Contaminant Profiles



Introduction

Contaminant Profiles describes in greater detail many of the contaminants mentioned in chapters 1-10.
While by no means exhaustive, it includes profiles of a wide variety of contaminants identified by scientists,
health professionals and members of the general public as being “of concern.” These contaminant profiles
are arranged in alphabetical order.

For the purpose of the profiles, and for the document as a whole, the term “contaminants” refers to a sub-
stance that is either foreign to a natural system, or is present at unnatural concentrations. In the environment,
contaminants are unwanted substances that have entered the air, food, water, or soil. These include chemi-
cals, living organisms (e.g., bacteria, viruses, or protozoa), and radionuclides.

For each contaminant the following information is discussed:
e origins and uses;

e persistence and movement in the environment;

e how humans are exposed;

e how to reduce exposure;

e human health considerations; and

e standards and guidelines.

At the end of each contaminant description, references are listed for further reading. Some profiles also con-
tain a “thermometer” that summarizes the health effects observed in the scientific literature at various levels
of exposure to the contaminant.




Contaminants

Acetone

Aldrin and Dieldrin

Aluminum

Ammonium Phosphates

Arsenic

Asbestos and Fibrous Materials

BTEX: Benzene, Toluene, Ethyl benzene and Xylene/Gasoline
Cadmium

Campylobacter spp.

Carbon Monoxide (CO)

Chlorofluorocarbons (CFCs)

Chlorophenols/PCP

Clostridium botulinum

Clostridium perfringens

Cryptosporidium parvum and Giardia lamblia

DDT and related compounds: DDE, TDE, DDA, methoxychlor
Dieldrin: see Aldrin and Dieldrin

Dioxins (polychlorinated dibenzodioxins) and Furans (polychlorinated dibenzofurans)
Escherichia coli (E. coli)

Fluoride

Furans: see Dioxins

Hexachlorobenzene (HCB)

Lead

Mercury

Mirex

Moulds

Nitrites, Nitrates and Nitrosamines

Nitrogen Oxides (NOy)

Ozone: see Smog and Ground-Level Ozone

Particulate Matter

Perchloroethylene (Perc)/PCE/Tetrachloroethylene
Phthalates

Polychlorinated Biphenyls (PCBs)

Polycyclic Aromatic Hydrocarbons (PAHs): Benzo[a|pyrene and related compounds
Radon

Salmonella spp.

Smog and Ground-Level Ozone

Sodium Chloride—Road Salt

Staphylococcus aureus




Sulphur Dioxide (SO3)

Toxaphene

Trihalomethanes (THMs)

Tritium

Vibrio vulnificus

Vinyl Chloride and Polyvinyl Chloride
2,4-Dichlorophenoxyacetic acid (2,4-D)




Tables and Figures

Aldrin and Dieldrin
Table 1: MAC, MRL, TDI values for aldrin and dieldrin

Figure 1: Human health effects from ingesting aldrin and dieldrin

Aluminum

Table 1:  PTDI and operational guideline values for aluminum

Arsenic

Table 1:  Estimated average daily intake of inorganic arsenic by adults (20-70 years) in the general
population and in adults living near point sources in Canada
Table 2:  IMAC, PTDI and tolerance values for inorganic arsenic

Figure 1: Human health effects from breathing inorganic arsenic
Figure 2: Human health effects from ingesting inorganic arsenic
Asbestos and Fibrous Materials

Table 1:  Human health effects from breathing asbestos

Table 2:  Drinking water values for asbestos

BTEX: Benzene, Toluene, Ethyl benzene and Xylene/Gasoline

Table 1:  Human health effects from breathing toluene
Table 2:  Guidelines for toluene

Table 3:  Guidelines for ethyl benzene

Table 4: Human health effects from breathing xylene
Table 5:  Guidelines for xylene

Cadmium

Table 1: MAC and PTWI values for cadmium

Figure 1: Human health effects from breathing cadmium
Figure 2: Human health effects from ingesting cadmium

Carbon Monoxide (CO)

Figure 1: Daily variation of vehicle related pollutants in downtown Toronto
Table 1:  National Ambient Air Quality Objectives for carbon monoxide
Chlorofluorocarbons (CFCs)

Table 1:  Regulations for ozone depleting substances

Chlorophenols/PCP

Table 1:  Human health effects from breathing PCP

Table 2:  Human health effects from eating or drinking PCP
Table 3:  Guidelines for chlorophenols

Table 4:  Estimated PCP intake (ng/kgebw/day)




DDT and related compounds: DDE, TDE, DDA, methoxychlor

Table 1:  Human health effects from eating or drinking DDT, DDE, or DDD
Table 2:  MAC, MRL and ADI values for DDT and its metabolites

Dioxins (polychlorinated dibenzodioxins) and Furans (polychlorinated
dibenzofurans)

Table 1:  TDI, tolerable exposure and IMAC values for TCDD

Fluoride

Table 1: MAC and tolerance values for fluoride

Hexachlorobenzene (HCB)

Table 1: ~ Human health effects from eating or drinking HCB
Table 2:  TDI and MAC values for HCB

Lead

Table 1: MAGC, tolerance, PTWI and ADI values for lead

Table 2:  Blood lead intervention levels (individual children and adults)

Table 3:  Blood lead intervention levels (community)

Table 4:  Exposure to lead for children and adults from several sources of exposure

Figure 1: Human health effects from ingesting and breathing lead
Mercury

Table 1:  Human health effects from breathing elemental mercury
Table 2:  MAC, tolerance, PTWI and TDI values for mercury
Table 3:  Health Canada guidelines for total mercury

Mirex

Table 1:  PTDI and other values for mirex

Nitrites, Nitrates and Nitrosamines

Table 1:  MAC and target level values for nitrites, nitrates and nitrosamines

Nitrogen Oxides (NOy)

Table 1:  National Ambient Air Quality Objectives for nitrogen oxides
Figure 1: Daily variation of vehicle related pollutants in downtown Toronto
Particulate Matter

Table 1:  National Ambient Air Quality Objectives for particulate matter

Perchloroethylene (Perc)/PCE/Tetrachloroethylene

Table 1:  Guidelines for tetrachloroethylene
Table 2:  Estimated daily intake of tetrachloroethylene (pg/kg-bw/day) by the Canadian population

Figure 1: Human health effects from breathing tetrachloroethylene
Figure 2: Human health effects from ingesting tetrachloroethylene




Phthalates

Table 1:  TDIs for phthalates

Figure 1: Human health effects from breathing di(2-ethylhexyl)phthalate
Figure 2: Human health effects from ingesting di(2-ethylhexyl)phthalate

Polychlorinated Biphenyls (PCBs)

Table 1:  Guideline, PTDI and IMAC values for PCBs
Table 2:  Health Protection Branch “guideline values” for blood, 1986

Figure 1: Human health effects from breathing PCBs
Figure 2: Human health effects from ingesting PCBs
Figure 3: Human health effects from skin contact with PCBs

Polycyclic Aromatic Hydrocarbons (PAHs): Benzo[a]pyrene and related compounds
Table 1:  MAC and guideline values for B[a]P

Figure 1: Human health effects from ingesting benzo[a]pyrene

Radon

Table 1:  Human health effects from breathing radon
Table 2:  MAC and other values for uranium, radium, cesium, iodine and strontium

Smog and Ground-Level Ozone

Table 1:  National Ambient Air Quality Objectives for ground-level ozone

Sodium Chloride — Road Salt

Table 1:  Guideline values for sodium and chloride

Sulphur Dioxide (SO5)
Table 1:  National Ambient Air Quality Objectives for sulphur dioxide

Toxaphene

Table 1:  Human health effects from eating or drinking toxaphene
Table 2:  PTDI value for toxaphene

Trihalomethanes (THMs)

Table 1:  IMAC, MAC and other values for trihalomethanes in drinking water

Figure 1: Human health effects from breathing chloroform
Figure 2: Human health effects from ingesting chloroform
Figure 3: Human health effects from skin contact with chloroform

Tritium

Table 1:  MAC and guideline values for tritium in drinking water




Vinyl Chloride and Polyvinyl Chloride

Table 1:  Guidlines for vinyl chloride in drinking water

Figure 1: Human health effects from breathing vinyl chloride
Figure 2: Human health effects from ingesting vinyl chloride

2,4-Dichlorophenoxyacetic acid (2,4-D)
Table 1:  Guidlines for 2,4-D in drinking water




Acetone

Origins and Uses

Acetone, also referred to as dimethyl ketone, 2-propanone, and beta-ketopropane, is a colourless liquid with
a distinct smell and taste. While it occurs naturally in the environment in plants, trees, volcanic gases, forest
fires, and as a product of the breakdown of body fat, industrial processes contribute a larger proportion to
the environment. Acetone is used commercially to make plastic, fibres, drugs and other chemicals. It is also
present in nail polish removers, synthetic glues, tobacco smoke, vehicle exhaust and landfill sites.

Persistence and Movement in the Environment

About 97 percent of the acetone released during manufacture or use goes into the air where roughly half
breaks down due to sunlight or other chemicals within about three weeks. Acetone can move back and forth
between air, water, and soil through rain, snow and evaporation. Acetone is broken down by micro-
organisms in water and soil, although the time needed for this breakdown varies. Acetone does not bind to
soil nor does it build up in animals. It can move into the groundwater from spills and landfill sites.

Exposure

The pathways of exposure to acetone include inhalation, ingestion, and dermal exposure. Most of the
background exposure is due to breathing in small amounts in the air. However, higher levels can be found in
contaminated air in certain occupational settings or during the use of products containing acetone such as
household chemicals, nail polish, and some paints. Higher levels and higher exposure can also be incurred
by breathing in second-hand tobacco smoke.

Reducing Exposure

Warning signs of exposure to moderate levels of acetone are the smell, respiratory irritation and burning eyes.
If these symptoms occur, the individual should remove her/himself from the source of exposure. Consumer
products containing acetone should only be used in a well ventilated area and care should be taken in han-
dling the products; follow all package directions. Acetone is highly flammable. Some acetone-containing
products can be abused, such as glue sniffing, which can be harmful to health.

Human Health Considerations

Once exposure has occurred, acetone gets into the blood and is carried to all body organs. Its effects depend
on the amount, the pathway, and the duration of exposure. The liver can break acetone down into harmless
chemicals when it is present in small amounts. Breathing moderate to high levels of acetone for short peri-
ods of time can cause nose, throat, lung, and eye irritation; headaches; light-headedness, confusion; increased
pulse rate; effects on blood; nausea; vomiting; unconsciousness and possibly coma; and shortening of the
menstrual cycle in women. Ingesting very high levels of acetone can result in unconsciousness and damage
to the skin in the mouth. Dermal contact can result in irritation and damage to the skin.




The effects of long-term exposure are known mostly from animal studies, which have found kidney, liver, and
nerve damage, increased birth defects, and lowered ability to reproduce in males. It is not known whether the
same effects occur in people.

References

United States Department of Health and Human Services, Agency for Toxic Substances and Disease Registry.
Acetone. Atlanta, Georgia, September 1995.




Aldrin and Dieldrin

Aldrin and Dieldrin

Origin and Uses

Aldrin and dieldrin are chemical pesticides first produced in 1948. The manufacture of dieldrin continued
until 1987 and aldrin until 1990. In addition to being manufactured, dieldrin is also a by-product of the
metabolic conversion of aldrin. Both chemicals were used worldwide as broad-spectrum insecticides to pro-
tect crops such as cotton, corn, and citrus products, and for the extermination of termites. In Canada, aldrin
and dieldrin were used as pesticides. Dieldrin was also used in tropical areas for control of insects capable of
transmitting diseases such as malaria. In the tropics it was sprayed on the inside walls and ceilings of homes.
In temperate areas, it was generally applied as a spot treatment on cracks and crevices in homes. In Canada,
the permitted uses of aldrin and dieldrin were cancelled in 1990.

Persistence and Movement in the Environment

Aldrin is converted to dieldrin in the environment and in biological systems. Aldrin is not environmentally
persistent, and is rarely present in aquatic or terrestrial organisms. Following application of aldrin there is a
short period of volatilization, followed by a longer period of degradation to dieldrin. Aldrin adheres so strongly
to soil particles that little leaching or contamination of groundwater occurs, except in sandy soils. Loss of aldrin
from the soil appears to be mainly by volatilization, though atmospheric levels are generally low.

Dieldrin is a very stable compound. Most dieldrin in the environment is found in soil, plants or animal fat.
Dieldrin bioaccumulates in organisms and is biomagnified through the terrestrial and aquatic food chains. It
is available in soil for uptake by worms and also by plants (where it is stored mostly in the roots) that are then
consumed by fish, animals and people. Dieldrin can travel large distances on dust particles. In air, dieldrin may
be changed to a more persistent form, photodieldrin, through a chemical reaction promoted by sunlight.

Exposure

Aldrin and dieldrin can be absorbed via the oral, dermal and inhalation routes. Exposure to aldrin is limited
due to its rapid conversion to dieldrin. Exposure to dieldrin is more common and occurs primarily through
the ingestion of food. Water and air are not considered to be significant routes of exposure for the general
population. Dieldrin is primarily stored in fat and is excreted in feces (via the bile), urine and breast milk.

The average dietary intake of aldrin and dieldrin in Canadian adults is estimated to be 0.02 pg/kg.bw/day.
This is well below the World Health Organization (WHO) tolerable daily intake of 0.1 pg/kg.bw/day. Dieldrin
is found mainly in dairy and meat products, fish, oils and fats, potatoes, and other root vegetables. Tissues
and eggs of birds and predatory species at the top of the food chain have the highest levels. Fish consump-
tion may contribute to exposure, although residues in most fish are less than 200 pg/kg (ppb), which is well
below the WHO guideline. Providing that fish consumption advisories are followed, dieldrin levels in the
Great Lakes basin are unlikely to be a risk to human health.

Dieldrin concentrations in human adipose tissue in Ontario residents appear to be similar to those in residents
from other parts of Canada. Canadian studies indicate mean adipose tissue levels of 0.04-0.05 mg/kg fat
(maximum 0.21) from 1976 to 1980. Values for Ontario in 1992 indicate that dieldrin is excreted in milk
(0.37 pg/kg whole milk) (Newsome 1995). Dieldrin is present in the fetus and newborn infants due to
transplacental exposure. Levels can be higher in fetal blood than in the mother’s blood and higher in the
placenta than in the uterus (Polishuk et al. 1977).




Aldrin and Dieldrin

Aldrin and dieldrin levels in the environment decreased in the 1970s, but have since levelled off. Dieldrin
was not detected in any drinking water samples analysed by the Ministry of the Environment and Energy as
part of the 1987 Ontario Drinking Water Surveillance Program. Dieldrin was found in rainfall at three points in
Canada in 1984 (mean concentrations): 0.78 ng/L (over Lake Superior), 0.27 ng/L (New Brunswick), 0.38 ng/L
(over northern Saskatchewan). People living in the vicinity of hazardous waste sites containing organo-
chlorine pesticides may be at an increased risk of dieldrin exposure, as it may enter the environment through
leakage from the sites. Levels of aldrin and dieldrin have also been detected in indoor air several years after
these pesticides were used in homes.

Reducing Exposure

Exposure to dieldrin from eating sport fish can be reduced by following guidelines in the Guide to Eating
Ontario Sport Fish. (See Chapter 8. “Food Quality.”)

Human Health Considerations

Exposure to single doses of 8-30 mg/kg.bw of aldrin in humans results in adverse effects including vomit-
ing, epigastric pain, drowsiness, headache, sweating, rise in blood pressure, dizziness, and convulsions; a sin-
gle dose of 25.6 mg/kg-bw results in elevated blood urea nitrogen, gross hematuria, albuminuria, inability of
the kidney to concentrate the urine; a single dose of 120 mg/kg.-bw causes tachycardia, elevated blood pressure
and convulsions. Reported cases of direct exposure to dieldrin suggest that its toxicity is perhaps slightly less
than that of aldrin.

MAC, MRL, TDI VALUES FOR ALDRIN AND DIELDRIN

Agency Focus Level Comments
Health Canada  Drinking 0.7 pg/L MAC

water
Health Canada  Meat, meat by-products and 0.2 ug/g (ppm) MRL

fat of cattle, goats, hogs, (calculated on fat content)

poultry and sheep

Dairy products 0.1 pg/g (ppm) MRL

(calculated on fat content)

OMOEE Drinking water 0.7 pg/L MAC
FAO/WHO All sources 0.1 pg/kge-bw/day TDI
WHO Drinking water 0.03 pg/L guideline value

MAC: Maximum acceptable concentration

MRL: Maximum residue limit

OMOEE: Ontario Ministry of Environment and Energy

FAO/WHO: Food and Agriculture Organization/World Health Organization
TDI: Tolerable daily intake

WHO Human Blood Guidelinel
WHO human blood guideline = 100 pg/L (aldrin + dieldrin)

1. WHO Technical Report Series 667. Recommended health-based limits in occupational exposure to pesticides. Geneva: World Health
Organization, 1982. Cited in: Human Toxicology of Pesticides by F.P. Kaloyanova and M.A. El Batawi. CRC Press Inc. Florida 1991, p. 91.




Aldrin and Dieldrin
Long-term ingestion of small amounts of dieldrin by

male volunteers did not result in any neurological m
disturbances nor any other health effects or clinical
chemistry changes. During long-term low-level
exposure to aldrin or dieldrin, an equilibrium is

HUMAN HEALTH EFFECTS FROM INGESTING
ALDRIN OR DIELDRIN

reached such that intake equals excretion and blood Short(—tizmdexp)osure Long(—telrzwdexpc))sure
. <14 days > ays

levels remain nearly constant. Dose

Occupational exposure studies have produced con- (mg/kg/day)

flicting results regarding increases in or increased 100

frequency of pneumonia and other pulmonary dis- | peath (adults) ——— {

eases, serum cholesterol, hypertension, serum hepatic Convulsions, __—

enzymes (SGOT, SGPT), sister chromatid exchanges, | abnormal EEG

10
contact dermatitis (dermal exposure), immunohe- | (adult)

molytic anemia, abnormal EEG patterns. The studies Death (child) /l
are limited by small sample size and/or possible

exposure to other chemicals. It is also not certain
how the subjects were exposed, i.e., oral, inhalation

1

or dermal. 0.1 Neurotoxicity
One case report indicates that ingestion of fish con- r (estimated from
taining high levels of dieldrin resulted in immuno- blood levels)
hemolytic anemia. Another study indicates that 0.01

aldrin levels in blood and placental tissues of

women who had premature labour or spontaneous li No effects
abortions were significantly higher than in women 0.001

with normal deliveries. Interpretatlon of this StUdy 18 Adapted from: U.S. Department of Health and Human Services,
difficult because six other organo-chlorine pesticides Agency for Toxic Substances and Disease Registry (ATSDR).

1 1 d d f di £ k Public Health Statements — What you need to know about toxic
were also elevated and contfounding ractors (smo 3 substances commonly found at Superfund hazardous waste sites.
ing, alcohol consumption) were not included in the | Atanta Georgia.
analyses. Studies in humans have not addressed
whether adverse reproductive or developmental

effects could occur as a result of exposure to aldrin or dieldrin.

The International Agency for Research on Cancer (IARC) has concluded that evidence for carcinogenicity of
aldrin and dieldrin is inadequate, and has placed aldrin and dieldrin in Class 3 (non-classifiable).
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Aluminum

Origins and Uses

Aluminum is the third most common element in the Earth’s crust and makes up more than 8 percent of it
by weight. It does not occur as a free metal in nature and is always found combined with other elements in
the Earth such as minerals and rocks. Aluminum is found in igneous and sedimentary rock, and in soils.

Aluminum is used in water treatment in the form of salts, for example aluminum sulphate (alum) or poly-
aluminum chloride. It is added as a coagulant to assist in the removal of pathogenic micro-organisms, organic
compounds and particulate matter from raw surface water. The amount of aluminum remaining in the treated
water (residual) depends on the aluminum levels in the source water, the amount of aluminum used, water
acidity and temperature, fluoridation of the water, frequency of addition of the aluminum, and the efficiency
of the filtration process. Aluminum compounds are also used in many drugs (e.g., antacids and ASA) and
consumer products (e.g., cooking utensils, food packaging material, antiperspirants, and cosmetics).

Aluminum occurs naturally in many foods. Certain aluminum compounds used as food additives may contri-
bute additional aluminum to certain foods including dairy products (processed cheese and yogurt), grain
products, desserts and beverages. The addition of aluminum to processed foods is not controlled by the
government. It is the manufacturer’s responsibility to decide on the most appropriate amount of aluminum,
according to Good Manufacturing Practice.

Persistence and Movement in the Environment

Most of the aluminum in soil minerals is tightly bound and weathers slowly. Levels in soil, groundwater and
in surface water are low compared with the concentrations found in the surrounding rocks. Weathering and
leaching rates of aluminum can be elevated by acidification. Acidic environments cause the dissolved alu-
minum content of the surrounding waters to increase resulting in a rise in the mobility of aluminum.
Aluminum becomes bioavailable to plant roots under acidic or very alkaline conditions. Aluminum can also
be found in the air bound to dust particles.

Exposure

Humans are exposed to aluminum in the air, water and food because of its natural occurrence in the environ-
ment. The average adult takes in 9 to 14 milligrams of aluminum each day from all exposure routes. Average
intakes for children are estimated to be between 2 and 6 mg/day. The major exposure route (90 percent) for indi-
viduals not using aluminum-containing medications is from food. While levels of aluminum in foods may
increase when aluminum cookware, utensils, and wrapping are used for food preparation and storage (particu-
larly acidic foods such as tomatoes, cabbage, rhubarb and sauerkraut), studies to date have shown that conta-
mination from this source contributes only a small portion of the total daily aluminum exposure. Health
Canada surveys have found higher levels of aluminum in infant formulae than in human or cow’s milk although
intakes are still significantly lower than the Joint Food and Agriculture Organization/World Health Organization
Expert Committee on Food Additives and Contaminants (JECFA) tolerable intake guideline (see table below).

Exposure to aluminum from drinking water is usually less than 3 percent of the total daily exposure from
food and drugs. Based on an intake of 1.5 L/day, the aluminum exposure for a Canadian adult ranges from
0.006-0.8 mg/day. For Ontario residents, it is estimated that the mean intake of aluminum is 0.16 mg/day.
Actual intake may vary widely across the country depending on the natural presence of aluminum in drink-
ing water. Levels in unpolluted air are generally low and result in intakes of less than 0.002 mg/day. Ambient
aluminum levels in industrial areas may be much higher resulting in intakes of up to 0.124 mg/day.




Very little of the aluminum taken in is retained in the body. The human body’s main defence against alu-
minum in food is that it does not allow most of the ingested aluminum to pass through the intestinal wall.
This is because aluminum in food is in a bound form. However, aluminum in drinking water can be absorbed
to some extent because aluminum in water following treatment seems to be largely in a “free” (unbound)
form. Nonetheless, the amount of aluminum absorbed from drinking water is generally very small.

Reducing Exposure

In the past, controlling levels of aluminum in dialysis fluids and medications in dialysis patients significantly
reduced the incidence of dialysis encephalopathy (a progressive form of dementia characterized by speech
and behavioural changes, tremors, convulsions, and psychosis). However, there has been a recent change to
aluminum-free water dialysis (< p10 g/L aluminum in water).

In order to reduce exposure to aluminum, avoid:

e using cosmetics such as anti-perspirants, antacids, buffered aspirins and other medications containing
aluminum compounds.

e cooking and preserving acidic foods such as tomatoes and coffee in aluminum pots and pans.

e using food preservatives, such as baking powder, containing aluminum powder.

Human Health Considerations

Aluminum has been considered to be relatively non-toxic in healthy individuals, who can tolerate oral daily
doses of as much as 7.2 grams of aluminum without any apparent harmful effects. Aluminum is included in
the U.S. Food and Drug Administration’s list of substances generally regarded as safe for consumption.
However, there is now abundant evidence that aluminum may cause adverse effects on the nervous system.
Abnormal disposition of aluminum in nerve tissues is thought to be associated with severe diseases of the
nervous system, such as Parkinson’s disease, amyotrophic lateral sclerosis (Lou Gehrig's disease) and

PTDI AND OPERATIONAL GUIDELINE VALUES FOR ALUMINUM

Agency Focus Level Comments
Health Canada  Drinking water There is no health-based guideline
at present 1
OMOEE Drinking water 0.10 mg/L Operational
guideline
JECFA All sources 1.0 mg/kg-bw/day PTDI
WHO Drinking water There is no health based guideline, however, a

concentration of 0.2 mg/L in drinking water provides a
compromise between the practical use of aluminum salts
in water treatment and discoloration of distributed water.

PTDI: Provisional tolerable daily intake

JECFA: Joint Food and Agriculture Organization/World Health Organization Expert Committee on Food Additives and
Contaminants

OMOEE: Ontario Ministry of Environment and Energy

WHO: World Health Organization

1. The drinking water guideline for aluminum has been proposed to the Federal Provincial Subcommittee on Drinking Water. The subcommittee
is evaluating and considering the guideline.




Alzheimer’s disease. However, these associations are not completely understood and are still under study. The
effects in humans exposed to low levels of aluminum over a long period are not known, but earlier onset or
progression of a wide range of diseases of the nervous system is a distinct possibility. With respect to
Alzheimer’s disease, the epidemiological research needs to be confirmed by analytical studies.

Kidney dialysis patients exposed to high levels of aluminum in dialysis fluids and medications have devel-
oped a condition called dialysis encephalopathy. Intake of large amounts of aluminum can also cause brittle
or soft bones, anemia, glucose intolerance and cardiac arrest in humans.

The available data from animal studies and epidemiological studies in humans do not indicate that
aluminum is a potential carcinogen.
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Ammonium Phosphates

Ammonium Phosphates

Origin and Uses

Ammonium phosphates are two chemical compounds composed of nitrogen, hydrogen, oxygen and phos-
phorus. They are monoammonium phosphate ((NH,)H,PO,) and diammonium phosphate ((NH,),HPO,),
which are white granular or powdered solids, and are either odourless or have only faint odours. Fires may
release toxic and irritating fumes containing ammonia, oxides of nitrogen and phosphorus.

Ammonium phosphate production and use is widespread in Canada. Monoammonium phosphate is mainly
used in specialty fertilizers, as food ingredient, in paints, as an agent in dye baths, powder fire extinguishers
and for flame proofing fabrics, wood and papers. Diammonium phosphate is used in fertilizers, as a food
ingredient, in flame retardants and pharmaceuticals. Phosphorus is an important nutrient in freshwater lakes
as it plays a role in determining the extent of plant growth.

Persistence and Movement in the Environment

All forms of ammonium phosphate dissolve rapidly in water, and may alter species population balances in
aquatic environments. Phosphorus and nitrogen are nutrients that are readily absorbed by micro-organisms,
stimulating the growth of algal blooms. These blooms block sunlight to submerged plants and can produce
toxins capable of killing aquatic animals and plants. For example, Lake Erie was severely affected by eutroph-
ication because of heavy nutrient loadings from municipal and industrial sources, in combination with its
shallow, warm waters. Restrictions have been successful in reducing phosphate loadings to the Great Lakes to
25 percent of 1972 levels. Ammonium phosphates do not bioaccumulate in organisms, and do not biomag-
nify up the food chain.

When ammonium phosphates are exposed to soil (e.g., an accidental spill) penetration is unlikely to occur
if the soil is dry and clean-up of the ammonium phosphate occurs before precipitation (rain, snow).
Ammonium phosphates are non-volatile, therefore they do not disperse in air.

Exposure

Phosphates primarily enter waterways from fertilizer run-off (from agricultural, dairy, beef and other animal
production), human and animal wastes, and detergents. While other chemicals such as nitrates and potassi-
um can cause problems with nutrient loading, it has been estimated that 30 to 70 percent of phosphate load-
ing comes from the phosphates added to detergents. Most detergents contain polyphosphates used to bolster
their cleaning action.

Reducing Exposure

Use of detergents that are phosphate-free reduces nutrient loading. Agricultural practices that minimize phos-
phorus levels in run-off can be adopted. Conservation tillage, crop rotation and grass waterways are only a
few examples of the practices that should be part of future cropping systems.




Ammonium Phosphates

Human Health Considerations

Monoammonium phosphate dust is irritating to the eyes, nose and throat. If inhaled, it causes coughing or
difficult breathing. Diammonium phosphate vapours also cause coughing, difficult breathing and lung irri-
tation. Contact with solid forms of ammonium phosphate may cause mild irritation to the skin and the eyes.

Standards for Phosphates

Since 1972, the content in all effluent from large municipal waste treatment plants has been limited to
1 mg/L. Sewage treatment plants have been upgraded (to tertiary treatment) to remove phosphates and reg-
ulations were enacted restricting phosphate content of detergents to 5 percent by weight. Detergents with less
than 1 percent phosphate can be termed “phosphate free.” Dish washing liquids are exempt and still contain
up to 45 percent phosphate.
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Arsenic

Origin and Uses

Natural sources of inorganic arsenic are from weathering and erosion of rock and soil. The principal sources
resulting from human activity are gold- and base-metal processing. Other sources resulting from human
activity include coal-fired power generation, and the disposal of domestic and industrial wastes. Arsenic is
used mainly in metallurgical applications, and in wood preservatives. Prior to 1975, arsenical pesticides were
used in fruit and vegetable production.

Persistence and Movement in the Environment

When arsenic is combined with elements other than carbon, such as oxygen, chlorine and sulphur, it is called
inorganic arsenic. Organic arsenic is formed when arsenic combines with carbon and hydrogen. Organic
forms are generally believed to be less harmful to humans than the inorganic forms.

Due to its mobility and reactivity, arsenic moves through aquatic and terrestrial systems where it can under-
go chemical and biochemical transformations. Arsenic bioaccumulates in aquatic organisms (including algae,
molluscs, crustaceans and fish) in a form that is not as toxic as inorganic arsenic and which is rapidly excret-
ed from the body. Arsenic does not greatly biomagnify through aquatic or terrestrial food chains.

Exposure

Exposure to inorganic arsenic (inhalation/ingestion) occurs through food, drinking water, soil, and ambient
air, with food being the major source of intake. Please see Table 1 on estimated daily intakes for more infor-
mation. The largest contribution to arsenic exposure from food is from shellfish, meat, poultry, grain and
dairy products. Exposure to arsenic may be elevated in populations residing in the vicinity of industrial or
geological sources, causing drinking water levels to be naturally high. This is the case for Nova Scotia drink-
ing water. Estimates of exposure for such populations, based on data from different areas of Canada, i.e., a
“worst-case scenario,” are presented in Table 1.

Reducing Exposure

Washing fruits and vegetables will help to remove arsenic (in dirt) on the exterior of produce. Well water con-
taining excessive levels of arsenic should be avoided. Well water can be tested if suspect. Reducing the amount
of tobacco smoked will decrease exposure to arsenic.

Human Health Considerations

Non-cancerous effects on the skin have been observed in occupationally exposed populations or in those
drinking water containing high concentrations of arsenic. Such effects have generally only been observed at
levels associated with a significantly increased risk of cancer. Symptoms of arsenic exposure include nausea,
diarrhea, peripheral neuropathy, anemia, vascular lesions, hyperkeratinizations, hyperpigmentation and, at
high doses, death.




ESTIMATED AVERAGE DAILY INTAKE OF INORGANIC ARSENIC BY ADULTS (20-70 YEARS) IN
THE GENERAL POPULATION AND IN ADULTS LIVING NEAR POINT SOURCES IN CANADA

Medium General Adult population living near
adult population (pg/kgebw/day) point sources (ug/kgebw/day)

Water 0.1 <0.1-11

Food 0.08 0.08

Air 0.0003 0.003-0.07

Soil/Dirt 0.001-0.004 0.0009-0.1

Total ingested 0.2 <0.2-11

Total inhaled 0.0003 0.003-0.07

Tobacco smoking 0.01-0.03

Adapted from: Hughes, K., Meek, M.E. and Burnett, R. 1994. Inorganic arsenic: evaluation of risks to health from
environmental exposure in Canada. Environ Carcino & Ecotox Revs. C12(2):145-159.

HUMAN HEALTH EFFECTS FROM BREATHING
INORGANIC ARSENIC

HUMAN HEALTH EFFECTS FROM INGESTING
INORGANIC ARSENIC

Short-term exposure Long-term exposure

(<14 days) (> 14 days)
Dose
(Hg/m3)
100,000
10,000
1000
Skin
disorders

L
o
o

10

1.0

Adapted from: U.S. Department of Health and Human Services,
Agency for Toxic Substances and Disease Registry (ATSDR).
Public Health Statements — What you need to know about toxic
substances commonly found at Superfund hazardous waste sites.
Atlanta, Georgia.

Short-term exposure
(<14 days)

Long-term exposure
(> 14 days)
Dose
(ug/kg/day)

100,000

10,000

Death

=
o
o
o

Systemic
100 »—————— effects,
skin lesions

Systemic
effects

N

10

1.0

Adapted from: U.S. Department of Health and Human Services,
Agency for Toxic Substances and Disease Registry (ATSDR).
Public Health Statements — What you need to know about toxic
substances commonly found at Superfund hazardous waste sites.
Atlanta, Georgia.
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IMAC, PTDI AND TOLERANCE VALUES FOR INORGANIC ARSENIC

Agency Focus Level Comments
Health Canada  Drinking water 0.025 mg/L IMAC1

Health Canada  Fruit juices, cider, wine; in
beverages as consumed and
water in sealed containers

other than mineral water 0.1 mg/L (ppm) tolerance
Health Canada  Edible bone meal 1.0 mg/kg (ppm) tolerance
Health Canada Fish protein as defined

in B.21.027 3.5 mg/kg (ppm) tolerance
OMOEE Drinking water 0.025 mg/L IMAC
JECFA All sources 2.0 pg/kg-bw/day as inorganic arsenic PTDI
WHO Drinking water 0.01 mg/L guideline value?

IMAC: Interim maximum acceptable concentration

PTDI: Provisional tolerable daily intake

OMOEE: Ontario Ministry of Environment and Energy

JECFA: Joint Food and Agriculture Organization/World Health Organization Expert Committee on Food Additives and
Contaminants

WHO: World Health Organization

1. The IMAC will be reviewed periodically in light of developments in treatment technology and additional data on health risks associated with
exposure to arsenic in drinking water.
2. Associated with excess skin cancer risk of 6 x 104

Inorganic arsenic compounds are human carcinogens. Arsenic has been associated with an increase in mor-
tality due to lung cancer in workers exposed via inhalation in the occupational environment. Ingestion of high
levels of inorganic arsenic in drinking water has been associated with an increased prevalence of skin cancer
and an increased incidence of cancer of various internal organs, including the bladder, kidney, liver and lung.
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Asbhestos and Fibrous Materials

Asbestos and Fibrous Materials

Origin and Uses

Asbestos is the commercial name for a family of minerals that separate into dust-like fibres when crushed.
They are present naturally in rock formations worldwide. Of the six common types, chrysotile is the major
type used in Canada.

Asbestos is a very good insulator against heat, cold, electricity and noise. It is also resistant to fire and many
corrosive metals. It has been used for fireproofing (sprayed onto steel beams and overhead surfaces in com-
mercial buildings, apartments and houses), as heat insulation (pipes, furnace boilers, heating and ventilation
ducts), and as noise insulation (ceilings and walls). Both the spray application of asbestos and its use as pipe
and boiler insulation on heating systems were stopped in 1973. Some of its current uses include insulation
in brake linings, clutch facings and automatic transmissions in automobiles.

Fibrous glass (pink insulation) and mineral wool are examples of fibrous materials small enough to be
inhaled.

Persistence and Movement in the Environment

Asbestos and fibrous materials tend to be inert until they are installed, removed or otherwise disturbed. It is
non-biodegradable and environmentally cumulative. Asbestos does not evaporate, dissolve, burn, or under-
go significant reactions with other chemicals. It does not evaporate into the air or dissolve in water. Small
fibres may be transported long distances in the air or water. Asbestos fibres do not generally build up in plants
or animals.

Exposure

Asbestos exposure is primarily through inhalation, while ingestion and dermal absorption are minor expo-
sure routes. The size and shape of asbestos fibres affect the ability of the lungs to effectively remove them.

Exposure to asbestos fibres (through inhalation) is greatest in the occupational environment (mining,
milling, industrial use of asbestos, and construction). Asbestos levels in ambient air may be elevated near
asbestos-emitting industries, but in general concentrations are some thousand-fold less than those in occu-
pational settings. Intake of asbestos from air has been suggested to be < 0.6 pg/day. In a Canadian survey,
the fibre concentrations in raw water ranged from 6.4 x 106 — 190 x 106 chrysotile fibres/L. Water treatment
further reduces asbestos levels in drinking water. Asbestos intake from water has been estimated at 1.88 ng
(2 L/day of water containing 1.9 x 106 fibres/L). See the guidelines section for further explanation of asbestos
in water. Nearly all ingested asbestos fibres are excreted in the feces.

Personal exposures to asbestos are determined by the fibre concentrations in the immediate vicinity of a per-
son — measured in fibres per cubic centimetre of air (f/cm3). In other words, risk is determined by exposures
to airborne fibres rather than the presence of asbestos-containing materials in the building. This is an impor-
tant concept because more exposure can be generated by attempts to remove asbestos than by preventing its
release into the air by methods such as enclosure or encapsulation. For general occupants of a building
asbestos is not a public health hazard except:

a) if they are within the vicinity or range of air circulation of maintenance work disturbing asbestos; or

b) significant quantities of asbestos-containing insulation have fallen onto building surfaces and are being
disturbed.




Asbhestos and Fibrous Materials

It is wise to periodically check materials containing mineral fibres for signs of deterioration. Avoid skin con-
tact with fibrous glass and mineral wool during renovations, ensure good ventilation and disturb as little as
possible. Advice should be sought before removing and disturbing materials thought to contain asbestos.

Reducing Exposure

In a home, if material that might contain asbestos has become exposed, it should be assessed by a profes-
sional. If it has fallen on the floor, it should not be dusted, vacuumed, or swept. It can be wiped up with wet
rags or sponges and contained in a dust-proof plastic bag for disposal. Professional guidance or services
should be sought on repair or removal of asbestos-containing materials. Home owners should not undertake
such activities themselves.

Substitute asbestos materials have been developed for private in-house applications. They are called “man-
made mineral fibres” (MMMFs). There are however, health implications associated with exposure to these
substitute materials. Asbestos is still used in industrial settings.

Human Health Considerations

No deaths due to acute exposure to asbestos have been reported. Diseases associated with high occupation-
al exposure (through inhalation) are asbestosis (fibrosis of the lung), mesothelioma (cancer of the pleural
sac lining the lung or the
peritoneal sac lining the
abdomen), and cancer of

the lung. Asbestos-related m

diseases generally develop HUMAN HEALTH EFFECTS FROM BREATHING ASBESTOS

10 to 30 years after expo- Short-term exposure
sure. Two studies have (less than or equal to 14 days)
investigated asbestos expo- Levels in air Length of exposure Description of effects

sure in individuals living The health effects resulting from

in cities for a number of short-term exposure of humans
years. Over half of the sub- to air containing specific levels
jects had some asbestos of asbestos are not known
fibres in their lung tissues; Long-term exposure

none had evidence of (greater than 14 days)

resulting disease. Levels in air (f/m3) Length of exposure Description of effects*
Extensive studies have 1 000 000 20 years Lung injury in some people
revealed that ingested 3 400 000 20 years Death from asbestosis in
asbestos causes little or no some people

risk of noncarcinogenic * These effects are listed at the lowest level at which they were first observed. They may also be

injury. Dermal exposure seen at higher levels.

has been associated with Adapted from: U.S. Department of Health and Human Services, Agency for Toxic Substances and

Disease Registry (ATSDR). Public Health Statements — What you need to know about toxic

the formation of small substances commonly found at Superfund hazardous waste sites. Atlanta, Georgia.
warts or corns, mostly on
the hands.




Asbhestos and Fibrous Materials
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DRINKING WATER VALUES FOR ASBESTOS

Agency Focus Level Comments
U.S. EPA Drinking water 7 million fibres/L see below
Health Canada  Drinking water see below
WHO Drinking water see below

The U.S. Environmental Protection Agency’s proposed (no regulation exists) maximum level for asbestos in
drinking water is 7 million fibres (larger than 10 microns in length) per litre.

The WHO and Health Canada have not established a guideline for asbestos in drinking water, as it is believed
that asbestos ingestion at the concentrations found in drinking water do not constitute a health hazard.
Exposure to high concentrations of asbestos in drinking water is unlikely, as standard water treatment process-
es effectively remove asbestos fibres from drinking water supplies.
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BTEX — Benzene, Toluene, Ethyl benzene
and Xylene/Gasoline

BTEX — Benzene, Toluene, Ethyl benzene and
Xylene/Gasoline

BTEX is a name given to the composite of benzene, toluene, ethyl benzene and xylene that are found together
in gasoline. Toluene, ethyl benzene and the xylenes (there are three possible isomers) all belong to a group of
organic compounds known as alkyl benzenes. Despite the fact that human exposure is frequently to all four
of these compounds, the properties and health effects of each individual contaminant are discussed separately.
There is currently little information regarding any synergistic or interactive effects of these contaminants.

Benzene

Origins and Uses

As a pure chemical, benzene is a clear, colourless liquid. Benzene occurs naturally in the environment in low
concentrations. It is a product of volcanoes and forest fires, and is present in many plants and animals.
Benzene is also a major industrial chemical made from coal and oil. It is used to make other chemicals as
well as some types of plastics, detergents and pesticides, and makes up about 1 to 2 percent of gasoline. The
major source of release of benzene into the environment is through gasoline and other petroleum fuels that
together account for 76 percent of the total atmospheric releases.

Persistence and Movement in the Environment

Benzene can be found in air, soil and water from both natural and industrial sources. Benzene does not per-
sist in water or soil because it biodegrades and volatilizes rapidly to the atmosphere, where it undergoes rapid
photo-oxidation.

Exposure

In general, people are exposed to benzene from breathing air contaminated by benzene, frequently via tobacco
smoke, automobile exhaust and gasoline vapour emissions. More than 99 percent of the total personal expo-
sure is through air. Water, food and beverages have been found to have little to no benzene. Total daily intake
from all sources (ambient air, drinking water, food, automobile-related activities, household products) for
Canadian adults in the general population is estimated to be 2.4 pg/kg.bw/day. For the same age group, the
estimated intakes from ambient air, drinking water, food, automobile related activities and household products
are 1.3, 0.02, 0.02, 0.7 and 0.4 pg/kg-bw/day, respectively.

Other environmental sources of benzene include gasoline (filling) stations, underground storage tanks that
leak, chemical spills, waste water from industries using benzene, groundwater next to landfills containing
benzene, and food products containing benzene naturally. Certain industries also release benzene into the
surrounding air. No effect on personal exposure was detected in people living close to major fixed sources of
benzene (oil refineries, storage tanks, chemical plants).

For smokers, about 90 percent of their benzene exposure is from mainstream cigarette smoke. Smokers have
an average benzene body burden about six to 10 times that of non-smokers. The sources of exposure for non-
smokers are mostly automobile exhaust or gasoline vapour emissions. This includes exposure due to outdoor
air, indoor exposures and activities such as driving. A smaller percentage of exposure is also due to environ-
mental tobacco smoke, and major point sources such as petrochemical plants or refineries. For Canadian
adults in the general population, cigarette smoke may contribute an additional 26 pg/kg.bw/day to the daily
intake of benzene, while passive smoke may contribute 0.9 png/kg.-bw/day.




BTEX — Benzene, Toluene, Ethyl benzene
and Xylene/Gasoline

Human Health Considerations

Benzene is harmful to human health, most notably to tissues forming blood cells. The way in which benzene
affects health depends on how much the individual is exposed to, and for how long. Acute exposure to high
levels affects primarily the central nervous system, resulting in drowsiness, dizziness and headaches.
Symptoms usually disappear after exposure stops. Death may occur in humans (and animals) after brief oral
or inhalation exposures to high levels. Long-term exposure may affect normal blood production, possibly
resulting in severe anemia and internal bleeding. Benzene is considered a “non-threshold toxicant” —
a substance for which there is believed to be some chance of adverse effects at any level of exposure.

Human evidence and animal studies have clearly shown benzene to be carcinogenic. Associations between
leukemia and benzene exposure in occupationally exposed populations have been observed in many
epidemiological and case studies.

Guidelines

The Health Canada Drinking Water Quality Guideline is 5 pg/L (maximum acceptable concentration).
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Toluene

Origins and Uses

Toluene is a clear, colourless liquid with a sweet pungent odour. The principal end-use for toluene in Canada
is in the production of benzene. It is also used as a solvent in paints and varnishes, pesticide formulations,
printing inks, adhesives and sealants, cleaning agents, and for chemical extractions. Toluene is a natural com-
ponent of petroleum and makes up 8.3 percent of gasoline (most of which is burned during normal engine
operation).

Persistence and Movement in the Environment

Toluene does not persist in water or soil because it biodegrades and volatilizes rapidly to the atmosphere
where it undergoes rapid photo-oxidation. In humans, toluene is rapidly metabolized and is excreted
primarily in the urine.




BTEX — Benzene, Toluene, Ethyl benzene
and Xylene/Gasoline

Exposure

Toluene enters the environment primarily through atmospheric releases such that the most significant route
of exposure for the general population is inhalation. Major sources include solvents and gasoline engines
which together account for 80 percent of atmospheric releases. For smokers, cigarette smoke is by far the
greatest source of exposure. Toluene can also be released into the soil from spills and in leachate from cont-
aminated landfill sites, or from spills and discharge of contaminated effluents.

Reducing Exposure

The easiest way to reduce exposure to toluene is to avoid tobacco smoke and gasoline, paint or solvent fumes.

Human Health Considerations

Studies of occupational groups exposed to toluene in their work environment have shown impairment of the
central nervous system, respiratory effects and irritation of the mucous membranes. Toluene can also be toxic
to the developing embryo and fetus. There is no clear evidence for teratogenic activity in laboratory animals
and humans. The available epidemiological data are inadequate to properly assess the carcinogenicity of
toluene in humans. Toluene has been classified as possibly carcinogenic to man by the International Agency
for Research on Cancer (IARC).

HUMAN HEALTH EFFECTS FROM BREATHING TOLUENE

Clinical studies of human
volunteers after single
exposures as well as after
repeated exposures have
shown decreases in neu-
rological function with
elevated levels of exposure
to toluene (375 mg/m3).

Short-term exposure
(less than or equal to 14 days)

Levels in air (ppm) Duration of exposure Description of effects*

dizziness, intoxicated behaviour

Long-term exposure
(greater than 14 days)

Levels in air (ppm)

Duration of exposure Description of effects*

1

Minimal risk level (based on
animal studies)

ability

seen at higher levels.

* These effects are listed at the lowest level at which they were first observed. They may also be

Adapted from: U.S. Department of Health and Human Services, Agency for Toxic Substances and
Disease Registry (ATSDR). Public Health Statements — What you need to know about toxic

4 Minimal risk level

These levels of exposure
100 8 hours Moderate fatigue are far in excess of those
300 8 hours Severe fatigue, headache experienced by the general
600 8 hours Extreme fatigue, confusion, population.

The estimated total aver-
age daily intakes of
toluene for various age
groups in the Canadian
population range from
1.6-21.6 pg/kg.-bw/day.
They are 50 to 670 times

200 1—10 years Headache, dizziness, loss
of coordination less than the tolerable
300 1—10 years Impaired memory and thinking daily intake derived on

the basis of bioassays in
animals species, and also
60 to 780 times less than
that calculated from data
from the clinical studies
of human volunteers.
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GUIDELINES FOR TOLUENE

Agency Focus Level Comments

Health Canada  Drinking water < 24 ug/L aesthetic
objective

WHO Drinking water 700 pg/L (allocating

10 percent of the
TDI to drinking
water)

WHO: World Health Organization
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Ethyl benzene

Origins and Uses

The primary sources of ethyl benzene in the environment are the petroleum industry and the use of petroleum
products.

Persistence and Movement in the Environment

In general, more than 96 percent of ethyl benzene in the environment is present in air. It is also found in
trace amounts in surface water, groundwater and drinking water as well as in certain foods.

Human Health Considerations

In humans, ethyl benzene is almost completely converted to soluble metabolites, which are excreted in urine.

There is very little information on the health effects of exposure to ethyl benzene, especially in regard to
reproduction, long-term toxicity, carcinogenicity or genotoxicity. The acute oral toxicity is low.
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GUIDELINES FOR ETHYL BENZENE

Agency Focus Level Comments

Health Canada  Drinking water 2.4 ug/L aesthetic objective

WHO Drinking water 300 pg/L 10 percent allocation
of TDI to drinking
water.

WHO: World Health Organization
TDI: Tolerable daily intake
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Xylene

Origins and Uses

Xylenes are clear, colourless, volatile liquids with a strong, aromatic odour. Most xylenes are produced from
the catalytic reformation of petroleum and as by-products of the cracking of crude and heavy oil. Minor
amounts are produced from coal-derived coke oven light oil.

The major end-use for xylenes in Canada is as an octane enhancer in gasoline, and as solvents in products
including paints, varnishes and other coatings, pesticide formulations, printing inks, dyes, adhesives and
sealants, cleaning agents, degreasing agents, paint removers, and for chemical extractions. It is also used as
feed stock for the plastics industry.

Total xylene emissions into the atmosphere are expected to decline in the future, mainly because of the
planned reduction of emissions of volatile organic compounds (VOCs) from light-duty vehicles, and the
efforts to reduce VOC emissions from a variety of other sources in order to reduce ground-level ozone (see
the Contaminant Profile for Smog and Ground-Level Ozone).

Persistence and Movement in the Environment

Because most of the xylene in the environment is present in the air, the atmosphere plays an important role
in the distribution and fate of xylene. Once xylenes are released into the air, they photo-oxidize relatively
quickly to compounds that are then further degraded. Xylenes do not persist in water or soil although there
have been reports of cases where xylenes leached through soils to groundwater. The movement through soils
is slowed in the presence of organic matter and in soils with high moisture content. Xylenes are degraded by
micro-organisms in soil, groundwater, surface water, and sediments.

Xylenes do not persist in either water, air or soil. In humans, xylenes are almost completely metabolized and
excreted in urine.
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Exposure

Xylenes are released into the air primarily from their use as solvents and from transportation sources. Releases
into soil and water are generally through spills and leakage from petroleum and other chemical products.
Releases have resulted in the presence of measurable quantities of xylenes in air, water, and soil in Canada.
The highest concentrations of xylenes in groundwater in Canada have been recorded near waste disposal sites,
including beneath landfill sites, near deep injection wells formerly used for the disposal of liquid industrial
waste, and near an active industrial chemical waste disposal lagoon.

About 300 registered pest-control products in Canada contain xylene. Because many of these products are
applied to crop foliage or directly to the soil, much of the xylenes in these formulations can be expected to
reach the soil surface.

While the data on food as a source of exposure is inadequate, it is likely that intake from foods is negligible
compared with intake from the air. Exposure to xylenes is higher in smokers.

Reducing Exposure

Exposure to xylenes can be reduced by a decrease in smoking, or exposure to tobacco-smoke, and a decreased
exposure to solvent and paint use.

Human Health
Table 4 uman Healt
Considerations
HUMAN HEALTH EFFECTS FROM BREATHING XYLENE
Short-term exposure The available epidemio-
(less than or equal to 14 days) logical evidence is limited
Levels in air (ppm)  Length of exposure Description of effects* to a few studies of small
100 1 day Eye, nose, and throat irritation groups of workers. who
299 70 minutes Delayed response to a visual were ex%) osed to thlpgers
stimulus and impaired memory and solvents containing
during exercise not only xylenes but also
Long-term exposure high percentages of ben-
(greater than 14 days) zene or toluene, and
Levels in air (ppm)  Length of exposure Description of effects* other a‘romatic and non-
The health effects resulting from aromatu}:} 1.c0'mpounds.
long-term exposure of humans Due to the limited power
to air containing specific levels of the studies and the
of xylene are not known mixed exposures causing
* These effects are listed at the lowest level at which they were first observed. They may also be the observed effects, the

seen at higher levels. . . .

, _ epidemiological data are
Adapted from: U.S. Department of Health and Human Services, Agency for Toxic Substances and inad 1
Disease Registry (ATSDR). Public Health Statements — What you need to know about toxic Inadequate to properly

substances commonly found at Superfund hazardous waste sites. Atlanta, Georgia. assess the health risks

from xylenes in humans.

While the human data are considered insufficient for development of a tolerable daily intake (TDI), a TDI of
0.144 mg/kg.bw/day has been developed on the basis of animal studies. The estimated total average daily
intake of xylenes from various sources for different age groups in the Canadian population ranges from
3.2-9.5 g/kg.bw/day; this is 15 to 45 times less than the TDI.
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According to a 1993 Canadian Environmental Protection Act (CEPA) assessment, xylenes are not entering the
Canadian environment in quantities or under conditions that may constitute a danger to the environment
on which human life depends, or to human health. There is currently no convincing evidence for terato-
genicity or carcinogenicity. Based on the information available from animal studies, xylenes have been clas-
sified as probably not carcinogenic to humans under CEPA.

GUIDELINES FOR XYLENE

Agency Focus Level Comments
Health Canada  All sources xylene (mixed isomers)
1.5 mg/kg-bw/day TDI
Health Canada  Drinking water xylenes (total) < 300 pg/L aesthetic objective
WHO Drinking water 500 pg/L allocating 10 percent
of the TDI to drinking
water

WHO: World Health Organization
TDI: Tolerable daily intake
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Cadmium

Origin and Uses

Cadmium’s major natural sources are weathering and erosion of rock and soil (transport by rivers to the
world’s oceans), forest fires and volcanic activity (atmospheric release). Cadmium is produced commercially
as a by-product of zinc refining. In Canada, industrial wastes (base metal smelting and refining operations)
account for the majority of cadmium releases to air and water. Globally, cadmium has four main applica-
tions: nickel-cadmium batteries, coatings and pigments, stabilizers in plastics and synthetic products, and as
alloys. For example, cadmium may be a constituent of solders used in fitting water heaters or incorporated
into stabilizers in (black polyethylene) pipes.

Persistence and Movement in the Environment

Cadmium is most often found as inorganic cadmium, in combination with chloride (cadmium chloride),
oxygen (cadmium oxide) or sulphur (cadmium sulphate, cadmium sulphide). High soil acidity favours
cadmium availability to plants and water. With respect to biota, cadmium accumulates in freshwater and
marine organisms. Because it cannot break down and is not easily expelled from the body, levels of cadmium
tend to increase with age. Although biota may accumulate cadmium, most evidence suggests that little or no
biomagnification occurs.

Exposure

For nonsmokers of the general population, the principal exposure to cadmium is through the ingestion of
food. Human absorption studies suggest that < 5 percent of ingested cadmium is absorbed. Levels in food
may be elevated where cadmium exists in increased levels in the soil due to atmospheric deposition, fertilizer
use, or sludge application. Kidney and liver of terrestrial wildlife (e.g., moose, caribou, bear) and marine
mammals (e.g., dolphins, whales) contain high enough levels of cadmium that consumption advisories have
been issued. Low levels of cadmium are found in grains, cereals, potatoes and leafy vegetables. For the
general adult population, estimated intake of cadmium through food is 0.21 pg/kg.bw/day.

Tobacco smoke is a significant source of exposure (2.0 pg Cd/Canadian cigarette). About 10 percent of the
cadmium in a cigarette is transferred to mainstream smoke and becomes available for inhalation (0.187 pg
Cd/cigarette). Cadmium in cigarette smoke is both respirable and absorbed (estimated at 40 percent). A
smoker has a higher respiratory intake of cadmium (= 2.0 pg/day for = 10 cigarette/day) than does a non-
smoker (<0.1 pg/day).

Cadmium concentrations in ambient air reflect proximity to urban and industrial areas, with Canadian values
comparable to those recorded worldwide. In non-occupational settings, inhalation of cadmium in air is not
a significant source of exposure. For the general adult population, the estimated intake of cadmium through
air is 0.00033-0.0013 pg/kg-bw/day.

Intake from drinking water and water-based beverages is small compared with dietary intake. Cadmium may
be present in some water supplies as a result of its use in pipes (see Origin and Uses section above). For the
general adult population, the estimated intake of cadmium through drinking water is 0.01-0.09 pg/L. Mean
concentrations for Canadian rivers, lakes and near shore surface water are 0.01-0.12 pg/L for areas away from
cadmium mineralization or contamination. Dermal absorption is not a significant route of cadmium exposure.




Cadmium is present in many gold and silver solders used in making jewellery, as well as in the dust produced
from grinding or engraving cadmium-plated surfaces. Cadmium is also present in some paint pigments, espe-
cially certain artists’ colours.

Reducing Exposure

Reduce exposure to tobacco smoke (especially active smoking). Follow any recommendations provided by
provincial, territorial or federal governments regarding consumption of wildlife offal (internal organs) and
other foods. When working with cadmium containing metals, make sure that the work area is well ventilat-
ed. Avoid smoking, eating and drinking in these areas. Use latex gloves when working with cadmium based
paints and do not put paint brushes in the mouth.

Human Health Considerations

Most cadmium is stored in the liver and kidneys. After absorption, cadmium is transported in the blood to
the liver where it is bound to a protein called metallothionein (Mt). After accumulation of cadmium-Mt in
the liver, it is slowly released into the blood and subsequently reabsorbed by the kidney. Mt is present in most
organs but is in highest concentrations in the liver, particularly following recent cadmium exposure, and in
the kidney. Cadmium bound to Mt within tissues is thought to be nontoxic; however when the levels of cad-
mium exceed the critical concentration, it becomes toxic.

The main long-term effects of high level exposure to cadmium are kidney disease, chronic obstructive lung
disease (limited to occupational exposure), and bone disease (osteomalacia, osteoporosis, spontaneous
fractures and severe pain). A disease called itai-itai was first noticed in Japan. It has been associated with con-
sumption of foods with elevated levels of cadmium over the long-term (compared with reference areas) and
is characterized by bone disease. This disease is believed to have resulted from a combination of nutritional
deficiencies and cadmium-induced nephropathy.

Cadmium'’s carcinogenic effects have been demonstrated in animal studies (lung tumours in rats inhaling
cadmium compounds). Epidemiologic studies of occupationally exposed workers suggest a possible associa-
tion between cadmium inhalation and lung and prostatic cancer. The latter association is weaker than it
appeared in the 1980s and has not been confirmed in subsequent follow-up studies. There is some debate as
to whether smoking, or exposure to other chemicals has contributed to these findings. The International
Agency for Research on Cancer (IARC) has classified cadmium as probably carcinogenic to humans.

Chronic exposure to high levels of cadmium has been reported to cause mild anemia, anosmia (loss of
smell), yellowing of teeth, and occasionally, liver damage. No conclusive evidence indicates that cadmium
alone causes hypertension. People with low calcium, protein, or iron reserves absorb cadmium more effi-
ciently, and thus may be at increased risk of developing toxic effects associated with cadmium, as discussed
earlier.




MAC AnND PTWI VALUES FOR CADMIUM

Agency Focus Level Comments
Health Canada  Drinking water 0.005 mg/L MAC
OMOEE Drinking water 0.005 mg/L MAC
WHO/FAO Drinking water 0.003 mg/L Guideline value
WHO/FAO Air < 20 ng/m3 urban centres

< 5 ng/m3 rural centres
WHO/FAO 400-500 g/week/adult PTWI
JECFA All sources 7.0 pg/kg-bw/week PTWI

(for a non-smoking person)

MAC: Maximum acceptable concentration
OMOEE: Ontario Ministry of Environment and Energy
PTWI: Provisional tolerable weekly intake

JECFA: Joint Food and Agriculture Organization/World Health Organization Expert Committee on Food Additives and

Contaminants

FAO/WHO: Food and Agriculture Organization/World Health Organization

HUMAN HEALTH EFFECTS FROM BREATHING
CADMIUM

HUMAN HEALTH EFFECTS FROM INGESTING
CADMIUM

Short-term exposure Long-term exposure

(<14 days) (> 14 days)
Conc. in air
(mg/m3)
1000
Lethality
(20 minutes)
100
Lethalty __ ) 10
(8 hours) I
1.0
Lung irritation { I
0.1 Chronic lung
disease, kidney
disease
0.01
0.001

Adapted from: U.S. Department of Health and Human Services,
Agency for Toxic Substances and Disease Registry (ATSDR).
Public Health Statements — What you need to know about toxic
substances commonly found at Superfund hazardous waste sites.
Atlanta, Georgia.

Short-term exposure Long-term exposure

(<14 days) (> 14 days)
Conc. in air
(mg/kg/day)
1000
. 100
Lethality
10
!
Stomach I
irritation ol
I Lowest dose
0.01 thought to
produce kidney
damage
0.001

Adapted from: U.S. Department of Health and Human Services,
Agency for Toxic Substances and Disease Registry (ATSDR).
Public Health Statements — What you need to know about toxic
substances commonly found at Superfund hazardous waste sites.
Atlanta, Georgia.
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Campylobacter spp.

Campylobacter spp.

Origin

Campylobacter are bacteria that are found worldwide in a range of animals, including humans. Campylobacter
jejuni and Campylobacter coli are the most common of the 10 or so species.

Persistence and Movement in the Environment

Animals are the primary reservoir of Campylobacter. They are found on raw foods of animal origin, especial-
ly poultry (but rarely beef), raw clams and shellfish, and also in human and animal excreta. Birds are a well-
documented carrier of Campylobacter; it is released in their droppings. Infection may be passed from animal
to person, from person to animal and from person to person.

Water is an important reservoir of Campylobacter, especially in the summer and fall when levels of
Campylobacter in water are highest. In addition, water serves as a means of contact through which
Campylobacter may reach people and domestic animals. Heavy rainfall and the subsequent run-off from adja-
cent farmland were found to contribute to increased counts of Campylobacter in the river system. Campylobacter
jejuni has been tested for in drinking water, river water, and sewage; results indicate that its survival is restricted
to a few days.

Exposure

The illness caused by Campylobacter may be transmitted through the ingestion of food or water containing the
organism. The primary food sources of human infection are of animal origin, especially raw (unpasteurized)
milk and chickens (feces, and both fresh and frozen birds). The organisms are excreted in the feces of healthy
domestic animals. Studies with chickens, turkeys and cattle have shown that as much as 50 to 100 percent of
a flock or herd of these animals excrete C. jejuni. Domestic pets (e.g., cats, dogs), farm animals and the han-
dling of raw meat have been sources of infection in humans. The incidence of infection appears to greatly
increase during the summer months. Campylobacter may also be sexually transmitted.

Campylobacter has been associated with samples collected adjacent to, or downstream from, sewage works. A
campylobacter enteritis outbreak has been linked to the community raw water system (Taylor et al. 1983).

Reducing Exposure

To prevent outbreaks of Campylobacter:
e Consume only pasteurized milk.
e Properly cook all foods of animal origin.

¢ Avoid cross-contamination of food. This can be done by keeping raw and cooked foods separated by using
separate surfaces and equipment. These should be thoroughly cleaned before and after use. Different per-
sonnel should handle raw and cooked foods, and should observe strict personal hygiene in addition to
washing their hands before and after handling foods, especially raw meat and poultry.




Campylobacter spp.

Human Health Considerations

Campylobacter jejuni appears to be by far the most important species from the standpoint of human diseases.
The infection caused by Campylobacter is called campylobacteriosis, also known as campylobacter enteritis or
gastroenteritis. For food-borne infection, the incubation period is usually two to five days (ranges from one
to 11 days). The symptoms are abdominal pain, severe diarrhea (for up to three days; sometimes with blood
in the stool), fever and flu-like symptoms. Nausea and vomiting are uncommon. Untreated individuals may
excrete the organism for up to several months. Very young children are at high risk to campylobacteriosis.

Guidelines and Other Values

The Guidelines for Canadian Recreational Water Quality do not specify a limit for Campylobacter jejuni in
recreational waters. Sampling should be carried out when there is evidence (epidemiological or other) of its
presence in the water or to assess the hazards of excessive utilization of the water with possible person-to-
person transfer of pathogens. In ready-to-eat foods, Campylobacter is unacceptable at any concentration.
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Carbon Monoxide (CO)

Carbon Monoxide (CO)

Origin and Uses

Carbon monoxide (CO) is a colourless, odourless gas that arises from incomplete combustion. It is produced
primarily through natural sources: volcanic, marsh and natural gases, the world’s oceans, fires, and electrical
storms. Human activity accounts for about 10 percent of total worldwide CO production. The major manu-
factured source of CO in Canada is from fuel combustion in vehicles and stationary engines. Other impor-
tant sources of CO emissions are industrial, such as burning fuel to generate electricity or heat; sources in and
around the home such as fires, wood or gas stoves, and kerosene lamps; and waste disposal. Indoors, tobacco
smoke is the most significant anthropogenic source of CO.

Persistence and Movement in the Environment

Carbon monoxide is non-persistent and dissipates with air currents. Carbon monoxide reaches a peak con-
centration during the morning rush hour and then levels off. This is due largely to the wind patterns. Light
wind conditions in the morning limit vertical mixing and dispersion, resulting in a build-up of CO. The
winds generally increase in speed in the afternoon, allowing for more mixing, resulting in lower CO concen-
trations.

DAILY VARIATION OF VEHICLE RELATED POLLUTANTS IN DOWNTOWN TORONTO

SP & NOy concentration CO concentration
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Note: Bay/Grosvenor monitoring site, April 22, 1992
Source: Ontario Ministry of Environment and Energy. Air Quality in Ontario — A Review of the State of Air Quality. 1992.




Carbon Monoxide (CO)

Exposure

Carbon monoxide in the body is either endogenously produced through the breakdown of hemoglobin and
other heme-containing pigments, or it is inhaled. Carbon monoxide has a much higher affinity (about 250
times) for hemoglobin than oxygen does. When CO binds to hemoglobin, carboxyhemoglobin is formed.
Human body burdens of carboxyhemoglobin depend on many factors other than the concentration of car-
bon monoxide in the air that is inhaled. These include time of exposure, pulmonary ventilation, and blood
volume.

Large variations in CO concentrations exist in any place at any time. The exposure of individuals to CO is also
quite variable. It depends on the type of activity in which a person is engaged, the duration of the activity, its
location (e.g., indoors, outdoors, at a shopping mall, in a vehicle, at work or school, in a parking garage), and
the proximity to CO sources. High levels of carbon monoxide in the home can be caused by the “back
draughting” of a furnace or fireplace — when too little ventilation causes gases from the flue or chimney to
be drawn back into the home. Other indoor exposures can be caused by running vehicles in an attached
garage, smoking and the use of unvented kerosene heaters.

Reducing Exposure

Precautions should be taken to ensure that fireplaces are drawing well and furnaces have enough air supply.
Ensure that kerosene heaters used in cottages and homes are well vented and that they are not used in tents
or trailers. Reduced vehicle use, especially in garages attached to the home, will decrease carbon monoxide
exposure.

Human Health Considerations

The toxic effects of carbon monoxide are due to its preferential combination with the heme component of
red blood cells to form carboxyhemoglobin, which reduces the capacity of the red blood cells to carry oxy-
gen to the tissues. The tissues with the greatest oxygen demand — heart, brain and exercising skeletal muscle
— are the most sensitive to the effects of CO.

The long-term health effects of exposure to low levels have not been well documented. High levels, usually
indoors can result in headache, drowsiness, cardiac arrhythmias, and in sufficient levels — coma and death.
Misdiagnosis of carbon monoxide exposure is not uncommon as some of these symptoms resemble those of
a flu-like illness (headache, dizziness).

Effects have been observed in healthy adults at carboxyhemoglobin concentrations of 5 percent (of available
active hemoglobin). These effects include a decrease in maximum aerobic capacity; impaired work capacity;
reductions in vigilance, visual perception, manual dexterity and performance of complex sensory-motor
tasks. Although epidemiological studies have found associations between CO exposure and low birth weight,
slowed postnatal development and incidences of sudden infant death syndrome (SIDS), the data were not
sufficient to establish causal relationships.

Individuals should not be exposed to CO that would result in carboxyhemoglobin levels of 5 percent for any
but transient periods. Individuals that are especially susceptible to CO should not be subjected to concen-
trations giving carboxyhemoglobin levels exceeding 2.5 percent.

Chronic exposure studies of animals (rats and mice) have revealed physiological and behavioural changes
including impairment in time discrimination and consistent trace metal loss. More work is required in this
area before any firm conclusions can be drawn.




Carbon Monoxide (CO)

High levels of CO are considered most harmful to
m people with severe anemia, chronic lung disease
(bronchitis, emphysema), arteriosclerosis of the
coronary and peripheral vessels, and chronic angi-
na. Other possible risk groups include pregnant

NATIONAL AMBIENT AIR QUALITY
OBJECTIVES FOR CARBON MONOXIDE

Objective Duration women, fetuses, newborn infants, people living at

1-hour 8-hour high altitudes, and people with cardiovascular or
Maximum Acceptable 35 mg/m3 15 mg/m3 respiratory disease — especially the elderly and
Concentration (31 ppm) (13 ppm) young children. Smokers may be a special risk

group, because they have higher levels of carbon
monoxide from smoking.

In Canada, objectives have been set for carbon
monoxide in air under the National Ambient Air Quality Objectives.
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Chlorofluorocarbons (CFCs)

Chlorofluorocarbons (CFCs)

Origin and Uses

Chlorofluorocarbons are either fully halogenated (CFC-11, CFC-12, CFC-13, CFC-112, CFC-112a, CFC-113,
CFC-113a, CFC-114, CFC-114a, CFC-115) or partially halogenated (HCFC-141b, HCFC-142b, HCFC-132b,
HCFC-133a, HCFC-123, HCFC-124). In fully halogenated CFCs, all of the hydrogen atoms have been sub-
stituted with fluorine and chlorine atoms. In contrast, partially halogenated CFCs only have part of their
hydrogen atoms substituted.

Both kinds of compounds are not known to occur naturally in the environment. CFC-11, CFC-12, and CFC-
113 are also potentially ozone depleting. Worldwide uses include refrigerants, solvents, foam-blowing agents
and insulator in foam production, aerosol propellants, sterilants, and as intermediates for plastics. Most CFCs
releases to the environment occur during the disposal of waste refrigerant-containing equipment, and not
during manufacture, storage or handling. HCFC release is not significant in comparison with that of CFCs.

Persistence and Movement in the Environment

Almost all CFCs released into the environment eventually accumulate in the atmosphere. They are stable
compounds that do not degrade at ground level. They have exceedingly long atmospheric lifetimes relative
to most other atmospheric pollutants. The current best estimates for the average residence times in the atmos-
phere are 65, 110, 400, 90, 180 and 380 years for CFC-11, CFC-12, CFC-13, CFC-113, CFC-114 and CFC-115
respectively. Atmospheric lifetimes for HCFCs are 8, 19, 4, 5, 2, and 7 years for HCFC-141b, HCFC-142b,
HCFC-132b, HCHC-133a, HCHF-123 and HCFC-124, respectively. Depletion of stratospheric ozone (from
11 to 29 km above the Earth'’s surface) by CFCs increases penetration of ultraviolet-B (UV-B) radiation to the
Earth’s surface and influences changes in the vertical distribution of stratospheric ozone and water vapour
that contribute to global warming effects and altered climatic conditions. The global-warming potentials for
HCEFCs are expected to be lower than those of CFCs, and should not contribute significantly to global warming.

CFCs tend to accumulate in lipid-rich tissues of organisms, including people. CFC-11 has been detected in
various organs of fish and molluscs, although its bioaccumulation potential is thought to be low.

Exposure

People are exposed to CFCs primarily through inhalation, but also through ingestion and dermal contact.
CFCs are eliminated from the body almost exclusively through the respiratory tract via exhalation, regardless
of the route of exposure. Contributions from local sources of emission account for higher CFC concentrations
in urban/suburban air compared with rural/remote areas. There is no significant variation of CFCs with alti-
tude up to 6 km above the Earth'’s surface.

CFCs are present in saltwater and freshwater, and in snow and rain water in Alaska, Lake Ontario and in the
Niagara River. They have not been detected in drinking water. The presence of CFCs in processed food has
not been documented.




Chlorofluorocarbons (CFCs)

Reducing Exposure!

People can reduce their exposure to CFCs by purchasing ozone-friendly products. For example, choose
Canadian-made aerosol products as they do not contain CFCs. All new cars now have CFC-free air condi-
tioning systems. In older cars, individuals should make sure their car’s air conditioning systems are properly
maintained, and that CFC coolants are captured and recycled during servicing.

New refrigerators are now available that do not contain CFCs. Individuals can help reduce CFC emissions by
ensuring that refrigerators and freezers that do contain CFCs are carefully serviced and that companies recov-
er and recycle the CFC coolants rather than just replace them. Some municipalities have programs that
remove CFCs from refrigerators before disposal.

Human Health Considerations

There is currently no evidence that human health effects are likely to occur at CFC concentrations found in
the general environment or even at higher levels sometimes observed in urban areas. Controlled studies of
volunteers exposed to CFCs have been conducted. Health effects from these studies include significant acute
reduction of ventilatory lung capacity, bradycardia and increased variability in heart rate and atrioventricular
block; and difficulty in mental concentration. For short- term exposures of up to 1000 ppm, no adverse health
effects are expected.

Elevated UVB radiation is expected to result in increased incidences of non-melanoma skin cancers and of
cataracts. It is estimated that non-melanoma skin cancer rates will increase by 5 percent for every 1 percent
depletion of ozone. Other potential health effects from increased UVB radiation include a higher incidence
of some infectious diseases, as a result of effects on the immune system and of cutaneous melanomas.
See Chapter 3 “Contaminants” for more information on ultraviolet radiation. The available information
indicates that CFCs have little or no mutagenic or carcinogenic potential.

No data are available on the human health effects of HCFCs.

REGULATIONS FOR OZONE DEPLETING SUBSTANCES

Agency Comments

Government of Canada As a result of Canada’s ozone protection programs and Canada’s obligations
under the Montreal Protocol on Substances that Deplete the Ozone Layer, as of
January 1, 1996, Canada has prohibited the production and import of newly
produced CFCs and other ozone depleting substances (ODS) except for certain
essential uses such as CFCs for metered dose inhalers for the treatment of
asthma and chronic obstructive pulmonary disease. Environment Canada
regulates the production, use, import and export of ODS and certain products
containing ODS under the Canadian Environmental Protection Act.

Provincial governments The provinces are responsible for implementing programs for recovery and
recycling of ozone-depleting substances. Nine provinces have regulations on the
recovery and recycling of ODS. The Yukon and Newfoundland are developing
regulations. Environment Canada chairs a federal-provincial working group that
provides support for implementing the recovery, recycling and reclamation of
CFCs.

1 The information in the Reducing Exposure section has been adapted from: Chemical Control Bulletin: An Update on
Environmental Issues. Replenishing the Ozone Layer. Environment Canada, from the Commercial Chemicals Website.
December 1995.




Chlorofluorocarbons (CFCs)
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Chlorophenols/PCP

Chlorophenols/PCP

Origins and Uses

Chlorophenols are organic compounds that are made up of a phenol molecule and one or more atoms of
chlorine. Of the 19 possible congeners, the ones with greatest biological activities are those with the greatest
chlorination (e.g., pentachlorophenol and tetrachlorophenol).

The chlorophenols most often used in Canada are pentachlorophenol (PCP) and tetrachlorophenol (T,CP).
These are used solely as wood preservatives (pressure-treating timber for telephone poles). The use of
chlorophenols in sapstain control, for in situ groundline treatment of existing utility poles, and in most
specialty applications (paints, stains, wood joinery products, industrial water treatment products, oil field
biocides and material preservatives) were terminated on December 31, 1990. The lower chlorinated phenols
were used in Canada for the manufacture of higher chlorinated phenols and phenoxy herbicides. These
compounds are no longer produced in Canada.

At the elevated temperatures used in the manufacture of chlorophenols, various toxic by-products (impuri-
ties) may be formed. Impurities in chlorophenols include chlorodibenzo-p-dioxins and chlorinated diphenyl
ethers, dibenzofurans, phenoxyphenols and dihydroxy biphenyls (see Contaminant Profile for Dioxins and
Furans). Some of the health effects noted with chlorophenols are in fact associated with exposure to these
impurities rather than with exposure to the chlorophenols themselves.

Persistence and Movement in the Environment

Chlorophenols do not occur naturally and are released into the environment from either intentional disposal
or accidental release, or as a result of historical widespread uses. Because of their wide historical application,
chlorophenols have been detected throughout the environment. Chlorophenols are generally broken down
in air, land and water through physicochemical, photochemical, and microbiological action.

Based on figures from the early 1990s, the most important source of chlorophenol release (over 70 percent) is
from treated products. Of this amount, roughly two thirds comes from industrial sources (leachate from treat-
ed products, leaked drilling fluids, and spillage from in-service wood treatment). These chlorophenols would
be in the form of PCP, T,CP, or their sodium salts. The other major chlorophenol releases (22 percent) occur
from industries that use chlorophenols, as emissions from the incineration of wood waste at sawmills, leachate
from landfills, liquid wastes from pulp mills, or discharge/spills of untreated wastes at wood preservation sites.
These would be in the form of sodium tetrachlorophenol (NaT,CP) and sodium pentachlorophenol (NaPCP).
About 5 percent of releases occur at chlorophenol manufacturing sites, in waters containing chlorophenols
from incomplete reactions or recoveries, as by-products, or as a result of accidents.

Municipal chlorination of drinking water and chlorination in industrial processes can also produce, as
by-products mono-, di- and trichlorophenols in the parts per billion range.

Exposure

People can be exposed to low levels of tetra- and pentachlorophenols in indoor and outdoor air, food, and
drinking water.

After consuming contaminated food or water, chlorophenols can enter the lungs and the digestive tract.
Therefore ingestion is the most significant pathway through which chlorophenols enter the body. The
primary pathway for excretion of chlorophenols is in the urine. Small amounts of chlorophenols tend to
bioaccumulate in the body tissues, particularly the liver, kidney, blood and body fat.




Chlorophenols/PCP

Human Health

Considerations m

HUMAN HEALTH EFFECTS FROM BREATHING PCP

The overall health hazard

associated with  non- Short-term exposire

(less than or equal to 14 days)

occupational exposure to

- : A .
chlorophenols is extremely Levels in air (ppm) Duration of exposure Description of effects
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mate of daily intake for the | 14 unknown Immediately dangerous to life
Canadian adult popula- and health
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the no observed effect level of humans to air containing
(NOEL) reported in labo- PCP are unknown
ratory animal studies and * These effects are listed at the lowest level at which they were first observed. They may also be

seen at higher levels.

is not thought to pose a

: a3 Adapted from: U.S. Department of Health and Human Services, Agency for Toxic Substances and
Slgnlﬁcant haz.ar'd to Disease Registry (ATSDR). Public Health Statements — What you need to know about toxic
human health. It is 1mpor- substances commonly found at Superfund hazardous waste sites. Atlanta, Georgia.

tant to note that most

commercial chlorophenol

products contain impuri-
ties as well as products of m
degradation and condensa- | HUMAN HEALTH EFFECTS FROM EATING OR DRINKING PCP

tion. While present in very Short-term exposure
small quantities, some of (less than or equal to 14 days)

these compounds are Levels in food (ppm) Duration of exposure Description of effects*

extremely toxic. - — -
0.1 Estimated minimal risk level
Because  chlorophenols (based on animal studies)

consist of several com- Levels in water (ppm)

pounds with different bio-

logical activities, the effects 16 unknown Odour threshold

on human health of these Long-term exposure
compounds are not the (greater than 14 days)

same. This discussion will Levels in food (ppm) Duration of exposure Description of effects*

focus on exposure to PCP | 0.09 Estimated minimal risk level
as it is one of the most (based on animal studies)

industrially important as Levels in water (ppm)

well as one of the most The health effects of long-term

biologically active chloro- exposure of humans by drinking
phenols. water containing PCP are not
known

Impurities in commercial - - -
* These effects are listed at the lowest level at which they were first observed. They may also be

PCP may cause many seen at higher levels.
harmful effects. Direct con- Adapted from: U.S. Department of Health and Human Services, Agency for Toxic Substances and
tact with PCP can irritate Disease Registry (ATSDR). Public Health Statements — What you need to know about toxic

substances commonly found at Superfund hazardous waste sites. Atlanta, Georgia.

the skin, eyes, and mouth,

particularly when it is a hot
vapour.
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GUIDELINES FOR CHLOROPHENOLS

Agency Focus Level

Health Canada  Drinking water 2,4-dichlorophenol: 900 pg/L (MAC) =< 0.3 ug/L (AO)
2,4,6-trichlorophenol: 5 pg/L (MAC) < 2 pg/L (AO)
2,3,4,6-tretrachlorophenol: 100 pg/L (MAC) < 1 pg/L (AO)
pentachlorophenol: 60 pg/L (MAC) =< 30 ug/L (AO)

WHO Drinking water 2-chlorophenol: no health-based guideline has been derived
2,4-dichlorophenol: no health-based guideline has been derived
2,4,6-trichlorophenol: 2 pg/L (this is the lowest reported taste
threshold; if water containing this chlorophenol is free from taste,
it is unlikely to present an undue health risk)

MAC: Maximum acceptable concentration
AO: Aesthetic objective
WHO: World Health Organization

Studies of workers exposed to high levels of chlorophenols and from misuse of products have demonstrated
that short term (lasting 14 days or less) exposure to high levels can cause harmful effects in the liver, kidneys,
skin, blood, lungs, nervous system, gastro-intestinal tract and can cause death. Similar effects have been
observed in laboratory animals exposed for short periods to high levels of pentachlorophenol.

Long-term (lasting one year or longer) exposure to low-levels (such as those exposures which occur in the
workplace) can cause damage to the liver, kidney, blood and nervous system. The major organs and systems
affected by long-term exposure to low-levels of chlorophenols in animals include the liver, kidneys, nervous
system, and the immune system. The effects are worsened when the level of exposure increases.

It is not known whether pentachlorophenol causes birth defects in humans. Animal studies have found a
decrease in the number of offspring born to animals that were exposed to PCP while pregnant. Harmful
effects on the developing fetus have been seen in animals exposed to PCP at exposure levels high enough to
cause noticeable sickness in the mothers.

Exposure to large amounts of PCP have also been associated with increased cancer risk in laboratory animals.
The International Agency for Research on Cancer has classified PCP as possibly carcinogenic to humans.

Table 4 shows the estimated PCP intake for the Canadian general population by age class via air, drinking
water, soil/household dust, and foods.

ESTIMATED PCP INTAKE (NG/KG+<BW/DAY)

Environmental Media Infants Toddlers Children Adults Amortized
over lifetime
Air 11.1 12.8 14.3 9.5 10.8
Drinking Water 0.1 0.2 0.1 0.1 0.1
Soil/Dust 1.6 2.9 0.2 0.1 0.3
Food 99.3 105.3 49.9 27.7 38.0
Total PCP Intake 112.1 121.2 64.5 374 49.2

Source: S. Coad and Newhook, R.C. 1992. PCP Exposure for the Canadian General Population: A Multimedia Analysis. Journal of Exposure
Analysis and Environmental Epidemiology. 2(4): 391-413.
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Clostridium botulinum

Clostridium botulinum

Origin and Uses

Clostridium botulinum produce exotoxins. Strains of C. botulinum are separated into seven types, A through G,
based on the serological specificity of the neurotoxin produced. Human botulism, including food borne,
wound and infant botulism, is associated with types A, B, E, and, very rarely, E Types C and D cause botu-
lism in animals.

C. botulinum are usually present in the environment as spores, rather than vegetative cells. The spores are com-
monly present in soils and sediments worldwide, but their numbers and types vary, depending on the location.

Persistence and Movement in the Environment

C. botulinum spores are extremely persistent in the environment; they are known to remain viable for decades.
Spores can be transported by wind, rain, dust, and insects. Any soil crop is likely to be contaminated, as are
fish from contaminated waters.

Exposure

Food-borne botulism is caused by the ingestion of foods containing preformed neurotoxins. Infant botulism
occurs in infants who ingest spores that then germinate and produce toxin in the intestine. Wound botulism
is caused by contamination of a wound with spores that germinate and produce toxin in situ (i.e., at the site
of the wound).

Most foods spoil before becoming toxic due to C. botulinum. However, foods that undergo processes such as
canning, fermentation and smoking to extend their shelf life may become hazardous. In Canada, most bot-
ulism outbreaks have occurred in northern Aboriginal communities. The foods involved were mainly native
dishes: raw and parboiled meats from sea mammals, fermented meats such as muktuk (meat, blubber and
skin of the beluga or white whale), and fermented salmon eggs. In the United States, most of implicated
foods are home-preserved vegetables.

The environment appears to be the most common source of spores causing infant botulism. Honey has been
implicated in a few cases, and is the only food that has been associated with infant botulism. It is recom-
mended by Health Canada that honey not be fed to infants less than one year of age.

A properly filtered and disinfected water supply should be free of C. botulinum.

Reducing Exposure

Spores of C. botulinum are extremely resistant to heat. To be destroyed, spores must be exposed to 80°C for
10 minutes or boiled for 5-15 minutes. Commercial canning processes ensure that all spores are destroyed.
When canning products at home, approved heat processes should be used; swollen or spoiled cans should
not be used; and food from suspect cans should never be tasted.

For foods that do not undergo heat processing, proper hygienic practices are essential. Cleaning and
eviscerating procedures of fish flesh will minimize the level of contamination. Great care should be taken in
the chill storage of fish or fish products. Meat and fish curing brines should be controlled according to their
acidity, salinity and temperature. The minimum temperature for growth of C. botulinum is 3.3°C.




Clostridium botulinum

Human Health Considerations

Botulism is the most severe type of food poisoning. The fatality rate due to food-borne botulism is approxi-
mately 15 percent. The fatality rate due to infant botulism is extremely low, <1 percent. Botulism is classified
in four categories: classical food-borne botulism; wound botulism; infant botulism; and an undetermined
classification of botulism for those cases involving individuals older than 12 months in which no food or
wound source is implicated.

For food-borne intoxication of C. botulinum, the incubation period is usually 12 to 36 hours (ranges from
two hours to eight days). Early symptoms include nausea, constipation, dizziness and severe dryness of the
mouth and throat. This is followed by cranial nerve paralysis causing blurred vision and impaired speech.
Later symptoms are difficulty in swallowing, progressive weakness, and respiratory failure that can lead to
death by asphyxia.

With respect to infant botulism, the ingestion of spores by the infant during the first weeks of life is probably
a prerequisite for the development of the disease. The first symptom is constipation, although it is usually
mild and often overlooked. Patients who are ultimately hospitalized usually develop lethargy and mild weak-
ness with feeding difficulties, pooled oral secretions and an altered cry. The baby eventually becomes floppy,
loses head control, and may go on to develop other symptoms including cranial nerve deficits and general-
ized muscular weakness. Respiratory insufficiency necessitating therapy also may occur, as in other forms of
botulism.

Guidelines

Since water is not a significant source of C. botulinum, no standards or guidelines have been proposed.
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Clostridium perfringens

Clostridium perfringens

Origin and Uses

There are five types of Clostridium perfringens bacteria based on the production of toxins (A, B, C, D and E).
The strains that are responsible for food poisoning belong primarily to type A and some type C. Spores of
C. perfringens are widespread, and are found in freshwater and marine sediments, soil, dust, air, water, sewage,
human and animal feces (usually at low numbers) and on many food products.

Persistence and Movement in the Environment

C. perfringens is a member of the normal intestinal microbial population but is usually not found on food.
When ingested food contains high levels of vegetative cells, the cells multiply and produce spores in the intes-
tine. During sporulation (the liberation of spores), enterotoxins are released. Spores of C. perfringens survive
initial cooking; the spores then germinate, and vegetative cells proliferate during slow cooling or reheating.

Exposure

In food-borne disease, the food vehicle is almost always improperly cooked meat (e.g., beef, turkey, chicken
or pork) or meat product (e.g., gravy) in which inadequate heat was used to destroy the C. perfringens. The
food may have been cooled slowly after cooking or reheated to a moderate temperature.

Reducing Exposure

Preventing outbreaks of C. perfringens involves stopping the growth of the bacteria or the germination (pro-
duction) of spores. This can be done by cooking foods and serving them soon after. Food should be held at
temperatures of 60°C (80°C for roast joints) or refrigerated in small quantities to speed cooling.

Human Health Considerations

Food-borne intoxication from C. perfringens has an incubation period of 12 to18 hours (ranges from 8 to 22
hours). The health effects are diarrhea, abdominal pain and nausea. Vomiting rarely occurs. The illness is usu-
ally mild (most patients recover within two to three days after onset), but can be severe in the elderly, ill or
debilitated people.

C. perfringens also produces a disease of the small bowel known as enteritis necroticans, which can occur spo-
radically or in an epidemic form. The syndrome, associated with the consumption of uncooked pork at pig
feasts, has been called Darmbrand in Germany and pig-bel in Papua, New Guinea. In this condition, seen
mostly in children, there is evidence that C. perfringens, which is either part of the normal intestinal micro-
bial population or is ingested with contaminated meat, proliferates in the small intestine and produces toxin.
This toxin production probably leads to focal paralysis, inflammation, hemorrhage, and tissue death of the
intestine. Likely causal factors are overeating; poor nutrition; a diet rich in trypsin inhibitors (e.g., semi-
cooked sweet potatoes often eaten at pig feasts).
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C. perfringens is encountered in a wide variety of clinical settings, ranging from simple contamination of
a wound to traumatic or nontraumatic myonecrosis, gangrenous inflammation of the gallbladder, post-
abortion infection with blood poisoning, and intravascular hemolysis (release of the hemoglobin), necrotiz-
ing pneumonia, and empyema (accumulation of pus in a body cavity).

Although exogenous infections (including food-borne illness, gas gangrene associated with traumatic
wounds, and tetanus) are well known, endogenous infections are much more common. Special circum-
stances are required for the development of infection with the clostridia. Common predisposing factors
include trauma, operative procedures, vascular stasis, obstruction, treatment with immunosuppressive agents,
chemotherapeutic agents as the treatment of malignancy, prior treatment with anti-microbial agents, and
underlying illness such as leukemia, carcinoma, or diabetes mellitus. Since clostridia are naturally present
in the human intestinal microbial population, their presence does not necessarily imply association with an
illness.

Guidelines

For C. perfringens, current guidelines set a maximum acceptable concentration in dry mixes at 10 colony
forming units/gram.
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and Giardia lamblia
Cryptosporidium parvum and Giardia lamblia

Origins and Uses

Cryptosporidium parvum and Giardia lamblia are microscopic parasites that infect the intestinal tract causing
gastro-intestinal illness. Cattle appear to be the primary source of Cryptosporidium, although they have also
been found in humans and other animals. The primary sources of Giardia are the feces from humans, beavers,
muskrats and dogs.

Persistence and Movement in the Environment

Both parasites produce cysts/oocysts at certain stages in their life cycles that are very resistant to harsh envi-
ronmental conditions. Giardia produce cysts and Cryptosporidium produce oocysts. The cysts/oocysts persist in
the environment for lengthy periods of time. Once ingested, the cysts/oocysts germinate, reproduce and cause
illness if present in sufficient quantities. After feeding, the parasites form new cysts/oocysts, which are then
passed in the feces.

Exposure

The most common source of exposure to both Giardia and Cryptosporidium is the consumption of water con-
taining cysts/oocysts. They can be found in untreated, or inadequately treated, water supplies. Drinking water
sources can be contaminated when feces containing the parasites are deposited or flushed into water. Giardia
can also be spread by food or person-to-person contact. Day-care centres are prime sites for Giardia outbreaks
where the cysts are spread among children and staff. Infected individuals can then spread the parasites to
their parents and siblings. Other sources of exposure to both parasites include direct exposure to feces of
infected humans and animals, eating contaminated food and accidental ingestion of contaminated recre-
ational water.

Low levels of both parasites, especially Giardia, were detected in a national survey of drinking water con-
ducted by Health Canada. Only a small fraction of the parasites appeared to be viable. However, outbreaks
linked to drinking water have been reported in several provinces (see Chapter 3. “Contaminants”). There have
also been reports of Giardia and Cryptosporidium being spread in swimming pools.

Reducing Exposure

Treatment of municipal drinking water, including filtration and disinfection, can reduce the risk of giardiasis
and cryptosporidiosis. The parasites can also be killed by boiling the contaminated water. It is also beneficial
to protect the raw water supply. Improper treatment may result in water that contains sufficient numbers of
parasites to cause illness.

When using water supplies that have not been treated or which may have been inadequately treated (e.g.,
when camping, or when travelling in countries where the water supply is suspect), water should be boiled for
at least one minute before being used for drinking, food preparation, or dental hygiene. This will destroy
Giardia and Cryptosporidium as well as other disease-causing micro-organisms that may be present. Water fil-
ters with an absolute pore size of 1 pm can also remove parasites. It should be noted that bottled water may
not be a suitable alternative to boiled tap water as bottled water is not routinely monitored for Giardia and
Cryptosporidium.
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People with compromised immune systems, such as those with AIDS, cancer, or transplant patients receiving
immunosuppressive drugs, may consider taking extra precautions to ensure the safety of the water used for
drinking, food preparation, or dental hygiene. Anti-parasitic drugs are available to fight Giardia and are partic-
ularly helpful for people with compromised immune systems in whom the illness could otherwise develop
into a persistent state. There are currently no approved drugs to fight cryptosporidiosis although some are
now being tested.

Human Health Considerations

Giardia causes an intestinal illness called giardiasis, commonly referred to as “beaver fever.” The symptoms
include diarrhea, abdominal cramps, gas, malaise and weight loss. Vomiting, chills, headache and fever may
also occur. The onset of symptoms is generally within six to 16 days of the initial contact and can continue
for up to a month. Cryptosporidium causes a similar illness called cryptosporidiosis characterized by watery
diarrhea, abdominal cramps, nausea and headaches. Symptoms occur within two to 25 days of infection and
can last from one to two weeks or as long as a month. Studies of human volunteers have shown that inges-
tion of only a few cysts will cause illness.

Both parasites, Cryptosporidium in particular, pose a more serious threat for people with compromised
immune systems. The symptoms may be more severe in these individuals and can be life threatening.

Guideline

Health Canada is developing a guideline for Giardia and Cryptosporidium as part of the Guidelines for Canadian
Drinking Water Quality.
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DDT and related compounds: DDE, TDE,
DDA, methoxychlor

DDT and related compounds: DDE, TDE, DDA,
methoxychlor

Origin and Uses

DDT (dichlorodiphenyltrichloroethane) is a chemical of anthropogenic origin first used in 1939 for the con-
trol of insects capable of transmitting malaria, typhus, and other insect vectors of diseases during World War
II. Commercial production of DDT for agricultural use and vector control began in 1945, its use peaking in
1963. In Canada, the use of DDT was restricted in 1974 and stopped in 1989. In the United States, DDT can
no longer be used except in cases of public health emergency. There are still major producers of DDT in India
and some Central and South American countries, where DDT is used in malaria control. The World Health
Organization (WHO) has concluded that DDT should not be used if an alternative insecticide is available.

DDE is the primary metabolic product of DDT, with TDE (also called DDD) and DDA being less prominent
metabolites. TDE was used as a pesticide, and one form (o,p’-DDD) has been used medically to treat cancer
of the adrenal gland. Use of TDE as a pesticide has been banned. DDE is an impurity in and a breakdown
product of DDT, but it is not commercially produced or used. Methoxychlor, a compound closely related to
DDT, was used as a pesticide.

Persistence and Movement in the Environment

DDT, DDE, and TDE are distributed worldwide. Studies show prolonged persistence in soils (particularly
DDE) indicating that they are not easily displaced from their site of application. However, they can be trans-
ported in air, ocean currents, and in biota. In soil DDT can be taken up by worms and by plants, and in water
by aquatic organisms (shellfish and fish). Both DDT and DDE bioaccumulate in organisms and biomagnify
in the food chain. In humans, serum DDT concentrations correlate strongly with age. DDE is more fat solu-
ble and less toxic than DDT and is not easily biodegraded. As a result, it is mostly DDE and not DDT that
bioaccumulates in the fat tissue of animals and humans. Measurable levels of DDE persist in human tissues
because of its long half-life (approximately six to eight years). Methoxychlor has a lower acute toxicity and a
shorter biological half-life than does DDT.

DDT levels in water, biota, and human serum and breast milk have dropped considerably in the years
following its restriction. Recently, however, these concentrations have levelled off. This may be due to
atmospheric transfer from countries still using DDT.

Exposure

Food is the primary route of exposure. Foods that may contain DDT include: meat, fish, and poultry animal
fats; dairy products; and root and leafy vegetables. Dietary intake of total DDT by the general population in
Canada is estimated at 0.02-0.04 pg/kg-bw/day. Recent analysis of human fat tissue from Great Lakes munic-
ipalities showed average concentrations of approximately 3 mg/kg, similar to residents in other parts of
Canada. Current levels in human breast milk are low and appear to have reached a baseline.

Municipal drinking water and air are not likely routes of exposure. Intake through inhalation is negligible in
comparison with dietary sources. DDT, DDE and DDD do not enter through the skin very easily, thus dermal
exposure is not a significant route of entry.

Once inside the body, DDT is broken down into its metabolites, which are stored in fatty tissue or are excreted
(primarily in urine, but also in breast milk, and feces). Stored amounts leave the body very slowly.
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Reducing Exposure to DDT and its metabolites

The Guide to Eating Ontario Sport Fish should be consulted and advisories should be followed when consum-

ing sport fish.
Human Health m
Considerations HUMAN HEALTH EFFECTS FROM EATING OR DRINKING DDT,

DDE or DDD

Target organs for DDT, Short-term exposure

DDE and DDD toxicity (less than or equal to 14 days)
include the nervous sys-

tem, the reproductive sys-

Levels in food (ppm) Duration of exposure Description of effects

tem, and the liver. 214 Single dose Headache, nausea

Acute exposure: Dermal or 357 Single dose Headache, nausea, vomiting
respiratory overexposure to 560 Single dose Heart, increased rate

DDT have caused irritation | 571 Single dose Vomiting, convulsions

of the nose, throat and 0.0178 Single dose Minimal risk level

eyes. Ingestion of >16-20
mg/kg.bw produces hyper-

esthesia of the mouth and The health effects resulting from
short-term human exposure to
lower part of the face, water containing specific levels

Levels in water (ppm)

paresthesia,  dizziness, of DDT, DDE or DDD are not
confusion, headache, known

fatigue and delayed vomit- Long-term exposure

ing. The onset of DDT poi- (greater than 14 days)

soning is characterized by Levels in food (ppm) Duration of exposure Description of effects

mild effects that progress

N 22 18 months No effects
only gradually but contin- — -
uously and lead to convul- 0.0125 60 days Minimal risk level
sions only in severe poi- Levels in water (ppm)
sonings. People  who The health effects resulting from
ingested high doses of long-term human exposure to

: water containing specific levels
DDT, 571 mg/kg (ppm) in of DDT, DDE or DDD are not
food, experienced known

eXFltablllty’ tremors, and Adapted from: U.S. Department of Health and Human Services, Agency for Toxic Substances and
seizures. These effects Disease Registry (ATSDR). Public Health Statements — What you need to know about toxic
ceased after exposure was substances commonly found at Superfund hazardous waste sites. Atlanta, Georgia.

discontinued.

Occupational exposure:
Long-term occupational exposure has resulted in depression of visiomotor functions, elevation of liver
enzymes, depression of serum bilirubin.

Environmental exposure: Studies involving only low-level environmental exposure document higher
organochlorine blood levels (DDT, PCBs, lindane, dieldrin) in women undergoing spontaneous abortions or
premature delivery compared with those mothers having full-term births. Because these studies involve ele-
vated levels of several organochlorines, it is not possible to implicate DDT alone.

Recent data indicate that current blood and adipose tissue concentrations of DDT are well below levels asso-
ciated with clinical manifestations. Suppression of reflexes in neonates appear to be associated with levels of
DDE in breast milk exceeding 4 mg/kg (fat basis), however, it has not been substantiated if DDE is the
causative factor. Elevated levels of DDE in human breast milk (3.0 mg/kg, fat basis) have been correlated with
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a shortening of breast-feeding duration; inhibition of lactation was hypothesized. Blood concentrations have
shown a dependence on alcohol consumption and serum triglyceride levels, while duration of breast-feeding
and parity influence milk concentrations.

DDD used in the treatment of adrenal hyperplasia (40 or 100 mg/kg/day for several weeks) often produces
general lassitude, anorexia, nausea, vomiting, diarrhea and/or dermatitis. The symptoms disappear soon after
administration of the drug is stopped or the dosage is reduced.

An association between exposure to DDT and the development of cancer has not been found in studies of
occupational exposure to DDT. Based on animal studies (oral exposure), the U.S. EPA has concluded that
DDT, DDE and DDD are probable human carcinogens.

m

MAC, MRL AnD ADI vALUES FOR DDT AND ITS METABOLITES

Agency Focus Level Comments
Health Canada  Drinking water 0.03 mg/L (DDT and metabolites) MAC
0.9 mg/L (for methoxychlor) MAC

Health Canada  Fish flesh 5.0 ug/g (ppm) (DDT) MRL
Health Canada  Dairy products, meat and

meat by-products and fat of 1.0 pg/g (DDT)

cattle, hogs, poultry and sheep  (calculated on fat content) MRL
Health Canada  Eggs, vegetables 0.5 pg/g (ppm) (DDT) MRL
OMOEE Fish flesh > 5.0 pg/g (ppm) (DDT and metabolites)

Restricted Consumption and no
consumption for women of child-
bearing age and children (<15 years)

OMOEE Drinking water 0.03 mg/L (DDT and metabolites) MAC
0.9 mg/L (methoxychlor) MAC

WHO All sources 20 pg/kg-bw/day (p,p’-DDE) ADI

WHO All sources 20 pg/kg-bw/day (p,p’-DDD) ADI

WHO All sources 20 pg/kg-bw/day (p,p’-DDT) ADI

WHO Drinking water 2 pg/L (DDT and metabolites) guideline value
20 pg/L (methoxychlor) guideline value

MAC: Maximum acceptable concentration

ADI: Acceptable daily intake

MRL: Maximum residue limit

OMOEE: Ontario Ministry of Environment and Energy
WHO: World Health Organization

WHO Human Blood Guidelinel
WHO human blood guideline = 200 pg/L (total DDT)

1. Source: WHO Technical Report Series 667. Recommended health-based limits in occupational exposure to pesticides. Geneva: World
Health Organization. 1982. Cited in: Human Toxicology of Pesticides by F.P. Kaloyanova and M.A. EIBatawi. CRC Press Inc. Florida 1991.




DDT and related compounds: DDE, TDE,
DDA, methoxychlor

References

Canada. Department of National Health and Welfare. The Food and Drugs Act and Regulations. Ottawa:
Supply and Services Canada, 1981.

. Environment Canada, Department of Fisheries and Oceans, Health and Welfare Canada. Toxic
Chemicals in the Great Lakes and Associated Effects. Vol. I and II. Ottawa, March 1991.

. Health Canada. Guidelines for Canadian Drinking Water Quality — Sixth Edition. Prepared by the
Federal-Provincial Subcommittee on Drinking Water of the Federal-Provincial Committee on
Environmental and Occupational Health. Ottawa: Canada Communication Group, 1996.

Ontario Ministry of Environment and Energy. Ontario Drinking Water Objectives. Revised. Toronto: Queen’s
Printer for Ontario, 1994.

United States Department of Health and Human Services, Agency for Toxic Substances and Disease Registry.
“Toxicological Profile for DDT, DDE, DDD.” Update, draft for public comment. Atlanta, Georgia, October
1992.

World Health Organization. Guidelines for drinking-water quality. 2nd ed. Vol. 2. Geneva, 1996.

. International Programme on Chemical Safety (IPCS), Environmental Health Criteria 83: DDT and its
Derivatives — Environmental Aspects. Geneva, 1989.




Dioxins (polychlorinated dibenzodioxins)

and Furans (polychlorinated dibenzofurans)

Dioxins (polychlorinated dibenzodioxins) and
Furans (polychlorinated dibenzofurans)

Origin and Uses

Dioxins and furans are two chemical families closely related by their structural formulae. There are 75
dioxins and 135 furans. The most toxic, and the most studied of these chemicals is 2,3,7,8-tetrachloro-
dibenzodioxin (2,3,7,8-TCDD or TCDD).

Although produced through natural sources (volcanoes, forest fires), the majority of dioxins are by-products
of certain chemicals (e.g., pentachlorophenol used in wood preservatives, the herbicide 2,4-D) or chemical
processes (e.g., chlorine bleaching used in pulp and paper mills) or combustions (e.g., incineration). Other
sources of small amounts of dioxins and furans are wood burning stoves and fireplaces, and barbecuing;
cigarette smoke also contains dioxins. Furans are a trace contaminant of PCBs. Although the use and storage
of these compounds is now strictly controlled, fires and spills involving PCBs remain a source of furan
contamination.

In Canada, the sale and use of pesticides containing TCDD is not permitted and the content of other dioxins
in pesticides has been regulated. The Government of Canada, in conjunction with the provinces, has estab-
lished codes of practice to reduce contamination by the wood preservation and protection industries.

Persistence and Movement in the Environment

Dioxins and furans are highly persistent compounds. They can be transported in the atmosphere over long
distances, thus traces can be found throughout the environment. Dioxins and furans are fat soluble and
bioaccumulate in most animals, and are present in the natural and human food chains. Bioaccumulation
occurs mostly in t