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Introduction 
 

The major cause of global concern which 

leads to onset of numerous fatal diseases is 

water pollution which is responsible for the 

death of over 14,000 people every day. 

Water pollution is defined as any destruction 

in its native characteristics by addition of 

anthropogenic contaminants, which disturb 

the normal use of water either it cannot 

serve to human for drinking purposes and/or 

to support the biotic communities. The 

problem of water pollution is more 

frightening in developing countries in 

comparison to industrialized nations. The 

major changes in the ecological status and  

 

 

 

 

 

 

 

 

 

water quality caused due to natural disasters 

like earthquakes, volcanoes, algal blooms 

and storm. Fresh water is limited resource, 

vital for agriculture, industry and even 

human existence, without fresh water of 

adequate quantity and quality, sustainable 

development will not be possible. The 

accumulation of various kinds of pollutants 

and nutrients through sewage, industrial 

effluents and agricultural runoff into the 

water bodies bring about a series of changes 

in the physicochemical and characteristics of 

water, which have been the subject matter of 

several investigations. Almost 50% of the 
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The quality of water is of fundamental concern for mankind because it is directly 

linked with human welfare. Approximately 30,000 people die every day in 

developing countries of the world because of unsanitary water supply, surveyed by 

World Health Organization in 1980. The addition of various kinds of pollutants and 

nutrients through sewage, agricultural runoff and industrial effluents into the water 

bodies result in a sequence of changes in the physicochemical characteristics of 

water. The pollution levels in the Yamuna river water have rise, biochemical 

oxygen demand (BOD) load has increased by 117 tonnes per day (TDP) in 1980 to 

276 TDP in 2005. River provides valuable drinking water to humans, habitat to 

many aquatic plants and living organisms and irrigation water to farmlands. 

Excessive industrialization and consequent urbanization has led to several 

problems of water quality management of rivers. This paper makes an effort to 

highlight the status of Yamuna water quality, discusses the impact of heavy metals 

and pesticides on human health and the remediation of pollutants through bacterial 

isolates for better river water quality and quantity. 
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water pollution of streams and rivers occur 

due to leaching and mixing of chemicals 

from the agriculture practices, according to a 

report published in 1990 from the 

Environment Protection Agency (EPA). 

According to UN surveyed reports, India is 

predictable to face critical levels of water 

stress by 2025 and there will be serious 

water shortages. 

 

Environmental contamination and pollution 

have resulted extensively due to 

Industrialization and extraction of natural 

resources. The major problem that the whole 

world is facing today is contamination of 

soils, groundwater, sediments, surface water, 

and air with hazardous heavy metals and 

toxic chemicals. The remediation of these 

natural resources (soil, water and air) has led 

to the expansion of new technologies that 

put emphasis on the destruction of the 

pollutants rather than the conventional 

approach of disposal because of their 

potential to enter the food chain. In India, 

alarming levels of pesticides have been 

reported in air, water, soil as well as in foods 

and biological materials. Some of these 

pesticides have also been reported to be 

toxic, mutagenic, carcinogenic and 

tumorogenic. The most important pollutants 

among the toxicants in India are 

organochlorine and organophosphorus 

pesticides. For the past several decades, 

organochlorine pesticides have been widely 

used for both agricultural and public health 

purposes, but there is always a tendency to 

use them in excess. Microorganisms are 

important in maintaining soil fertility and 

are also important agents which detoxify 

pesticides in soil. Thus chemicals which 

seriously affect the soil microflora may 

harm soil fertility and crop production. 

 

Rivers, though most important water 

resources of the world are being polluted by 

indiscriminate disposal of sewage, industrial 

wastes and a plethora of human activities. 

Pollution of rivers first affecting its 

physicochemical quality systematically 

destroys the biotic community disrupting the 

delicate food web. However pollution has 

several dimensions and the effective 

monitoring and the control of river pollution 

requires the expertise from various 

disciplines. There are fourteen major rivers 

in India and the reports of Saxena and 

Chauhan and those of CPCB indicate that 

majority of them are polluted. The river 

Yamuna, once a river of mythical status, 

today breeds malaria, cholera and jaundice 

diseases which claim the lives of thousands 

of living beings. Environmentalists bewail 

the degradation of the 1367 km of Yamuna- 

the largest tributary of India holy river, the 

Ganges that originates from 6387 meters 

high glacier in the Himalayas. 

 

Literature Survey 

 

Physico-Chemical Parameters 

 

The life on earth depends upon water 

among all three state in which water occur 

in the ecosphere as gas, solid and liquid 

only because the last one is an 

indispensable resource as far as human 

activity is concerned. Kumar et al., studied 

the effect of microbial mixture of various 

bacterial species such as Citrobacter, 

Klebsiella, Yersinia, Serratia, for the 

biodegradation of organic matter in 

sewage water. A significant variation in 

the physico-chemical parameters BOD 

(84.9%) and COD (79.9%) and DO 

(62.4%) were reported by Mishra and 

Tripathi. Joshi and Sharma through their 

research work revealed that maximum 

reduction in Biological Oxygen Demand 

(79.45%) and Chemical Oxygen Demand 

(72.25%) was observed after bacterial 

inoculation period of 72 hours. Microbes 

used in Effective Microbes technology are 
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non- harmful, non-pathogenic, non-

genetically engineered or modified and non-

chemically synthesized. Microbes originated 

from their own environment previously 

exposed to organic substances have greater 

degradation ability of related waste in 

biodegradation process Shrivastava et al. 

 

A laboratory scale study has been carried 

out by Raghav et al. to reduce the load of 

BOD, COD, hardness, alkalinity, acidity, 

dissolved solids, suspended solids, total 

solids by the process of bioremediation 

using bacterial consortium. The bacterial 

consortium treated water sample showed a 

sharp reduction in BOD i.e. 89% and 84% in 

COD. The result of the study indicates that 

Effective bacterial consortium helps in the 

reduction of water impurities. The 

observation revealed that the inoculation of 

bacterial consortium in water may release 

the nutrients through biodegradation of the 

organic/inorganic matter of water sources, 

which promote the plant growth.  

 

Heavy Metals 

 

The metals with an atomic number 22 to 92 

in all groups from period 3 to 7 in the 

periodic table are regarded as Heavy metals. 

Some of the metals such as Cu, Zn, Cd, Pb, 

Fe, Cr, Co, Ni, Mn, Mo, Se are essential in 

trace quantities for the general well-being of 

living organism but an excess of these can 

be lethal. Kaur assessed the heavy metals 

concentration of Pb, Fe, Zn, Mn, Cd, Co, 

Cu, Cr and Ni in the Yamuna river water 

flowing through the city of Delhi during two 

seasons viz. summer (May) and winter 

(January). Similar kind of studies have 

already carried out by several workers all 

over the world [28-33]. The concentration of 

heavy metals (Cr, Cu, Ni, Pb, and Zn) in the 

study area, in the rivers Ganga and Yamuna 

on seven sampling stations at Allahabad 

using Atomic absorption Spectrophotometer 

indicated that the river is highly polluted 

Pandey et al. Anthropogenic activities and 

human interference in the natural ecosystem 

increases the load of heavy metals Kumar et 

al.  

 

Pesticides 

 

Pesticides are the major pollutants of the 

aquatic environment and their presence is of 

vital concern because of their potential 

toxicity towards vertebrates. 

 

The microbial degradation of 

monocrotophos pesticides through different 

bacterial species viz. Arthrobacter 

atrocyaneus, Bacillus megaterium and 

Pseudomonas mendocina showed 80 to 90% 

degradation of monocrotophos at maximum 

initial concentration of 500 mg/L in 

synthetic medium within 48 h. Deshpande 

extensively studied that the degradation of 

Dimethoate by several bacterial strains. 

Brevundimonas sp. showed 96%, Bacillus 

sp. showed 94% while Klebsiella oxytoca 

showed 71% degradation of dimethoate 

pesticide within 12 days. The biological 

growth kinetics and bioconversion of 

Pseudomonas aeruginosa was investigated 

in batch process under aerobic condition for 

the degradation of HCH reported by Lodha 

et al. The bacterial isolate Pseudomonas 

aeruginosa (NCIM 2074) was used in 

bioremediation of chlorpyrifos at 

concentrations up to 50 mg/l.  

 

The unique approach for the biodegradation 

of organophosphorus pesticide (dimethoate) 

in aqueous media with effective 

microorganisms (EM) was investigated by 

Megeed and Nakieb. The research work of 

Pandey et al.,  revealed contamination of the 

surface sediments with several persistent 

organochlorine pesticides was found in the 

river Yamuna in Delhi. Endrin aldehyde, 

Endosulfan sulfate and DDT showed the 
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highest percentage in all the three seasons. 

The total organochlorine pesticides level 

ranged from 157.71 - 307.66 ng/g in Pre-

monsoon to 195.86 - 577.74 ng/g in 

Monsoon and 306.9 - 844.45 ng/g in the 

Post-monsoon season. The study 

demonstrates the pollution of the river with 

pesticide residues, but also the necessity of a 

continuous long-term monitoring of the 

affected environment. Kumar et al., [43] 

reported the maximum pesticide 

concentrations in water and sediments of the 

lakes were 4.12 (aldrin), 2.26 (endrin), 6.17 

(pp'-DDT), 5.98 ng mL
-1

(α-endosulfan) and 

167 (aldrin), 124 (endrin), 513 (pp'-DDT), 

349 ng g-1 (α-endosulfan), respectively. The 

aldrin and endrin were absent at all the sites 

of the Yamuna. The maximum concentration 

of pp'-DDT and α-endosulfan in river water 

was 3.37 ng mL
-1

and 3.55 ng mL-1and in 

sediments 525 ng g-1 and 194 ng g
-1

 

respectively. 

 

Current Status of Yamuna Water Quality  

 

The quality of river water can be assessed by 

the analysis of nutrients, chemistry, and 

biology. A healthy river is that which should 

contain at least 5 mg/L of Dissolved Oxygen 

(vital for the survival of marine life) and 

about 3 mg/L of Biochemical Oxygen 

Demand. Further the Pathogens (disease 

causing bacteria’s) represented by the Faecal 

Coliforms counts should not exceed 500 per 

100 mL of water. India River water qualities 

have been categories in five classes 

represented in Table-1. Yamuna River 

belongs to class E. The Yamuna water 

quality is affected by the Swift urbanization 

and agricultural growth in Yamuna basin. 

Yamuna has six barrages which block the 

river flow and design the flowing situation. 

Usually most of the slush gets dumped at 

upstream of the barrages. These solid toxic 

substances that have settled, moves to 

downstream along with rapid and abrupt 

discharge of water from the barrages thereby 

increasing the river contamination. Central 

Pollution Control Board (CPCB) carries out 

regular checking and investigation of Water 

quality of Yamuna River since 1977. 

Degradation due to pollution has 

substantially decreased the ability of 

wetlands to provide enough amounts and 

also the water fulfilling the minimum 

standards. The constant dilapidation of 

wetlands, and more specifically the 

continued decline in water standards and 

quality, will result in further deterioration of 

human health especially for people in 

developing countries who are more 

vulnerable. This also affects aquatic life. 

The physicochemical parameters of water 

bodies like freshwater pond can be 

significantly changed by anthropogenic 

activities such as numerous farming 

practices and natural dynamics which 

subsequently disturb the water quality and 

quantity, biodiversity, capacity of the land to 

produce and even commotion in the of 

environmental equilibrium operating there. 

 

Techniques for Identification of Heavy 

Metals and Pesticides 

 

Atomic Absorption Spectroscopy (AAS) 

 

AAS is an analytical method for 

quantification of around seventy different 

elements in solution or directly in solid 

samples. Procedure depends on atomization 

of elements by different atomization 

techniques like flame (FAAS), 

electrothermal (ETAAS), hydride or cold 

vapor.  

 

In FAAS Two types of flame is used (i) 

air/acetylene flame, (ii) nitrous 

oxide/acetylene flame. Flame type depends 

on the analyte thermal stability and the 

compounds formed with flame 

concomitants. In air-acetylene flame and 
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acetylene-nitrous oxide flame the 

temperature formed is around 2300°C and 

3000°C respectively. The outline block 

diagram of FAAS and GFAAS is presented 

in Fig. 1. Basically source as hollow cathode 

lamp, Atomizer as flame or graphite furnace, 

wavelength selector as grating and detector 

as photomultiplier are used. 
 

Inductively Coupled Plasma Mass 

Spectroscopy (ICP-MS) 

 

ICP-MS is a multi-element technique in 

which plasma source is used to atomize the 

sample and the ions are detected by mass 

spectrometer. All elements are analyzed in a 

minute. There are several types of ICP-MS 

instruments; HRICP-MS (high resolution 

inductively coupled plasma mass 

spectrometry and MC-ICP-MS (multi 

collector inductively coupled plasma mass 

spectrometry). HR-ICP-MS, has magnetic as 

well as electric sector and separate and focus 

ions whereas MC-ICP-MS, are designed to 

perform high-precision isotope ratio 

analysis. 

 

Gas Chromatography Mass Spectroscopy 

(GCMS) 

 

GC-MS is a combination of two different 

distinctive features of gas-liquid 

chromatography and mass spectrometry for 

identification of different substances within 

a test sample. GC-MS has been widely 

heralded as a "gold standard" for the 

identification of forensic substance because 

it is used to perform a specific test. The 

specific test positively identifies the 

presence of a particular substance in a given 

sample. A non-specific test merely indicates 

that a substance falls into a category of 

substances. Although a non-specific test 

could statistically suggest the identity of the 

substance, this could lead to false positive 

identification.  

GC-MS composed of two major building 

blocks: the gas chromatograph and the mass 

spectrometer. The gas chromatograph 

utilizes a capillary column which depends 

on the column's dimensions (length, 

diameter, film thickness) as well as the 

phase properties (e.g. 5% phenyl 

polysiloxane). The difference in the 

chemical properties between different 

molecules in a mixture will separate the 

molecules as the sample travels the length of 

the column. The molecules are retained by 

the column and then elute (come off of) 

from the column at different times (called 

the retention time), and this allows the mass 

spectrometer downstream to capture, ionize, 

accelerate, deflect, and detect the ionized 

molecules separately. The mass 

spectrometer do this by breaking each 

molecule into ionized fragments and detect 

the fragments. 

 

Liquid Chromatography Mass 

Spectroscopy (LCMS) 

 

LCMS is a hyphenated technique which 

combines the separation power of HPLC 

with the detection power of mass 

spectrometry. Most instruments now 

atmospheric pressure ionisation (API) 

technique where solvent elimination and 

ionisation steps are combined in the source 

and take place at atmospheric pressure. 

When electron impact ionisation (EI) is the 

choice, the solvent elimination and 

ionisation steps are separate. The interface is 

a particle beam type, which separates the 

sample from the solvent, and allows the 

introduction of the sample in the form of dry 

particles into the high vacuum region. 

Electron impact is of interest for molecules 

which do not ionise with API technique, or 

when an electron impact spectrum is 

necessary, since it provides spectral 

information independent of the sample 

introduction technique (GC or LC, or direct 

introduction). 
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Bacterial Remediation of Major 

Pollutants from Waste Water 

 

The overall quality of the environment is 

linked inextricably to the quality of life on 

the Earth. Rapid industrialization and the 

progress in science and technology produce 

a large amount of raw sewage to nuclear 

waste which is dumped into the ecosystem 

thus posing a serious problem for survival of 

mankind itself on earth. During past time the 

wastes were disposed by traditional methods 

such as digging a hole and filling it with 

waste material. This approach of waste 

disposal was difficult to continue due to lack 

of new place every time to dump. Innovative 

technologies for waste disposal have 

evolved that use high-temperature 

incineration and chemical decomposition 

(e.g., base-catalyzed dechlorination, UV 

oxidation). Even though they can be very 

valuable at reducing wide a range of 

contaminants but at the same time have 

numerous drawbacks. Such methods are 

complex, uneconomical, and lack public 

acceptance. Several drawbacks in these 

methods have focused efforts towards 

harnessing modern day bioremediation 

process as a suitable alternative. 

Bioremediation is a microorganism 

mediated transformation or degradation of 

contaminants into nonhazardous or less-

hazardous substances. The employability of 

different organisms like bacteria, fungi, 

algae, and plants for efficient bioremediation 

of pollutants has been reported by several 

investigators.  

 

Effect of Pesticides on Human Health 

 

Pesticides are congenitally toxic materials – 

they are developed and used with the 

explicit intention to destroy or prevent the 

growth of life. The connection between 

pesticide exposure and common diseases 

affecting the public’s health continues to 

strengthen causing more and more concern 

for individuals directly and indirectly 

exposed to pesticides. Farm workers are 

directly exposed to and work with pesticides 

on a daily basis. Diseases that are most 

linked to pesticide exposure are asthma, 

autism and learning disabilities, birth defects 

and reproductive dysfunction, diabetes, 

Parkinson’s and Alzheimer’s diseases, and 

several types of cancer. Acute or chronic 

low-levels inhalations of pesticides may 

increase the risk of developing asthma, 

exacerbate a previous asthmatic condition or 

even trigger asthma attacks by increasing 

bronchial hyper-responsiveness. Many 

pesticides are sensitizers or irritants capable 

of directly damaging the bronchial mucosa, 

and in turn making the airway very sensitive 

to allergens or other stimuli.  Research 

shows that there is a significant association 

between cancer and pesticides used in 

agriculture and throughout the urban 

environment in homes, schools, and public 

places. The most common types of cancers 

that are associated with pesticide exposure 

are brain cancer, breast cancer, leukemia, 

lymphoma, prostate cancer and other 

cancers. A developing brain is much more 

susceptible to the toxic effects of chemicals 

than an adult brain. During development, the 

brain undergoes a highly complex series of 

processes at different stages. Research has 

shown that environmental toxicants, such as 

pesticides, at low levels of exposure can 

have subclinical effects—not clinically 

visible, but still important adverse effects, 

such as decreases in intelligence or changes 

in behavior. These include general 

developmental delays, attention deficit 

hyperactivity disorder (ADHD) and autism. 

A study by the National Institutes of Health 

(NIH) finds pesticide applicators with 

regular exposure to pesticides are at greater 

risk for type 2 diabetes. Applicators that had 

used certain insecticides more than 100 

lifetime days nearly doubled their diabetes 
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risk. The epidemiological and toxicological 

evidence is repeatedly identifying exposure 

to pesticides as significant adverse risk 

factors that contribute to Parkinson’s 

disease. In a review of 40 epidemiological 

case-control studies from 1983-2005 

published in the journal Environmental 

Health Perspectives, researchers evaluated 

the relationship between PD and pesticide 

exposure, finding sufficient evidence that an 

association exists and is strongest for 

exposure to herbicides and insecticides, and 

after long durations of exposure.  

 

Continuous application of synthetic 

pesticides has also contributed to the 

extinction of useful organisms present in the 

soil. Besides contaminating the 

environment, including the soil, pesticide 

residues also affect useful organisms like 

earth worms, bees, spiders, plants and like to 

natural decay, which otherwise would have 

contributed towards preventing harmful 

pests. UNEP linked the effects of pesticides 

to ―the level of oncological (cancer), 

pulmonary and haematological morbidity, as 

well as on inborn deformities and immune 

system deficiencies‖. Human health effects 

are caused by 1) Skin contact: handling of 

pesticide products, 2) Inhalation: breathing 

of dust or spray and 3) Ingestion: pesticides 

consumed as a contaminant on/in food or in 

water. Farm workers have special risks 

associated with inhalation and skin contact 

during preparation and application of 

pesticides to crops. However, for the 

majority of the population, a principal 

source is through ingestion of food which is 

contaminated by pesticides. Degradation of 

water quality by pesticide runoff has two 

principal human health impacts. The first is 

the consumption of fish and shellfish that 

are contaminated by pesticides; this can be a 

particular problem for subsistence fish 

economies that lie downstream of major 

agricultural areas. The second is the direct 

consumption of pesticide-contaminated 

water. WHO has established drinking water 

guidelines for 33 pesticides. Many health 

and environmental protection agencies have 

established ―acceptable daily intake‖ (ADI) 

values that indicate the maximum allowable 

pesticide daily ingestion over a person’s 

lifetime without appreciable risk to the 

individual. For example, Wang and Lin  

studying substituted phenols, tetrachloro 

hydroquinone, a toxic metabolite of the 

biocide pentachlorophenol, was found to 

produce significant and dose-dependent 

DNA damage. The harmful effects of 

pesticides are 1) Death of the organism, 2) 

Cancers, tumours and lesions on fish and 

animals, 3) Reproductive inhibition or 

failure, 4) Suppression of immune system, 

5) Disruption of endocrine (hormonal) 

system, 6) Cellular and DNA damage, 7) 

Teratogenic effects (physical deformities 

such as hooked beaks on birds), 8) Poor fish 

health marked by low red to white blood cell 

ratio, excessive slime on fish scales and 

gills, etc., 9) Intergenerational effects 

(effects are not apparent until subsequent 

generations of the organism) and 10) Other 

physiological effects such as egg shell 

thinning. These effects are not necessarily 

caused solely by exposure to pesticides or 

other organic contaminants, but may be 

associated with a combination of 

environmental stresses such as 

eutrophication and pathogens. Pesticides are 

commonly found in water. The groundwater 

from some US and Canadian provinces has 

been reported to contain the residues of 39 

pesticides and their metabolites. The 

calculation of level of allowable pesticide 

for water is made depending on the exposure 

of children and adults exposure; the children 

being 4 times more vulnerable to the 

pesticide toxicity than adults. Residues of 

pesticides that are ―severely restricted‖ 

because of their serious effects on human 

health were also found in significant 
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quantities in the water sources. The pesticide 

residues exerting serious effects on human 

health enter the water supply through 

leaching from soil into ground water. 

 

Effect of Heavy Metals on Human Health 

 

Arsenic 

 

Arsenic a metalloid, rarely found as a free 

element in the natural environment, but 

more commonly as a component of sulphur-

containing ores in which it occurs as metal 

arsenides. Arsenic is extensively distributed 

in natural waters and is often associated with 

geological sources, but in some locations 

anthropogenic inputs, such as the use of 

arsenical insecticides and the combustion of 

fossil fuels, can be extremely important 

additional sources. Acute arsenic poisoning 

is infamous for its lethality, which stems 

from arsenic’s destruction of the integrity of 

blood vessels and gastrointestinal tissue and 

its effect on the heart and brain Arsenic has 

been reported to vary in: blood, from 1.5 to 

2.5 g L-1; hair, from 0.25 to 0.88 g L-1; and 

urine the average concentrations are 

between 20 and 50 g L-1. In humans arsenic 

toxicity occurs due to ingestion of As 

containing powders or solutions 

accidentally, suicide, homicide, or 

consumption of contaminated food or 

drinking water. Arsenic has been reported to 

be associated with hypertension and serious 

impacts on the cardiovascular system, and 

even hepatic damage at high doses It has a 

suppressive effect on spermatogenesis and 

gonadotrophin and testosterone release in 

rat. There is correlation between arsenic 

exposure and diabetes mellitus (type II). 

Inorganic arsenic is considered carcinogenic 

and is related mainly to lung, kidney, 

bladder, and skin disorders. The toxicity of 

arsenic in its inorganic form has been known 

for decades under the following forms: acute 

toxicity, subchronic toxicity, genetic 

toxicity, developmental and reproductive 

toxicity, immunotoxicity, biochemical and 

cellular toxicity, and chronic toxicity. 

However, the accumulation of arsenic in rice 

field soils and its introduction into the food 

chain through uptake by the rice plant is of 

major concern mainly in Asian countries. 

The JECFA established a PTWI for 

inorganic arsenic as 0.015 mg/kg body 

weight. Organo-arsenic intakes of about 

0.05 mg/kg body weight/day seemed not to 

be associated to hazardous effects. 

 

Cadmium 

 

Cadmium is a accumulative toxicant and 

carcinogenic which adversely affects 

kidneys, disturbs bone metabolism and 

deforms reproductive tract as well as 

endocrine system and generates various 

toxic effects in the body. In particular, the 

loss of calcium caused by cadmium’s effect 

on the kidney can be severe enough to lead 

to weakening of the bones. ―Itaiitai‖ disease, 

an epidemic of bone fractures in Japan from 

gross cadmium contamination of rice stocks, 

has recently been shown to happen in more 

subtle fashion among a general community 

living in an area of relatively modest 

cadmium contamination. An exposure to 

cadmium enhances calcium excretion thus 

causes skeletal demineralization and 

probably leading to increases in bone 

fragility and risk of fractures. Cadmium 

exposure, during human pregnancy, leads to 

reduced birth weights and premature birth. 

Occupational levels of cadmium exposure 

are a risk factor for chronic lung disease 

(through airborne exposure) and testicular 

degeneration and are still under 

investigation as a risk factor for prostate 

cancer. Due to excessive accumulation of 

cadmium, other damages have been 

observed include reproductive, and 

development toxicity, hepatic, 

haematological and immunological effects. 
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The Joint FAO/WHO has recommended the 

PTWI as 0.007 mg/kg bw for cadmium. The 

EPA maximum contaminant level for 

cadmium in drinking water is 0.005 mg/L 

whereas the WHO adopted the provisional 

guideline of 0.003 mg/L. 
 

Lead 
 

Lead is the archetype metal toxin in terms of 

its many sources and pathways for exposure, 

global distribution, ability to accumulate in 

the body, and impact on human health even 

at low levels of exposure. Lead as a 

toxicologically relevant element has been 

brought into the environment by man in 

extreme amounts, despite its low 

geochemical mobility and has been 

distributed worldwide. Lead can 

contaminate water and consequently enter 

the aquatic food chains.  

 

Children under 6 years are especially 

susceptible to the adverse effects of Pb, as 

the blood-brain barrier is not yet fully 

developed in young children, hematological 

and neurological adverse effects of Pb occur 

at lower threshold levels than in adults. Pb 

has effects on erythropoiesis and haem 

biosynthesis. Chronic Pb intoxication in 

adults resulted in to anemia, some types of 

cancer, reproductive harm in males while in 

young children hormonal imbalance of 

metabolite of vitamin D, namely 1, 25-

dihydroxy-vitamin D, drop in IQ.  

 

Table.1 Different Classes Defining the Water Quality 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig1 Literature Review (Synthesized form) 
 

 

Classes Water Quality 

A River water fit for drinking after proper disinfection with 

the addition of chlorine or bleaching powder 

B River water is fit only for bathing 

C The River water is fit for drinking only after proper 

treatment (screening to remove physical matters or 

particulate such as paper, plastic, etc. 

D Under this class the river water is fit only for fish and 

wildlife 

E River water is suitable only for industrial cooling, 

irrigation, etc. 
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Table.2 Techniques for Determination of Heavy Metal Ions and Pesticide Residues 

 

Techniques Heavy metals/Pesticides References 

 

Flame Atomic Absorption Spectrophotometer 

(FAAS-Perkin Elmer, Analyst 100) 

Lead, Cadmium Sharma and 

Prasad [56] 

Air acetylene Atomic Absorption 

Spectrophotometer AA, 220G (Varian Pvt. 

Ltd. Hyderabad) 

Chromium, Copper, Iron, Nickel, 

Lead, Zinc 

Pandey et al 

[34] 

Atomic Absorption Spectrophotometer 

(Model-3110) using Air Acetylene Flame 

Copper, Lead, Cadmium, Zinc Jain [57] 

Atomic Absorption Spectrophotometer 

Spectra AA 220 G (Varian GTA 110) 

Copper, Zinc, Nickel, Lead Kumar et al 

[35] 

Flame Atomic Absorption Spectrometer 

(Analytik Jena-Vario-6) 

Arsenic, Mercury Singh et al 

[58] 

Flame Atomic Absorption Spectrometer Chromium, Manganese, Iron, 

Copper, Nickel, Cobalt, Zinc, 

Cadmium, Lead 

Mahmoud et al 

[59] 

Inductively Coupled Plasma Mass 

Spectroscopy (ICP-MS) 

Lead, Zinc, Iron, Manganese, 

Cadmium, Cobalt 

Kaur, [27] 

Inductively Coupled Plasma Quadrupole 

Mass Spectroscopy (ICP-Q-MS) 

Aluminium, Arsenic, Lead, 

Cadmium, Zinc, Cobalt, Vanadium 

Voica et al 

[60] 

ICP-MS (Agilent 7300) Nickel, Arsenic, Cadmium, 

Selenium, Mercury, Cobalt 

Reddy et al 

[61] 

ICP/MS (Agilent technologies 7500 series) Lead, Bismuth, Manganese, 

Chromium, Cobalt, Nickel, Copper, 

Cadmium 

Malassa et al 

[62] 

GCMS (GC/MS model QP 2010 Shimadzu) Glyophosphate, Methoxy fenozide, 

Fenoxycarb, Flumioxazin, 

Crotoxyphos, Piperonylbutoide 

Hussain and 

Siddique [63] 

Gas liquid Chromatography Dimethoate Megeed and 

Nakieb [41] 

Gas Chromatograph (Perkin Elmer 

Instruments, Autosystem XL GC) 

Organochlorine [Heptachlor, Aldrin, 

DDD, DDE, Endosulfan 2, 

Methoxychlor] 

Pandey et al 

[42] 

LCMS (Perkin- Elmer 200 Series) Malathion, Propenophos, 

Quinolphos, Triazophas, Carbaryl, 

Hexaconazole 

Sabale et al 

[64] 

LCMS Alachlor, buprofezin, chlorpyriphos, 

chlorfenvinphos, diuron, fenthion, 

hexythiazox, isoproturon, malathion, 

tolclofos methyl, prochlora, imazalil, 

abamectin, diazinon, atrazine, 

simazine) 

Giordano et al 

[65] 

LCMS (carbofuran, clomazone, 

tebuconazole 

Caldas et al 

[66] 
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Table.3 List of Bacterial Isolates used for Remediation of Various Pollutants 

 

Bacterial Species Toxic Pollutants References 

Pseudomonas, Neisseria, 

Moraxella, Acinetobacter 

DDT Carrillo-Pérez E et al [70] 

Pseudomonas spinosa, 

Pseudomonas aeruginoa 

Burkholderia, 

Staphylococcus 

Endosulfan Lee et al [71] 

Hussain et al [72] 

 

Kumar and Philip [73] 

Pseudomonas, Bacillus, 

Aerobacter, Micrococcus 

and Burkholderia 

Dieldrin and Endrin Matsumoto et al [74] 

Pseudomonas, 

Burkholderia, 

Flavobacterium and 

Vibrio 

HCH Murthy et al [75] 

Proteus,Vibrio, Yersinia 

Serratia 

Tetrachlorvinphos Ortiz-Hernández et al [76] 

Pseudomonas Cypermethrin, Oxyfluorfen, 

Chlorpyrifos, 

Iprodione(Fungicide), 

Atrazine 

Boricha and Fulekar [77] 

Fulekar [78] 

Fulekar and Geetha [40] 

Mohamed et al [79] 

Bacillus Lindane, Endosulfan, 

Oxyfluorfen 

Benimeli et al, [80] 

Kumar and Philip, [73] 

Pesce and Wunderlin, [81] 

Pseudomonas, 

Rhodococcus, 

Arthrobacter, 

Streptomyces 

Atrazine Hernandez et al, [82] 

Fujii et al, [83] 

Vibber et al, [84] 

Martinez et al [85] 

Shelton et al., [86] 

Pseudomonas putida 

 

 

Cadmium, Lead, Zinc, 

Copper 

Pardo et al., [87] 

Hussein et al.,[88] 

Stenotrophomonas 

maltophilia, 

Exiguobacterium sp., 

Pantoea sp., and 

Aeromonas sp 

Bacillus circulans and 

Bacillus megaterium 

B. cereus 

Chromium Alam and Ahmad [89] 

Srinath et al. [90] 

Tripathi [91] 

Brevibacterium sp. 

Micrococcus sp. 

Lead Andreoni et al., [92] 

Zaied et al., [93] 
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Table.4 Clinical Aspects of Chronic Toxicities 

 

Metals Target Organs Clinical effects 

Arsenic Pulmonary Nervous 

System, Skin 

Perforation of Nasal Septum, Respiratory 

Cancer, Peripheral Neuropathy: Dermatomes, 

Skin, Cancer 

Cadmium Renal, Skeletal Pulmonary Proteinuria, Glucosuria, Osteomalacia, 

Aminoaciduria, Emphysemia 

Chromium Pulmonary Ulcer, Perforation of Nasal Septum, 

Respiratory Cancer 

Manganese Nervous System Central And Peripheral Neuropathies 

Lead Nervous 

System,Hematopoietic 

System, Renal 

Encephalopathy, Peripheral Neuropathy, 

Central Nervous Disorders, Anemia. 

Nickel Pulmonary, Skin Cancer, Dramatis 

Tin Nervous, Pulmonary 

System 

Central Nervous System Disorders, Visual 

Defects And EEG Changes, Pneumoconiosis. 

Mercury Nervous System, Renal Proteinuria 
Source: Mahurpawar,[147] 

 

Fig.2 FAAS and GFAAS Block Diagram 

 
Fig.3 ICP-MS Block Diagram 

 

 
 

Fig.4 Block Diagram of GCMS 

 

 
 

Fig.5 Block Diagram of LCMS 
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In humans, about 20 to 50% of inhaled, and 

5 to 15% of ingested inorganic lead is 

absorbed. In contrast, about 80% of inhaled 

organic lead is absorbed, and ingested 

organic Pb is absorbed readily. Once in the 

bloodstream, lead is primarily distributed 

among blood, soft tissue, and mineralizing 

tissue. The bones and teeth of adults contain 

more than 95% of the total body burden of 

lead. Children are particularly sensitive to 

this metal because of their more rapid 

growth rate and metabolism, with critical 

effects in the developing nervous system. 

The Joint FAO/ World Health Organization 

Expert Committee on Food Additives 

(JECFA) established a provisional tolerable 

weekly intake (PTWI) for lead as 0.025 

mg/kg body weight (bw). The WHO 

provisional guideline of 0.01 mg/L has been 

adopted as the standard for drinking water. 

 

Mercury 

 

Mercury is organomercurial in the form of 

methylmercury which have toxicological 

characteristics. Minamata disease name 

given after of methylmercury in seafood in 

Minamata and Niigata in Japan in the 1950-

1960's, caused the death of thousands of 

people. Mercurial fungicides treated wheat 

seeds cause poisoning and death of 5,000 to 

50,000 people. Tokuomi et al., were the first 

to describe the symptoms of methylmercury 

poisoning. Thus, the symptoms were named 

the Hunter-Russell syndrome. A few studies 

reflect that even minor increases in 

methylmercury exposures can cause harmful 

effects on the cardiovascular system, blisters 

in the upper gastrointestinal tract, vomiting, 

abdominal pain, constipation and gastritis. 

Renal toxicity of organic forms expressed by 

glomerulonephritis with proteinuria 

(glomerular and tubular) and nephritic 

syndrome. Elemental Hg can be oxidized to 

Hg
2+,

 which accumulates preferentially in 

the kidneys. The increased excretion of low 

molecular weight proteins demonstrated at 

low-level exposure, and related to damage to 

the renal tubes. It is a potent neuro-toxin to 

human due to their ability to cross the blood-

brain barrier. It is absorbed in the 

gastrointestinal track, immediately entering 

the blood stream. It readily passes the 

placental barrier affecting the developing 

nervous system of the foetus.  

 

Continuous exposure conditions to 

elemental Hg can lead to its accumulation in 

the thyroid. The acute exposure to elemental 

Hg vapors can cause "pink disease" or 

acrodynia. Modest levels of occupational 

mercury exposure, as experienced, for 

example, by dentists, have been associated 

with measurable declines in performance on 

neurobehavioral tests of motor speed, visual 

scanning, verbal and visual memory, and 

visuomotor coordination. Contrary to some 

opinions expressed in the popular media, 

however, evidence from well-conducted 

studies is lacking that the small amount of 

mercury released from dental amalgams 

during chewing is capable of causing 

significant illnesses, such as mutliple 

sclerosis, systemic lupus, or chronic fatigue 

syndrome. Special note should be taken of 

dimethylmercury---a ―supertoxic, 

superdangerous‖ compound that can 

penetrate through latex gloves, as well as 

skin. Exposure to only a few drops can lead 

to central nervous system degeneration and 

death but the compound is luckily 

encountered only in specialized laboratories. 

Because of the extreme health effects 

associated with mercury exposure, the 

current standards for drinking water were set 

by EPA and WHO at the very low levels of 

0.002 mg/L and 0.001 mg/L, respectively. 

 

In conclusion, Water is a key resource for 

numerous human activities, and rivers are a 

main source of water in several parts of 

India. Unfortunately, rivers have become a 
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major sink of wastes due to several toxic 

pollutants flowing into them. The water 

quality of Yamuna has worsened and 

disgustingly polluted due to municipal and 

industrial waste water disposal. According 

to the latest status of water quality in India 

the Yamuna water quality has been 

described as the worst affected and was 

placed seventh on the list of rivers with 

highest Biochemical Oxygen Demand 

(CPCB). The total BOD content in the 

Yamuna was 93 mg/L, while the permissible 

level is 3 mg/L and the level of Dissolved 

Oxygen was less than 4 mg/L due to 

discharge of untreated and partially treated 

wastewater. The River water management is 

an important area among various natural 

resource management policies and in order 

to be more efficient, it requires public 

intervention through proper institution and 

an action plan approach. The improvement 

and maintenance of water quality of river 

Yamuna are the need of the hour due to the 

variety of problems related to the water 

quality of Yamuna. 
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