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SUMMARY

A number of petrochemicals are of serious concern when discharged
to the environment. These include: vinyl chloride (VCM), ethylene
dichloride (EDC), ammonia, acids or bases, chlorine, benzene, and
ethylbenzene.

The greatest potential for major environmental impacts from
petrochemical developments will be from spills related to marine loadout
facilities (docks and storage terminals), pipelines and railcar
transportation. Risk analysis and contingency planning is very important
in preventing and mitigating spill events. Shipment of hazardous or toxic
chemicals in bulk on important salmon resource water bodies such as the
Fraser River is not recommended.

Technology is available to control wastewater discharges and
atmospheric emissions from petrochemical plants. Resource companies have
indicated that "Best Available Control Technology (BAT)" will be installed
to minimize emission levels.

The application of advanced wastewater treatment technology will
generate solid wastes for disposal - some of which may be considered
hazardous. Currently, there are no hazardous waste landfills in British
Columbia. Toxic leachates may be produced from landfill operations in
coastal areas subjected to high rainfall.
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1 BACKGROUND

With the increased interest and potential for petrochemical mega-
development, production and movement within the Province of B.C., Dr. J.
Wiebe, Chairman, Pacific Regional Screening and Coordinating Committee
requested that the DOE/DFO Petrochemical Task Force prepare an overview
report of the petrochemical plant and terminal developments potentially
affecting the Province. The development generally fell into two
categories. One was the manufacture of petrochemicals within the Province,
and demanded guaranteed, inexpensive sources of feedstock; adequate and
efficient transportation infrastructures; ample storage and processing
facilities and terminal capacities for ocean going vessels. The other
involved the movement of Alberta produced petrochemical products through
B.C. to a common marine terminal on the Pacific Coast for product
transshipment to export markets, notably the Pacific Rim countries.

Late last year, Dr. George W. Grovier agreed to chair hearings
under the B.C. Natural Gas Allocation Process held to determine actual
provincial reserves of natural gas. Terms of reference for the hearing
cover natural gas, ethane, propane and butane and involve finding answers
to five basic quesfions: What are the domestic requirements, now and in
the future? What is the domestic supply? What procedures should the
province use in determining the surpluses? What are the magnitudes of the
surpluses and what'specific permitting procedures should be established for
industries using surplus gas? The inquiry report is expected in May, 1982.

Simultaneously, under the Natural Gas Allocation Process, the
B.C. Ministry of Energy, Mines and Petroleum Resources with assistance from
other provincial ministries and informal input from members of the DOE/DFO
Petrochemical Task Force is evaluating the eleven natural gas proposals
competing for use of the gas surplus in terms of benefit to the province,
including potential for job creation, provincial revenues and devel opment
of gas reserves. The proposals include pipeline, LNG and petrochemical/



fertilizer projects. Taken in total, the projects would consume far more
than the currently available supply of natural gas in B.C. It is generally
felt that present B.C. supplies will only support one or two new
petrochemical plants and/or one LNG project.

Companies whose proposals are ultimately selected by the
provincial process will then likely be subjected to a thorough provincial
assessment involving either the Environmental Management Act or the Public
Utilities Commission Act. They will also be subject to an intensive
federal review, either through the Environmental Assessment Review process,
or through normal regulatory procedures. For example, any manufacturing
plant will have to satisfy requirements of the Fisheries Act with respect
to effluents discharged to waters frequented by fish and potential
alienation of habitat due to foreshore development. Plants manufacturing
vinyl chloride or polyvinyl chloride must meet the requirements of the
Vinyl Chloride National Emission Standards Regulations promulgated under
the Federal Clean Air Act. Spill contingency plans and a good prevention
program will also be required by Environment Canada and by Fisheries and
Oceans Canada. In addition, a federal assessment through TERMPOL, a review
mechanism administered by the Canadian Coast Guard, is possible. In the
case of TERMPOL, Environment Canada and Fisheries and Oceans Canada
together with the Canadian Coast Guard, will undertake a TERMPOL code
review of any new marine terminal proposed to handle petrochemicals.

The Alberta government is currently requesting proposals for the
construction and operation of a petrochemical liquid bulk terminal facility
in B.C. to handle Alberta petrochemical products. Two alternative proposed
sites, both at Prince Rupert, include the south end of Kajen Island (owned
by B. C. Development Corporation) and a site at Ridley Island south of the
planned coal terminal (owned by National Harbours Board). The facility
will be expected to begin operation in late 1984. Initially, it will have



a capacity for 2.0 million tonnes per annum, but eventually will have a
capability for 4.0 million tonnes per annum.

The DOE/DFO Petrochemical Task Force members have already
provided technical information and opinions to the Province of B. C. on a
number of issues of federal interest arising from the natural gas proposals
for B. C. In the near future, they will participate in the evaluation of
the various Alberta petrochemical port and storage facility proposals.
And recently, they completed a review of the petrochemical industry's
processes and process wastes, the applicable federal legislative
requirements, and the physical and chemical properties and environmental
effects of the chemicals involved.



2 B.C. PETROCHEMICAL DEVELOPMENT PROPOSALS

The petrochemical industry is experiencing strong growth in
Alberta. Some 15 projects costing approximately $5 billion by completion
date in 1986, are in the construction or planning stages (Canadian
Petroleum Association, 1982). In B.C., with an estimated annual surplus of
only 50-75 bcf of natural gas available to the petrochemical industry,
feedstock is one of the Timiting factors. Project development proposals
submitted last December at the request of the B.C. government have a
combined gas requirement of more than 830 bcf per annum and a total capital
investment of more than $14 billion.

In its December 2, 1982 press release, the B. C. Ministry of Energy, Mines
and Petroleum Resources published brief descriptions of nine of the

proposals. They include the following:

2.1 Mitsui Toatsu Chemicals Inc.

A $324-million project requiring 14 bcf of gas a year. It would
produce ammonia and urea and had a projected start-up date of late 1985 or
early 1986. During construction, the project would employ a work force of
840 and when completed, provide 224 permanent jobs. There is no site
specified for this project.

2.2 Ocelot Industries Ltd.

Two projects with a combined value of $446 million requiring 25
bcf of gas a year. Products from the development would be methanolg
ammonia and urea and the project has a 1984 start-up date. The company's
proposal calls for a construction work force of 700 and the project would
create 185 permanent jobs. The project would be located at Kitimat.

2.3 Canterra Energy Ltd., Enterprise Miniere et Chimique Sumitomo
Corporation.

The consortium proposed a $1.6-billion investment in a project
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which would produce ethylene-based petrochemicals, potassium sulphate
fertilizer and sodium sulphates. Annual gas requirement would be 32 bcf a
year and the project would start up in 1986. The estimated construction
work force would be 3,000 and the project would provide 660 permanent jobs.
A site in the Tower Mainland or on the North Coast would be suitable for
this project, they say. However, the consortium has recently identified
two acceptable Lower Mainland sites: a 500 acre site on the west end of
Annacis Island, and a 650 acre site of river front industrial land between
Nelson and Number 7 Road in southeast Richmond, The Richmond landfill
occupies part of the latter area.

2.4 Petro-Canada Exploration Inc., Westcoast Inc., Westcoast
Transmission Co. Ltd., Mitsui & Co. Ltd.

This proposal outlines a $1.4-billion project to produce
liquified natural gas and would require 115 bcf of gas annually. Start-up
date would be 1987. A total of 1,565 jobs would be created during
construction and when in operation the project would have 69 permanent
employees. Kitimat is the proposed site.

2.5 B.C. Resources Investment Corporation, Union 0il Company of
California, Westcoast Transmission Co. Ltd.

This consortium proposed a $630-million development to produce
ammonia and urea, with an annual gas requirement of 20 bcf. The
construction work force for the project, which has a 1985 start-up date,
would be 850 and it would create 240 permanent jobs. Powell River, Port
Mellon or Duke Point are listed as possible project sites, depending on the
route selection for the Vancouver Island pipeline.

2.6 Carter Energy Ltd., Noranda Gas Industries, Canadian Hunter

Exploration Ltd., Daewoo Industrial Co. Ltd., Sumitomo Corp.,

Marubeni Corp.

Two projects with a combined value of $5.6 billion are outlined



by this consortium, one involving production of liquified natural gas, the
other, ethane-based petrochemicals. The annual gas requirements for the
two developments would be 200 bcf and start-up date would be 1987. The

construction work force would be 2,700 and the two developments would

create 650 permanent jobs. This project would be located somewhere on the
North Coast.

2.7 Dome Petroleum Ltd., Trans-Canada Pipelines, Nova - an Alberta

Corporation, NIC Resources Inc.

This proposal outlines a $3-billion investment to build a pipe-
line, liquefaction and shipping facilities, including special ships, to
carry liquified natural gas. It would require 170 bcf of gas a year and
have a start-up-date of late 1985 or early 1986. During construction, the
work force would be 1,600 and the development would create 92 permanent
jobs. The proposal has identified the Grassy Point area, about 25
kilometers north of Prince Rupert, as the preferred site for the LNG plant
and marine terminal.

2.8 Canadian Occidental Petroleum Ltd., Dome Petroleum Ltd.,

Mitsubishi Companies, Westcoast Transmission Co. Ltd.

This consortium proposes a $1.4-billion project to produce
ethane-based petrochemicals. It would require 36 bcf of gas a year and
start operations in 1986. The development would involve an inland
feedstock complex, likely near Chetwynd, and a petrochemical complex, which
has been considered for the Prince Rupert area, although other areas of the
province are still under active consideration. The project would have a
work force of 4,500 during its construction stage and when completed,
result in 652 permanent jobs.

2.9 Westcoast Transmission Co. Ltd.

The proposal calls for extension of existing export contracts



to the United States from 1989 to 1999. This gas would be required to meet
the expected export demands when existing contracts expire. The
requirements of the proposal are for 220 bcf annually. Existing facilities

- will be used so there will be no construction costs or work force

requirements.



3 PACIFIC COASTAL PLANT AND TERMINAL SITING

In selecting site(s) for petrochemical plants and terminals,
environmental, socioeconomic, safety, engineering and economic parameters
should be examined. Environmentally speaking, plant and terminal siting
and process activities can change the integrity and use of the coastal
zone. The fact that both the products and intermediaries are considered to
be generally hazardous and/or toxic materials to marine and freshwater
ecosystems, as well as to people are further complications to siting
decisions. A challenge therefore exists for ensuring that siting of these
facilities will minimize impact and protect sensitive coastal habitat and
resources.

Some work related to petrochemical facility and terminal siting and
alternatives has been done previously by ...

3.1 Dow Bulk Terminal Proposal for Tilbury Island

In 1978, Dow Chemical Company proposed to locate a bulk loadout
terminal and storage facility for ethylene dichloride and sodium hydroxide
at Tilbury Island at the mouth of the Fraser River. A joint DOE/DFO review
of this project identified a major risk to the salmon resource of the
Fraser River and Estuary if a large spill were to occur at the terminal.
Investigations by Dow with assistance from NHB identified an alternate site
in Burrard Inlet. A federal precedent has therefore been established
regarding the storage and shipment of hazardous or toxic chemicals on the
Fraser River.

3.2 Previous Port Siting and Selection Studies

Responding to enquiries as to possible Tocations for bulk
chemical port and for tidewater industrial sites, the B. C. Ministry of
Environment prepared a set of criteria applicable to selecting potential

sites; then identified potential port sites either at or within 30 km of
existing railheads. Two areas not included in the report - Sechelt
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Peninsula and Vancouver Island - were both of interest to the DOE/DF0 Task
Force for one of the development proposals identified sites in those two
locations.

A workshop consisting of various federal and provincial agency
representatives was then held. Its purpose was to analyze the listed sites
with a view to determining the general suitability for bulk chemical
handling, to highlighting factors which might severely 1imit their
potential utility, and to identifying major environmental and technical
constraints to petrochemical port siting on the West Coast. The document
(Slater and Abs, 1981) which resulted from this workshop did an adequate
job of overviewing and highlighting the key known concerns and issues for
each of the sites. The sites included 9 in the Prince Rupert area, 6
within the Kitimat area, 3 within Howe Sound, 4 within the Vancouver area,
and 4 in the Lower Fraser River. No one site was recommended over another.

It is noted that Fisheries and Oceans Canada asked that fisheries related
comments be deleted from the report and that contact on such matters be
made directly with the Department. The Department felt that a more
comprehensive evaluation of potential impacts on fisheries was required.

3.3 RSCC Review Paper

An overview paper (J. Millen, 1981) reviewing possible locations
for marine terminals to export petrochemical products via the B.C. Coast.
Based on rail access, site choices were limited to the following areas:

Fraser River
Roberts Bank
Burrard Inlet

- lLower Mainland

Howe Sound

- Kitimat
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- Prince Rupert - Inner Harbour
- Ridley Isltand
- Port Simpson

The review provided the following conclusions:

- There are very few sites on the B. C. coast adequately served by
rail, physically suitable for a terminal and which do not encroach on
valuable estuarial habitat.

- The following sites seem to be worth a detailed examination:

Burrard Inlet for expansion of existing terminals

Howe Sound - Britannia Beach, etc.

Port Simpson depending on potential development of rail access
Ridley Island
Roberts Bank for a non-toxic product

- Any new major terminal to handle a variety of products should be a
‘common carrier' terminal providing facilities to all requiring
service. This would help avoid the proliferation of terminals,
reduce the pressure to encroach on more shorelands and minimize
environmental disruption.

- Sites suitable for terminals should be retained for that purpose and
not used for manufacturing industries so as to prevent foreclosure on

options for the future transportation of products.

3.4 LNG Siting Documents

Detailed information and analysis in particular areas, two
confidential LNG siting documents (Dunbar, 1982 and Tera Environmental
Consultants Ltd., 1981) are referenced.

The Petro-Canada report (Dunbar, 1982) using ratings in 4
categories of safety, environmental, socio-economics and project economics
selected Kitimat Arm to be the best location on the B. C. coast for the
LNG export terminal of over 33 potential sites. Five sites on Kitimat Arm -

Gobeil Bay, Clio Bay, Bish Bay, Emsley Cove, and Markland Point - were found
to be of approximately equal suitability.
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The Dome report (Tera Environmental Consultant, 1981 and the Swan
Wooster Engineering Co. Ltd., 1981) evaluated 26 potential terminal sites
and finally produces the following ranking of preferred sites:
Grassy Point (Port Simpson Bay), Chesnucknuw Creek/Colemen Creek (Alberni
Inlet), Britannia (Howe Sound), Emsley Cove/Bish Creek (Kitimat Arm),
Texada Island (Strait of Georgia). Grassy Point was identified as the
preferred terminal location.

As described in studies mentioned above, only a few coastal areas
such as the Lower Mainland (Port of Vancouver) region and the Prince Rupert
/Kitimat area are able to meet the needs of such mega-developments.

On April 6, 1982, Energy Minister Bob McClelland and Industry
Minister Don Phillips announced that:

- the provincial government wanted development of natural gas
processing industries restricted to the interior and north of the
province, thereby eliminating the Canterra Energy Limited
petrochemical/fertilizer project proposed for the Lower Mainland
area;

- the government endorsed development of an ammonia/urea fertilizer
industry or a petrochemical industry;

- the government was also in favour of an LNG project, although gas
for such a plant would have to come from outside B.C.
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FEDERAL ENVIRONMENTAL LEGISLATIVE MANDATE FOR PETROCHEMICAL
PLANT FACILITIES, TERMINALS AND APPROACHES

Federal Acts and Environment Review Processes

The federal acts and environmental review processes of

significance to the petrochemical proposals are listed below:

Fisheries Act;

Clean Air Act,

Ocean Dumping Control Act;

Environmental Contaminants Act;

Migratory Birds Convention Act;

Navigable Waters Protection Act;

Canada Shipping Act and Regulations;

National Harbours Board Act and Harbour Commission Act;
Transportation of Dangerous Goods Act; and

Railway Act.

Environmental Assessment and Review Process (EARP); and
TERMPOL.
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4.1.1 Petrbchemica] Plant Facilities

For purposes of this section, reference to federal environmental
Tegislative mandate will deal with plant operations which include
processing units and offsites. Offsites may include tank farms, feed water
treatment, steam or power generation units, cooling towers, loading docks
and flare equipment. Feedstock and product pipelines and separate loadout
terminals will be dealt with in section 4.1.2

4.1.1.1 Fisheries Act

General provisions of the Fisheries Act under Sections 31 and 33
specifically prohibit the harmful alteration, disruption or destruction of
fish habitat and the deposition of deleterious substances of any kind into
waters supporting fish. These Sections apply to the construction and
operation of petrochemical facilities. In addition, Section 33.(13) allows
for the establishment of regulations which deal with the authorization of
the deposit of deleterious substances.

Currently, there are no specific federal regulations to control
wastewater discharges from petrochemical or fertilizer plant operations.
However, general provisions of the Fisheries Act apply in this case.
Normally, wastewater discharges from industrial operations are controlled
through the effluent permit system administered by the Ministry of
Environment for British Columbia. This will be dealt with in more detail
in the section on Federal-Provincial accords.
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4.1.1.2 Clean Air Act

Regulations have been promulgated under the Clean Air Act to
control emissions of vinyl chloride to the atmosphere from vinyl chloride
or polyvinyl chloride plants in Canada. There are no other regulations
that are applicable to the petrochemical industry.

Ambient air quality objectives have also been established under
the Clean Air Act for sulphur dioxide, carbon monoxide, suspended
particulate matter, ozone and nitrogen dioxide.

As with the Fisheries Act, federal concerns are normally
implemented by the Ministry of Environment for B. C. through its
administration of the air emission permit system.

4,1.1.3 Ocean Dumping Control Act

The disposal of wastes at sea is regulated by a permit system
under the Ocean Dumping Control Act. Permits are designed to protect human
health, marine life and any other legitimate use of the sea. Wastes are
classified under three schedules depending on their potential effects on
the marine environment.

Petrochemical plants located in coastal areas of British Columbia
may attempt to dispose of some of their solid or liquid wastes or dredge
spoils at sea as an alternative to land disposal. Under the Ocean Dumping
Control Act, there are restrictions on the dumping of materials at sea
which contain heavy metals (mercury, cadmium, arsenic, lead, copper, zinc,

chromium), organohalogen compounds (chlorinated hydrocarbons), 0ils and
plastics.

4.1.1.4 Environmental Contaminants Act

The Environmental Contaminants Act is directed at the protection
of the environment through control of the importation, manufacture, use,
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disposal and sources of entry of substances resulting in a threat to human
health or the environment.

To date, regulations have been developed for the use of
polychlorinated biphenyls (PCB's), polybrominated biphenyls (PBB's), Mirex,
polychlorinated terphenyls (PCT's) and chloroflurocarbons (CFC's) in
Canadian commerce. PCB's are now prohibited for use in new electrical
transformers and capacitors.

Other chemicals are under investigation to determine whether
regulations or other action is necessary. These candidate substances
include: cadmium, chlorophenols, chlorobenzenes, hexachlorobutadiene
(HCBD), organotins, phthalic acid esters, chlorinated paraffins,
chloroethanes, chloroethylenes and chloromethanes.

Proposed petrochemical or fertilizer plants manufacturing or
using any of these chemical compounds (most likely the latter four
compounds) must conform to current and possible future regulations under
the Environmental Contaminants Act.

4.1.2 Petrochemical Transshipment, Loadout Facilities and Approaches

4,1.2.1 Fisheries Act

General pollution provisions of the Fisheries Act apply to the
transport and storage of bulk chemicals, particularly for spill related

events. Reference section 4.1.1.1 for more detail.

4.1.2.2 Migratory Birds Convention Act

Regulations under Section 35 of this Act make it an offence for
any person to deposit or permit the deposit of 0il, 0il wastes or any other
substance harmful to migratory birds in water or areas frequented by
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migratory birds, including wildlife sanctuaries. This provision can have
some application to the regulation of discharge of oil and other hazardous
polluting substances from onshore and offshore facilities and estuarine
habitats or sanctuaries.

Fines are nominal however and no permit system has been included.
4.1.2.3 Navigable Waters Protection Act

The Ministry of Transport administers this Act. It was developed
to protect navigable waters for the purposes of navigation.

The Act is explicit with respect to the building or placing of
work in, upon, over, under, through or across navigable water unless the
work and the site and plans have been approved by the Minister or his
designated representative prior to the commencement of construction.
Anyone contravening the conditions may be ordered to remove the work or to
have it removed for him with all costs to be recovered from the owner.
This Act is applicable to Toadout terminals and other shore facilities
which would interfere with navigation.

4.1.2.4 Canada Shipping Act and Regulations

The Act's environmental provisions are two fold. The first deals
with prohibiting pollutant discharges and the second with civil
consequences which arise because of the discharge.

The Act authorizes Cabinet to make regulations prohibiting the
discharge from ships of any pollutant specified in the Regulations. The
Regulations, therefore, not the Act iself prohibits the discharge.
Examples of Regulations include the following:

- 0i1 Pollution Prevention Regulations - the discharge of oils and
persistent oily mixtures is prohibited;
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- Pollutant Substances Regulations - the discharge of 21 substances
including arsenic, lead, mercury and phosphorus is prohibited;
and

- Garbage Pollution Prevention Regulations - the discharge of
garbage but not sewage is prohibited.

Regulations with respect to the transportation of dangerous goods
is also stipulated.

4,1.2.5 National Harbours Board Act and Harbour Commission Act

The Acts govern harbour operation giving the respective port
authorities basic control over the use and occupancy of the harbour. Where
a proposal will be sited on National Harbours Board or Commission land, the
federal agency is responsible for administering the property. It also has
control over shipping transport within the boundaries of its jurisdiction.

The harbours relevant to B. C. under the NHB Act are Vancouver
and Prince Rupert Harbours. Those relevant to the Harbour Commission Act
are: Fraser River, Nanaimo, North Fraser River and Port Alberni.

4.1.2.6 Transportation of Dangerous Goods Act

The Act intends to establish uniform, non-conflicting standards
applicable to the handling and transport of dangerous goods by all modes of
transportation in Canada with the exception of dangerous goods under the
control or direction of the Minister of National Defence, the transport of
0il and gas by pipeline and the transport of dangerous goods within the
intent of the Canada Shipping Act.

The Act encompasses the protection of public safety and the
environment. The mechanisms for its administration and enforcement are
currently being developed between the federal and provincial governments.
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4.1.2.7 Railway Act

This Act regulates the construction, operation, maintenance and
abandonment of railways. Railway companies are subject to the jurisdiction
of the Canadian Transport Commission's (CTC's) broad powers for regulating
all railway companies and railways involved in interprovincial movement of
goods and services. These powers extend to making orders and regulations
to provide for the protection of property and the protection, safety,

-accommodation and comfort of the public. The protection of the environment
is not explicitly stated except in those cases where a threat to public
safety results from a discharge of 0il or other hazardous polluting
substances to the environment. Also, prior to construction of new
facilities or additions, public hearings may be held if such would be in
the best interest of the public.

4,1.2.8 National Energy Board Act

The purpose of the Act includes the approval and regulation of
the construction and operation of interprovincial and jnternational oil and
gas pipelines and international power lines as well as the export of oil
and gas. These functions are the responsibility of the National Energy
Board (NEB) established under the Act. In addition, the NEB has developed

environmental and socioeconomic guidelines.

The National Energy Board is responsible to the Minister of
Energy, Mines and Resources.

4.1.3 Environmental Review Processeses

4.1.3.1 Environmental Assessment and Review Process (EARP)

EARP is applicable to all federal departments for projects
initiated by the federal government or where federal funds and/or property
is involved. It serves to ensure that:
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- environmental impacts are identified and taken into account early
in the planning of new federal projects, programs and activities;

- an environmental assessment is carried out for all projects which
may have an adverse effect on the environment before commitments
or irreversable decisions are made; and

- the results of these assessments are used in planning, decision-
making and implementation.

Use of EARP is not binding on the National Harbours Board or on
the Harbour Commissions, but remains an option which can be pursued. Its
application will ensure federal government protection concerns are dealt
with.

4.1.3.2  TERMPOL

The TERMPOL Code is a code for recommended standards for
prevention of pollution in marine terminal systems. It outlines acceptable
ship terminal standards, defines ship terminal system analysis and
assessment criteria and develops operating practices and procedures for
ship terminals. It also provides guidelines on environmental and risk

analysis factors.

The provisions of the TERMPOL Code are not in themselves
mandatory. However, the assessment criteria of the Code are used by the
Canadian Coast Guard in determining the technical needs, if any, for making
regulations or implementing special precautionary measures limiting
navigation within the ship terminal system.

The Code does not concern itself with the terrestrial
environmental areas within the ship terminal system. These areas include:

- all land areas and rivers above the tidal influence;
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- shore installations; and
- hinterland cargo handling or storage facilities.

Adherence to the TERMPOL Codes recommendations and procedures
will reduce the risk of marine accidents, minimize the pollution hazard,

and provide reliable guidelines in the selection of a ship terminal site.

4,2 . Provincial Legislation

Current Pollution Control Objectives for the Chemical and
Petroleum Industries (B.C. Pollution Control Branch, 1974) issued under the
provincial Pollution Control Act are not broad enough in scope to cover off
the proposed petrochemical and fertilizer plant operations. The existing
guide]ihes can only be changed through a process involving a public
inquiry. However, as an interim measure, the Waste Management Branch may
issue control requirements on a plant-by-plant basis. Therefore,
requirements for specific parameters not outlined in the current objectives
for the chemical industry may be included in permits issued by the Director
of the Waste Management Branch.

Permits may be appealed to an independent Environmental Appeal
Board as specified by the Waste Management Act.

An ongoing cooperative federal-provincial effort has been
established to determine what constitutes best available treatment
technology and criteria for chemical concentrations in the receiving
environment.

4.3 Federal - Provincial Accords

No formal accord has been signed between Environment Canada and
the province of British Columbia detailing the way in which the two
government agencies will implement federal legislation.
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However, the Environmental Protection Service has established an
informal mechanism for reviewing provincial air, wastewater and solid waste

permits to allow input of federal concerns to the Provincial process.

If a mutual federal-provincial agreement cannot be reached on a
specific issue, then the Environmental Protection Service and/or the
Department of Fisheries and Oceans may deal directly with the company on
the matter.
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5 PETROCHEMICAL PLANT DISCHARGES AND WASTES

Technology is available to control atmospheric emissions and
"~ wastewater discharges from petrochemical plants to a high degree. Most
proponents have stated that they will install Best Available Control

Technology to minimize plant emissions.

There are four broad categories of emissions associated with
petrochemical type operations:

Atmospheric Emissions

Wastewater Discharges
Solid and Liquid Wastes
Spills and Plant Upsets

Petrochemical spills and gaseous releases will be dealt with
separately in Section 7.

5.1 Atmospheric Emissions

Captive and fugitive emissions of vinyl chloride will emanate
from vinyl chloride and polyvinyl chloride plants.

Hydrocarbons will be emitted from all types of petrochemical
plants. Sources of hydrocarbon emissions include material handling, raw
material and product storage and manufacturing processes. Oxides of
sulphur, oxides of nitrogen, carbon monoxide and particulate matter will be
released from the manufacturing processes - especially from the combustion
of fuels. Quantities of emission are dependent upon plant capacity, the
type of fuel used, types of process adopted, and type of product
manufactured. In addition, depending on the chemical produced, various
types of volatile organic compounds will be emitted in the form of captive
and fugitive emissions.
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An assessment of the impact of air emissions must take into
consideration the physical setting of the plant, meteorological
conditions of the area, and local air quality as affected by other
emission sources and land use patterns. Environmental concern is due to
the fact that vinyl chloride and other chlorinated hydrocarbons pose
human health risks, hydrocarbons are precursors of photochemical
oxidants, and many volatile organic compounds have unpleasant odours.

5.2 Wastewater Discharges

Modern petrochemical plants may be designed to maximize water
reuse. This will reduce the quantity of wastewater discharged as well as
fresh water make-up requirements.

Water reuse may be accomplished by extensive process
wastewater and storm runoff treatment followed by recycling of the
upgraded water back to process units, steam utilities or the cooling
tower circuit. This limits major discharges to cooling tower blowdown,
unused stormwater and other streams which are relatively clean.

Process wastewater treatment steps may include: neutralization
(pH control), oil and grease removal, total suspended solids and/or

dissolved solids removal, biological oxidation for the removal of organic
and nitrogen compounds and finally filtration and/or activated carbon as
a final polishing step.

Storm runoff collection and treatment facilities deserve
special consideration in areas of high rainfall. Adequate retention
capacity must be provided so that treatment systems are not overloaded.

Cooling tower blowdown requires treatment for the removal of
zinc and hexavalent chromium prior to discharge. These heavy metals are
used to control algal growth in the cooling tower circuit to prevent the
fouling of heat exchange equipment. Zinc and hexavalent chromium may be
removed by ion exchange and preciptation. This produces a hazardous
waste sludge containing heavy metals.
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5.3 Solid and Liquid Wastes

A number of hazardous solid and liquid wastes may be generated

- from petrochemical plant operations. These may include: chlorinated

organic compounds, process catalysts, inorganic salts and heavy metal
sludges.

Normally, chlorinated organic compounds are destroyed on-site by
high temperature incineration. There is some concern that small quantities
of toxic compounds such as dioxin are present in the combustion off-gases
from these types of operations.

The provision of best available control technology (BAT) for
atmospheric and wastewater discharges may also produce hazardous solid and
liquid wastes. A good example are the heavy metal sludges removed from
cooling water blowdown.

Currently, there are no landfill-type operations in British
Columbia capable of handling hazardous wastes. Compounding this problem,
the proposed plants will be located in coastal areas subjected to high
rainfall. Infiltration into on-site landfills may require leachate
treatment for detoxification prior to discharge into receiving waters.

A joint Federal-Provincial committee for hazardous waste disposal
has been working on this problem. Most likely, a secure landfill will be
Tocated in the British Columbia interior where rainfall and subsequent
infiltration will be minimal. A central disposal facility will require a
regional collection, pretreatment and transportation network.

5.4 Canterra Proposal

There are two major water pollution concerns for the proposed
Canterra petrochemical plant to be located in the lower mainland.
They are:
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- disposal of large quantities of hazardous wastes; and
- potential for spills of hazardous chemicals being shipped
on the Fraser River. Example: ethylene dichloride.

In order to minimize the quantity and quality of process
wastewater discharged to the Fraser River, Canterra will produce a number
of hazardous solid wastes from evaporation processes - one of which will be
60,000 kg/day of calcium and sodium salt mixture contaminated with
chlorinated organics and copper. There are no secure landfills in the
lower mainland capable of handling this type of material. There are also
reservations about allowing the material to be dumped at sea.

" Until the Canterra plant can market all of its PVC domestically,
some Ethylene Dichloride (EDC) must be exported. The proposal calls for
shipment of this material on the Fraser River from Annacis Island or a site
near the Richmond landfill. EDC is a toxic material that will sink in
water. A transportation or loading accident on the Fraser River could have
serious impact on the salmon resource depending upon the time of year.

Also due to the flow in the river, the EDC would be impossible to recover.
The impact of EDC on the Fraser River estuary is of concern.

As for air pollution, concern is raised regarding the VCR
(Vapourization of Chlorinated Residues) process, for which a backup measure
has not been indicated. In the event of a VCR process upset, a large
amount of chlorinated chemicals will be released into the atmosphere.

5.5 Canoxy-Dome Proposal

There was insufficient information provided by the proponent to
adequately review the project. The disposal of hazardous materials is of
concern because of the high rainfall in the Prince Rupert area.
Significant infiltration into a secure Tandfill would require leachate
treatment prior to discharge to a receiving environment.
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Concerning air pollution, this proposal indicated the use of low
NOx burner. The use of this technology should be encouraged. Also, backup
systems should be provided for the VCM incinerator and the flare. In the
event of malfunctioning, the backup system would prevent large amounts of
VCM and other contaminants from being released into the atmosphere.

5.6 Westcoast Fertilizer Proposal

There are three major water related concerns not adequately
addressed by the proponent in its preliminary submissions. These are:

- removal of ammonia and urea from process wastewater;

- removal of zinc and hexavalent chromium from cooling tower
blowdown; and

- contamination of cooling water with ammonia from process vents.

Ammonia is both a nutrient and a known fish toxicant. Therefore,
this material must be removed adequately from process wastewater and

cooling tower blowdown prior to discharge to the marine environment.

Zinc and hexavalent chromium are toxic heavy metals. These must
also be removed by ion exchange and precipitation prior to discharge.

5.7 Other Proposals

Not enough information was available to review other proposals.

6 ENVIRONMENTAL PROPERTIES OF MAJOR CHEMICALS

Large volume chemicals that may be manufactured or used in the
proposed petrochemical or fertilizer plants have been listed in Appendix I.
This Tist was compiled from company submissions. Chemicals have been
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classified as feedstocks, intermediates or products. Intermediates are
those chemicals which are formed and then processed to manufacture other
chemicals on-site or sold as product.

Smaller quantities of other chemicals or those formed as
by-products in process reactions have been excluded from the list of
chemicals in Appendix I.

Chemicals which may be transported to the West Coast from new
facilities or plant expansions in Alberta are listed in Appendix II.

These chemicals were evaluated for their environmental effects
based on the following designations (Sittig, 1981) indicating whether the
substance is a:

carcinogen

priority pollutant (EPA)
hazardous substance (EPA)
hazardous waste (EPA)

Chemicals which are suspected or proven carcinogens are included
in the first category. EPA "Hazardous Substances" are those defined under
the U.S. Clean Water Act primarily on the basis of toxicity to aquatic
life. EPA "Hazardous Wastes" are those defined by the U.S. Resource
Conservation and Recovery Act dealing with sources, transportation and
disposal of solid and liquid wastes. EPA “Priority Pollutants" include all
priority toxic water pollutants defined under the consent decrees of 1976
and 1979 which resulted in final criteria for 129 substances in 1980.

Chemicals identified in Appendix I and II that fall under any of
the above four categories are summarized in Tables 6.1 and 6.2
respectively.
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TABLE 6.1 MAJOR CHEMICALS OF ENVIRONMENTAL CONCERN FOR BC PROPOSALS

Environmental Category (a)

Chemical/Compound 1 2 3
Ammonia - - X -
Chloride - - X -
Ethylene Dichloride X X X X
Hydrogen Chloride - - X -
Methanol - - - X
Sodium Hydroxide - - X -
Vinyl Chloride Monomer X X - X
(a) 1 - Carcinogen

2 - EPA Priority Pollutant

3 - EPA Hazardous Substance

4 - EPA Hazardous Waste

TABLE 6.2 MAJOR CHEMICALS OF ENVIRONMENTAL CONCERN FROM ALBERTA

Environmental Category (a)

J—t
N
w

ChemicaT/Compound

=N

Acetic Acid

Ammonia

Benzene

Ethylene Dichloride
Methanol

Styrene Monomer
Ethylbenzene

Vinyl Acetate

Vinyl Chloride Monomer

b T B T B B |
I >3 > 1 >< > ¢ ><

X1 o> X<

X1 S>> 1

(a) refer to Table 6.1



29

6.1 Aquatic Concerns for Major Chemicals

Under the Federal Fisheries Act, any liquid effluents released
from the proposed petrochemical plants to freshwater or marine waters
frequented by fish must be non-acutely lethal. EPA has proposed ambient
water quality criteria for most of the chemicals of concern. Further
information concerning these chemicals may be found in Appendix III.

6.1.1 Ammonia

Ammonia (NH3) is a colourless, strongly alkaline and extremely
soluble gas with a characteristic pungent odour.

Aquatic Criteria: EPA has proposed a limit of 0.02 mg/1 (as unionized

ammonia) for the protection of freshwater aquatic life.

6.2.1 Chlorine

Chlorine (C12) is a greenish-yellow gas with a pungent odour and

slightly soluble in water. As part of the halogen group, it is one of the
most chemically reactive of all the elements.

Aquatic Criteria: EPA has proposed the following limits for residual
chlorine in water: 0.002 mg/1 for salmonid fish and 0.01 mg/1 for other
fresh water and marine organisms. ' Chlorine also reacts readily with

organic substances to form chlorohydrocarbons some of which are proven or
suspected carcinogens.

6.1.3 Ethylene Dichloride

Ethylene Dichloride (C1-CH2=CH2-C1) or 1,2-dichloroethane is a
colourless, flammable 1iquid, denser than water, moderately soluble in
water (0.8 g/100 g) with a boiling point of 84 deg. C.
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Aquatic Criteria: For the protection of freshwater aquatic life: acute
toxicity basis of 118 mg/1; chronic toxicity basis of 20 mg/1. For the
protection of saltwater aquatic life: 113 mg/1 on an acute toxicity

basis. To protect human health - preferably zero in drinking
water.

6.1.4 Hydrogen Chloride

Hydrogen chloride (HC1) is a colourless non-flammable gas and
soluble in water.

Aquatic Criteria: Hydrogen chloride when dissolved in water forms

hydrochloric acid which lowers the pH. EPA has recommended a pH range
of 6.5 - 9.0 to protect freshwater aquatic 1ife and a range of 6.5 -
8.5 for saltwater.

6.1.5 Methanol

Methanol (CH30H) or methyl alcohol is a colourless, flammable,

volatile liquid with a mild odour and boils at 64.7 deg. C. It is
infinitely soluble in water.

Aquatic Criteria: EPA has recommended an ambient objective of 3.6 mg/1

based on health effects.

6.1.6 Sodium Hydroxide

Sodium Hydroxide (NaOH) is a white, deliquesent material sold
as a solid or dissolved in water. Aqueous solutions are known as
caustic soda or lye.
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Aquatic Criteria: Sodium Hydroxide when dissolved in water will raise
the pH. EPA has recommended a pH range of 6.5 - 9.0 to protect
freshwater aquatic 1ife and a range of 6.5 - 8.5 to protect saltwater
aquatic 1ife. For drinking water a pH of 5.0 - 9.0 has also been
recommended.

6.1.7 Vinyl Chloride Monomer

/ Vinyl chloride mononer (CH2=CHC1) or chloroethylene/
chloroethene/monochloroethylene is a colourless, flammable gas at room
temperature. It is usually handled and stored in liquid form. VCM is
slightly soluble in water (0.11 g/100g @ 25 deg. C.).

Aquatic Criteria: For the protection of human health - preferably zero.
There are no ambient water quality criteria for the protection of
freshwater and saltwater aquatic life.

6.1.8 Acetic Acid

Acetic Acid (CH3-COOH) or ethanous acid is a colourless liquid
with a characteristic pungent vinegar-like odour.

Aquatic Criteria: EPA has proposed an ambient level of 0.35 mg/1 based on
health effects.

6.1.9 Benzene

Benzene (C6H6) is a colourless, volatile, highly flammable liquid

with a characteristic odour.
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Aquatic Criteria: For the protection of freshwater aquatic life: 5.3 mg/]
on an acute toxicity basis. For saltwater: 5.1 mg/1 on an acute toxicity
basis. To protect human health - preferably zero.

6.1.10 Ethylbenzene

Ethylbenzene (C6H5CH-CH2) is a colourless, flammable liquid with
a pungent aromatic odour. Bp of 136 deg. C.

Aquatic Criteria: For the protection of freshwater aquatic life: 32 mg/1
on an acute toxicity basis. For saltwater: 4.3 mg/1 on an acute toxicity
basis. To protect human health: 0.0014 mg/1.

Health Hazard: Causes smarting of the skin and first-degree burns on short
exposure; may cause secondary burns on long exposure. Odour Threshold:
140 ppm.

6.1.11 Styrene Monomer

Styrene (C6H5CH=CH2) or styrene monomer or vinylbenzene is a
colourless to yellowish, very refractive oily liquid with a penetrating
odour. Bp of 145 deg. C.

Aquatic Criteria: The US National Academy of Sciences/National Research

Council has proposed a no-adverse effects limit of 0.9 mg/1 for drinking
water.

Health Hazard: Severe skin irritant; causes second and third degree burns

on short contact and is very injurious to the eyes. Harmful if swallowed.
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6.1.12 Vinyl Acetate

Vinyl acetate (CH3-COOH-CH2)or vinyl acetate monomer is a
colourless flammable liquid with a Bp of 73 deg. C.

Aquatic Criteria: No ambient water quality criteria has been proposed for

this chemical. Fish bioassays have shown vinyl acetate to be acutely
Tethal in low concentrations.

- 96 hour TLm of 18 mg/1 to bluegill in freshwater
- 48 hour LC50 greater than 100 mg/1 to flounder in saltwater

Health Hazard: temporary smarting of eyes or respiratory system if present

in high concentrations.
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7 PETROCHEMICAL SPILLS AND GASEOUS RELEASES

Accidental liquid spills and gaseous releases from the

. manufacture, storage and transport of bulk chemicals may have serious

impacts on human populations and the environment. These chemical
releases normally result from equipment failure, human error or a

combination of both of these factors.

Flammable chemicals present fire and explosion hazards.
Ignition may result in death and injury to employees and local residents
and major loss of equipment or property.

Inhilation of corrosive or toxic chemicals such as ammonia and
chlorine may also result in death or serjous injury to humans. The
extent of damage will depend on exposure. This in turn depends on the
quantity and duration of the release, physical properties of the
chemical and prevailing meteorological conditions.

Spills of chemicals to marine and fresh waters may have acute
and chronic effects on mammals, migratory birds, fish and other aquatic
1ife through direct contact. Chemical contamination of fresh water from
spills may render it unfit for human consumption. Some chemicals may
persist in the énvironment and bioaccumulate through the food chain
ultimately posing risks to higher species including man. Spills of
chemicals may destroy habitat and thereby reduce local resource
populations such as salmon.

Spills to land may destroy vegetation and contaminate soils
and groundwater.

Due to the potential for serious environmental damage from
spills, the proposed petrochemical developments must be critically
reviewed to prevent such occurences or mitigate the effects of
accidental releases. A technique known as "potential problem analysis"
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may be used for this purpose. It consists of three steps:

- problem anticipation
- threat assessment (risk analysis)
- followup action

Problem anticipation involves asking the question "what could go
wrong" about equipment operation or operating procedures that could lead to
spill events. Threat assessment or risk analysis involves determining the
probability that a spill event will occur and a judgement on the
seriousness of the environmental impact. An evaluation of the need to
reduce the threat or accept the risk must then be made.

If the environmental impact is high or unacceptable, prevention
is required. This involves anticipating the causes and selection of
preventative action to reduce the probability of occurence.

If protection of the environment is required from the spill event
contingency action must be planned to mitigate the seriousness of the
environmental impacts. In some cases, both preventative and mitigative
measures may be required.

This process is quite general and applies to the evaluation of
equipment, procedures and training requirements required for prevention and
mitigation (contingency planning) of spills.

Redundant or backup equipment and containment devices may be
incorporated into plant and transportation system designs to prevent the
occurrence of spills or gaseous releases to the environment. Siting
considerations, buffer zones, cleanup equipment and contingency plans may
be used to reduce the environmental impacts of spill events.
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PRODUCTS, INTERMEDIATES AND FEEDSTOCKS

Chemical/Compound

Petrochemical Plant (a)

2 3 4

Ammonia (anhydrous)

Butane

Chlorine

Ethane

Ethylene

Ethylene Dichloride
Hydrochloric Acid

Methanol

Polyethlene

Polyvinyl Chloride
Pentanes plus (condensates)
Potassium Chloride (potash)
Potassium Sulphate

Propane

Pyrolysis Gasoline

Sodium Chloride (sea salt)
Sodium Hydroxide (cuastic soda)
Sodium Sulphate

Sulphur

Sulphuric Acid
Urea

Vinyl Chloride Monomer

M O O U M1 U U O

-

I,P I,P

I,P

(a) 1 - Canterra Energy Limited
2 - Canadian Occidental Petroleum Limited
3 - Westcoast Transmission Limited/Union 0i1 Limited
4 - Ocelot Limited
(b) P - Product
I - Intermediate
F - Feedstock
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LIST OF CHEMICALS FOR POSSIBLE EXPORT FROM ALBERTA

Chemical/Compound

Acetic Acid

Ammonia

Benzene

Ethylbenzene

Ethylene Dichloride
Ethylene Glycol
Methanol

Phosphatic Fertilizers
Polyethylene
Polyvinylchloride
Styrene Monomer

Urea

Vinyl Acetate

Vinyl Chloride Monomer
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Foreword

Data is furnished, to the extent currently available, on any or all of these im-
portant categories:

Chemical Description Routes of Entry
Code Numbers Harmful Effects and Symptoms

DOT Designation Points of Attack
Synonyms Medical Surveillance

Potential Exposure First Aid

Incompatibilities ~ Personal Protective Methods
Permissible Exposure Limits in Air Respirator Selection
Determination in Air Disposal Method Suggested
Permissible Concentration in Water Retferences

Determination in Water

Essentially the book attempts to answer six questions about each compound
{to the extent information is available):

(1) Whatis it?

{2) Where do you encounter it?

(3) How much can one tolerate?

{4} How does one measure it?

(5) What are its harmful effects?

(6) How does one protect against it?

An outstanding and noteworthy feature of this book is the Index of Carcino-
gens.
This book will thus be a valuable addition to industrial and medical libraries.

Advanced composition and production methods developed by Noyes Data are
employed to bring these durably bound books to you in a minimum of time.
Special techniques are used to close the gap between " manuscript” and " com-
pleted book." Industrial technology is progressing so rapidly that time-honored,
conventional typesetting, binding and shipping methods are no longer suitable.
We have bypassed the delays in the conventional hook publishing cycle and pro-
vide the user with an effective and convenient means of reviewing up-to-date in-

formation in depth.

The alphabetical table of contents serves as a subject index and provides easy
access to the information contained in the book.

ABOUT THE AUTHOR

Marshall Sittig, a chemical engineer, is President and Managing
Director of Sittig & Noyes, International Chemical and Process
industries Consultants, and was formerly with E.1. Du Pont de
Nemours & Co., Inc. in chemicals manufacturing, Ethyl Corpo-
ration in liaison between research and sales, and Princeton Uni-
versity as Director of Governmental Relations.
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The toxic chemicals problem in the United States and indeed in all the world
s is a frightening problem with news stories about Love Canal, the Valley of the
Drums, the Valley of Death in Brazil and the like. All these generate.emotional
responses, often from people uninformed about science or technology. On
the other hand, one encounters some industrialists who tell us that toxic chemi-
o cals are present in nature and that industrial contributions are just the price we
have to pay for progress. Somewhere in between lies the truth—or at least an area
in which we can function. It is the aim of this book to present data on specific -
industrial chemicals from an unemotional point of view so that decisions can be
vt made by:
Chemicals manufacturers
Protective safety equipment producers
- Toxicologists
Industrial hygienists
Lawyers
~ Doctors
L Industrial safety engineers
Analytical chemists
Industrial waste disposal operators
Legislators
Lol Enforcement officials

First aid squad members
Fire department personnel
Schoolteachers

v The informed public

This book gives the highlights of available data on nearly 600 important toxic
and hazardous chemicals. Importance is defined by inclusion in official and semi-
official listings as follows:

® All the substances whose allowable concentrations in workplace
air are adopted or proposed by the American Conference of
Government Industrial Hygienists as of 1980 (over 500 sub-

1




Handbook of Toxic and Hazardous Chemicals

- stances). In the interests"of conserving space, nowever, c'l.etailed
entries are n'gn given for nuisance particulates nor for ~simple
asphyxiants.

® All the substances considered to date in the Standards Comple-
tion Program by the National Institute of Occupational Safety
and Health (some 380 substances).

® All the priority toxic water poliutants defined by the U.S. Envi-
ronmental Protection Agency as a resuit of consent decrees in
1976 and 1979 which resulted in draft criteria in 1979 and final
criteria in 1980 (for 65 poliutants and classes of pollutants which
yielded 129 specific substances).

® Most of the chemicals in the following categories: (1) EPA "Haz-
ardous wastes' as defined under the Resource Conservation
and Recovery Act in Aprit 1980 {A-52); (2) EPA "hazardous
substances” as defined under the Clean Water Act; (3) chemicals
“which EPA has made the subject of Chemical Hazards Informa-
tion Profiles or "CHIPS" review documents: and (4) chemicals
which NIOSH has made the subject of "Information Profile”
review documents. :

All this information from U.S. Government sources has been supplemented
by a careful search of, and citations to, publications from the United Kingdom,
European and Japanese sources as well as United Nations and World Health
Organization publications.

The result, we believe, is a handbook that is more than a handbook. When
one looks at most handbooks, one simply expects to get numerical data. Here,
we have tried wherever possible to reference the source of the numerical values
and to provide a literature reference to some sort of timely review document
which opens the door to a much wider field of published materials.

This book covers about 2% times as many compounds as an eariier work by
the same author entitled Hazardous and Toxic Effects of Industrial Chemicals.
Further, it covers each item on a broader, more comprehensive basis. There are
about 100 carcinogens identified in the present volume.

As pointed out in May 1980 by the Toxic Substances Strategy Committee,
an interagency group, in a report to President Carter (A-47):

Exposures to toxic substances are linked to a variety of health
problems. The immediate effects of high level exposures for a short
time include burns, rashes, nausea, loss of eyesight, and fatal poison-
ing. Prolonged exposure to low doses can cause chronic lung disease
{e.g., from coal or cotton dust), heart disease {from exposure to
cadmium or carbon monoxide), sterility {from dibromochioropro-
pane-DBCP), and kidney, liver, brain, nerve, and other damage.
Exposure to industrial solvents can cause depression, and carbon
disulfide workers are associated with a higher suicide rate than the
general population. Aithough most chemicals do not cause cancers,
exposure to some has been linked to cancer. Some workers exposed
to asbestos, even for a short time, have developed a rare cancer of
the chest and stomach linings 30 to 40 years after initial exposure.
Viny! chloride gas is linked to a rare liver cancer, to a brain cancer,
and possibly to tung cancer. Diethylstilbestrol (DES), when taken by
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Table 1:

Substance

Acetone
Acrylonitrile
Ammonia
Asbestos

Cresol
Dichloromethane
Diethylene glyco
2-Ethoxyethanol
Ethylene glyco!
Lead

Methy! ethy! ket
2-Methyl-24-pen
Oxalic acid

Phenol
Sodium hydroxic

Sulfuric acid

Talc
1,1 ,1-Trichloroe
Trichioroethyler

Source: Natio
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Introduction

pregnant women to prevent miscarriages, led to increased risk of
vaginal cancer in their daughters and abnormal sexual organs in their
sons. Methylmercury, formed by the action of bacteria in sedi-
ments on mercury metal and on mercuric ions, can cause acute
poisoning, deafness, brain damage, and a range of birth defects.

A single substance can have several kinds of adverse effects, depending on the
route and level of exposure. Some effects of exposure to chemicals which are
produced in substantial Quantities are shown in Table 1. Chemicals listed in the
National Occupational Hazard Survey were preselected for all chemicals to
which more than 100,000 workers are potentially exposed. The Toxicology Data
Bank of the National Library of Medicine was then searched for evidence
{(human and animal) of chronic or acute effects for all targets, and the 19 sub-

Table 1: Selected High Volume Substances and Effects of Exposure

Central
Nervous  Reproductive Pulmonary
Substance Kidney Liver  System System Systgm Skin

Acetone X x
Acrylonitrile

Ammonia X X
Asbestos

Cresol

Dichloromethane
Diethylene glycol
2-Ethoxyethano}
Ethylene glycol

Lead

Methyl ethyl ketone
2-Methvl-2,4-pentanediol
Oxalic acid

Phenol

Sodium hydroxide
“Sulfuric acid X x

Talc

1,1,1-Trichloroethane X X X
Trichloroethylene X x

x X

x X x X
X X X X X X X X X
X X x X

XX X X X X X X
x
x

X X X X X X X x x X

X X X X X X X X x
X X X X X X X x

2.3

Source: National Institute for Occupational Safety and Health, 1979

Each chemical covered in this volume has been discussed using the same out-

line or checklist of topics, and these have been filled in to the extent informa-
tion was available.

Under the title of each substance, there are first four "bulleteq" designations
indicating whether the substance is:

® A carcinogen (the agency making such a determination, the
nature of the carcinogenicity—whether human or animal and

whether positive or suspected, and a literature reference are
given in each case):
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® A "hazardous substance” as defined by the U.S. Environmental

Protection Agency primarily on the basis of toxicity to aquatic
life (A-51).

® A "hazardous waste” or "hazardous waste constituent” as de-
fined by the U.S. Environmental Protection Agency {A-52).

o A "priority toxic pollutant" as defined by the U.S. Environ-
mental Protection Agency (A-53).

Then each substance has data furnished to the extent available, under each
of the following categories:

Description
Code Numbers
DOT Designation
Synonyms
Potential Exposure
Incompatibilities
Permissible Exposure Limits in Air
Determination in A
Permissible Concentration in Water
Determination in Water
Routes of Entry
Harmtul Effects and Symptoms
Points of Attack
Medical Surveillance
First Aid
Personal Protective Methods
Respirator Selection

- Disposal Method Suggested
References

In the pages which follow, these categories will be discussed with reference to
scope, sources, nomenclature employed, and the like. Omission of a category
indicates a lack of available information.

Description: The chemical formula, the color, the odor and the melting or
boiling point are given. Structural formulas are given in the cases of complex
molecules.

Code Numbers: Three different code numbers are given for each material if
they have been assigned:

(1) The Chemical Abstract Service Registry number. It is simply
given as CAS XXX-XX-X. It can be used to provide access to the
MEDLARS® computerized literature retricval services of the
National Library of Medicine in Washington, DC.

{2) The NIOSH Registry of Toxic Effects of Chemical Substances
(RTECS) number is simply given as RTECS ABXXXXXXX
(A-49). It is a 9-digit number and can also be used to provide
access to updated detailed printouts from the’ MEDLARS®
services cited above.

(3) The United Nations numbers {A-46) for individual chemical
commodities. These numbers are now being utilized by the
U.S. Department of Transportation (A-50) to assist in the desig-
nation of hazardous materials. In some cases an NA number
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which is a North American identification number (A-50} is
cited in parentheses when a UN number has not been assigned.

Use of these identification numbers for hazardous materials will (a) serve to
verify descriptions of chemicals; (b) provide for rapid identitication of materials
when it might be inappropriate or confusing to require the display of lengthy
chemical names on vehicles; {c} aid in speeding communication of information
on materials from accident scenes and in the receipt of more accurate emergency
response information; and (d} provide a means for quick access to immediate
emergency response information in the Emergency Response Guidebook (A-56).
In this latter volume, the various compounds are simply given "1D Numbers"
or identification numbers which correspond closely {but not precisely} to the
UN fisting {A-46) and to the earlier DOT listing {A-50).

DOT Designation: The U.S. Department of Transportation (A-50) has pub-
lished listings of chemical substances which give a hazard classification and
required labels. The DOT designations are defined as follows:

Hazardous Material — A substance or material which has been determined by
the U.S. Secretary of Transportation to be capable of posing an unreasonable
risk to health, safety, and property when transported in commerce, and which
has been so designated. :

Explosive — Any chemical compound, mixture, or device, the primary or
common purpose of which is to function by explosion, i.e., with substantially
instantaneous release of gas and heat, unless such compound, mixture, or device
is otherwise specifically classified.

Class A Explosive — Detonating or otherwise of maximum hazard. The nine
types of Class A explosives are defined in Section 173.53 of CFR Title 49-
Transportation,

Class B Explosive — In general, function by rapid combustion rather than
detonation and include some explosive devices such as special fireworks, flash
powders, etc. Flammable hazard.

Class C Explosive — Certain types of manufactured articles containing Class A
or Class B explosives, or both, as components but in restricted quantities, and
certain types of fireworks. Minimum hazard.

Blasting Agents — A material designed for blasting which has been tested and
found to be so insensitive that there is very little probability of accidental
initiation to explosion or of transition from deflagration to detonation.

Coombusz/'ble Liquid — Any liquid having a flash point above 100°F and below
200°F.

Corrosive Material — Any liquid or solid that causes visible destruction of
human skin tissue or a liquid that has a severe corrosive rate on steel.

Flammable Liquid — Any liguid having a flash point below 100°F.

Pyrophoric qut({l'd—— Any liquid that ignites spontaneously in dry or moist
air at or below 130 F.

Compressed Gas - Any mgtcrial or mixture having in the container a pres-
sure exceeding 40 psia at 70 F, or a pressure exceeding 104 psia at 130F; or
any liquid flammable material having a vapor pressure exceeding 40 psia at
100°F . ‘




48

6 Handbook of Toxic and Hazardous Chemicals

Flammable Gas — Any compressed gas meeting the requirements for lower
flammability limit, flammability limit range, flame projection, or flame propa-
gation criteria as specified in Section 173.300(b) of CFR Title 49,

Nonflammable Gas —
pressed gas.

Flammable Solid — Any solid material, other than an explosive, which is
liable to cause fires through friction, retained heat from manufacturing or
processing, or which can be ignited readily and when ignited burns so vigor-
ously and persistently as to create a serious transportation hazard,

Any compressed gas other than a flammable com-

Organic Peroxide — An organic compound containing the bivalent ~Q—0O—
structure and which may be considered a derivative of hydrogen peroxide where

Oxidizer — A substance such as chlorate, permanganate,

or a nitrate, that yields oxygen readily to stimulate the co

mbustion of organic
matter.

Poison A — Extremely Dangerous Poisons:
nature that a very small amount of the
air is dangerous 1o life.

Poisonous gases or liquids of such
qas, o1 vapor of the liguid, mixed with

Poison B — Less Dangerous Poisons: Substances, liquids, or solids {including
i . other than Class A or Irritating Materials, which are
rd a hazard to health during transporta-

tion; or which, in the absence of adequate data on human toxicity, are pre-

sumed to be toxic to man.
Irritating Material — A liquid or solid substance w
fire or when exposed to air gives off dangerous
but not including any poisonous material, Class A.
Etiologic Agent —
cause human disease.

hich upon contact with
or intensely irritating fumes,

A viable microorganism, or its toxin which causes or may

Radioactive Material — Any material,
spontaneously emits ionizing radiation, a
than 0.002 microcuries per gram,

or combination of materials, that
nd having a specific activity greater

below. Note: an ORM with a flash point of 100° to 200°F
with more than 110 gallions in
liquid.

. when transported
one container shall be classed as a combustible

ORM-A: A material which has an anesthetic, irritating, noxious,
toxic, or other similar property and which can cause extreme
annoyance or discomfort to passengers and crew in the event of
leakage during transportation,

ORM-B: A material {including a solid when wet with water)
capable of causing significant damage to a transport vehicle or
vessel from leakage during transportation. Materials meeting one
or both of the following criteria are ORM-B materials: (a) a
liquid substance that has a corrosion rate exceeding 0.250 inch

inorganic peroxide, °
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per year (IPY) on aluminum (nonclad 7075-T6) at a test tem-
perature of 130 F. An acceptable test is described in NACE
Standard TM-01-69.

ORM-C: A material which has other inherent characteristics not
described as an ORM-A or ORM-B but which make it unsuitable
for shipment, unless properly identified and prepared for trans-
portation.

ORM-D: A material such as a consumer commodity which,
though otherwise subject to the regulations of this section,
presents a limited hazard during transporation due to its form,
quantity and packaging.

ORM-E: A material that is not included in any other hazard
class. Materials in this class include: (a) hazardous waste; (b)
hazardous substances, which means a quantity of a material
offered for transportation in one package, or transport vehicle
when the material is not packaged, that equals or exceeds the
reportable quantity (RQ) specitied for the material in EPA
regulations at 40 CFR Parts 116 and 117. "Hazardous waste"
means any material that is subject to the hazardous waste mani-
fest requitements of the EPA specified in 40 CFR Part 262 or
would be subject to these requirements absent an interim authori-
zation to a state under 40 CFR Part 123, Subpart F.

The following are offered to explain additional terms used in preparation of
hazardous materials for shipment,

Consumer Commodity - (See ORM D) A material that is packaged or dis-
tributed in a form intended and suitable for sale through retail sales agencies or
instrumentalities for consumption by individuals for purposes of personal care
or household use. This term also includes drugs and medicines.

Flash Point — The minimum temperature at which a substance gives off
tlammable vapors which in contact with spark or flame will ignite.

Forbidden — The hazardous material is one that must not be offered or
accépted for transportation.

Limited Quantity — The maximum amount of a hazardous material; as
specified in those sections applicable to the particular hazard class, for which
there are specific exceptions from the requirements.

Soontaneously Combustible Material (Solid/ — A solid substance {including
sludges and pastes}) which may undergo spontaneous heating or self-ignition
under conditions normally incident to transportation or which may upon

contact with the atmosphere undergo an increase in temperature and ignite.

Water Reactive Material (Solid} — Any solid substance (including sludges
and pastes) which, by interaction with water, is likely to become spontaneously
flammable or to give off flammable or toxic gases in dangerous quantities.

Synonyms: Some of the more commonly used synonyms are given for each
compound as well as some of the more common registered trade names.

Potential Exposure: A brief indication is given of the nature of exposure to
each compound in the industrial environment. Where pertinent, some indica-
tions are given of background concentration and occurrence from other than
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industrial discharges such as water purification plants. Obviously in a volume
of this size, this coverage must be very brief. Additional information on numbers
of workers exposed and specific occupations which may be exposed are avail-
able from the National Institute of Occupational Safety and Health.

It is of course recognized that nonoccupational exposures may be important
as well and the reader is referred to an EPA review document on the topic
(A-55) for more detail.

Incompatibilities: Important, potentially hazardous incompatibilities of
each substance are listed where available. These are primarily drawn from
information developed under the NIOSH Standards Completion Program (A-4).

Permissible Exposure Limits in Air; The permissible exposure limit (PEL),
as found in 29 CFR 1910.1000 as of January 1977, has been cited as the Federal
standard where one exists. Where NIOSH has published a recommended revision
to the OSHA regulation, the NIOSH recommended level is also noted. Where
the American Conference of Governmental Industrial Hygienists (ACGIH)
has recommended revision of the QSHA regulation and NIOSH has not, the
ACGIH revised threshold limit value (TLV®) is also noted.

Except where otherwise noted, the PELs are work-shift time-weighted average
{TWA) levels. Ceiling tevels and TWAs averaged over other than full work-shifts
are noted.

Where the Federal standard and the ACGIH (1980} value are identical, the
ACGIH designation is implied but not stated, in order to conserve space.

The short-term exposure limit (STEL) values are derived from the ACGIH
publication (A-6). This value is the maximal concentration to which workers
can be exposed for a period up to 15 minutes continuously without suffering
from: irritation; chronic or irreversible tissue change; or narcosis of sufficient
degree to increase accident proneness, impair self-rescue, or materially reduce
work efficiency, provided that no more than four excursions per day are per-
mitted, with at least 60 minutes between exposure periods, and provided that
the daily TWA also is not exceeded.

The "Immediately Dangerous to Life or Health" (IDLH) concentration
(A-4) is listed in either ppm or mg/m>. This concentration represents a maxi-
mum level from which one could escape within 30 minutes without any escape-
impairing symptoms or any irreversible health effects.

Determination in Air: The citations to analytical methods are drawn from
various sources, such as:

® The NIOSH "Pocket Guide" (A-4) which summarizes information
from the Standards Completion Program. Where references are
given to NIOSH Method Set letters or numbers, the complete
methods may be found in PB reports available from the National
Technical Information Service, Springfield, Virginia, using the
following order numbers:

Set Code NTIS No., Set Code NTIS No.
A PB245850 G PB265026
B PB245851 H PB265027
c PB245852 ! PB265028
D PB245935 J PB263959
E PB246148 K PB254227
F PB246149 L PB250159
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Set Code NTIS No. Set Code NTIS No.
M PB265029 T PB262404
N PB258433 U PB262405
(o] PB262402 Vv PB262542
P PB258434 w PB262406
Q PB258435
R PB262403 Set 1 PB271712
S PB263871 Set 2 PB271464

® A publication of the DuPont Company (A-1) which summarizes in
tabular form most of the ACGIH threshold limit values, sampling
methods, sample sizes, suggested sampling rates and analytical
techniques for airborne substances.

Permissible Concentrations in Water: The permissible concentrations in water
are drawn from various sources also, including:

— The U.S. Environmental Protection Agency's "red book" pub-
lished in 1976 (A-3).

— The National Academy of Sciences/National Research Council
publication, Drinking Water and Health published in 1977 (A-2).

— The priority toxic pollutant criteria published by U.S. EPA in
draft form in 1979 and in final form in 1980 (A-53).

— The multimedia environmental goals for environmental assess-
ment study conducted by EPA (A-37). Values are cited from this
source when not available from other sources.

Determination in Water: The sources of information in this area have been
primarily U.S. EPA publications including the test procedures for priority
poliutant analysis (A-54).

Routes of Entry: The toxicologically important routes of entry of each
substance are listed. These are primarily taken from the NIOSH Pocket Guide
{A-4) but are drawn from other sources as well (A-5).

Harmful Effects and Symptoms: These are primarily drawn from NIOSH
publications (A 4} and {A 5) but are supplemented trom information hrom the
draft criteria ‘documents for priority toxic pollutants {A-33) and from other
sources. The other sources include:

— EPA Chemical Hazard Information Profiles (CHIPS) cited under
individual entries.

— NIOSH Intormation Profiles cited under individual entries.

— EPA Health and Environmenta! Effect Profiles cited under
individual entries.

Points of Attack: This category is based in part on the "Target Organs" in
the NIOSH Pocket Guide (A-4) but the title has been changed as many of the
points of attack are not organs (blood, for example).

Medical Surveillance: This information is drawn primarily from a NIOSH
publication {A-5). Where additional information is desired in areas of diagnosis,

treatment and medical control, the reader is referred to a private publication
{A-35) which is adapted from the products of the NIOSH Standards Completion

Program.
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First Aid: Simple first aid procedures are listed for response to eye contact,
skin contact, inhalation, and ingestion of the toxic substance as drawn to a large
extent from the NIOSH Pocket Guide (A-4) but supplemented by information
from recent commercially available volumes in the U.S. (A-39), in the UK.
{A-44){A-48) and in Japan {A-38).

Personal Protective Methods: This information is drawn heavily from NIOSH
publications (A-4){A-5) and supplemented by information from the U.S. (A-39),
the U.K. (A-48) and Japan (A-38).

Respirator Selection: Whereas in all the other categories, it has been at-
tempted to provide guidance in brief readable English, it has been necessary in
the interest of brevity to use hieroglyphics to designate respirator selection. A
condensed table of allowable respirator use is provided from a NIOSH tabulation
(A-4) when available. Each line of this item lists a maximum use concentration
(in ppm, mg/m®, ua/m®, or mppcf) or condition (e.g., escape) followed by a
series of codes representing classes of respirators. Individual respirator codes
are separated by slanted {/) lines.

The recommendations for respirator use are based upon the OSHA permis-
sible exposure level. Any approved respirator of a given category can be utilized
at any concentration equal to, or less than, the camqory's listed maximum use
concentration for the toxic substance of interest. Codes employed for the
various categories of respirator are as follows:

CCR Chemcal cartridge respirator
CCRAG Chemical cartridge respirator with acid gas cartridge(s)
CCRAGF CCRAG with a full facepiece
CCRAGFHIE CCRAG with a full facepiece and with a high-efficiency
filter
CCROV Chemical cartridge respirator with organic vapor cartridge(s}
CCROVAG CCROV with acid gas cartridge(s}
CCROVAGF CCROV with acid gas cartridge(s) and fuli facepiece
-"CCROVD CCROV with dust filter
CCROVDM CCROV with dust and mist filter
CCROVDMF CCROV with dust and mist filter and fuli facepiece
CCROVDMFuPest CCROV with dust, mist, and fume fiiter, including
pesticide respirators meeting these requirements
CCROVDMPest CCROV with dust and mist filter, including pesticide
respirators meeting these requirements
CCROVDPest CCROV with dust filter, including pesticide respirators
CCROVF CCROV with full facepiece
CCROVFuHIE CCROV with fume or high-efficiency filter
CCROVFD CCROV with full facepiece and dust filter
CCROVFDM CCROV with full facepiece and dust and mist filter
CCROVFDMFuPest CCROV with full facepiece and dust, mist and fume filter,
including pesticide respirators meeting these requirements
CCROVFDMPest CCROV with full facepiece and dust and mist filter, includ-
ing pesticide respirators meeting these requirements
CCROVFDPest CCROV with dust filter and full facepiece, including pesti-
cide respirators with full facepiece
CCROVFFuHIE CCROV with full facepiece and fume or high-efficiency
filter
CCROVFHIEP CCROV with high-efficiency particulate filter and full
facepicce
CCROVFS CCROV with full facepiece providing protection against

the specific compound of concern

CCROVHiEP
CCROVHiIEPes

CCROVS

D

DM

DMFu
DMXS
DM XSPest

DMXSQ
DMXSQPest

DXS
DXSPest
DXSsQ
FuHIEP
FuHIEPS

GMAG

GMAGH:E
GMAGP
GMAGS

GMOV

GMOVce
GMOVib
GMOVAG
GMOVAGF

GMOVAGHIE
GMOVAGP
GMOVD
GMOVDFuMPes

GMOVDM
GMOVDMPest

GMOVF
GMOVFFuHIE

GMOVFHIE
GMOVFP
GMOVHIEP
GMOovP
GMOVPPest

GMPest
GMS

GMSc
GMStb
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CCROVHIEP
CCROVHIEPest

CCROVS

D

DM

DMFu
DMXS

DM XSPest

DMXSQ
DM XSQPest

DXS
DXSPest
DXSQ
FuHiEP
FuHiEPS

GMAG

GMAGHIE
GMAGP
GMAGS

GMOV

GMOVc
GMOVib
GMOVAG
GMOVAGF

GMOVAGHIE
GMOVAGP
GMOVD
GMOVDFuMPest

GMOVDM
GMOVDMPest

GMOVF
GMOVFFuHIE

GMOVFHIE
GMOVFP
GMOVHIEP
GMOVP
GMOVPPest

GMPest

GMS

GMSc
GMSfb
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CCROV with high-etficiency particulate filter
CCROV with high-efficiency filter, including pesticide
respirators meeting these requirements
CCROV providing protection against the specific
compound of concern
Dust mask
Dust and mist respirator
Dust, mist, and fume respirator
DM, except single-use respirators
DM, except single-use respirators, including pesticide
respirators
DM, except single-use and guarter-mask respirators
DM, except single-use and quarter-mask respirators includ-
ing pesticide respirators
Dust mask, except single-use
Dust mask, except single-use, including pesticide respirators
Dust mask, except single-use and quarter-mask respirators
Fume or high-efficiency particulate respirator
FuHIEP providing protection against the specific compound
of concern
Gas mask with an acid gas canister (chin-style or front- or
back-mounted canister)
GMAG with high-efficiency filter
GMAG with particulate tilter
GMAG providing protection against the specific compound
of concern
Gas mask with organic vapor canister {chin-style or front-
or back-mounted canister)
Chin-style GMOV
Front- or back-mounted GMOV
GMOV providing protection against acid gases
GMOV, with full facepiece, providing protection against
acid gases
GMOV with high-efficiency filter and acid gas canister
GMOV with acid gas canister and particulate filter
GMOV with dust filter

GMOV with dust, fume, and mist filter, inctuding pesti-

cide respirators meeting these requirements

GMOV with dust and mist filter

GMOV with dust and mist filter, including pesticide
respirators

GMOV with full facepiece

GMOV with full facepiece and fume or high-etficiency
filter

GMOV with full facepiece and high-efficiency filter

GMOV with full facepiece and particulate filter

GMOV with high-efficiency particulate filter

GMOV with particulate filter

GMOV with particulate filter, including pesticide
respirators

Gas mask with pesticide canister {chin-style or front- or
back -mounted canister)

Gas mask with canister providing protection against the
compound of concern (chin-style or front- or back-
mounted canister)

GMS with chin-mounted canister

GMS with front- or back-mounted canister
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GMSF
GMSHIE
GMSOVPPest

GMSP
HIiEP
HIEPAG
HiEPF
HIEPFuU
HiEPF Pest

HIiEPPest

MXS
MXsQ

PAPCCROVHIEP

PAPCCROVFHIEP
PAPCCROVFHIEPPest

PAPHIE
PAPHIEF
PAPHIEOV
PAPHIEOVF
PAPHiEPest

SA
SA:PD,PP,CF

SAF
SAF:PD,PP.CF

SCBA
SCBAF
SCBAF:PDPP
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GMS with full facepiece
GMS with high-efficiency filter
GMS with organic vapor canister and particulate filter,
including pesticide respirators meeting these require-
ments '
GMS with particulate filter
High-efficiency particulate respirator
HIEP with acid gas cartridge
HiEP with full facepiece "
HiEP or a fume filter respirator
HIEP with full facepiece, including pesticide respirators
meeting these requirements
HIEP, including pesticide respirators meeting these
requirements
Mist respirator, except single-use
Mist respirator, except single-use and quarter-mask
respirator
Powered air-purifying respirator with organic vapor .
cartridge and high-etficiency particulate filtter
PAPCCROVHIEP with full facepiece
PAPCCROVHIEP with fuil facepiece, including pesti-
cide respirators meeting these requirements
Powered air-purifying respirator with high-efficiency fitter
PAPHIE with full facepioce
PAPHIE with organic vapor cartridge '
PAPHIE with organic vapor cartridge and full facepiece
PAPHIE, including pesticide respirators meeting these
requirements
Supplied-air respirator
Type C SA operated in pressure-demand or other positive
pressure or continuous-flow mode
SA with full facepiece, helmet, or hood
Type C SA with full facepiece operated in pressure-demand
or other positive pressure mode or with full facepiece,
heimet, or hood operated in continuous-flow mode
Selt-contained breathing apparatus
SCBA with full facepiece
SCBA with full facepiece operated in pressure-demand
or other positive pressure mode

Disposal Method Suggested: The disposal methods for various chemical sub-
stances have been drawn from earlier works by this author on disposal, incinera-
tion and landfill disposal (A-31} as well as a more recent volume (A-32) which
treats pesticide disposal methods more specifically. Another source is a recent
book on the degradation of chemical carcinogens (A-43).

References: The general bibliography for this volume follows immediately.

It includes general reference sources and reference

methods.

s dealing with analytical

The references at the end of individual product entries are generally restricted

to:

— references dealing only with that particular compound;

— references which in turn contain bibliographies giving references
to the original literature on toxicological and other behavior

of the substance in question.
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