of antibiotics emission and 
fate in the river basins of China: source analysis, 
multimedia modeling, and linkage to bacterial 
resistance, Environ. Sci. Technol., vol. 49, no. 11, pp. 
6772–6782; 

[77] Zhang R., Wang X., Gu J., Zhang Y., (2017), Influence 
of zinc on biogas production and antibiotic resistance 
gene profiles during anaerobic digestion of swine 
manure, Bioresour. Technol., vol. 244, pp. 63–70; 

[78] Zheng W., Yates S.R., Bradford S.A., (2008), Analysis 
of steroid hormones in a typical dairy waste disposal 
system, Environ. Sci. Technol., vol. 42, pp. 530–535; 

[79] Zhou L.J., Ying G.G., Zhang R.Q., Liu S., Lai H.J., Chen 
Z.F., Yang B., Zhao J.L., (2013), Use patterns, 
excretion masses and contamination profiles of 
antibiotics in a typical swine farm, south China, 
Environ. Sci. Processes Impacts, vol. 15, pp. 802–813; 

[80] Zhou L.J., Ying G.G., Liu S., Zhang R.Q., Lai H.J., Chen 
Z.F., Pan C.G., (2013), Excretion masses and 
environmental occurrence of antibiotics in typical 
swine and dairy cattle farms in China, Science of the 
Total Environment, vol. 444, pp.183–195. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
ACTA TECHNICA CORVINIENSIS – Bulletin of Engineering  

ISSN: 2067-3809 
copyright © University POLITEHNICA Timisoara, 

Faculty of Engineering Hunedoara, 
5, Revolutiei, 331128, Hunedoara, ROMANIA 

http://acta.fih.upt.ro  
 

 


