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Abstract 

River Ganga is considered holy by the people of India and it supports a population of 

more than 440 million people. A significant source of emerging contaminants (ECs) 

entering the river is sewage, industrial waste, and agricultural runoff. The present study 

was conducted for monitoring and assessing the risks of ECs including antibiotic resistant 

bacteria (ARB), antibiotic resistant genes (ARGs), pharmaceutical and personal care 

products (PPCPs) and heavy metals in the water and sediment samples at 16 sites of the 

river Ganga. The estimation of abundance and identification of ARB present in water and 

sediments samples of the sixteen sites of the river Ganga were conducted. Six different 

antibiotics were used for estimating the abundance of ARB. A diverse phylogenetic group 

of ARB was obtained at all the sites, comprising 54 genera, including 13 opportunistic 

pathogenic genera, except G1 and G2. Further, the bacterial community analysis of 

sediment samples showed the presence of potentially waterborne pathogenic genera and 

species throughout the entire stretch of the river except for the sites G1 and G2. It also 

indicates that the bacterial core community remains the same, but their abundance varies 

among the sites. In this study, 20 clinically significant ARGs and 15 PPCPs and 

endocrine disrupting compounds (EDCs) were also estimated. Risk assessment was 

carried out for the exposure of heavy metals, ARB and PPCPs. 

Pollution indices such as geo-accumulation (Igeo), enrichment factor (EF) and potential 

ecological risk index (RI) were used to assess the contamination level of the river at 

various sites. The human health risk was also evaluated for each heavy metal in terms of 

non-carcinogenic and carcinogenic risks. The Igeo indicates the extremely polluted 

condition at site G8 due to chromium and cadmium. Similarly, EF is also higher at site 

G8 for chromium and cadmium. RI indicates that the G8 and G16 were in the category of 
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high and considerable risk in winter. However, in summer RI for the site G8 and G9 were 

in the category of considerable risk. Chromium was accounted for most of the total non-

carcinogenic risk in both adults and children. The carcinogenic risks for all the metals 

were in the negligible to an acceptable range for water exposure in adults and children. 

However, sediment exposure poses a moderate risk threat for children due to chromium at 

site G8. Quantitative microbial risk assessment (QMRA) was used to estimate the 

probability of infection due to ARB present in various sites. QMRA suggests that the 

abundance of Pseudomonas aeruginosa, Enterococcus fecalis and Klebsiella pneumonia 

in the water samples and Enterococcus fecalis, in the sediment samples can cause 

infection to person due to the exposure of water and sediment. Ecological and human 

health risk assessment was also estimated for PPCPs. Based on ecological risk 

assessment, triclocarban and diclofenac pose a higher risk for an aquatic organism (fish) 

in the river water column, whereas triclosan and metformin show moderate to high risk in 

the sediment column. However, negligible risk of PPCPs was observed for humans except 

for 17α-ethynylestradiol, which can pose a moderate risk to children. 

This study shows the widespread distribution of ECs and associated risk due to these ECs, 

throughout the river Ganga. The ECs are more abundant at the human impacted sites, 

indicating that the different anthropogenic activities increase the level of ECs in the river 

Ganga. There is a considerable variation in the concentration of heavy metals, ARB, 

ARGs, PPCPs and EDCs in water and sediment samples among all the sites. This 

variation may be due to the change in the volume of sewage and industrial waste being 

discharged to the river at different locations. The information gathered in this study can 

be used to indicate and recommend some important actions and policy suggestions for the 

protection of the river and the health of its users.  
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सार 

गंगा नदी को भारत के लोगो ंद्वारा पवित्र माना जाता है और यह 440 वमवलयन से अविक लोगो ंकी आबादी 

का सहारा है। नदी में प्रिेश करने िाले उभरते संदूषको ं(ECs) का एक महत्वपूर्ण स्रोत सीिेज, औद्योवगक 

अपवशष्ट और कृवष अपिाह है। ितणमान अध्ययन गंगा नदी के 16 स्थलो ंपर पानी और तलछट के नमूनों में 

उभरते हुए दूवषत पदाथों एंटीबायोवटक प्रवतरोिी बैक्टीररया (ARB), एंटीबायोवटक प्रवतरोिी जीन (ARGs), 

फामाणसु्यवटकल और व्यक्तिगत देखभाल उत्पादो ं (PPCPs) और भारी िातुओ)ं के जोक्तखमो ं की वनगरानी 

और आकलन के वलए आयोवजत वकया गया था। गंगा नदी के सोलह स्थलो ंके पानी और तलछट के नमूनो ं

में एंटीबायोवटक प्रवतरोिी बैक्टीररया (एआरबी) की प्रचुरता और पहचान का आकलन वकया गया। 

एंटीबायोवटक प्रवतरोिी बैक्टीररया की प्रचुरता का अनुमान लगाने के वलए छह अलग-अलग एंटीबायोवटक 

दिाओ ंका उपयोग वकया गया था। G1 और G2 को छोड़कर, 13 अिसरिादी रोगजनक जेनेरा सवहत 54 

जेनेरा सवहत, सभी साइटो ं पर ARB का एक विविि फाइलोजेनेवटक समूह प्राप्त वकया गया था। इसके 

अलािा, तलछट के नमूनो ंके जीिारु् समुदाय विशे्लषर् ने G1 और G2 को छोड़कर नदी के पूरे खंड में 

संभावित जलजवनत रोगजनक जेनेरा और प्रजावतयााँ की उपक्तस्थवत को वदखाया। यह यह भी इंवगत करता है 

वक जीिारु् कोर समुदाय समान रहता है, लेवकन उनकी बहुतायत साइटो ं के बीच वभन्न होती है। इस 

अध्ययन में 20 वचवकत्सकीय रूप से महत्वपूर्ण एआरजी और 15 पीपीसीपी और ईडीसी का भी अनुमान 

लगाया गया था। भारी िातुओ,ं एआरबी और पीपीसीपी के जोक्तखम के वलए जोक्तखम मूल्ांकन वकया गया 

था। 

विवभन्न स्थलो ंपर नदी के प्रदूषर् के स्तर का आकलन करने के वलए भू-संचय (Igeo), संििणन कारक (EF) 

और संभावित पाररक्तस्थवतक जोक्तखम सूचकांक (RI) जैसे प्रदूषर् सूचकांको ंका उपयोग वकया गया था। गैर-

कावसणनोजेवनक और कावसणनोजेवनक जोक्तखमो ंके संदभण में प्रते्यक भारी िातु के वलए मानि स्वास्थ्य जोक्तखम 

का भी मूल्ांकन वकया गया था। Igeo साइट G8 में क्रोवमयम और कैडवमयम के कारर् अत्यविक प्रदूवषत 

क्तस्थवत को इंवगत करता है। इसी तरह, क्रोवमयम और कैडवमयम के वलए साइट G8 पर EF भी अविक है। 

RI इंवगत करता है वक G8 और G16 सवदणयो ंमें उच्च और काफी जोक्तखम की शे्रर्ी में थे। हालांवक, गवमणयो ंमें 
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साइट G8 और G9 के वलए RI काफी जोक्तखम की शे्रर्ी में थे। क्रोवमयम ियस्ो ंऔर बच्चो ंदोनो ंमें कुल 

गैर-कावसणनोजेवनक जोक्तखम के बहुमत के वलए वजमे्मदार था। सभी िातुओ ंके वलए कावसणनोजेवनक जोक्तखम 

ियस्ो ंऔर बच्चो ंमें पानी के जोक्तखम के वलए बहुत कम से स्वीकायण सीमा में थे। हालााँवक, साइट G8 पर 

क्रोवमयम के कारर् तलछट का जोक्तखम बच्चो ंके वलए एक मध्यम जोक्तखम है।  विवभन्न साइटो ंमें मौजूद 

एआरबी के कारर् संक्रमर् की संभािना का अनुमान लगाने के वलए मात्रात्मक माइक्रोवबयल जोक्तखम 

मूल्ांकन (QMRA) का उपयोग वकया गया था। कू्यएमआरए का सुझाि है वक पानी के नमूनो ं में 

सू्यडोमोनास एरुवगनोसा, एंटरोकोकस फेकैवलस और के्लबवसएला वनमोवनया और तलछट के नमूनो ं में 

एंटरोकोकस फेकवलस की प्रचुरता पानी और तलछट के संपकण  में आने के कारर् वकसी व्यक्ति को 

संक्रमर् का कारर् बन सकती है। पीपीसीपी के वलए पाररक्तस्थवतक और मानि स्वास्थ्य जोक्तखम मूल्ांकन 

का भी अनुमान लगाया गया था। पाररक्तस्थवतक जोक्तखम मूल्ांकन के आिार पर, टर ाइक्लोकाबणन और 

डाइक्लोफेनाक नदी के पानी के सं्तभ में एक जलीय जीि (मछली) के वलए एक उच्च जोक्तखम पैदा करते हैं, 

जबवक टर ाइक्लोसन और मेटफॉवमणन तलछट सं्तभ में मध्यम से उच्च जोक्तखम वदखाते हैं। हालांवक, 17α-

एवथवनलेस्ट्र ावडयोल को छोड़कर मनुष्ो ंके वलए पीपीसीपी का नगण्य जोक्तखम देखा गया, जो बच्चो ंके वलए 

मध्यम जोक्तखम पैदा कर सकता है। 

इस अध्ययन के पररर्ाम गंगा नदी में ईसी के व्यापक वितरर् और इन ईसी के कारर् जुडे़ जोक्तखम को 

दशाणता है। मानि प्रभावित स्थलो ंपर ईसी अविक प्रचुर मात्रा में हैं, यह दशाणता है वक विवभन्न मानिजवनत 

गवतविवियां गंगा नदी में ईसी को बढाती हैं। सभी स्थलो ं के बीच पानी और तलछट के नमूनो ं में भारी 

िातुओ,ं एआरबी, एआरजी, पीपीसीपी और ईडीसी की सांद्रता में काफी वभन्नता है। यह वभन्नता विवभन्न 

नमूना स्थानो ं पर नदी में जोडे़ जा रहे सीिेज और औद्योवगक कचरे की मात्रा में पररितणन के कारर् हो 

सकती है। इस अध्ययन में एकवत्रत जानकारी का उपयोग नदी की सुरक्षा और इसके उपयोगकताण के 

स्वास्थ्य के वलए कुछ महत्वपूर्ण कायों और नीवतगत सुझािो ंको इंवगत करने और अनुशंसा करने के वलए 

वकया जा सकता है। 

  



vii 

 

Contents 

Certificate ............................................................................................................................ i 

Acknowledgements ............................................................................................................ ii 

Abstract ............................................................................................................................. iii 

सार ........................................................................................................................................ v 

Contents ............................................................................................................................ vii 

List of Figures ..................................................................................................................... x 

List of Tables .................................................................................................................... xii 

Nomenclature ................................................................................................................... xv 

Chapter 1 Introduction...................................................................................................... 2 

Chapter 2 Literature Review ............................................................................................ 7 

2.1 Background ................................................................................................................ 7 

2.2 Antimicrobial resistance ............................................................................................ 7 

2.3 Mechanism of antimicrobial resistance ................................................................... 10 

2.4 Antibiotic resistance genes ...................................................................................... 12 

2.4.1 Types of environmental ARGs ......................................................................... 12 

2.4.2 ARGs related to tetracycline ............................................................................. 13 

2.4.3 ARGs related to β-lactam ................................................................................. 13 

2.4.4 ARGs related to macrolide-lincosamide-streptogramin ................................... 14 

2.4.5 ARGs related to fluoroquinolones .................................................................... 14 

2.5 Acquisition and dissemination of ARGs .................................................................. 14 

2.6 Bacterial diversity in the aquatic environment ........................................................ 19 

2.7 Heavy metals in the aquatic environment ................................................................ 22 

2.8 PPCPs and EDCs in the aquatic environment .......................................................... 25 

2.9 Relevant pathways for ECs ...................................................................................... 32 

2.9.1 Municipal and industrial wastewater ................................................................ 32 

2.9.2 Veterinary and livestock: .................................................................................. 33 

2.9.3 Land application of manure and sludge ............................................................ 34 

2.10 Risk Assessment .................................................................................................... 34 

2.10.1 Heavy metals ................................................................................................... 35 



viii 

 

2.10.2 Risks of PPCPs and EDCs in aquatic environment ........................................ 35 

2.10.3 Microbial risk assessment ............................................................................... 37 

Chapter 3 Research gaps and objectives ....................................................................... 39 

3.1 Research gaps ........................................................................................................... 39 

3.2 Objectives ................................................................................................................ 40 

Chapter 4 Materials and Methods: ................................................................................ 42 

4.1 Sampling sites and sample collection: ..................................................................... 42 

4.2 Microbial enumeration ............................................................................................. 45 

4.3 Identification of bacterial isolates using MALDI-TOF ........................................... 46 

4.4 Analysis of physicochemical parameters ................................................................. 47 

4.5 Estimation of phosphate, nitrate and sulfate ............................................................ 47 

4.6 DNA extraction and quantification of 16Sr RNA, ARGs, MGEs and fecal indicator 

gene using qPCR ............................................................................................................ 47 

4.7 Bacterial community analysis: ................................................................................. 50 

4.8 Heavy metal analysis: .............................................................................................. 50 

4.9 Extraction and analysis of PPCPs ............................................................................ 51 

4.10 Microbial risk assessment ...................................................................................... 53 

4.11 Pollution assessment of heavy metals .................................................................... 55 

4.11.1 Geo-accumulation index ................................................................................. 55 

4.11.2 Enrichment Factor ........................................................................................... 56 

4.12 Ecological risk assessment ..................................................................................... 56 

4.13 Human health risk assessment ............................................................................... 57 

4.13.1 Non-carcinogenic risk assessment .................................................................. 58 

4.13.2 Carcinogenic risk assessment ......................................................................... 59 

4.14 Environmental risk assessment of the target compounds ...................................... 60 

4.15 Human health risk assessment of the target compounds ....................................... 61 

4.16 Data analysis .......................................................................................................... 62 

Chapter 5 Results and Discussion .................................................................................. 64 

5.1 Estimation of physicochemical parameters ............................................................. 64 

5.1.1 pH and Temperature ......................................................................................... 64 

5.1.2 Dissolved oxygen .............................................................................................. 66 

5.1.3 Biochemical oxygen demand ............................................................................ 66 

5.1.4 Chemical oxygen demand ................................................................................. 67 



ix 

 

5.1.5 Total dissolved solids and electrical conductivity ............................................ 67 

5.1.6 Phosphate, sulphate and nitrate ......................................................................... 68 

5.2 Estimation of heavy metals ...................................................................................... 68 

5.3 Abundance of total and fecal coliform ..................................................................... 76 

5.4 Abundance of antibiotic resistance bacteria ............................................................ 78 

5.4.1 Abundance of antibiotic resistant bacteria in water samples ............................ 79 

5.4.2 Abundance of antibiotic resistant bacteria in sediment samples ...................... 80 

5.5 Identification and diversity of ARB ......................................................................... 84 

5.6 Bacterial community composition ........................................................................... 96 

5.6.1 Potential pathogenic bacteria .......................................................................... 102 

5.7 Abundance of antibiotic resistance genes .............................................................. 106 

5.8 Occurrence of PPCPs ............................................................................................. 117 

5.9 Assessment of ecological and human health posed by various pollutants ............. 127 

5.10 Assessment of heavy metal pollution .................................................................. 129 

5.10.1 Geo-accumulation index ............................................................................... 129 

5.10.2 Enrichment factor ......................................................................................... 131 

5.10.3 Ecological risks and potential ecological risk index ..................................... 133 

5.11 Human health risk assessment ............................................................................. 136 

5.11.1 Non-carcinogenic risk assessment ................................................................ 136 

5.11.2 Carcinogenic risk assessment ....................................................................... 138 

5.12 Quantitative microbial risk assessment ................................................................ 139 

5.13 Environmental risk assessment of PPCP/EDCs in water ..................................... 141 

5.14 Environmental risk assessment of ECs in sediment ............................................ 141 

5.15 Human health risk assessment of PPCPs and EDCs ............................................ 142 

5.16 Overall status of pollutants and associated risks in the river Ganga .................... 145 

Chapter 6 Summary and Conclusions: ........................................................................ 148 

References ....................................................................................................................... 152 

Appendix ......................................................................................................................... 179 

Author’s Resumé ............................................................................................................ 204 

 

  



x 

 

List of Figures 

Figure 2.1 Global use of antibiotic by class, 2000-2010 (CDDEP, 2015) .......................... 9 

Figure 4.1 Map showing the location of sampling sites: from upstream to downstream of 

the river Ganga. (G1:Gomukh, G2: Gangotri, G3: Uttarkashi, G4: Rishikesh, G5: 

Gharmukteswar, G6: Kacchla Ghat, G7: Ghatia Ghat, G8: Kanpur, G9: Dalmau, G10: 

Allahabad, G11: Assi Ghat, G12: Ballia, G13: Rajmahal, G14: Munger, G15: Nabadwip, 

G16: Diamond Harbour) .................................................................................................... 42 

Figure 5.1 Abundance of antibiotic resistant bacteria based on the class ......................... 85 

Figure 5.2 Antibiotic resistance profile of 10340 isolates using MALDI-TOF for each 

site ...................................................................................................................................... 86 

Figure 5.3 Antibiotic resistance profile of 10340 isolates using MALDI-TOF for each 

site for selected antibiotics. ................................................................................................ 87 

Figure 5.4 Antibiotic resistance profile of 10340 isolates using MALDI-TOF (A) 

Maximum-likelihood tree based on MALDI-TOF spectra and (B) Heat map of 10340 

isolates showing the 54 most abundant genus resistant to six antibiotics (KPC, ESBL, 

CIP, TET, ERY, AMO).   *Bacterial genus that contains reported human pathogens. ....... 89 

Figure 5.5 Abundance of phyla (top 10) at each site in summer sediment samples ......... 96 

Figure 5.6 Abundance of phyla (top 10) at each site in winter sediment samples ............ 97 

Figure 5.7 Abundance of class (top 10) at each site in summer sediment samples .......... 98 

Figure 5.8 Abundance of class (top 10) at each site in winter sediment samples ............. 99 

Figure 5.9 Abundance of the genus (top 20) at each site in summer sediment samples . 100 

Figure 5.10 Abundance of the genus (top 20) at each site in winter sediment samples . 101 

Figure 5.11 Heat map shows the potential pathogenic bacteria diversity and abundance at 

genus level in the summer sediment samples. ................................................................. 102 

Figure 5.12 Heat map shows the potential pathogenic bacteria diversity and abundance at 

genus level in the winter sediment samples. .................................................................... 103 

Figure 5.13 Heat map shows the potential pathogenic bacteria diversity and abundance at 

the species level in the summer sediment samples. ......................................................... 104 



xi 

 

Figure 5.14 Heat map shows the potential pathogenic bacteria diversity and relative 

abundance at the species level in the winter sediment samples. ...................................... 105 

Figure 5.15 Heat map of relative abundance of ARGs and MGEs in water samples ..... 114 

Figure 5.16 Heat map of relative abundance of ARGs and MGEs in sediment samples 115 

Figure 5.17 Map of the river Ganga shows the contamination level due to the abundance 

of ARB, ARGs, PPCPs and heavy metals at each site..................................................... 145 

Figure 5.18 Map of the river Ganga shows the risk associated with ARB, PPCPs and 

heavy metals at each site. ................................................................................................. 146 

 

  



xii 

 

List of Tables 

Table 2.1. Summary of mechanism of action of antimicrobial agents .............................. 11 

Table 2.2 Occurrence of ARGs and MGEs worldwide in different environmental 

conditions ........................................................................................................................... 18 

Table 2.3 Heavy metal concentration in water and sediment of freshwater bodies .......... 22 

Table 2.4 Category of Emerging contaminants ................................................................. 26 

Table 2.5 Occurrence of PPCPs, EDCs worldwide in freshwater bodies ......................... 27 

Table 2.6 Occurrence of PPCPs, EDCs worldwide in freshwater bodies sediment.......... 29 

Table 4.1 Sampling location with coordinates .................................................................. 44 

Table 4.2 List of primer used in this study ........................................................................ 48 

Table 4.3 k constant for pathogenic bacteria ..................................................................... 54 

Table 4.4 The classification of contamination levels based on the Igeo values and 

Enrichment Factor (EF). .................................................................................................... 55 

Table 4.5 Level of Ecological Risk Assessment (Er and RI)............................................. 57 

Table 4.6 Reference doses (RfD) in (mg/kg-day) and Cancer Slope Factors (CSF) for the 

different heavy metals. ....................................................................................................... 59 

Table 4.7 Predictive no effect concentration (PNEC) of the targeted compounds ........... 60 

Table 5.1 Physicochemical parameters of water samples (Win: winter and Sum: summer)

............................................................................................................................................ 65 

Table 5.2 Heavy metal concentration in water samples (µg/l) (Win: winter and Sum: 

summer) ............................................................................................................................. 71 

Table 5.3 Heavy metal concentration in water samples (µg/g) (Win: winter and Sum: 

summer) ............................................................................................................................. 72 

Table 5.4 Count (Log CFU/ml) of culturable heterotrophic bacteria, ARB, TC and FC of 

water samples in (a) summer and (b) winter season cultured on R2A plates with selected 

antibiotics. R2A as control. (KPC:Klebsiella pneumoniae carbapenem; ESBL: Extended-

spectrum beta-lactam; CIP: Ciprofloxacin; TET: Tetracycline; ERY: Erythromycin; AMO: 

Amoxicillin. G1: Gaumukh, G2: Gangotri, G3: Uttarkashi, G4: Rishikesh, G5: 



xiii 

 

Gharmukteswar, G6: Kacchla Ghat, G7: Ghatia Ghat, G8: Kanpur, G9: Dalmau, G10: 

Allahabad, G11: Assi Ghat, G12: Ballia, G13: Rajmahal, G14: Munger, G15: Nabadwip, 

G16: Diamond Harbour) .................................................................................................... 77 

Table 5.5 Relative abundance (ARB/R2A) in percentage in the water samples. .............. 80 

Table 5.6 Count (Log CFU/g) of culturable heterotrophic bacteria, ARB, TC and FC for 

sediment in (a) summer and (b) winter season cultured on R2A plates with selected 

antibiotics. R2A as control. (KPC: Klebsiella pneumoniae carbapenem; ESBL: Extended-

spectrum beta-lactam; CIP: Ciprofloxacin; TET: Tetracycline; ERY: Erythromycin; AMO: 

Amoxicillin. G1: Gaumukh, G2: Gangotri, G3: Uttarkashi, G4: Rishikesh, G5: 

Gharmukteswar, G6: Kacchla Ghat, G7: Ghatia Ghat, G8: Kanpur, G9: Dalmau, G10: 

Allahabad, G11: Assi Ghat, G12: Ballia, G13: Rajmahal, G14: Munger, G15: Nabadwip, 

G16: Diamond Harbour). ................................................................................................... 81 

Table 5.7 Relative abundance (ARB/R2A) in percentage in the sediment samples. ........ 82 

Table 5.8 Abundance of ARGs (Log gene copies/ml) in winter water samples. ............ 108 

Table 5.9 Abundance of ARGs (Log gene copies/ml) in summer water sample ............ 109 

Table 5.10 Abundance of ARGs (Log gene copies/g) in winter sediment samples........ 112 

Table 5.11 Abundance of ARGs (Log gene copies/g) in summer sediment samples ..... 113 

Table 5.12 Concentration of PPCPs and EDCs in summer water samples (ng/L).......... 120 

Table 5.13 Concentration of PPCPs and EDCs in winter water samples (ng/L) ............ 121 

Table 5.14 Concentration of PPCPs and EDCs in summer sediment samples (ng/g) .... 122 

Table 5.15 Concentration of PPCPs and EDCs in winter sediment samples (ng/g) ....... 123 

Table 5.16 Geo-accumulation index (Igeo) of heavy metals in winter sediment samples.

.......................................................................................................................................... 130 

Table 5.17 Geo-accumulatio index (Igeo) of heavy metals in summer sediment samples.

.......................................................................................................................................... 130 

Table 5.18 Enrichment Factor (EF) of heavy metals in winter sediment samples.......... 132 

Table 5.19 Enrichment Factor (EF) of heavy metals in summer sediment samples. ...... 132 

Table 5.20 Ecological risk (Er) of heavy metals in summer sediment samples. ............. 133 

Table 5.21 Ecological risk (Er) of heavy metals in winter sediment samples. ................ 134 



xiv 

 

Table 5.22 Potential ecological risk index (RI) of heavy metals in winter and summer 

sediment samples. ............................................................................................................ 134 

Table 5.23 HI of non-carcinogenic risk of heavy metals for adults and children in winter 

and summer season. ......................................................................................................... 138 

Table 5.24 Annual Probability (Pi) of infection for sediment exposure ......................... 140 

Table 5.25 Annual Probability (Pi) of infection for water exposure ............................... 140 

Table 5.26 Environmental risk assessment of target compounds in water samples ....... 143 

Table 5.27 Environmental risk assessment of target compounds in sediment samples .. 144 

 

  



xv 

 

Nomenclature 

AF  Assessment factor 

AMO Amoxicillin 

AMR Antimicrobial resistance 

AR Antibiotic resistance 

ARB Antibiotic resistant bacteria 

ARGs Antibiotic resistance genes 

BIS Bureau of Indian standards 

bla β-lactamase 

BOD Biochemical oxygen demand 

CDDEP Centre for disease dynamics, economy and policy 

CDI Chronic daily intake 

CFU Colony forming unit 

CIP Ciprofloxacin 

CLSI Clinical and laboratory standards institute 

COD Chemical oxygen demand 

CPCB Central pollution control board 

CR Carcinogenic risk 

DDDs Define daily doses 

DO Dissolved oxygen 

EC Electrical conductivity 

ECs Emerging contaminants 

EDCs Endocrine disrupting compounds 

EF Enrichment factor 

erm Erythromycin ribosome methylase 

ERY Erythromycin 

ESBL Extended spectrum β-lactam 

EUCAST European committee on antimicrobial susceptibility testing 

FC Fecal coliform 

HGT Horizontal gene transfer 

HI Hazard index 

HICs High-income countries 



xvi 

 

HQ Hazard quotient 

Igeo Geo-accumulation index 

int1 Class 1 integron 

int2 Class 2 integron 

int3 Class 3 integron 

KPC Klebsiella pneumoniae carbapenem 

LMICs Low-middle income countries 

MEC Measured environmental concentration 

MGEs Mobile genetic elements 

MIC Minimum inhibitory concentration 

MLD Millions of litres per day 

PNEC Predictive no-effect concentration 

PPCPs Pharmaceutical and personal care products 

QMRA Quantitative microbial risk assessment 

qnr Quinolone resistance 

qPCR Quantitative polymerase chain reaction 

RI Potential ecological risk index 

STP Sewage treatment plant 

TC Total coliforms 

TDS Total dissolved solids 

TET Tetracycline 

USEPA United states environmental protection agency 

WHO World health organisation 

WWTPs Wastewater treatment plants 

 


	Thesis of Deepak Kumar Prasad.pdf



