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Abstract

Water is essential for all biological life. The health and well-being of humans and other organisms of ecosystem depend
heavily on the quality of water. Quality of water refers to the physiochemical, and biological characteristics of water.
Quality of water often deteriorates due to the presence of hazardous substances such as industrial chemicals, consumer
products and pharmaceuticals. The quality of water and the presence of hazardous contaminants can be assessed by toxicity
testing. In recent years toxicity testing has grown steadily, as a useful tool in environmental risk assessment. The most
commonly used toxicity tests include direct toxicity assessment, water quality index, in-vitro and in-vivo bioassays.
Biological tools like Bioassays, Biomarkers, and Biosensors provide us with a detection system for signaling a potential
damage in the environment. Although these toxicity tests provide important information about contaminants concentration
and consequent toxicity, yet the specific biological functions altered are often not apparent. New test systems need to be
developed that provide information about not only the overall toxicity induced but also the specific biological pathway that

are disrupted due to the contaminants.
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Introduction

Water Quality: The most abundant substance on earth is
water'. It is a transparent fluid and can appear in three forms
solid, liquid, and gas. At standard ambient temperature water is
liquid but can co-exist in its solid state as ice or in gaseous state
as water vapors. 70.9% of Earth surface is covered by water. It
is one of the most essential resources for the survival of human
beings. Apart from drinking, water is used for washing,
cooking, and farming activities. Approximately 70 % of the
fresh water is used for agriculture’. It is essential that water used
for drinking be free from chemicals and germs as impure water
may lead to many diseases. The water born diseases includes
cholera, typhoid, malaria, polio, hepatitis A, dysentery, giardia
and botulism. The term water quality describes the condition of
water, specifically the chemical, physical, radiological,
biological characteristics of water. When water contains
excessive amount of contaminants and is not suitable for human
use, it is known as water pollution’. In drinking water,
pollutants include organic pollutants, heavy metals, phenols,
pesticides etc*. The organic pollutants include a group of man-
made chemicals including pesticides, industrial chemicals,
detergents, consumer products, and pharmaceuticals’. Some
heavy metals such as CO, Cr, Mn, Mo, se, are essential for
growth, but may cause serious impairment in biological
functions when present in high concentration’. Pollution also
occurs due to sewage leaks, oil spillage, toxic waste disposal,
deforestation, mining, household chemicals, animal waste,
radioisotopes, chemical fertilizers and pesticides. Human
activities like agriculture, industrialization and household
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disposal also lead to water pollution. Water pollution often leads
to toxicity in water.

Toxicity

Toxicity can be defined as adverse or harmful effect of a
chemical substance upon the biological system of an organism
over a designated time period. Toxicants can be of three types:
chemical, biological and physical. Chemical toxicants include
lead, mercury, hydrofluoric acid, chlorine etc. Biological
toxicants include viruses, bacteria, fungi and other pathogens.
Physical toxicants include the substances that occur due to the
physical nature. The increasing amount of hazardous chemicals
in water and damage caused by them, make it necessary to
assess biological affects as well as identify the chemical
compounds present’. Different expressions of toxicity are
Aquatic toxicity, Geno toxicity and Estrogenicity. Aquatic
toxicity is the ‘“harmful effect of chemicals on aquatic
organism”. On the other hand chemicals found in environmental
samples could cause a variety of effects such as ‘Genotoxicity®
that is harmful effect on genetic material. Estrogenicity is
defined as the physiological response of organisms to a
compound that induces estrus in-vivo. Estrogenic chemicals
include some industrial chemicals, alkyl phenols, phthalates,
bisphenol and some organochemical pesticides such as o,p’-
DDT and methoxychlor’ . It’s difficult to predict estrogenicity
of these chemicals on structural basis because chemical
structure of these chemicals varies substantially. Estrogenicity is
a form of endocrine disruption that is change in hormone
function due to exposure of harmful chemicals.
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Toxicity Testing

Toxicity tests are important components in assessing the impact
of chemicals on aquatic ecosystems because they reveal toxic
effect of complex chemical mixtures''. Toxicity tests should be
carried out in the natural environment.

To monitor the toxic pollutants and hazardous compounds in
water and predict their effect, many approaches and methods for
toxicity testing has been developed'?. Chemical toxicity testing
(CTT), Direct toxicity assessment (DTA), Water effluent
toxicity (WET), and Water quality index (WQI) are tests that
are routinely used worldwide. Biological tests such as bio-
analytical systems, bioassays, biomarkers and biosensors
provide us with detection system for signaling a potential
damage in the environment”. A wide variety of biological
methods have been developed to evaluate different end points,
such as sub lethal effects, and biochemical responses. General
toxicity tests are important to evaluate toxic conditions and
study the behavior of living organism'*. Here we discuss some
of the most important and commonly used toxicity tests for
assessing water quality and highlight their advantages and
disadvantages.

Chemical Toxicity Testing (CTT): CTT is very beneficial for
obtaining specific information about a particular chemical.
Monitoring of chemicals in a CTT provides a quantitative
assessment of a single contaminants in water samples but is not
applicable when unknown compounds are present or if there is
interaction between two or more chemicals causing changes in
their toxicity".

Direct Toxicity Testing (DTA): DTA is an often tool to assess
the toxicity of mixtures such as sewage discharge, pesticides,
waste water, and industrial effluent. The main aim of DTA is to
ensure that waste released in aquatic environment does not
affect any aquatic organism'. This method is very useful in
situations where waste discharge may cause acute toxicity in the
immediate receiving environment. Different dilutions of the
samples are compared with the original effluent to make an
initial assessment of the potential environmental risk. It is a
rapid test for analyzing effluents that have the potential to cause
toxicity or others that pose little or no risk'’. If DTA is used in
conjunction with chemical measures and biological assessment,
it can provide meaningful information for maintaining high
water quality. The major advantage of DTA is that it can assess
unknown compounds and their behavior. DTA cannot identify
the toxic components in a mixture yet it can successfully assess
the toxicity of whole mixture'®.

Whole Effluent Toxicity Testing (WET): WET analyzes the
effect of exposure of effluents on aquatic organism. WET test is
important method for detecting toxicity in water. National
Pollutant Discharge Elimination System (NPDES) uses WET
tests allowing authority to determine whether a facility’s permit
will need WET requirements. WET testing does not control the
toxicity of a single chemical but assesses the effect of whole
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constituents of a complex effluent. It measures the interaction of
toxicants and other constituent’s toxic response to within the
samples.

WET tests can be Acute and Chronic. Acute tests measures how
well organism survive, While chronic tests measures survival
and sub-lethal effects, such as a sample’s effect on organism
growth production etc. Chronic WET tests are expensive and
have many diverse sub-lethal endpoints".

Water Quality Index (WQI): WQI is another method to check
the quality of water. WQI determines the changes in quality of
water over time and characteristics of water. This method can be
used to compare quality of water supply with other water
supplies from all over the world™.

Divya et.al.”’ conducted a yearlong study between 2011 and
2012, where they collected samples from Karnataka and Kerala
states for three seasons’ winter, summer, and monsoon. Nine
parameters were assessed; namely pH, turbidity, temperature,
nitrate, phosphate, dissolved oxygen, total solids, biological
oxygen demand, and a biological parameter. WQI was used as
an analytical tool for summarizing the data and demonstrated
medium water quality.

Bioassays: Bioassay is the measurement of toxic responses
upon exposure to chemical under controlled conditions in the
laboratory using cultured organism. An ideal bioassay should be
simple to emulate, regularly intercalibrated, sensitive to wide
range of pollutants, able to utilize test organism from reliable
stock, practicable, relevant and readily understood by the
layman, able to yield statistically robust data”>. Commonly used
bioassays are in-vivo cell based bioassay and in-vitro cell based
bioassay.

In-Vitro Cell Based Bioassay: In-Vitro cell based bioassays
are commonly used in water and sediment quality assessment.
The development of In-Vitro technologies occurred for ethical,
scientific, and economical reasons. It is a valuable tool in
assessing toxicity and cell viability that specifically measures
adaptive stress response. In-vitro cell based assay monitors the
effect of specific chemicals on cells, and can be used for high-
throughput screening (HTS). This allows testing of chemicals
simultaneously in a very short period of time®. It can be used as
an alternative to traditional effects based monitoring studies. A
major disadvantage of most in-vitro methods is that the
interactions occurring on a whole tissue or organism is not taken
into account but the effects on a single (or few) cell type can be
determined™*.

In-Vivo Cell Based Bioassay: In vivo methods are used to
determine the adverse effects of chemicals on tissues or whole
organs and organisms>. They are often used for checking
estrogenicity. In-vivo bioassays are based on the wide variety of
end points, including enzyme activity and cell differentiation
and require the exposure of whole organism to determine the
toxicity. This type of assay is indicative of specific endpoints
relevant for human or environmental health and measures the
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effect of pollutants on growth, reproduction, feeding activity,
and mortality, as well as effects based on specific biochemical
end points®®. However it is not possible to use In-Vivo methods
for routines or monitoring studies because of cost, time

constraints, ethical problem, and requirements for big
installations.
Table-1
Comparison of Routinely Used Toxicity Tests
Methods | Country Advantages Disadvantages
WQI can The actual
determine the specification of
WQI India changes and chemicals is
characteristics hard to be
of water *° known”®
Less sensitive,
No direct
Simple, treatment, no
WET USA Inexpensive *’ direct human
health
protection **
. DTA can Toxic
Australia
DTA and New assess the components of
Zealand unknown29 mlxt'ure 1§ h2219rd
compound to identify
Measure the
In-Vivo effect on Exp(?nsive,
cell ' parameters like Tlmej
India growth, consuming,
based . .
Bioassay fee.dllng Ethllcally
activity, Questionable
mortality etc”
Chemicals can
In-Vitro be testeq ina
Cell . sho.rt period of . It can on}y
India time, low identify a single
Based . 30
Bioassay ethical cost, cell type
Rapid
response”
Discussion

Water is the basic need of all living beings. So the removal of
toxicants from water and correct assessment of water quality is
very important. Water quality models are useful to assess the
quality of water and to predict the changes in surface water
quality.

Routinely used tests to evaluate water quality include CTT,
DTA, WET, WQI and bioassays. These methods provide useful
information regarding the quality of water.

WQI compares the quality of water supplies with one another

and it can also detect the characteristics of water and changes
over time.
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WET method is less sensitive and inexpensive. During the
performance of WET toxic substances may get degraded or
absorbed. WET tests are conducted for specific chemical
analysis to protect aquatic life or aquatic organism.

DTA has gained more acceptances over the recent years. It
measures direct biological effect of effluents or contaminants on
an organism. This method can also assess the effect of unknown
toxic compounds in water. However, DTA cannot identify the
toxic compounds in a mixture of samples. It is the most widely
used and accepted technique for assessing water quality all over
the world due to speed, lower cost and lack of ethical issues.

Bioassays which evaluate effect of toxic chemicals on
environment give rapid response, easy interpretation and are
cost effective. Bioassays can also be used to check the
estrogeneticity or endocrine disruption. In-vitro bioassay cannot
determine the effect of chemicals on whole tissue or organism
but in-vivo bioassays are able to do so. However in-vivo
bioassays are used less frequently due to expense, time, and
ethical issues.

Conclusion

Toxicity testing methods reveal the activity of specific
determinants or toxicants but do not reveal the impact of these
chemical on specific biological function such as hormone
action.

Aquatic organism forms an important link in the food chain.
Any impairment in their biological activities is likely to have a
major impact on other aquatic and land ecosystem. Thus
polluted water can not only have an immediate impact on
organism exposed to it rather it may have a long term negative
impact on many other ecosystems.

Assays need to be developed to understand and visualize the
impact of these chemicals on endocrine system and other
biological systems critical for survival of an organism.
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