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Abstract

A compn:hensive research related with chlorination by products in drinking water was
conducted to assess health-associated risks. Three communities. namely St. John's.
Clarenville. and Shoal Harbour were chosen in Newfoundland. Gas Chromatographyl
Mass Spectrophotometer (GCIMS) was used for the analysis of the samples at
Enyiron~la.I Quality Laboratory in Newfoundland. Four trihalomc:thanes (THMs)
species. namely chloroform. dichloro-bromomc:thane. chloro-dibromomethane, and
bromofonn were analysed. Chloroform was found 10 be in muimum concentration in
comparison to other species. To analyse seasonal variation of the dala. both Student's 1­
lest and Mann-Whitney test were conducted. As a resull of hypothesis testing. the null
hypothesis. which was thai the mean chlorofonn concentrations (for Student's Hest) and
median chlorofonn concentrations (for Mann-Whitney test) respectively for the two
seasons were equal. was not rejected for Clarenville and 51. John's. whereas rejected for
Shoal Harbour. Due to significant presence and known behaviour of chlorofonn. risk was
estimated based on chlorofonn concentration only. For St. John's the chlorofonn
concentration varied from non detectable level « I) to 73 ~g!L in summer and 3 to 60
l!g!L in winter. respectively. For Clarenville the concentration varied from 375 to 512
l!g!L in summer and 361 to 557 l!g!L in winter. Similarly. for Shoal Harbour. it varied
from 203 to 330 ~g/L in summer and 155 to 235 ~g/L in winter respectively. The lower
concentration of chlorofocm. in winter can be attributed to the fact that lesser chlorination
practices are performed.. The risk associated with chlorofonn was evaluated through
different exposure pathways: ingestion. inhalation and dermal contact through showers.
Lifetime risk from water ingestion ranged from 0.08 x 1O~ to 0.82 x IO~ (summer) and
0.07 x 10..1 to 0.78 x 10~ (winter). Lifetime risk from normal shower as a result of 10
minutes shower ranged from 0.48 x 10~ to 6.33 x IO~ (summer) and 0.40 x IO~ to 6.07 x
IO~ (wimer). To address issues pertaining to limited number of samples. probabilistic
risk analysis was also conducted on the original set of data. The software @RISK was
used to peTform the risk analysis and simulation. Latin Hypercube Simulations was
pcTformed to estimate the risk and the results were plotted. The risk values estimated
using @RISK were compared with those estimated using detenninistic approach.
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Chapter 1

IDtrodUCtiOD

1.1 Drinking Water and Public: Health

Drinking water is the source of life. It is the basic substance for sustaining life.

Water is considered as lhe nature's hidden treasure. The drinking water. also known as

Hpolable waterH
• is the water supplied to the consumer that can be safely used for

drinking. cooking. and washing. The safe drinking should neither camain the disease

causing organisms nor it should contain the minerals and the organic substances at the

concentration levels that may cause adverse health effects. It should be aesthetically

acceptable and free from the apparent turbidity. odour. colour. and any objectionable

tasle(AWWA.I990).

Since the public health aspects of drinking water are very significant and

complicated. the concerned health regulatory agencies in the communities undenakc

reviews. inspection. sample collection. monitoring, and evaluation on a continuous basis

of the water supplied to the community with the help of "constantly updatedw drinking

water standards. Public health regulatory manoeuvrings like these ensure uninterrupted

supply of water with the safe limits. In order for the waler. delive~ to the ~ultimale

consumer". (at the kitchen faucet) considered safe or potable. it must be scrutinised with

a multi-disciplinary approach involving bacteriology. chemistry. physics. engineering and

public health. and preventive medicine (Zuane. 1990). Despite advances in the global

water supply coverage during and since the 'Water Decade:·. around one billion persons

(20 per cent of the global population) lack access to the safe drinking waler (WHO.



1999). In developing countries. 11.000 children die each day of water-related diseases

and 2.9 billion people do not have the adequate sanitation facilities (UNICEF. 1999).

Water quality problems can be broadly characterised as microbiological. physical.

and chemical. Microbiological problems focus on the waterborne diseases. General or

physical parameters include taste and odour, colour. temperature. pH. alkalinity.

hardness, solids (total dissolved solids). turbidity. and solubility. Chemical parameters

examine the inorganic and organic compounds. The present study concentrates on the

Water contamination due to the presence of specific chemical compounds i.e.

trihalomethanes.

In L980s. waterborne diseases such as typhoid. cholera. dysentery, amebiasis,

salmonellosis. shigellosis. and hepatitis A were estimated to be responsible for the deaths

of more than 30. 000 people daily (IRe. 1984). In that context, the United Nations

General Assembly dedared 1981-1990. as the "International Drinking Water Supply and

Sanitation Decade" (WHO. 1984). In the 19th century. major outbreaks of waterborne

disease took place in Canada, the United States. and other developed countries. Cholera

and dysentery were rampant in Ihe 1800s. and typhoid fever responsible for about 25.000

deaths in the United Slates as late as 1900 (Akin et al.. 1982).

The fundamental objeclive of the water disinfection is to control the pathogenic

bacteria. viruses. helminths. and protozoa that cause the major waterborne diseases. Some

outbreaks still occur in the United States owing to continuing problems involving

consumption of the untreated water. insufficient or intemJpted disinfectants, failure to

maintain the adequate levels of residual disinfectants in potable water distribution

systems. and lor breaches in the system (Akin et aI. 1982).



The etiology of waterborne disease has changed dramatically since the early

1900s. Most outbreaks in the recent yean have betn caused by the viruses and the

protozoan cysts that are generally more resistant to the disinfectant than the pathogenic

bacteria <National Acadmly of Press. 1987).

Chlorine was discovered in 1774 by the Swedish chemist Karl Wilhelm Scheele.

while Sir Humphry Davy confirmed it to be an element in 1810 (Whi'e. 1992).

Semmelweis first introduced the use of chlorine as a disinfectant on the maternity ward of

the Vienna General Hospital in 1846 to clean the hands of the medical starr and prevent

the puerper:l.l fever (Wigle. 1998). In 1881. Koch was able 10 demonstrate that the pure

cultures of bacteria were destroyed by the hypochlorites (White. 1992). The finit

continuous usage of the chlorination in the US stancd in 1908 for the water supply to

Jersey City in New Jersey. and al a sile thai served the Chicago Stockyards 10 Controilhe

sickness in livestock caused by the sewage<ontaminated water (White. 1992). In Canada.

the: earliesl usc of chlorination found by Wigle was in Peterborough. Ontario. in 1916

(PUC. 1998). In the early yem of 20th cemury. the pr.:ICtice of chlorin.ating drinking

water prompted lhe elimination of diseases such as the cholera. typhoid fever in addition

to other walerborne diseases. This was a phenomenal advancement in the field of public

health and safety. Several counlries world-wide including Canada. the United Stales have

successfully employed chlorination as a major disinfection process for drinking water for

many years. Chlorination has positioned itself as a major offensive against most

waterborne pathogens.

Canada has plentiful supplies of good drinking water. In reviewing the human

health and water quality issues in Canada. Environment Canada (1999) has stated.



"Water-related illnesses - typhoid fever, cholera, dysentery - are almost unknown in

this country today. Waste and wastewater treatment, lhe development and enforcement of

the drinking water guidelines, public health practices and education - all have resulted

in a decrease in the water related illnesses in Canada",

Water quality standards and regulations refer to the drinking water in quantitative

The tem "drinking water standards" typically refers to the numerical limits that

define the maximum concentration of contaminants that water may contain to be

considered potable (i.e., safe to drink) (Pontius, 1999). In providing an overview on the

Safe Drinking Water Act (SDWA) in United States, Pontius in the article "History of the

Safe Drinking Water Act (SOWA)". has stated. ~ The Safe Drinking Water Act (SDWA)

is the principal law governing drinking water safety in the United States, Enacted initially

in 1974. the SDWA as amended authorises the U.S, Environmental Protection Agency

(U. S. EPA) to establish comprehensive national drinking water regulations to ensure

drinking water safety... Similar to U. S. EPA, various other regulatory agencies are

constantly involved in ensuring the supply of safe and pure drinking water to the public.

1.2 Walerborne Diseases

Contaminated drinking water always has been an active media in the past for

transmiuing the infectious diseases. With the technological advancement in the field of

water and wastewater treatment, the frequency of infectious diseases has reduced

considerably throughout the world, American Water Works Association (AWWA) has

classified the water-related diseases into four general groups on the basis of



epidemiological considerations (U. S. EPA. 1993): (I) water -washed diseases. (2) water­

based diseases. (3) water·vectored diseases. and (4) waterborne diseases.

Waler-washed diseases are associated with the improper hygienic habits and

sanitation. These diseases affect the eye and skin. Insufficient Wiler usage for washing

and bathing facilitates these categories of diseases.

A significant ponion of the pathogen's life is spent in the water. The pathogen is

dependent on the aquatic organisms for the completion of its life cycle. The diseases

associated with these events are classified as wQler-based diseases. Dise::ases like

schistosomiasis and dracontiasis belong to this group.

Certain group of insects breed in the water or bite in the water neighbourhood.

Diseases transmitted by these insects are tenned as the water·vectoud diseases. Yellow

fever and malaria are the water-vectored diseases. Waterborne diseases are causc:d by the

ingestion of the contaminated water. Cholera ::and typOOid are well known waterborne

diseases. Some diseases are caused by the pathogenic bacteria. viruses. protozoon.

helminthes etc. These diseases art mostly caused by the f::aee:t.l-oral TOUte. from human to

human or animal 10 human. Developing countries are always underlhe threat of diarrhoea

that is a major factor for the inf::ant mortality and morbidity. Examples of some of the

waterbome diseases are listed in Table 1.1 CU. S. EPA. 1993).

Waterborne PQlhogens Elimination

Microorganisms are present everywhere in OIJr environment. We find them in the

soil. air. food. and water. They cannot be seen with the naked eyes. Human beings do not

get ::affeeted by the microorganisms before their binh bul thereafter rapidly get exposed to

lhe microorganisms by virtue of human activities like breathing. eating. and drinking.



Tl!1m 1.1 ExampiesotSomt: Waterborne Diseases

N.... 01 0;..- G<acnd Symptoms Primary Sources
o.pn;smor and Major
Group Reservoirs

Bacteria Typhoid fever Fever. nausea. diarrtloea. Human faeces
vomiting. headache.
constipation. appetite loss

Cholera Vomiting. watery diarrtloea. Human faeces
muscle cramps

Gasllo-enteritis gastrointestinal disorder Human faeces.
animal faeces

Virus Hepatitis Fever. jaundice. coloured Human faeces

(hepatitis A) urine. abdominal discomfon.
chills

Virus Viral Gastro- Fever. gastrointestinal Human faeces
enteritis disorder. vomiting. headache.

diarrhoea

Protozoan Amebiasis Fatigue. abdominal discomfon. Human faeces
dianttoea. natulence. weight
lou

Cryptosporidiosis Abdominal discomfon. Human and animal
warmoea f."",

Giardiasis Abdominal discomfort. Human and animal
diarrhoea f",,,,

Microorganisms that can cause disease art named as microbial pathogens. They

can be harmful to those who become inf~ted. Many diseases fail to have any impact on

the healthy individualS but the same diseases may have fatal effrocts on the individuals

nOt having strong immune systems. There art instances where an infection has led to the

creation of "Carrier State" where the body stans 10 carry the disease- causing agents but

does not exhibit any symptoms.



Diseases caused by the consumplion of contaminated water are termed as

waterborne diseases. EPA has considered the other eltposure pathways such as the

inhalation of water vapours and <1ennal contact during bathing in the hospital

environment.

Eltposure pathways such as the ingestion (drinking water). bathing and ingestion

during the water recreational activities (e.g.. swimming. and water skiing) are common

but the uncontrolled and improper exposure may lead to the widespread outbreaks.

Waterborne disease outbreaks are incidents when a) two or more persons repon similar

illness as a consequence of ingestion or usage of the water intended for drinking and b)

epidemiological studies recognise the water as the source of illness. (Levine and Craun.

1990). A single case of chemical poisoning may be considered as an outbreak, if

laboratory evidences suggest that the chemicals have contaminated the water. Agencies

such as Center for Disease Control. and U. S. EPA study and repon the outbreak data

and undenake the waterborne disease outbreak investigation and assessment. In

addition. the state health depanments offer the epidemiological support and service.

engineering and environmental consultations in the area of water treatment The

agencies also undertake the water sample collection program to identify the viruses.

parasites. and bacterial pathogens. Despite these attempts. the waterborne outbreaks

identified. reponed and analysed account for only a fraction of the actual occurrences

due to the mildness and shon duration of the related symptoms. Incidentally. the

pathogenic agents are identified only half of the time. Some expens are of the opinion

that the contaminated drinking water is the initial source of infettion of some foodbome

disease outbreaks.



Pathogens associated with the waterborne diseases mostly belong to the group of

microbial agents like the bacteria. viruses and protozoa. Theoretically, to remove these

pathogens from the drinking water is not an arduous job. We can just add the

disinfectants. provide a sufficient contact time to ensure that the disease causing

capabilities of the microbes have been completely destroyed and then the disinfected

water can be released for the distribution. In practical applications. the process is not so

simple because of the fact that many conditions come into the picture.

The physical characteristics of the water like dissolved and suspended solids have

the ability to affect the process of disinfection. The chemical parameters like the

naturally occurring organic matters and matters produced by human activities can

influence the nonnal chemical reactions expected to take place during treatment and

disinfeclant process. The pathogens. which are associated with the higher organisms like

the algae. rotifers, and worms. may survive Ihe effect of disinfectants. The aforesaid

imp~diments are eliminated in the actual drinking water treatment processes that

comprise of screening, coagulation, flocculation, sedimentation, filtration. disinfection,

clear water reservoir. and pumping into the main distribution system. After the

impurities are removed from the untreated water, sufficient quantity of disinfectants is

added to the water. This renders the pathogens harmless. It is imperative to maintain a

residual level of disinfectant along the water distribution systems. This is to prevent any

recurrence of the microbial growth or invasion of harmful microorganisms into the

distribution pipes.



Sometimes untreated or insufficiently treated wastewater is discharged into the

fresh water bodies that are used by other communities. This exposes the communities to

potential hygienic hazards CU. S. EPA, 1993).

Typhoid fever and amebiasis were the two most deadly waterborne diseases in the

United Slates at the beginning of this century. The continuous decreasing trend in the

number of outbreaks and fatalities reinforces the fact that there is a growing progress in

the area of waterborne disease prevention. U. S. EPA has anributed this progress 10 the

increased implementation of the important treatment practices such as the filtration and

disinfection. The agency has also suggested rigorous monitoring for the indicators of the

faecal contamination.

1.3 Disinfection and Disinfection By· Products

Disinfection is a process designed for the reduction of pathogenic microorganisms.

Disinfection process is undenaken by a number of physical and chemical agents.

Chlorine. chlorine dioxide. ozone are importanl disinfecting agents or disinfeclants.

Other methods such as heat, extremes in pH. metals (silver. copper), surfactants. and

permanganate can also be used to inactivate the microorganisms.

Disinfeclion by-products (OBPs) in water are the chemical substances that are

formed when the water is subjected to disinfection in the water utilities. Chlorinated

disinfeclion by-products are the by·products found with chlorine. Important classes of

compounds (OBPs) are the trihalomethanes (TIfMs), haloacetic acids (HAAs).

haloacetonitriles, halopicrin. chloral hydrate. THMs and HAAs are the major by­

products associated with chlorine. The precursor compounds in the water significantly
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influence OBPs (annatian and spe:dation. In the present scenario. water utilities

consider OBPs issues as the most challenging task since there is a potential health effect

associated with the cllposure to certain OBPs.

Water chlorination causes the formation of several by-products. which can be

classified as the halogenated and non.halogenated by-products (Mills et al.. 1998: Figure

LJ.l). The halogenated compounds comprise of the uihalomclhanes that are the most

commonly occurring disinfectant by-products. In addition. the haloacetic acids. which

consist of the dichloroacctic acid (DCA) and trichloroacetic acid (TeA) are the member

of this group of compounds. The non-halogenated compounds are mostly natural

substrates or metabolites. The concentration levels of these by-products are the function

of level of the organic material in the source water. As a result. the water supplies that

use the surface waters (lakes_ rivers. and reservoirs) as their intake source produce the

higher levels of by-products !han the water supplies that use the ground waters (wells.

springs) as their intake source. The type and quantity of the by-products produced

depends on the fac!ors such as the amount and character of organic material. ambient pH

level and bromide concentration in the water (Mills et al.. 1998).
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1.4 Purpose of Study

The purpose of the present study is to conduct the risk assessment of

trihalomelhanes Ol-£Ms) present in the Canadian drinking water supplies. THMs

concentration levels. both at the national and provincial levels in Canada. are considered

for the evaluation. Laboratory experiments an:: perfonned to analyse and measure all the

fOUf chemical compounds of THMs in some selected communities in Newfoundland.

The study also aims at undenaking a health impact assessment by estimating the health

risk associated with the THMs exposure.

1.5 Significan(e or Siudy

Today. most of the Canadian drinking water supplies are free of viruses. bacteria,

and protozoa- that cause the fatal diseases like the cholera. and typhoid fever. in many

nations (Health Canada. (999). These advances are mostly attributed 10 the application

of disinfectants such as the chlorine in the water treatment. When the water is subject to

chlorination in an altempt to eliminate the disease causing microorganisms. the chlorine

comes in contact with the naturally occurring organic matter (e.g.. decay products of

vegetation). As a result of this reaction. the chlorination by-products are formed in the

water.

Considerable research has been conducted to examine the association between the

exposure to the trihalomethanes in drinking water and the potential increase in risk of

various cancers.

The study is aimed at reviewing the drinking water quality issues due to the

formation of disinfection by-products and the related health effects. The fundamental
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objective is to eslimate the excess cancer risk associaled with the use of chlorinated tap

waltr. Altempts are also made to address the emerging questions slated for the

environmental engineers and risk managers.

1.6 OuUine of Thesis

The review on TItMs. their origin. the chemical characterislics. toxicily. and health

effects are presented in Chapter 2.

Chapter 3 focuses on the sampling program wilh details of the sample collection

methods and sampling prOlocols. Results of the laboratory analysis of the drinking water

samples are listed in this chapleT. Overview of Canadian drinking Wiler is prcscmcd in

ChOlpter 4. This Chapler also reviews the Nalional Survey of chlorinated disinfection by.

prodUCIS in Canadian drinking water conducted in 1993 with the risk assessment under

different scenarios of its uses.

General overview of the drinking Wiler quality in Newfoundland is presented in

Chapler 5. The risk assessment of the water samples under various e....posure scenarios is

described in this chapter. Chapler 6 presents the probabilistic risk analysis. The

procedure proposed for the probabilistic risk analysis includes the nonnaJ probability

plot and use of the @RISK software. The software @RJSK is used to perfOfm the: risk

analysis and simulation. The concluding remarks and ~ommendations are given in

Chapter 7.



Cbapter2

Literature Review

2.1 THMs and their Origin

2.1.1 Origin

Trihalomethanes are single-carbon compounds having general fennula CHXl.

where X may be chlorine. fluorine, bromine or iodine. or combinations. They are

halogen substituted. The formation of these compounds takes place in drinking water

when the naturally occurring organic maners in raw water are subject to chlorination to

kill the microorganisms that cause the various waterborne diseases.

The levels ofTHMs in drinking watcrdepend on factors like the time and place of

water chlorination. THMs levels in drinking water also suggest the seasonal variations.

In winter months the conccntr.lIions are found 10 be lower (Otson. 1987: Olson et aL

1981:0tsonetaL !982:WilliamsctaJ..(980). The levels can be lowered. by

reducing the concentration of the materials, which enhances the THMs fonnalion.

During winler. by reducing the quantity of applied chlorine, the THMs level can be

reduced significantly al thai time of the year (Kar and Husain. 1999). Since Ihe

concentrations of the natural organic maner are lower in the winter. the quamity of

chlorine required to disinfect is much less in the winter than in the summer. Hence, Ihe

THMs concentration in the drinking water is generally lower in the wimer than in Ihe

summer. The source of the incoming water is also important. In water bodies like the

large Jakes and wells. the organic matter conlem is less, which leads to lower TIlMs

levels in the chlorinaled water. Whereas, if Ihe water is laken from the surface water
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sources like the river, the level ofTHMs will be high due to the increased organic matter

content.

The THMs mostly found in the drinking water are in the form of chloroform

(CHell). bromodichloramethane (CHBrCh), chlorodibromomelhanc (CHCIBr~) and

bromoform (CHBr). All the four compounds are in the liquid slate at room temperature

and are low soluble in the water with values less than I mg/mL at 25°C. Their volatility

also varies between moderate to high range. having vapour pressure values ranging from

0.80 kPa for bromoform to 23.33 kPa for chloroform at 2ScC. The log oclanoJ-water

panition coefficients range from 1.97 for chloroform to 2.38 for bromoform. All the four

compounds undergo decomposition if exposed to air or light. Chloroform among all the

THMs has the most significant presence and highest concentration in drinking water

(Health Canada. 1993). The four main constituents ofTHMs are now discussed.

2.1.2 Different Compounds or TOMs

Chloroform. (CHCI) It is clear, colourless. non-flammable liquid having a

characteristic heavy, pleasant and burning sweet taste. It dissolves in acetone and

dissolves slightly in waler (NAS. 1978).

Bromoform. (CHBrJ) Bromofonn is a colourless liquid having a strong

chloroform-like odour and an acceptable taste. It is less volatile, slightly soluble in

water, soluble in Ihe benzene and chloroform. It is also known as tribromomethane or

methenyl tribrorrride (NAS, 1978).
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Bromodichloromelhane. (BrCHel!) Bromodichloromethane is a colourless liquid

that is insoluble in water and has a high solubility in ethyl alcohol. diethyl ether,

acetone, and benzene (NAS. 1978).

Dibromochloromcthane. (Br2CHCI) Dibromochloromelhane is a colourless liquid

Ihat is insoluble in water bUI soluble in ethylalcohol, diethyl ether. acetone, and benzene

(NAS.1978).

2.1.3 Formation Muhanism

When chlorine gas is bubbled into pure water, rapid hydrolysis to hydrochloric and

hypochlorous (HOCI) acids lake place (Larson and Weber, 1994):

Ch (Chlorine) + H20 (Water) -+ Hel (Hydrochloric Acid) + HOCI

(Hypochlorous Acid)

The hypochlorous acid undergoes the following reaction. resulting in the

fannalion of TIlMs and other halogenated naps (Singer. (994).

HOCI (Hypochlorous Acid) + Br- (Bromide Ion)

NOM (Natural Organic Matter) _ THMs and Other Halogenated DOPs

When the bromide ions (an are not presenl, the fonnation of chlorinated by·

products only takes place. When the bromide is present, the free chlorine (hypochlorous

acid) oxidises the bromide to hypobromous acid (HOar). This. together with the

residual hypochlorous acid, reacts with the natural organic Maner (NOM) resulting in

the fonnalion of mixed chloro--bromo substitulion products (Singer, 1994).

The ralC and degree of THMs formation is directed by the chlorine dose and the

humic acid concentration, pH, temperature and bromide ion concentration (Stevens et
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al.. 1976; Amy et al.. 1987). Factors innuencing the halogenated naps fannation

include pH. contact time. temperature and season. nalUre and concentration of NOM.

chlorine dose and residual. bromide concentration (Singer. 1994). Presence of bromides

facilitates brominated TIIMs fannation and chlorofann concentrations decrease

proponionally (Aizawa et al.. 1989). Trihalomethanes production also depends on the

point of chlorination (Health Canada. 1993).

Table:U Four TUMs Compounds aDd Their Cluinderistics (NAS. 1978)

Parameter Chloroform Bromoform Bromo Dibromo

dichloro c:hloromethane

methane

Molecular Weight 119.38 252.7 163.83 208.29

Melting Point ·63SC 8.3°C ·57.1cC .22°C

Boiling Point 61."C 149SC 9O.0°C 119· 120°C

Liquid Density 1.483g1ml 1.980glml (Density) 2.451
(20DC) (20"C)

Vapour Pressure 21 (20°C) 0.7 (25°C) 6.7 (20°C) 2.0 (lO.S°C)
(kPaat('C »)
Vapour Specific 4.36 gil (air
Gravity =1.0) (E)

Water Solubility 8000 (20'q 3190 (30°C)

(mgIL .. ("e»

Octano1! Water 1.97 2.30 1.88 2.09
Panition Coefficient
(log Po.)
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2.1.4 THMs Toxicology Information (NAS. 1978)

A brief description of the toxicological properties of the four compounds of THMs

is presented in this section.

Chloroform: When chloroform is inhaled. it is considered many times more potent

than carbon tetrachloride as a depressant of the central nervous syslem. whereas when it

is ingested. it is considered less toxic than carbon tetrachloride (NAS. 1978).

T.ble Z.U Some Toxic Doses or Chloroform in Animals

Rat Oral LDso 800 mglkg

Rat Inhalation LCl...o 8.000 ppm/4H

Mouse Oral LDl...o 2.400 mg/kg

Mouse Oral IDl...o 18 gm/kglI200

Mouse Inhalation LCso 28 ppm

Mouse Subcutaneous LDjo 704 mg/kg

Dog Oral LDl...o 1,000 mglkg

Dog Inhalation lCjo 100 ppm

Dog Intravenous LDl...o 75 mglkg

Rabbit Inhalation lCjo 59 ppm

Rabbit Subcutaneous LDl...o 800 mglkg

Guinea pig Inhalation LCl...o 20,000 ppml2H

Source. NAS. 1978 (The acronyms used Ln Ihe above table a~ ddincd In Ihf:
List of Acronyms at the beginning)

Chloroform quickly spreads to all the organs of the body after its absorption. When

chloroform vapour having concentrations of about 1000 ppm an: inhaled for few

minules, it causes moderate toxic effects. However higher concentrations can cause

more toxic effects rapidly and exposure to 15,000 ppm for an extended duration poses

thrc:at 10 life. Several cases of acute poisoning have been reported as a result of the
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accidental overdose of chlorofonn during the anaesthesia. Inhalation of chloroform is

the major cause of most poisonings. Chloroform poisonings also yield the significant

pathological outcomes. The toxic doses of chloroform in animals are listed in Table

2.1.2 (U. S. DHEW, 1975). Chloroform has been classified in Group II-probably

carcinogenic to the humans (inadequate evidence in the humans but sufficient data in the

animals) (Heallh Canada. 1993). These health groups are the carcinogenic classification

of chemicals. These classifications are developed by the U. S. EPA and Health Canada.

Bromoform: Bromoform is considered to be a highly tOlde material. It is more

toxic than methylene bromide but it is less tOllic than carbon tetrabromide. Iodoform and

chloroform seem to be more tOltic than bromoform. The LD30 in animals due 10 Ihe

ell.posure (0 bromofoEm are listed in Table 2.1.3. Bromoform has been classified in

Group IlIB· possibly carcinogenic to the humans on (he basis of limited evidence in

animals (one species: some evidence in one sell. and clear evidence in other sell.) and

inadequate data in the humans (Health Canada. 1993).

T.ble 2.1.3 Some Toxic Dosa of Bromofonn in Aninuals

Bromodichloromethane: It is the only other THM considered here that has been

classified in Group II· probably carcinogenic to the humans (sufficient evidence in the

animals: inadequate data in the humans) (Heahh Canada. 1993).
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polar nature. They also have the variable adsorbabilily. which depends on the source and

type of pre-treatment provided. The TIlMs precursor measurements are expressed in

tenns of the total organic carbon (TOC). The concentrations of TIlMs precursors may

range from I to 10 mgfL approximately. Higher values may be obtained in case of the

swampy walers. Humic substances mosily consist of the TOC. Humic substances cannot

be measured directly using the analytical techniques due to their heterogeneous and ill­

defined character (McPhee, (992). Humic substances are therefore characterised in

tenns of non-specific parameters on the basis of their organic carbon cooten! (i.e. DOC).

their degree of absorption of ultra violet (UV) light (i.e. UV absorbance 31254 nm [UV­

254]). or their potential to ronn TIHMs (i,e. Total trihalomethanes fannalian potential

ITIHMFPJ).

By measuring the total trihalomethanes formation lXltential (TIHMFP). we can

measure the THMs precursors indirectly. But standardisation of the experimental

methods to measure 1THMFP is yet to be done. Different pH, temperature, or formation

period may be used to measure ITHMFP.

Parameters for measuring the ntMs precursors (MacPhee. (992) are total organic

carbon (fOC). UV absorbance, and total trihalomethanes formation potential. These are

briefly described as follows:

(a) Total organic carbon is comprised of the dissolved organic carbon (OOC)

and particulate organic carbon (POC). In Allantic Canada, Ihe POe concentration is

negligible for many nalural waters and the TOC can be considered equal 10 the DOC.

Dissolved organic carbon comprises all of the organically bound carbon present in the



water. Dissolved organic carbon present in most natural waten. consists of nearly 50

percent of the aquatic humic substances.

TOC = DOC + roc

(b) The humic fraction of the NOM is considered as aromatic compounds due

to their structural similarity with benzene (CJ-k,). The compounds belonging to Ihis

group have the unique propeny of absorbing light in the ultraviolet (UV) wavelength

region. Ultra violet (UV) absorbance method is therefore used to measure the humic

substances in raw waters. However. there are some organic compounds in raw waters

that may not absorb the UV light. Ultra violet absorbing constituents in a sample absorb

the UV light in proportion to their concentration (Macphee. 1992).

(c) Macphee (1992) has defined TIHMFP. as "the concentration of THMs

fonned in the water buffered at pH 7.0. containing an excess of the free chlorine with a

chlorine residual of 1-5 mgIL after being for 168 hrs at 25°C:'

2.2.2 Disinredion By.Produds Control

Studies have reponed that the DBPs fonnation depends on factors such as the

precursor concentration. chlorine dose, chlorination pH. temperature. contact time and

bromide ion concentration (Health Canada. 1995). The most important chemical variable

in chlorination DBPs fonnation is the pH.

Singer (994) has suggested the following strategies for controlling the formation

of halogenated disinfection by-products (DBPs).

Source control

~ursorremoval
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Enhanced coagulation

Granular activated carbon (GAC) adsorption

Membrane filtration

Alternative oxidants and disinfectants

Combined chlorine (monochloramine)

Ozone

Chlorine dioxide

Advanced Oxidation Processes (AOPs)

UVlight

Air stripping

Precursor removal is one of the imponant measures for controlling the DBPs

formation (Oxenford. 1996). Natural organic malter. more commonly known as the total

organic carbon (TOC) or dissolved organic carbon (DOC), is believed to be the major

precursor 10 the OBPs formation. Precursor removal actions can be classified into three

different groups: control at the source, physical/chemical removal. and the

oxidationltransfonnalion. Control of the source involves managing the inputs into the

watershed. Coagulation. adsorption, and membrane separation are the steps involved in

the physical/chemical removal. In oxidation/transformation method. processes that

change the fonn of NOM is employed.

(a) Control at the Source: There are certain parameters that can be used in a water

supply management program to reduce the precursors (Cooke and Carlson. 1989).

(b) Physical/ Chemical Removal: For removal of the natural organic maner (NOM).

three methods have been suggested: membranes. enhanced coagulation. and adsorption.



Using the membranes (Ox:enford. 1996). a high percentage removal is possible (up to

95%). Enhanced coagulation is a much-preferred strategy for the water supplies already

using conventional coagulation. (AWWA. 1994a). Adsorption of the NOM can be

achieved using the granulated activated carbon (GAC), powdered activated carbon

(PAC), or other adsorbing materials (Benjamin et aI., 1993).

(c) Oxidation I Transformation: Oxidation can remove the NOM by direct oxidation

to carbon dioxide, improving coagulation, or by increasing the biodegradability of the

NOM. Direct ox:idation of the NOM using most ox:idants is relatively minor, on the order

of 10 to 20% (Oxenford, 1996). Overall NOM removal can be enhanced by the ox:idants.

by increasing the removals attained by coagulation.

2,2.3 Removal of Disinfection By-Products

Even after their formation. disinfection by.products (OOPs) removal is possible

by subsequent treatment processes. United States Environmental Protection Agency

(U. S. EPA. 1981) has proposed air stripping and GAC as techniques for THMs

removal. With the discovery of haloacetic acids (HAAs), the air stripping technique has

become less attractive, and GAC has low capacities for the TIlMs, especially

chloroform (Ox:enford. 1996). Study by Hoehn (1994) and Knocke and latTOu (1993)

examined the removal of chlorite, linked with chlorine dioxide. Research has shown that

the use of ferrous iron is the most effective technique for chlorite reduction. the majority

of ozonation OOPs are biodegradable: however, bromate is not (Ox:enford, 1996). Study

by Amy and Siddiqui (I994b) has examined the bromate removal. Research by

Jacangelo et aI., (1995) has reponed that the combined ultrafiltration (UF) .powdered
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