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1. Introduction 

Organic contamination can be viewed as the secondary and tertiary dispersions of organic 

compounds from various sources into the global circulation across different spheres of the 

environment viz. hydrosphere, lithosphere, atmosphere and biosphere - mediated primarily 

by human activities [1, 2]. Freshwater contamination occurs in diverse ways, of which, 

contamination by organic compounds of various kinds and traits from a wide range of 

sources is a major concern due to their persistent nature and harmful biological impacts, 

especially on human beings [3]. All over the world, supply of freshwater is shrinking in 

quantity and dwindling in quality [4] - forcing the modern city planners to recycle potable 

water from raw water coming out of waste treatment facilities [5]. Contaminants are coming 

into the fresh water streams from different natural and anthropogenic sources of which the 

anthropogenic contribution is getting larger in volume each day as do their diversity [6]. 

These contaminants are either attenuated naturally into less toxic or non-toxic forms [7], or 

they persist in the fresh water ecosystem for long time, enter the food chain through 

bioaccumulation and bio magnified to cause cascading effect on terrestrial and aquatic bio-

diversity altogether [8, 9]. Presence of organic compounds and their harmful derivatives 

makes water unfit to consumption. Maintaining a supply of pure water for ever increasing 

population is already a daunting challenge all over the world while the organic 

contaminants are aggravating the challenges further [10, 11]. Hence, we need a clear 

understanding of the classes of organic compounds, which find their way into the fresh 

water system, their sources, and their transformation through physicochemical and 

biological processes in the fresh water system in order to control their entry and undesired 

transformation thereof. Moreover, we need to know the chemistry of these contaminants 

and their effects on the environment in general and on human health in particular while 

detecting their presence in fresh water in a quick and easy manner. Better understanding of 

these pollutants is inevitable for developing better techniques of purification of water from 

persistent organic contaminants. Substantial improvement has so far been achieved in all 

these aspects. This chapter is an effort to get a contemporary picture of our understanding 
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about the organic contaminants in the freshwater system. After introducing the issue of 

fresh water pollution in the second section, we shall intensely focus on different aspects of 

contamination of fresh water by persistent organic compounds in section three. In this 

section, we shall describe the categories of organic compounds which contribute to fresh 

water contamination with their sources, fate and effects. This section will also include a 

review of detection techniques available for the detection of organic contaminants in the 

freshwater system. The section will be concluded with two sub sections – one highlighting 

our understanding of the natural assimilation of persistent organic contaminants through 

normal aquatic ecological processes and the other focusing on the techniques that we have 

at our discretion for the removal of such contaminants from water in order to purify water. 

Different conventions and protocols are in place to reduce and control the issue of organic 

contamination of water. Before concluding the chapter, we shall try to shed some light on 

the current status of such protocols and conventions regarding organic contamination of 

fresh water. 

2. Pollution and contamination of fresh water  

Contamination of fresh water is a natural process; in the passage of the normal cycling of 

water through the water cycle, during precipitation, different organic substances of varied 

origins, both soluble and insoluble, get transported into fresh water streams. Among the 

natural contributors of organic contaminants, volcanic eruption, forest fires, natural 

decomposition of organisms, are substantial sources [4]. Organic substances of biological 

origin also result from either excreta or wastes from of living organisms, from municipal 

waste decomposition, etc. Among the dissolved organic substances in water, humic and 

fulvic substances, polycyclic aromatic hydrocarbons (PAHs), halogenated aromatic and 

aliphatic hydrocarbons, phthalate esters are the major classes [12]. However, the input of 

organic contaminants from natural sources does not increase the way they are increasing 

from anthropogenic sources. Human activities are increasing the consumption of the 

already known organic compounds all over the world for meeting diverse needs while 

organic pharmaceuticals, pesticides, paints and coloring materials, cosmetics, etc with novel 

properties are synthesized every day for many purposes. Consequently, the quantity and 

diversity of anthropogenic organic contaminants that enter the fresh water system and 

polluting it are accumulating. According to a recent study [6] on the presence organic 

contaminants in untreated drinking water sources in USA, for surface sources, natural sterol 

– cholesterol, herbicide – metolachlor, nicotine metabolite – cotinine, natural plant sterol – β-

sitosterol and caffeine metabolite – 1,7-dimethylxanthine were the five most frequently 

detected organic contaminants. In ground water sources, solvent – tetrachloroethylene, 

pharmaceutical – carbamazepine, plasticizer – bisphenol-A, caffeine metabolite – 1,7-

dimethylxanthine, and fire retardant – tri (2-chloroethyl) phosphate were the five respective 

major contaminants. However, they could not establish any specific seasonal trends in the 

distribution patterns of contaminants. 

3. Organic contaminants in freshwater system 

In recent decades there has been escalating concern about the potential effects of the 

occurrence of a diverse array of organic contaminants in the fresh water system on the 
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human and environmental health [12, 13]. Organic contaminants are mostly human-induced 

chemicals entering into natural fresh water through pesticide use, industrial chemicals, and 

as by-products of degradation of other chemicals and persist long enough in the 

environment to cause harmful effects. They tend to accumulate in reservoirs such as water, 

soil, sediments etc. From these reservoirs, they are remobilized through various processes, 

switch form or speciation and become available to the biological food chain. In this way, 

these contaminants tend to bio accumulate and bio magnify exhibiting toxicity and other 

related outcomes – mutagenicity, carcinogenicity and teratogenicity - resulting into chronic 

and acute disorders [14]. 

3.1 Common organic contaminants in freshwater 

Organic contaminants are composed basically of hydrocarbons both from anthropogenic 
and natural sources. Many contaminating hydrocarbons exist in the environment but 
carcinogens, mutagens and teratogens among them are the most closely monitored [15]. 
These contaminants enter the fresh water system both from point and non-point sources. 
Point sources are defined in a spatially explicit manner both in terms of chemical residues 
from organic contaminants they contribute and by epidemiological factors thereof, like 
morbidity, mortality or community disruption [16]. Effluents from municipal sewage-
treatment plants, industrial sources, storm sewer systems, mining and construction sites, etc. 
are examples of point sources. In contrast, organic contaminants from non-point-sources are 
diffused over broad geographical scale in a relatively uniform environmental concentration 
explicitly delineated into spatial or temporal patterns. Consequently, the management of 
non-point organic contaminants is difficult. Among non-point-sources are agricultural 
runoff, urban runoff and atmospheric wet and dry depositions [17]. Based on how they are 
formed, organic contaminants of fresh water systems can be of two categories - natural and 
synthetic. Organic contaminants of biological origin are natural organic contaminants of 
which sugars, alkaloids and terpenoids are prominent. Synthetic organic contaminants are 
generated through reaction among different chemical species, which subsequently get 
discharged into the fresh water - examples include DDT, Polychlorinated biphenyls (PCBs), 
Chlordane, and Dieldrin, etc. [18]. Some organic contaminants are easily broken down upon 
entry into the environment, but others are very persistent, popularly termed as, Persistent 
Organic Pollutants (POPs) which are of particular concern because of the long term risks 
they pose. POPs, due to their persistent nature, become widely distributed geographically to 
pose adverse effects to human health and the environment [2]. The Stockholm Convention on 
POPs entered into force in 2004, and it identified some POPs potential for damaging 
environment and human health (Table 1). 

Since the mid-twentieth century, pesticides became ominous in agriculture for saving crop 
yields from pastes both in the field and in storage. Pesticides are vital for crop protection 
and human health in many parts of the world [19, 20], yet due to their detrimental effects on 
natural ecosystems [21-23], we are becoming increasingly worried about their short and long 
term harms on the environment. A number of pesticides are in use throughout the world, 
but the four most important groups are insecticides, rodenticides, herbicides and fungicides – 
each group contains a rapidly accumulating list of persistent organic compounds capable of 
contaminating fresh water. Upon application, a substantial amount of these chemicals found 
their ways into fresh water systems. Most of the pesticides tend to bioaccumulate and exert 
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ruinous effects on environment and human health [24, 25]. Among the twelve toxic 
substances listed for being phased out as per the Stockholm Convention, nine are pesticides. 
The most common pesticide among the fresh water organic contaminants are DDT, Diedrin, 
Aldrin, Chlordane, Endrin, Mirex, Toxaphene, and Heptachlor [25, 26] - all of which has a 
long half-life, can break down to intermediate species and have detrimental health effects.  

POPs Class  

Heptachlor Pesticide 

Endrin Pesticide 

Dieldrin Pesticide 

Aldrin Pesticide 

Chlordane Pesticide 

Hexachlorobenzene Pesticide / industrial chemical / by-product  

Dioxins By-product 

Furans By-product 

Polychlorinated biphenyls (PCBs) Industrial chemical / by-product  

DDT  Pesticide  

Mirex Pesticide 

Toxaphene Pesticide 

Table 1. POPs scheduled to be phased out and eliminated under the Stockholm Convention, 
2004. 

3.2 Sources of persistent organic contaminants in the freshwater system 

3.2.1 Industrial sources  

Poly Aromatic Hydrocarbons (PAHs) are produced through burning of common fossil fuels, 
such as coal, petroleum and natural gas as well as from biomass fuels such as fuel wood, 

animal excreta etc. Naphthalene, an ingredient in dyeing industry, aluminium smelting 
industry and lubricant oils as well as wood procession industry, enters into water, mainly 

through discharges and spills during the storage, transportation and disposal of fuel oil and 
coal tar and incomplete combustion of organic compounds [27]. Anthracene releases from 

dye and pesticide manufacture, from exhaust of engines, from the incomplete combustion of 
organic compounds [28]. Burning of gasoline, garbage or biomass causes release of 

benzopyrene into the environment. It also releases from burning of tar during road 
construction, from wood preservative creosote and from glues used in electrical components 

[29]. The environmental release of benzene occurs from industries such as rubber 
processing, dyeing and washing, pharmaceuticals, and agrochemicals. Underground 

gasoline storage tanks also leak benzene into ground water [30]. Xylene is a common 
solvent, thinning and cleaning agent used widely in printing, rubber, wood processing, 

plastic and leather industries. Being liquid in form, xylene easily leaks into surface or 
ground water [31]. Dioxins are another class of organic contaminants released from pulp 

and paper mills, wood preservatives, etc. Trichloroethene is used as solvent during cleaning 
engine parts from grease and spillage of it to environment occurs during cleaning process or 

from the wastes of such cleaning facilities. 
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3.2.2 Agricultural and farming sources 

Agrochemicals are predominantly organic in nature and diverse in classes, nature and 
applications. They constitute the major anthropogenic source of organic contaminants into 
the fresh water system [32]. Usually, agrochemicals when applied in agricultural field or 
agro-product storage or processing, come in direct contact with flow of fresh water and can 
contaminate gradually both the surface and ground sources of fresh water. As they enter 
through flow water, they can reach unimaginable distance from the place of their 
applications.  

3.2.3 Natural sources 

The background concentration of organic contaminants in the environment is negligible, 
however, a number of them exist in the environment. Some of the organic contaminants 
enter the environment through various natural processes [1] such as volcanic eruptions, 
forest fires, biological decomposition and microbial activities. PAHs may enter the fresh 
water system naturally from thermal geological reactions, i.e. volcanic eruptions, forest fires, 
etc. Anthracene releases from natural sources such as coal and tar, can seep into the ground 
and surface water from coal piles. Among seventy five dioxins, originating naturally from 
volcanic eruption or forest fires, 2,3,7,8- tetrachlorodibenzo-p-dioxin (TCDD), is the most 
contaminating to the environment. A deeper treatment of contaminant contribution from 
natural sources has been discussed elsewhere [32]. 

3.2.4 Domestic and municipal sources  

Burning of biomass fuels, such as wood, leaves, cow dung, etc., lead to the release of organic 
contaminants such as PAHs, anthracene and benzopyrene, which ultimately reaches water 
or soil [33]. Burning of coal for cooking and home heating is another source of anthracene 
and benzopyrene, which find their way into the fresh water system. One of the major 
concerns of modern city or municipality management is the vast quantity of solid wastes 
produced every day in big municipal cities. The solid waste stream contains a huge amount 
of organic substances - human and animal excreta and wastes, vegetable and food 
remaining, healthcare wastes, etc. Upon their disposal into land filling or open dumping 
ground, the leachates thereof easily finds their way into surface or ground water [34]. Rich 
in organic contaminants for fresh water system, the leachates either contaminates surface 
water in the short run and ground water gradually, in the long run. Incineration of 
municipal waste also releases different organic contaminants into the air which ultimately 
pollute fresh water. In 37 rivers of Japan, presence of many pharmaceutical organic 
compounds has been found of which crotamiton, carbamazepine, ibuprofen and mefenamic 
acid were positively correlated to population in the respective catchment areas indicating 
the contribution of these compounds from sewage sources [35]. 

3.2.5 Atmospheric deposition  

Organic contaminants from different sources easily enter to the atmosphere and 
subsequently adsorbed with atmospheric particles or moisture. Such deposition of 
contaminants from the atmosphere ultimately reaches the aquatic ecosystem. An example of 
atmospheric movement of organic contaminants to fresh water ecosystem has been clearly 
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demonstrated in case of two high arctic lake systems - Lake Ellasjøen and Lake Øyangen - 
which are 500 km away from known point source [36]. In sediments and biota from both the 
lakes, high levels of POPs especially PCB and p,p 9-DDE, have been detected. However, the 
higher levels of these contaminants in Lake Ellasjøen has been linked to the higher 
precipitation it receives, and that it receives POPs from birds that use the lake as resting 
ground.  

3.3 Fate of organic contaminants  

Organic contaminants usually break down easily in the environment through natural 
assimilative processes, but there are compounds highly resistant and these needs special 
attention from the standpoint of pollution of fresh water systems. Popularly known as 
Persistent Organic Pollutants (POPs), they remain in the environment from many months to 
even years [1]. 

3.3.1 The media involved in the aquatic transport of organic chemicals  

Some of the persistent organic contaminants, including DDT, move from the point of 
application through the atmosphere and translocate from relatively warm regions to get 
condensed at colder, higher latitudes through a process known as global distillation effect. 
This explains the deposition of organic compounds at high concentrations in the Arctic 
region which is free from usage of such compounds [9, 37]. Benzene is water soluble, to 
some extent, and can seep into groundwater as well. Among the POPs, polychlorinated 
biphenyles (PCBs) were wonder materials with a wide range of applications. However, they 
entered the fresh water system during their manufacture and use. Even after the ban on 
them, they are still entering into the environment from the waste products where PCBs were 
used in the past. In fresh surface water or ground water, most of the PCBs adhere, weakly or 
strongly, to suspended sediment particles and remain as such for years [38]. Sediments 
containing PCB settle down to the bottom of fresh water reservoirs. Such sediments become 
the source of PCBs and gradually but continuously release PCBs in scanty amounts for 
years.  

3.3.2 Bio-transformation and bio-accumulation 

POPs are less soluble in water and more in lipid or fat resulting in their higher accumulation 
into the fatty tissues of living organisms. These organic contaminants enter living organisms 
from water through drinking of contaminated water or through ingestion of foods either 
processed using such water or foods from sources, which already have accumulated these 
contaminants. Bioaccumulating POPs include pesticides, PCBs, dioxins, and furans [1]. 
Repeated intake of organic contaminants or food contaminated thereof may cause bio-
magnification of these contaminants leading to the enhancement of the harm caused by 
these contaminants. The example of this is DDT, which shows higher concentration in fish 
fat tissue compared to its concentration in water where fishes grow. Different derivatives of 
DDT, for example, DDE or DDD forms inside the organisms and they are excreted off 
through excreta, but they may excrete through milk of mammals leading to transfer of them 
to offspring from parents. These compounds are stored most readily in fatty tissue. The 
tendency of these substances to persist in the environment and to be build-up in plant and 
animal tissues poses the greatest risk to human health and the environment. Usually, the 
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organic contaminants function as mutagenic, carcinogenic or teratogenic agents. Benzene, in 
fresh water, breaks down quickly and does not build-up in plants or animals. Fat soluble 
dioxins bioaccumulate easily in fatty tissue as well as in skin, muscle and other organs of 
most of the exposed animals, including fishes grown in dioxin rich surface water sources. 
The risk is higher for fishes from streams where affluent from paper and pulp industry is 
released.  

3.4 Effect of fresh water organic pollutants 

DDT causes sperm decline, eggshell thinning of birds and birth defects in many animals, 
which have been linked to near elimination of some species of animal. Bald eagle, a 
carnivore, is an example of what damage a POP like DDT can do [1]. On the other hand, 
PCBs from fresh water bioaccumulate into fish to a concentration hundreds or thousands of 
times higher than their levels in water. Benzene, if ingested, is broken down into secondary 
metabolites in the liver and bone marrow which are suspected to have to link with liver and 
bone marrow tissues. Exposure to moderate or high toluene levels has potential adverse 
effects on their liver, kidneys, and lungs. Aquatic animals absorb only a minimal amount of 
the xylene available in water contaminated with it. However, methylbenzaldehyde, a 
breakdown product from xylene cause damage to lungs of some animals. Exposure of 
animals to moderate to high levels of trichloroethane (TCE) causes liver and kidney damage.  

Among the organic contaminants, PCBs, DDT, DDE, DDD, naphthalene, benzopyrene, 
dioxins, etc., are reported or suspected carcinogens for humans. Benzopyrenes have been 
related to the production of metabolites doubted as a carcinogen precursor. PCBs enter the 
human body through eating of PCB containing meat or fish and get converted to other 
metabolites some of which excreted naturally, but others stay in fat and in the liver for 
months or years. Inclusion of PCBs into breast milk fat and their subsequent entries into 
babies have been reported [8, 39, 40]. In Western Japan, the consumption of rice bran oil 
contaminated with some thermal degradation products of PCBs, i.e. furans and 
quaterphenyls, which are more toxic than PCBs, led to a severe form of acne called 
chloracne followed by fatigue, nausea, and liver disorders [41, 42]. Short-term low human 
exposure to naphthalene in mild concentration has been linked to eye and skin irritation 
while at elevated exposure levels, it causes headaches, fatigue and nausea. However, 
ingestion of naphthalene may cause hemolytic anemia, damages to kidneys and liver. 
Decreasing fertility, fatal damage, lung and skin tumors are also evident in the case of 
chronic exposure to naphthalene. Trace amount of dioxins at parts per trillion levels may 
cause hormone disruption; it also causes numbness, fluctuations in liver enzymes levels, 
nausea, etc. Exposure to large quantity of TCE creates dizziness to senselessness and even 
death. Range of concentrations of different pharmaceutical organic contaminants of fresh 
water in water bodies around the world, their lowest predicted no-effect concentrations 
(PNEC), their health effects at higher doses along with natural attenuation have been 
summarized by Pal et al. [2].  

In a high-latitude freshwater food web of a remote lake in the Canadian Arctic, 
bioaccumulation of atmospherically deposited organochlorides such as PCBs, DDT, 
chlordane (CHL)-related compounds and hexachlorocyclohexane (HCH)- isomers were 
found at ng L–1 concentrations in water and sediment samples, while in fish samples, 6- to 
10-fold higher concentrations of these POPs compared to water samples were observed [9]. 
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Every day, the flow of organic contaminants into the fresh water system is increasing with 
the increase in the industrial activities and intensification of agricultural practices alongside 
the expansion of big municipalities all over the world. The rapid growth of population and 
the changes in lifestyle is enhancing the demand for global freshwater consumption. Hence, 
the necessity of treating larger volume of water is increasing and the task of meeting this 
demand is becoming complicated in terms of technology and costlier in terms of capital 
investment due to increased flow of contaminants in a larger variety into the water. The 
challenges that the water treatment will face in near future have been discussed in a nice 
review by Shannon et al. [43]. 

3.5 Detection of organic contaminates in fresh water system 

3.5.1 Instrumental and laboratory techniques 

The ubiquitous presence of persistent organic pollutants in surface and ground water 
sources necessitates their detection at trace level in order to ensure safe drinking water 
standards for public health in one hand and to develop appropriate technology for the 
removal or avoidance of these contaminants, on the other hand. Significant efforts are 
evident to the development of novel techniques and systems for the detection of the 
presence of organic fresh water contaminants in sub parts per billion levels to sub parts per 
trillion levels along with the refinement of existing detection capabilities for these organic 
compounds in the environment [6]. Pressurized solvent extraction, solid phase extraction, 
and capillary-column gas chromatography/mass spectrometry techniques has been 
developed for the determination of organic contaminants [44, 45]. Gas chromatography–
high resolution mass spectroscopy (GC–HRMS) has been used in Canada to detect 
estrogenic organic fresh water contaminants in municipal wastewater as well as in effluents 
from bleached kraft pulp mill at ng L–1 level [46]. Natural organic matter and the 
anthropogenic organic contaminants have distinct fluorescence signatures, which have been 
used to develop a technique for early detection of contamination in a groundwater based 
drinking water supply plant [47]. Very recently, low cost calibration free methods for 
determination of organic contaminants have been reported [48].  

3.5.2 Bio indicators 

Bio monitoring of water contamination using bio indicators is becoming a cost-effective 
mode of contamination detection in aquatic systems [49, 50]. Some species of aquatic biota 
helps the depuration of aquatic resources contaminated by organic contaminants through 
bioaccumulation. The presence and concentration of contaminants can therefore be bio-
monitored by using these species as biological indicators. Bivalves are usually preferred as a 
bio indicator and Goldberg in 1975 introduced the concept of “Mussel Watch” followed by 
the wide use of bivalves as an ideal bio-monitor in routine monitoring for National and 
Regional programmes [51]. The current results from the implementation of this approach 
succeeded to identify hot spots of contaminants and in following up their spatial 
distribution in the marine environments. “Mussel Watch” approach is based simply on 
using the characteristic feeding habits of bivalves as filter feeders which can accumulate 
tremendous quantity of contaminants in their tissues; reflecting the present quality and 
quantity of bio-available chemicals in their surrounding waters. The approach has been 
used to monitor PCBs in water [52], organotin contamination of fresh water lakes [53], and 
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for other organic contamination issues [54, 55]. Diatoms are also used in bio monitoring of 
water contamination [56]. 

3.5.3 Assimilative capacity of water and organic contaminants 

Once into the fresh water system, the natural assimilative capacity of water can attenuate 

majority of the organic compounds in a relatively shorter period of time using natural 

processes such as biotransformation, photolysis, sorption, volatilization, and dispersion, 

or a combination thereof [57]. The completion of natural breakdown of PCBs in the water 

may take several years, or even decades. Benzopyrenes, once get into the fresh water 

system, is either photo-degraded at the surface of waters or biodegraded gradually, 

however, their adsorption to particulates slows down the rate of natural assimilation. 

After entry, xylene may remain in fresh water for months or more but it gradually breaks 

down into relatively less harmful or harmless organics [58]. Trichloroethane and other 

halogenated hydrocarbons degrade naturally by photo-oxidation and biodegradation. In 

surface water, natural breakdown occurs in weeks while in groundwater, the breakdown 

is much slower. However, the slow rate of desorption and resorption of trichloroethane in 

subsurface soil make their long persistence in soil from where they may find their way 

into ground water for a quite long time [59]. Reports on the natural attenuation of 

pharmaceutical organic compounds in the fresh water system have been reviewed in an 

excellent review by Pal et al. [2]. New approaches are emerging to assess the natural 

attenuation of organic contaminants in the freshwater system. Plume-scale electron and 

carbon balances have been used in UK in a Permo-Triassic Sandstone aquifer 

contaminated with phenolic compounds [7]. 

3.6 Treatment options for organic contaminants in freshwater system 

The entry of organic contaminants into ground and surface fresh water source is 

increasing with industrialization and rapid urbanization. Accordingly, efforts towards the 

enhancement of treatment capabilities are increasing [60]. Bolong et al. [61] has reviewed 

the use and efficiencies of activated carbon, oxidation, activated sludge, nanofiltration and 

reverse osmosis membranes in removal of persistent organic contaminants. The current 

options for water treatment for the removal of organic contaminants are based on 

continued development of activated sludge method, which is basically a bio 

transformation method [62, 63], the membrane filtration methods [60, 64] and reverse 

osmosis [65-67]. Activated sludge with zeolite improves organic contaminants 

biodegradability during anaerobic oxidation of municipal waste water by increasing the 

number of heterotropic bacteria as high as 55 times compared to control activated sludge 

[68]. With the use of zeolite, the COD removal rate reached to about 90% while the TOC 

removal rates with 0.22µm and 0.45µm filter membrane reached respectively at 97% and 

92%. The sludge with zeolite can depredate further organic contaminants, which was 

difficult to degrade using organisms. Removal of organic contaminants are also enhanced 

by using novel biodegradable coagulants like chitosan, poly-lactic acid derivatives, etc. 

[69], and adsorption into porous materials such as the activated charcoal [70], or granular 

carbon [71], etc. The focuses of these techniques are basically on the removal of POPs from 

freshwater entering into the environment through industrial or municipal effluents, since 
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it became a binding requirement for business entities in almost all the countries of the 

world to release industrial effluents after making it free from such contaminants, which 

made the development of modern and effective removal technology an active field of 

research with adequate funding. However, there is a grim picture even after all these 

developments, as a recent report from South-East Queensland, Australia reported the 

presence of a total of 15 organic contaminants, including NDMA and bisphenol in potable 

water recycled from raw water coming off waste treatment plants with reverse osmosis 

equipped advanced water treatment facility [5]. On the other hand, the need for removal 

of organic contaminants puts tremendous pressure on the water-treatment facilities in 

terms of increased cost. However, some alternatives are emerging in this case as well to 

bring the cost of treatment down. Low-cost alternative adsorbents (LCAs), which 

comprise of both natural and synthetic materials, are in use for removal of POPs. LCAs 

have shown fast kinetics and appreciable adsorption capacities in removing organic dyes 

from the contaminated fresh water [72].  

4. Convention/protocol on organic contaminant of fresh water 

There are a number of conventions and protocols dealing with the issue of organic 

contaminants of the fresh water system, however, none of these protocols specifically deals 

only with this issue. The progress is in place, and we can expect that in the years to come, 

specific global convention covering the range of organic pollutants of the fresh water system 

will be adopted and ratified by all. Among the current conventions and/or protocols, 

Stockholm Convention on Persistent Organic Pollutants comprises of 173 parties, and it 

entered into force in 2004. The convention deals with POPs and it has identified 12 highly 

hazardous organic compounds, mostly agrochemicals and outlined the phasing out of these 

twelve gradually by ratifying parties [61]. Convention on the Protection and Use of Trans-

boundary Watercourses and International Lakes, adopted at Helsinki, in 1992 by United 

Nations Economic Commission for Europe (UNECE), outlines the protocols for controlling 

trans-boundary movement of contaminants [73]. There are many country or region-specific 

regulations and directives related to water quality, which also covers the issue of organic 

contaminants of the freshwater system.  

5. Conclusion 

Our understanding of the extent to which organic contaminants are entering into the 

freshwater system is still sketchy, as do our knowledge of the subsequent chemistry of these 

contaminants – their fate, effect and mediation. The reasons of non-comprehensive 

understanding are many. The first is the impossibility, in practice, to keep a clear accounting 

of the entry of persistent organic contaminants into the aquatic system since the entry is 

taking place through plethora of means from innumerable sources. Secondly, the rapid 

increment of the pool of persistent organic fresh water contaminants in number and 

diversity; the interaction among the organic contaminants themselves, between 

contaminants and aquatic environment mediated by biological, physical and chemical forces 

leading to the formation of many intermediates and derivatives thereof. However, new 

information is added to our knowledge base each day, and we are becoming more capable 

of addressing the issue – locally and globally.  
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