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Abstract 

 

In Indian scenario, very few studies have been done on environmental issues related to 

polyaromaic hydrocarbons. A number of PAHs are toxic, mutagenic and carcinogenic in nature. 

Trace amount of these compounds can pose significant ecological and human health risk. 

Objective of this research is to study status of PAHs in an Indian River, their sources and 

distribution, associated human health risk and possible control through biodegradation of PAHs. 

The results show the presence of PAHs in the stretch of river Ganges near Kanpur. Existing 

Common Effluent Treatment Plant (CETP) and a number of urban wastewater drains are acting as 

point sources of PAHs for the river. Water samples were collected from the river, CETP outlet and 

drains and analyzed using standard methods. Principle Component Analysis (PCA) and molecular 

ratio method were used to identify the possible sources. Partitioning of selected PAHs showed that 

after entering into the river PAHs gets distributes in to dissolved, suspended and sediments. The 

partitioning of PAHs significantly varies with pH and amount of PAHs entering into the river. 

Ultrasonication method was used for the extraction of PAHs from suspension and sediments 

collected during this study. Human health risk due to possible exposure of PAHs present in river 

was also calculated. The non-carcinogenic chronic risk was calculated in the form of hazard index 

(HI) for all the selected sites for all the seasons. The results indicate the possibility of significant 

human health risk due to continuous discharge of PAHs in the river. As a part of the study 

feasibility of biodegradation of PAHs was explored through extended aeration in batch reactors. 

During this part of the study, sludge samples were collected from the effluent treatment plant of 

an oil refinery and was used as the inoculum. The extended aeration was found to be effective in 

changing the PAHs in to other species. 

The results of present work is expected to form a base for the environmental regulatory agencies 

in understanding the current status of PAHs in Indian River, drains, and CETP and associated 

human health risk  and take necessary preventive and control measures.  

 

Key words: ANOVA test, Biodegradation, Common effluent treatment plant, Human health risk, 

Hazardous index, Incremental lifetime cancer risk, Polyromantic hydrocarbons, Wastewater, 

Principal component analysis, Ultrasonication. 



v 
 

List of Contents 

Certificate………………………………………………………………………………….i 

Acknowledgements…………………………………………………………………….ii-iii 

Abstracts…………………………………………………………………………………..iv 

List of Contents………………………………………………………………………..v-viii 

List of Figures…………………………………………………………………………ix-xii 

List of Tables…………………………………………………………………………xii-xiv 

List of Abbreviations………………………………………………………………..xiv-xvi 

List of Notations…………………………………………………………………………xvii 

1.0 Introduction………………………………………………………………………..1-15 

1.1 Introduction…………………………………………………………………….1 

1.2 Sources and occurrence....................................................................................1-3 

1.3 Geographical distribution of PAHs in different water bodies………………..3-4 

1.4 Need of study……………………………………………………....................4-5 

1.5 Physicochemical properties of PAHs………………………………………..6-10 

1.6 Standard limit of PAHs in water environment……………………………..11-13 

1.7 Objectives of present study………………………………………………...13-14  

1.8 Organization of thesis…………………………………………....................14-15  

2.0 Literature review………………………………………………………………….16-38 

2.1 Introduction………………………………………………………………...16-18 

2.2 Indian Scenario……………………………………………………………..18-20 

2.3 Analysis of PAHs…………………………………………………………..20-23 

2.4 Risk assessment…………………………………………………………….23-25 

2.5 Removal techniques………………………………………………………...26-36 

2.6 Key observations……………………………………………………………36-37 

2.7 Major outcomes and framework of present study…………………………..37-38 

3.0 Materials and methods…………………………………………………………….39-47 

3.1 Introduction……………………………………………………….....................39 

3.2 Materials……………………………………………………………………39-41 

3.2.1 Chemicals………………………………………………………39-40 

3.2.2 Instruments……………………………………………………..40-41 



vi 
 

3.3 Methodology………………………………………………………………..41-45 

3.3.1 Water sample collection………………………………………...41-42 

3.3.2 Distribution of PAH………………………………………………..42 

3.3.3 Biodegradation of PAHs…………………………….......................42 

3.3.4 Extraction of samples………………………………........................44 

3.3.5 Analysis of samples………………………………………………..44 

3.3.6 Gradient method………………………………………………...44-45 

3.4 Source apportionment…………………………………………....................45-46 

3.5 Statistical analysis (ANOVA test)……………………………………………..46 

3.6 Risk assessment…………………………………………….........................46-47 

4.0 Status of PAHs in a stretch of river Ganges in Kanpur, India…………………48-83 

Background…………………………………………………………………………48-49 

4.1 Objective of present study……………………………………...........................49 

4.2 Sampling locations and sample collection…………………………………..49-52 

4.3 Chemicals and instruments……………………………………………………..52 

4.4 Extraction of samples…………………………………………………………..53 

4.5 Analysis of samples…………………………………………………………….53 

4.6 Quality assurance…………………………………………….............................53 

4.7 Source apportionment…………………………………………………………..53 

4.8 Results and discussion………………………………………………………53-83 

4.8.1 PAHs in water…………………………………….......................53-61 

4.8.2 ANOVA test………………………………….............................61-63 

4.8.3 PAHs composition………………………………………………63-68 

4.8.4 Source apportionment…………………………………………...68-75 

4.8.5 PAHs and CETP………………………………………………...75-79 

4.8.6 CETP and removal of PAHs…………………………………….79-82 

4.9 Summary and conclusions…………………………………………………..82-83 

5.0 Distribution of PAH among water, suspended particulate matter  

and sediment………………………………………………………………………84-108 

Background……………………………………………………………………………84 

5.1 Objective of study………………………………………………………….84-89 



vii 
 

5.2 Experimental setup…………………………………………………………90-91 

5.3 Methods…………………………………………………………………….91-92 

5.4 Results and discussion…………………………………………………….92-106 

5.4.1 Distribution of phenanthrene…………………...........................92-99 

5.4.2 pH and distribution of phenanthrene…………………………..99-102 

5.4.3 Concentration and distribution of phenanthrene……………..102-106 

5.4.4 Distribution coefficient……………………………………….106-107 

5.5 Summary and conclusions………………………………………………..107-108 

6.0 Human Health Risk assessment due to PAHs in a stretch of river 

     Ganges, at Kanpur………………………………………………………………109-126 

     Background…………………………………………………………………………....109 

6.1 Introduction……………………………………………………………....110-111 

6.2 Methods………………………………………………………………….111-114 

6.2.1 Study area………………………………………………………....111 

6.2.2 Environmental data……………………………………..................111 

6.2.3 Risk assessment………………………………………………111-115 

6.3 Results and discussion…………………………………………………....115-125 

6.4 Summary and conclusions………………………………………………..125-126 

7.0 Biodegradation of LMW-PAHs………………………………………………...127-150 

Background……………………………………………………………………………127 

7.1 Objective of study…………………………………………………….......127-132 

7.2 Experimental setup and sample collection…………………………………….132 

7.3 Chemicals and instruments………………………………………....................133 

7.4 Sample pretreatment and analysis…………………………………………......133 

7.5 Results and discussion…………………………………………………….135-149 

7.5.1    Loss of PAHs due to volatilization……………………………….135 

7.5.2    Degradation of PAH……………………………………….....136-145 

                        7.5.3       GC/MS analysis…………………………………....................145-149 

7.6 Summary and conclusions………………………………………………….149-150 

8.0 Summary and major findings…………………………………………………….151-153 

Background……………………………………………………………………………..151 



viii 
 

8.1 Status of PAHs in a stretch of river Ganges at Kanpur…….........................151-152 

 

8.2 Distribution of PAH among water, suspended particulate matter  

           and sediment…………………………………………………………………….152 

8.3 Human health risk due to presence of PAHs in a stretch of river 

Ganges at Kanpur……………………………………………………………….147 

8.4 Biodegradation of LMW-PAHs…………………………….........................152-153 

  References……………………………………………………………………………154-177 

  Appendix I:  pH and EC of water samples of river Ganges in Kanpur………………178 

  Appendix II: pH and EC of waste water samples of drains in  

  post-monsoon period in Kanpur………………………………………………………...179 

  Curriculum vitae 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

 

 

 



ix 
 

 

 

List of Figures 

 

Figure 1.1: Schematic diagram of distribution of PAHs………………………………….3 

Figure 1.2: Standard limit for PAHs in water…………………………………………....12 

 

Figure 2.1: Major outcomes and suggestions for future…………………………………38 

 

Figure 3.1: Experimental outline of the study…………………………………................43 

Figure 3.2: Risk assessment process……………………………………………………..47 

 

Figure 4.1: Location of sampling sites a. India b. Uttar Pradesh c. Kanpur……………..51 

Figure 4.2: Process flow diagram of CETP (Tare et al. 2012)…………………………..52 

Figure 4.3: Spatial and temporal variation of ∑PAHs concentration in river  

Ganges at Kanpur stretch………………………………………………………………....58 

Figure 4.4: ∑PAHs concentration in different drains at Kanpur……………………........61 

Figure 4.5: Percentage of individual PAH in winter…………………………………......64 

Figure 4.6: Percentage of individual PAH in pre-monsoon…………………………........64 

Figure 4.7: Percentage contribution of individual PAH in post-monsoon………………..65 

Figure 4.8: Contribution of group of PAHs based on ring in winter…………………......66 

Figure 4.9: Contribution of group of PAHs based on ring in pre-monsoon………….......66 

Figure 4.10: Contribution of group of PAHs based on ring in post-monsoon………........67 

Figure 4.11: Percentage of carcinogenic compounds…………………………………….68 

Figure 4.12. Component plot in rotated space for identification of 

 possible sources………………………………………………………………………….72 

Figure 4.13: Status of PAHs at inlet and outlet of CETP in Kanpur……………………..77 

Figure 4.14: Status of PAHs in inlet and outlet (ring based) of CETP in Kanpur……….78 

Figure 4.15: Status of PAHs at inlet and outlet of the CETP  

(based on carcinogenicity) in Kanpur………………………………………………........79 



x 
 

 

Figure 5. 1: Schematic diagram for the distribution of PAHs among water,  

particulate matter and sediment……………………………………………………………91 

Figure 5. 2: Condition (pH 8.1:-8µg/200ml)……………………………………………....93 

Figure 5. 3: Condition (Control 8µg/200ml: pH 8.1)………………………………………93 

Figure 5. 4: Condition (pH 7.1: 8µg/200ml)……………………………………………….94 

Figure 5. 5: Condition (Control 8µg/200ml: pH 7.1)……………………………………....94 

Figure 5. 6: Condition (pH 7.6: 8µg/200ml)……………………………………………….95 

Figure 5. 7: Condition (Control 8µg/200ml: pH 7.6)………………………………………95 

Figure 5.8: Condition (pH 8.1: 10µg/200ml)………………………………………………96 

Figure 5. 9:  Condition (Control 10µg/200ml: pH 8.1)…………………………………….97 

Figure 5.10: Condition (pH 7.1: 10µg/200ml)……………………………………………..97 

Figure 5. 11: Condition (Control 10µg/200ml: pH 7.1)……………………………………98 

Figure 5.12: Condition (pH 7.6: 10µg/200ml)……………………………………………..98 

Figure 5.13: Condition (Control 10µg/200ml: pH 7.6)…………………………………….99 

 

Figure 7. 1: Schematic plan for the study…………………………………………………134 

Figure 7. 2: Experimental setup for the study……………………………………………..135 

Figure 7. 3: Degradation of naphthalene: sixteen day study………………………………137 

Figure 7. 4: Degradation of acenaphthylene: sixteen day study…………………………..137 

Figure 7. 5: Degradation of phenanthrene: sixteen day study……………………………..138 

Figure 7. 6: Degradation of fluorene: sixteen day study…………………………………..138 

Figure 7. 7: PAH in sludge at sixteenth day……………………………………………….139 

Figure 7. 8: Degradation of naphthalene (Control reactor)………………………………..139 

Figure 7. 9: Degradation of acenaphthylene (Control reactor)……………………….........140 

Figure 7. 10: Degradation of phenanthrene (Control reactor)……………………………..140 

Figure 7. 11: Degradation of fluorene (Control reactor)…………………………………..141 

Figure 7. 12: Degradation of PAH A1. Naphthalene in supernatant A2  

Naphthalene in sludge B2 Acenaphthylene in supernatant B2 Acenaphthylene in  

sludge C1 Phenanthrene in supernatant C2 Phenanthrene in sludge D1 Fluorene in  

supernatant D2 Fluorene in sludge……………………………………………….......142-143 



xi 
 

 

Figure 7. 13: Degradation of PAH a. Control Naphthalene b.  Control Acenaphthylene  

c. Control Phenanthrene d. Control Fluorene……………………………………………144 

 

Figure 8. 1: Summary, conclusions and future gaps of present study……………………153 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xii 
 

 

List of Tables 

 

Table 1.1: Concentration of PAHs in different surface water bodies……………………4 

Table 1.2: Carcinogenic effect of PAHs…………………………………………………5 

Table 1.3: Physicochemical properties of PAHs………………………………………7-10 

Table 1.4: Water quality standards for PAHs for the protection of aquatic  

life (Environment Canada 1998)…………………………………………………………13 

 

Table 2.1: PAHs and Indian scenario…………………………………………………18-20 

Table 2.2: Different techniques for the analysis of PAHs in different matrices………20-23 

Table 2.3: Values of exposure factors used in the ILCR assessment  

(ingested water)…………………………………………………………………………..24 

Table 2.4: Toxicity factors for individual PAHs…………………………………………25 

Table 2.5: Removal techniques of PAHs from different matrices…………………....28-35 

 

Table 3.1: Gradient method for the analysis of PAHs……………………………………45 

 

Table 4.1: Concentration of PAHs in a stretch of River Ganges near Kanpur  

(Industrial Town) during winter (December 2013, n=3) (µg/l)…………………………..55 

Table 4.2: Concentration of PAHs in a stretch of River Ganges near Kanpur 

 (Industrial town) during pre-monsoon (June 2014, n=3)(µg/l) ………………………….56 

Table 4.3: Concentration of PAHs in a stretch of River Ganges near Kanpur  

(Industrial town) during post-monsoon (October 2014, n=3) (µg/l)………………………57 

Table 4.4: Global status of PAHs in rivers……………………………………………......59 

Table 4.5: Concentration of PAHs in a Drains of Kanpur (Industrial town)  

during post-monsoon (µg/l)……………………………………………………………….60 

Table 4.6: P value to see the effect of total interaction of season and location……….......62 

Table 4.7: P-value for seasonal and spatial variation……………………………………..63 

Table4.8: Correlation matrix to cluster the variables subgroup..........................................70 



xiii 
 

Table 4.9: Total Variance Explained (Source grouping on the basis of eigen values)…..71 

Table 4.10: Rotated Component Matrix for source identification of PAHs in  

River Ganges……………………………………………………………………………..72 

Table 4.11: Molecular ratio for river water samples in winter……………………….......73 

Table 4.12: Molecular ratio for pre-monsoon river water samples………………………74  

Table 4.13: Molecular ratio for post-monsoon river water samples……………………..74   

Table 4.14: Concentration (µg/l) of PAHs in influent and effluent and their removal  

at the CETP.………………………………………………………………………………75 

Table 4.15:  Global status of removal techniques of PAHs……………………………81-82 

 

Table 5. 1: Global distribution of PAHs in different aquatic systems…………………85-89 

Table 5. 2: pH and concentrations varied in the experiments……………………….........91 

Table 5. 3: ANOVA test for water at 8µg/200ml…………………………………….....100 

Table 5. 4: ANOVA test for sediment at 8µg/200ml………………………………........100 

Table 5. 5:ANOVA test for SPM at 8µg/200ml…………………………………………100 

Table 5. 6: ANOVA test for water at 10µg/200ml…………………………………........101 

Table 5. 7: ANOVA test for sediment at 10µg/200ml…………………………………...101 

Table 5. 8: ANOVA test for SPM at 10µg/200ml………………………………….........102 

Table 5. 9: ANOVA test for water at pH 8.1……………………………………….........103 

Table 5. 10: ANOVA test for sediment at pH 8.1………………………………………..103 

Table 5. 11: ANOVA test for SPM at pH 8.1……………………………………………103 

Table 5. 12: ANOVA test for water at pH 7.1…………………………………………...104 

Table 5. 13: ANOVA test for sediment at pH 7.1………………………………….........104 

Table 5.14: ANOVA test for SPM at pH 7.1……………………………………….........105 

Table 5.15: ANOVA test for water at pH 7.6……………………………………………105 

Table 5.16: ANOVA test for sediment at pH 7.6………………………………………..106 

Table 5. 17: ANOVA test for SPM at pH 7.6……………………………………….......106 

Table 5.18: Distribution coefficient……………………………………………………..107 

 

Table 6.1: Toxicity indices for PAHs……………………………………………………115 

 



xiv 
 

Table 6.2: Oral risk (Non-carcinogenic) value of PAHs in water of river  

Ganges in Kanpur……………………………………………………………………118 

Table 6.3: Carcinogenic risk value of BaP in water of River  

Ganges in Kanpur……………………………………………………………………118 

Table 6.4: Carcinogenic potency due to PAHs in winter (µg/l)……………………..119 

Table 6.5 Carcinogenic potency due to PAHs in pre-monsoon (µg/l)………………120 

Table 6.6: Carcinogenic potency due to PAHs in post-monsoon (µg/l)…………......121 

Table 6.7: Mutagenic potency due to PAHs in winter (µg/l)………………………...122 

Table 6.8: Mutagenic potency due to PAHs in pre-monsoon (µg/l)………………....123 

Table 6.9: Mutagenic potency due to PAHs in post-monsoon (µg/l)……………......124 

Table 6.10: Incremental lifetime cancer risk (ILCR) value for PAHs in water of  

River Ganges in Kanpur…………………………………………………………......124 

Table 6.11: Dermal carcinogenic risk………………………………………………..125 

 

Table 7. 1: Biodegradation techniques of PAHs………………………………...128-131 

Table 7. 2: Mass balance for 28 hours degradation study……………………………145 

Table 7.3 Mass balance for control reactors(28hours study)………………………….145 

Table 7. 4: Retention Time and mass spectral data for Naphthalene…………………146 

Table 7.5: Retention time and mass spectral data for Acenaphthylene…………….....147 

Table 7. 6: Retention time and mass spectral data for Fluorene………………………147 

Table 7. 7: Retention time and mass spectral data for phenanthrene……………..148-149 

 

 

 

 

 

 

 

 

 

 



xv 
 

List of Abbreviations 

 

ACN                       Acetonitrile 

ANOVA                 Analysis of variance 

Anth                       Anthracene 

ATSDR                 Agency for Toxic Substances and Disease Registry 

B(a)A                     Benzo(a)anthracene 

BaP                        Benzo(a)Pyrene 

B(b)f                      Benzo(b)fluoranthene 

B(g,h,i)P                Benzo(g,h,i)perylene 

BIS                         Bureau of Indian Standards   

B(k)f                       Benzo(k)fluoranthene 

BOD                       Biochemical Oxygen Demand 

CCME                    Canadian Council of Ministers of the Environment 

CETP                     Common effluent treatment plant 

Chry                       Chrysene 

COD                      Chemical Oxygen Demand 

DCM                      Dichloromethane 

GC/FID                  Gas Chromatography/Flame Ionization Detector 

GC/MS                   Gas Chromatography/ Mass Spectroscopy 

HDPE                      High-density polyethylene 

HMW                      High Molecular Weight 

HPLC-PDA            High Performance Liquid Chromatography-Photo Diode Array  

HPLC/UV-VIS       High Performance Liquid Chromatography/Ultraviolet-Vissible 

IARC                       International Agency for Research on Cancer 

ILCR                       Incremental Life Time Cancer Risk 

I(1,2,3-cd)pyrene    Indeno(1,2,3-cd)pyrene 

IRIS                        Integrated Risk Information System 

LECA                      Light weight expanded clay 

LLE                         Liquid-liquid Extraction 

LMW                       Low Molecular Weight 



xvi 
 

LPM                         Litre per minute 

MAC                       Magnetic activated carbon 

MEFs                      Mutagenic Equivalent Factors 

MLD                       Million Litre per Day 

MLSS                     Mixed Liquior Suspended Solid 

MOS                       Margin of Safety 

PAHs                      Polyaromatic Hydrocarbons 

PCA                        Principal Component Analysis 

PCs                        Principal Components 

Phen                      Phenanthrene 

POPs                     Persistent organic pollutants 

RBC                     Rotating Biological Contractor 

SPE                      Solid Phase Extraction 

SPM                    Suspended Particulate Matter 

TEF                    Toxicity Equivalent Factor 

TSPM                 Total suspended particulate matter 

UASBR              Upflow Anaerobic Sludge Blanket Reactor 

USEPA               United State Environmental Protection Agency 

UV                      Ultra Violet 

WHO                  World Health Organization  

WWTP                Waste water treatment plant 

 

 

 

 

 

 

 

 

 

 



xvii 
 

List of Notations 

AT             Average lifespan  

BaPeq         Total BaP equivalent concentration 

C                Average exposure concentration over the period  

CDI            Chronic daily intake  

CR              Contact rate, the amount of contaminated medium contacted per unit time  

CSF            Carcinogenic slope factor of the ingested water 

DAevent        Adsorbed dose per event 

DAD           Dermally adsorbed dose 

df                Degree of freedom 

ED              Exposure duration  

EF               Exposure frequency 

EFD            Exposure frequency and duration, a variable that describes how long and how    

                    often exposure occurs 

FA               Fraction adsorbed water 

HI                Hazardous Index 

HQ               Hazard Quotient 

IR                Ingestion rate of water   

KH                Henry’s law constant 

Kow             Octanol-water partition coefficient 

Kp               Dermal permeability coefficient of compound in water 

MS              Mean squares 

R                Gas constant 

RfD            Reference dose 

SA             Skin surface area available for contact 

SS              Sum of squares 

TEFi           Toxicity equivalent factor of PAHi   relative to BaP 

ιevent            Lag time per event 

𝐭event            Event duration 


	Thesis_Pooja_2010CEZ8174.pdf



