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ABSTRACT
The available data on the adverse effects toward mammals, marine
life and vegetation of various compounds which the petroleum industry may
directly or indirectly as purveyors of fuels discbarge into the atmosphere
or waters of the U. S. A. are reviewed. Although standards have not yet been
determined for many components, future levels are envisioned and their impact
on our activities anticipated. In air conservation the greatest long-range
impact will arise from control of hydrocarbon and nitrogen oxide emissions.
Short-range; control of sulfur oxides will have greatest impact and fuel
desulfurization will be required; but removal of sulfur oxides from stacks
will also likely be a viable activity. Toxicity of water discharges to
marine life is our greatest problem in water conservation and equipment will
have to be provided for the removal of toxic and oxygen-demanding organic
materials.
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ADVERSE LEVELS, CURRENT AND FUTURE STMDARDS FOR
CONTAMINANTS IN AIR AND WATER
INTRODUCTION
The information in this report was assembled as background to a
review of the future standards expected in the various areas of air and water
conservation. It is by no means exhaustive but an effort has been made to
place the whole picture in perspective, recognizing that at present this field
is dominated by socio-political action without awaiting the establishment of a
sound scientific basis for describing the required quality of our environment.
It will be noted that the San Francisco Bay Area requirements are
usually referred to as sensible or reasonable ones. This arises not only
because of our familiarity with these standards but because they were developed
following those in Los Angeles and built upon their experience. Further, a
great deal of cooperative study, involving both industry and the regulatory
agencies was involved before the standards were finally set. To our knowledge,
no other agency has approached this problem so conscientiously. Also the
philosophy was to control on a "performance" rather than a "permit" basis,
hence the performance criteria must be on a firm tecuonical basis. We are
indebted to Dr. R. R. Brattain (retired) of Emeryville and J. R. Hanson of
Martinez Refinery for the very important and influential roles they played
in this early activity.
No authorities are quoted for the various statements in this report.
Five principal works were consulted: "Air Conservation", published in 1965 by
the American Association for the Advancement of Science; "Sources. Abundance
and Fate of Atmospheric Pollutants", a report made under sponsorship of the
American Petroleum Institute by Stanford Research Institute (1968); "Air
Pollution in Los Angeles", by the Los Angeles County Air Pollution Control
District (1968); "Water Quality Criteria" by McKee (Cal Tech) and Wolf
(U.S. Public Health Service), a "bible" in the field of water quality
[publication No. 3-A of the California State Water Quality Control Board (1963)];
and "Problems of Setting Standards and of Surveillance for Water Quality
Control" by Pomeroy and Crlob, publication No. 36 of the California State
Water Quality Control Board (196*7).
Air and Water Conservation - Future Standards
An appreciation of the standards to be met in the future is a
necessity in current planning of treating facilities. We do not wish to be
faced with the dilemma of new treating facilities becoming obsolete overnight
because we failed to provide sufficient control, nor do we wish to spend
large sums in constructing expensive equipment to achieve control but which
will be of no real benefit to the health or esthetics of the community.
The present climate in the conservation field is largely sociopolitical; the technical parameters are often controversial and are sometimes
all but ignored. This situation arises chiefly from the fact that knowledge
in this field, particularly with respect to biological effects, is incomplete.
Thus standards are being set even while studies are underway to establish safe
levels. In such a situation there is a strong tendency to err on the side of
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unduly strict control "to be on the safe side". However, in some cases the
setting of standards is being delayed until at least preliminary surveys are
completed. This is particularly true in the field of water quality. Under
the circumstances outlined above, prediction of the situation five or ten
years from now is most difficult. If, for example, the stringent regulations
being discussed are adopted, will they be relaxed if subsequent studies of
health effects show that they are unnecessarily restrictive? If they are,
this will be most unusual. When the public becomes aware of the cost to them
of obtaining a pristine environment, will they support it? It must be recognized,
however, that each person on the earth adds to the energy requirements, must
be provided food, clothing and shelter, and produces wastes. Expenditures to
prevent these activities from polluting the environment will increase. Thus
increased population alone will require that the controls in the future become
more effective than those of the present.
Future Air Standards - General
Table 1 below lists the chief pollutants of the air of the
United States and indicates their source.
Table 1. SOURCE AND QUANTITY GF AIR POLLUTANTS - U.S.A.

Motor
Vehicles

Millions of Tons per Year
Power
Space
Generation
Heating
Industry

CO
so x

66

2

1

9

1
12

NOx

6

2

3

Hydrocarbon

12

Particulates

_JL
86
6o

h
_6

Total
Percent

23
16

2

Refuse
Disposal

1

1
1

1
1
1
1

^
20
Ik

JL
8
6

_1
5
k

3

It is evident that motor vehicles are by far the greatest source
of air pollution. This fact has been recognized somewhat reluctantly for
classically it is industry belching forth soot and fumes which is the villain.
Nevertheless, the true situation is now accepted, more by the scientists than
by the layman. What is done to regulate vehicle emission will have a profound
effect on the product structure in the oil industry. Our industry also
provides the products for power generation and space heating, which together are
the second largest source of. air pollution, and again, what is done to control
these sources will affect product structure and probably manufacturing.
Finally, emissions arising from petroleum operations, production, refining,
transport, will be regulated. It is thus seen that air .pollution is largely
a function of the use of fuels, aggravated as people congregate. When the
concentrations reach adverse levels, controls must be applied and, because the
oil industry is a major source of fuels control, legislation will affect us,
both as a supplier and manufacturer.
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Classically the oxides of sulfur and particulates have received
most attention since they are evident as plumes or irritating odors or affect
our sense of well-being or esthetics, or damage vegetation and may, in
extreme situations, be deleterious to health. In the future carbon monoxide
and nitrogen oxides will receive more attention, and the California type of
concern for hydrocarbon emissions will be extended. It has been speculated
that emissions of carbon dioxide may have to be controlled to prevent the
"greenhouse effect"; this effect is not established and, in fact, a second
school predicts that the earth is cooling down due to increased reflectivity
arising from the presence of aerosols. It is evident that C0 2 and aerosol
control is a long way off. Although no proof for an adverse health effect
of lead in the air has been demonstrated, levels of these compounds arising
from their use as fuel additives will be controlled.
Future Standards for Air Contaminants
CARBON MONOXIDE
The acute toxic effects of carbon monoxide are known to everyone.
At concentrations a little over 1000 ppm it is lethal to humans; 100 ppm
is considered the upper limit for safety in 8 hours per day industrial
exposure. In cities the concentration of carbon monoxide rarely exceeds
10-15 ppm except in vehicular tunnels or congested streets, freeways, etc.,
where the concentration may go as high as ko-100 ppm. The ambient air
concentration in the northern hemisphere is about 0,1 ppm, CO in the
atmosphere has a half-life calculated at about 3 years, so a CO sink must
exist, probably within the biosphere. A cigarette smoker Is exposed to
concentrations of CO in the order of kOO-k-75 ppm.
The physiological effect of CO arises from the fact that it has
about two hundred times the affinity for haemoglobin as does oxygen. The
body can destroy by oxidation reasonable levels of carboxy-haemoglobin in
about four hours. The average smoker builds up a carboxy-haemoglobin
content in his blood of about 5-7$ without apparent ill effect; nevertheless
it is conceded that at the 10$ level adverse effects occur, (in one instance
when a smoker became "ill" it was found that he smoked 50 cigars a day resulting
in a carboxy-haemoglobin. content in his blood of 16.5$.) Since equilibrium
concentration between carboxy-haemoglobin in the blood and CO content
of inhaled air is established in 2-k hours, it is quite easy to relate the
two factors; thus 30 ppm CO produces about 5$ of the complex in the blood.
Smokers who may have initially higher blood levels will "ventilate" down
to this value in a few hours when they cnscontinue smoking while non-smokers
will increase to this level. Although this would indicate that 30 ppm should
be a safe level (30 ppm for 8 hours or 120 ppm for one hour are present
California standards), the conservative approach will probably lead to a
lower ambient standard of 20 ppm.
Since our refineries are now equipped with. CO boilers, it is
doubtful if CO levels near our operating units will be a problem. The
problem then is solely in the vehicular emission field. An "uncontrolled"
automotive engine will produce some 3$ CO in the exhaust gas. In a poorly
ventilated basin such as Los Angeles this may lead to levels over 20-30 ppm
(in 1967 there were 20 periods during which CO exceeded 30 ppm). Thus
there is a need for reduction in exhaust CO concentrations. Beginning in
183-68
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1966 automotive exhaust control systems were required to limit average
CO concentrations to 1.8$ vol; It should be 1.5$ vol in 1969 models, and
0.8$ vol by 1970, or about 20 grams per mile. If some practical alternative
system such as a steam or jet engine is produced with CO concentrations
controlled to about 0.1$, this sort of level may be required in the future.
This latter might, of course, have a drastic effect on our manufacturing
product position unless it is found possible to develop control devices for
spark-ignited internal combustion engines which will reduce CO to this
rangef Chances are reasonable that this might be done.
SULFUR COMPOUNDS
Since sulfur oxides originating primarily from the burning of coal
or residual fuel oils are the oldest and most universal of the atmospheric
ccmtaminants, one might expect that health effects would be well established
and safe levels defined. The fact that considerable controversy still exists
over acceptable levels indicates the conrplexity and difficulty of assessing the
effect of the environment on man.
Worldwide Emissions of Sulfur to the Atmosphere
In Table 2 is summarized the total sulfur introduced into the earth' s
atmosphere. Such enormous tonnages of HaS and S0 2 may be startling and
of concern to the guardians of our health. But there is no evidence of accumulation in the atmosphere due to the fact that several mechanisms exist for conversion of these reactive species to the sulfate. While sulfate in the form
of sulfuric acid mist Is far from innocuous, the sulfate aerosol of the
atmosphere exists largely as salts arising from neutralization by.alkaline
constituents. The average tropospheric concentration of S0 2 on a global
basis is about 0.2 ppb, the lifetime of SQg in the atmosphere being from
2-7 days. Several reaction processes remove it, such as photochemical
oxidation to S0 3 , photochemical reactions to form H2SO4 ia an S02-N02-olefin
system, absorption and oxidation in water drops, absorption and conversion
to sulfate in vegetation. The complex photochemical reaction involving
NOa and hydrocarbons is probably the most significant chemical reaction;
washout by large raindrops is an important physical process for removal.
Table 2. ANNUAL AMOUNTS OF SULFUR INTRODUCED INTO THE MMOSFHERE

(Frem SRI Report, "Sources, Abundance and Fate
of Gaseous Atmospheric Pollutants")
Emission

Source •

Amount, Tons

Amount
as Sulfur

SOa

Primarily Combustion )

lk6 x 10 s

73 x 10 s

SG4. Aerosol

Sea Spray

130 x 10 s

kk x 10 s

HsS

Biological Decay in Ocean
and on Land

100 x 10 s

70 x 10 e

3 x 10 s

3 x 10 B

Pollutant

a) S0 3 is formed as a combustion product but represents only 2-3$ of
the total sulfur burned.
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Data for worldwide concentrations of HaS are very scarce but seem
to indicate a concentration of about 0.1 to 0.3 ppb. The lifetime of HaS in
the atmosphere is in the order of two hours, the most significant removal
reaction being heterogeneous ozone oxidation on particulate surfaces
HaS + 0 3

> HaO + S0 2 .

/

Table 2 indicates that SO* aerosols from the sea constitute a
substantial fraction of the total sulfur in the atmosphere. Interestingly,
these aerosols generally assume a uniform size distribution arising from
coagulation, sedimentation, gravitational settling, precipitation, etc.
This results in a gradual loss of both small and large particles thereby
producing a more or less stable size distribution between 0.1 and 1.0 u. The
average atmospheric concen-fcration of SO4 aerosols is around 2 micrograms/cubic
meter. About 30$ of this is (NRjJaSQi with smaller amounts of the aluminum,
calcium and iron salts. Strangely, the concentration in the stratosphere is
about four times that of the troposphere, which has been explained on the
basis that the oxidation of S0a or HaS to form RaSOx. occurs in this region,
but vertical transfer is not ruled out as a possible mechanism.
In summary, of the total mass of sulfur compounds in the atmosphere,
70$ is in the aerosol form. Even though H 2 S emanations may be the greatest
source of atmospheric sulfur, it is the most reactive and accounts for the
least amount (12$) of the total atmospheric sulfur. The sulfate aerosols
survive longer and account for the major fraction of atmospheric sulfur. In
the united States there is considerable variation in the rate of land
deposition of sulfur compounds. West of the Mississippi it ranges from one
to about five g/irrVyr but is higher in the East and peaks at about lk g/nrVyr
in the Great Lakes area. Although data are sparse, there does not seem to
have been any net accumulation of sulfur over the period of 1915-1957 judging
from the analysis of samples from the Greenland icecap. Measurements of
electrical conductivity over the oceans indicate there has been an increase
in fine particle concentrations. Since SO4 aerosols are a major component
of the total atmospheric aerosol, one ndght then assume that concentration
of this species is increasing. The observed changes are very small, however.
Health and Vegetation Effects of Sulfur Compounds
From the foregoing discussion it is evident that there is no worldwide accumulation of toxic sulfur compounds in spite of the large amounts of
sulfur (35$ of which arise from man-generated pollution sources) being
generated. The adverse effects of sulfur must therefore be related to their
local effects on animal and vegetable life.
Concentration-Effect Relationships
Sulxur Oxides can injure man, plants and materials, and can interfere
with visibility. At concentrations below 0,6 ppm,SQa will produce no
detectable response in healthy human beings; in the range of 1-5 ppm most
persons show a detectable response, for example, one can "taste" S0 2 at about
2 ppm, exposure to 5 ppm leads to coughing, etc., 10 ppm is quite unpleasant
and will produce severe distress if exposure is continued at 1his level for
one hour. There is no sound experimental evidence that chronic exposure
to concentrations of S0 2 below 5 ppm itself has any persistently ill effects.
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Those exposed to moderate concentrations of S0 2 in their occupations develop
resistance to the chemical and are little affected at the 5 ppm level. S0 2 ,
being water soluble, is rapidly absorbed by the body fluids and little or
none is detected below the larynx even at inhaled concentrations up to 10 ppm.
On the other hand, at 2-5 ppm it may lead to constrictions of the lower
airways by stimulating receptors in the large airways. These receptors fire
electrical signals which are transmitted via the central nervous system and
vagus nerve to the smooth muscles of the airways (bronchial tubes) causing
their constriction or nairowing. In a patient with bronchial problems (about
1$ of the population), this constriction leading to difficulty in breathing
may occur at concentrations too low to taste or smell but not below about
1 ppm.
The toxic effects of S0 2 seem to appear when the gas combines with
aerosols rather than when it is alone. For example, it was reported that
mortality In London increased significantly when 750 micrograms of suspended
smoke were present with 50 2 im excess of 0.25 ppm. It is postulated that
this arises because the molecules of the irritant gas are carried deeper into
the lungs than they could travel by themselves.
Sulfur trioxide is a stronger irritant than sulfur dioxide. Gu a
molar basis it produces k to 20 times the physical response in animals as
does S0 2 . SO3 is always present as the hydrated sulfuric acid mist and
particle size influences physiological response, those of about 1 micron
in mean diameter being the most injurious. Earlier it was stated that this
is the size range most likely to persist in the atmosphere.
Hydrogen sulfide and mercaptans are objectionable because of their
distinct and unpleasant odors, even at lew concentrations. For example,
some mercaptans are perceptible at 0.03 ppb and people, detect HaS at 0.035 to
0.10 ppm. The air pollution problems of HaS are mostly those associated with
odor nuisances or corrosion of electrical contacts or blackening of lead-base
paints. Levels in the atmosphere do not cause damage to vegetation, irritation
to the eyes or respiratory system, or death. The high concentrations can
result from accidental industrial discharges from point sources rather than
from community-wide emissions. Incidentally, it's an ill wind that blows
no good; the exhilarating smell of salt air at the seashore is ascribed to
low concentrations of H2S produced by biological decomposition of the sulfur
compounds in sea water.
Sulfur dioxide can be both beneficial and deleterious to plant life.
SO2 is rapidly absorbed through the leaf stomata (the rate, thus depends upon
humidity, light intensity, temperature, etc.) and once in the plant is rapidly
converted to the sulfate at concentrations below O.k ppm. This thus serves as
a sink for S0 2 and accounts for about one-fcurth the loss of S0 2 from the
atmosphere. Although plants obtain most of the sulfur required for nutrients
from the soil, part of it could be supplied via absorption of S0 2 , as outlined
above. The gas may, of course, be phytotoxic and will damage some plant
species in concentrations of 0.1-0.2 ppm; the effect depends upon "the length
of exposure. Generally, however, it is not phytotoxic below O.k ppm. At low
concentrations It inhibits photosynthesis, but this is rapidly regained once
exposure is stopped and no permanent damage results. At higher levels of
exposure the cells die,and drying and bleaching ultimately occur. Apparently
oxidation-reduction reactions rather than acidity are involved. Plants with
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thin leaves of high physiological activity such as alfalfa, grains, grapes
and cotton are sensitive. Plants with fleshy leaves such as citrus and pine
are resistant except when the leaves are newly formed. The presence of
non-toxic concentrations of sulfur dioxide has been found to lessen the
oxidant damage to plants in the Los Angeles area.
Sulfuric acid aerosols are not normally toxic to vegetation (about
l/koth that of SOa) except under special conditions such as in the vicinity of
industrial plants where large droplets containing sulfuric acid may rest on
the leaves leading to formation of holes in the leaf.
Control of Emissions of Sulfur Conrpounds
Although control of sulfur oxide emissions has been studied for
many years, more engineering development and research are needed. The
concentration of SOa in waste gas from metallurgical operations is sufficiently
high that these were the first to which sulfur recovery was applied. The
concentration of sulfur oxides in stack gases is much more dilute and sulfur
recovery is thus more difficult; nevertheless recovery is possible and a great
deal of development is under way. At the moment it is not clear which of the
several processes being considered will be the commercial process of choice,
but engineering estimates favor the KSLA copper-oxide acceptor process. Once
the sulfur gases have been concentrated to something in the order of 20$,
the elementary sulfur is recovered hy the Claus reaction between S0 2 and
HaS to produce elemental sulfur. The present high prices of sulfur make
this attractive, and it is applied to the recovery of sulfur from sour gas
wells (involving first the concentration of the acidic gases C&a and HaS) with
great success and this has become a major source of the world's sulfur supply.
The same process is used in chemical plants and refineries where HaS is a
by-product of various hydrotreating or chemical operations.
Since recovery of sulfur from stack gases is economically feasible
only on a large scale, the tendency is for governmental regulatory agencies
to control emissions of sulfur oxides by controlling the sulfur content of
fuels. Desulfurization of petroleum fuels is of course feasible, but it adds
up to 50$ to fuel costs. It is more difficult and expensive to remove sulfur
from coal. Therefore this approach, while useful for controlling emissions
from apartment houses, domestic heating, etc., should not be applied to all
users if alternate stack desulfurization is feasible.
In industry it is often the practice to solve the problem of discharge
of sulfur oxides by using tall stacks which emit the gases at such a height
that ground-level concentrations are negligible. This approach is under
attack and may not prevail in the long run even though, as was already described,
SO2 has a relatively short life in the atmosphere. This practice ^appears to
be more acceptable in Europe than in the united States.
Regulations
As already indicated, the regulatory agencies control sulfur
emissions in three or four ways.
1. Control of the sulfur content of fuels. In Los Angeles, fuel
sulfur is limited to 0.5$ and they are intrigued with the possibilities for
I83-68
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0.25$ S since Indonesian and Alaskan crudes of this sulfur level have been
made available to them. Both of these fuels burn without the usual visible
plume and furthermore are said to produce less nitrogen oxides. In New York/
New Jersey, fuel sulfur content is being reduced stepwise to 1.5-1.0 and finally
0.3$.
2. The San Francisco Bay Area Air Pollution Control District is
concerned more with performance than specifications. They therefore specify
ground level SCB> concentrations and SOa ijsvels at the point of discharge. Their
regulations are among the most lenient and may be regarded as the minimum
standard that will be required. The air quality criteria suggested by HEW
and soon to be published officially are considerably more demanding than in
the Bay Area. They may be relaxed a bit since they seem to be unnecessarily
restrictive and have led to many objections on the part of users (increased
bills for light and power), particularly in the coal industry which cannot
meet the more stringent levels for fuel sulfur, etc.
5. Since governmental agencies are strongly influenced by public
pressure, and what the public can see they don't like, plume opacity is almost
universally subject to regulation, which in turn regulates the S0 3 level of
stack gases which condense to form visible and persistent plumes. Such
plumes are not controlled by electrostatic precipitators, bag houses, etc.,
so effective in fly ash removal. However, injection of chemicals such as
dolomite which react with, the SO3 (but not S0 2 ) and are subsequently removed
in bag filters provides a solution to the plume problem and will probably
receive increasing attention in the future, S0 3 concentration can be lessened
considerably by avoiding excess air in combustion, and stoichiometric combustion control will be used more in the future.
The various control schemes and probable levels are summarized
in Table 5. It should be pointed out that the San Francisco Bay Area Controls
below 1.0 ppm were set on the basis of damage to plants; the levels of 1.0 to
1.5 were set on the basis of adverse effect en man. Their detailed regulation
is as follows:
MAXIMUM AIXOWABLE SOa GROUND LEVEL LIMITS
Total Cumulative ]Daily Exposure
Duration (t) in Hours
Concentration
in ppm
1.51 or over

1.5
1.3
1.0
0.8
0.6
0.5

0.05
0.62
0.73
1.00
1.55
2.00
2.67

o.k

k.oo

0.3

8.00
No Limit

0.2 or less

183-68

Between Sunrise
and Sunset

Between Sunrise and
Next Succeeding Sunrise
0.10
1.2k
l.k6
2.00
2.00
k.00

5.5k
8.00
16.00
No Limit

Table 3 follows

Source: https://www.industrydocuments.ucsf.edu/docs/gzhg0225 Shell-Bishop-083733
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8?

REGULATIONS FOR EMISSIONS OF SULFUR COMPOUNDS
Present Levels

Constituent
SOa (ground level) ppm

S0 2 (cone, at discharge
point)

Sensible
(SF Bay Area)
•CD .2 - no limit
1,0 - 2k-hr avg

O.25 annual avg.
0.50 - 2k-hr avg,
k - annual avg.
12 - 2k-hr avg.

Suspended SO4.

ng/m3

0.02 - annual avg.
0.10 - 2k-hr avg.

2000 ppm (vol)a)

Reactive S0 4
SO3/100 sq.. cm.

H 2 S0 4 Mist

Restrictive (HEW)
(Montana)

0,3 grain/standard k - annual avg.
dry cubic
12 - 2k-hr avg.
foot
50 - hourly avg,

Future Levels

Action Required

drop
0.20 - 2k-hr avg.

Tall stack solution will
be opposed

2000 ppm

Controlled via fuel
sulfur restrictions

0.25 annual avg.
0.50 - 2k-hr avg,

k
12

annual avg.
2k-hr avg.

k - annual avg.
12 - 2k-hr avg,
30 - hourly avg.

Plume Opacity

Ringelmann 2 )

Ringelmann 1

Ringelmann 1

Means must be provided
for reducing plume opacity
to Ringelmann 1 level

Fuel Sulfur, yw

No limitation

0.3$ (NY/N. Jersey)

0.5$

Provide fuel desulfurization

S0 2 (Vegetation
Effects), ppm

O.28
0.k8

0.25

SO2 (Visibility
Effects)

5 miles at 0.1 ppm
3 miles at 0.2 ppm

HaS, ppm

Odor and nuisance

2k-hr avg.
k hours

0.3 for 2- hr in 5 days
0.05 for -g hr in 6 trios.

2k-hr avg. Higher than effects on
man so no limitation
Not limiting

0.1

a") Equivalent to burning about k.0$ sulfur-containing fuel at 33$ excess air.
concentrations are satisfactory,
b) This limits fuel sulfur to about 1$.

Odor may be limiting
Not enforced if ground level S 0 2

Source: https://www.industrydocuments.ucsf.edu/docs/gzhg0225
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NITROGEN COMPOUNDS

.......

Although there are eight oxides of nitrogen, only three are of any
importance in the atmosphere; these are nitrous oxide (N20), nitric oxide (NO)
and nitrogen dioxide (N02). Another important atmospheric nitrogen compound
is ammonia. The only members of this group of compounds emitted by man's
activities are NO and N0 2 . As shown by Table k, they account for a small
part of the total mass.
Table k, ATMOSPHERIC NITROGEN CCMPCUNDS
Compound

Source

N20

Biological Action

NO

Combustion

N0 2

Combustion

N0 2

Biological Action )

NH3

Biological Action

Global Concentration

Atmospheric Mass, Tons

0.25 ppm

1500 x 10 s

1.0 ppb (as N0 2 )

2.97 x 10 s

6 ppb

30 x 10 s

"\
I

NgO acts essentially as an inert gas. It is produced by bacterial
decomposition of nitrogen compounds in the soil. It is estimated that, without
renewal, all the fixed nitrogen compounds in the soil would be decomposed in
from 100 to 1000 days. Nitrous oxide is destroyed hy photodissociation,
bacterial action (it substitutes for N 2 as a nitrogen source), and may be
absorbed by plant tissue. Residence time is in the order of 1.2 years.
NO and N0 2 are produced during high-temperature combustion of coal,
oil, gas or gasoline in power plants and internal combustion engines, in a
temperature-dependent nitrogen fixation process. Almost all literature references report NO and N0 2 together in terms of N0 2 . Nitric oxide is formed
first and reacts in the atmosphere to form N0 2 . This oxidation is slow at
the low concentrations in the atmosphere but is greatly accelerated in the
presence of sunlight and organic material as typified by Los Angeles-type
photochemical smog. As indicated in Table 1, veMinilar and stationary sources
account for approximately equal amounts of the total production of N0 2 . In
suburbia, the source may be 90$ from vehicles; in industrialized areas, the
larger proportion arises from furnace operations. N0 2 can be formed by
bacterial action; for example, in closed grain silos toxic concentrations as
high as several hundred parts per million have been formed by bacterial
reduction of nitrates to nitrites and decomposition of the resulting nitrous
acid. Fixation of nitrogen by lightning is an unimportant source of nitrogen
oxides. The global concentration of NO and N0 2 has not been established
with certainty, but seems to be in the order of 1 ppb; it is subject to
seasonal variations. Residence time of N0 2 is probably longer than for S0 2
(two weeks) but not longer than two months. Maximum values determined in
Los Angeles have been 3.5 ppm of NO and 1.73 ppm of N0 2 . The first-alert
level has been set at total oxides of nitrogen level of 3.0 ppm. The
California State Department of Public Health has set the adverse level at
0.25 ppm for one hour.
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There is little doubt that the fate of N0 2 in the atmosphere is
hydrolysis to HN0 3 and precipitation as the nitrate.' On a global basis,
nitrate precipitation amounts to about 5 x 10 9 tons per year, equivalent to
a substantial amount of fertilizer. In addition, about 25$ of this amount
is deposited as a dry dust. The ammonia in the atmosphere is produced
principally by bacterial action in the soil; it rarely occurs as an air
pollutant from industry. The total amount in the atmosphere at any one time
is about 35 x 10 6 tons, with a residence time of a week or less. A typical
rain reduces ammonia concentrations in the atmosphere by 50$, S0 2 concentrations
~^y 36$ and N0 2 by 2k$. Concentrations of ammonia in the troposphere vary
with latitude, being about 8 ppb in mid-latitudes to over 20 ppb near the
equator. Three-fourths of the NH3 is converted to ammonium ions as (NH4.)2SU4
and NH4NO3. Most of the remaining NH3 is removed by an unknown oxidation
process.
Some atmospheric organic nitrogen compounds are of importance in air
pollution. These are the photochemical reaction products involving hydrocarbons and NO2. Examples of these compounds are the peroxyacyl nitrates (PAN),
highly phytotoxic materials, and peroxybenzoyl nitrate (PBZN), which is an
extremely active eye irritant. These are transient materials and outside
the urban areas are of little concern.
Photochemical Oxidation Reactions
It is appropriate at this point to consider the present views with
regard to photochemistry of the urban atmosphere since, as has already been
mentioned, participation in these reactions is the main reason for concern
over the presence of nitrogen oxides.
Step 1. Nitric oxide produced in high-temperature combustion is
converted to nitrogen dioxide.
2N0 + 0 2

> 2N02

This is a slow reaction which by itself would not lead to daily
smog formation. However, there is always some background ozone from
stratospheric transport and the reaction of NO and 0 3 is rapid so one can
assume that N0 2 rather than NO will be the dominant species in clear
atmospheres. Also, the photochemical conversion of nitrogen dioxide to nitric
oxide and atomic oxygen dominates in an atmosphere where organic materials
are present to participate in a chain reaction.
Step 2. N0 S — ^

> NO + 0- (N02 is an efficient light
absorber over the visible and
ultraviolet range)

All that is needed is a small amount of N0 2 to get the reaction
started, at which point a chain reaction occurs involving hydrocarbons,
atomic oxygen, etc., which results among other things in the very rapid
conversion of NO to N0 2 by the reaction with a peroxy radical.
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Step 3. 0. +
R- +
R02'
0. +

RH
0a
+ NO
o2

> R»
> R0 2 *
> NCfe + RO*
> O3

The net result is to produce the "oxidant pool" of atomic oxygen,
excited oxygen atoms, peroxy radicals, and ozone which react with Ir/drocarbons
and their oxidation products to produce eye irritants, aerosols, plantdamaging compounds, etc. For example,
Step k.

0
•>R C H

RC = C
0

\

11

0
^J

ECR-

it

> R C*
D7

0
R C-

°

z

0
> R C 02*

MOp

0
> R C 0 0 N 02

Peroxyacylnitrates (PAN)

n
11

It is seen that olefins, ketones and arcanatics may all form acyl radicals R C *
which in turn are rapidly converted to the peroxyradical which is converted by
reaction with N 0 2 into the plant-damaging peroxy nitrates.
Physiological and Other Effects of Nitrogen Compounds
There are two major effects of nitrogen oxides: direct toxic or
noxious effects, and participation in photochemical oxidation of organic
materials. The latter are by far the most objectionable.
Nitrogen dioxide is considerably more toxic -than nitric oxide. In
equal concentrations it is more injurious than carbon monoxide, and one
recalls the accident in the Cleveland Clinic where several people died after
inhalation of N0 2 produced by burning of X-ray film. Exposure to this level
of N0 2 is fortunately extremely rare.
The odor of N 0 2 is detectable at levels which could occur in
atmospheric pollution; 1 to 3 ppm. Nasal and eye irritation do not occur until
levels are well above those- encountered in the atmosphere. Even at 13 ppm
only three of eight subjects reported irritating effects. Lethal concentrations
are well over 100 ppm. Industrial hygienists have set 5 ppm as the maximum
safe working level for an 8-hour day. Recently some authorities claim that
long-time exposure to quantities below these levels leads to chronic pulmonary
fibrosis and renders the lungs more susceptible to attack by infectious agents.
Unlike SOa, N0 2 is not very water-soluble so it reaches the tiny airways and
alveoli of the lungs where it causes its damage.
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Nitrogen oxides are not particularly damaging to vegetation at concentrations below about 25 ppm, except for some sensitive species which suffer
damage at about one-tenth this amount. The nitrogen-containing photoxidation
reaction products of the PAN family are very phyfcotoxic; as little as 20-25 ppb
in 1-2 hours will damage vegetation. In the field where exposure time may be
longer, 10 ppb have caused damage. Petunias are particularly sensitive to '
PAN and its homologs and may be used as an indicator of the presence of this
type material.
Control of Nitrogen Oxides
Nitrogen dioxide is unique among the common pollutants in that it
absorbs light in the visible region of the spectrum resulting in its yellowbrown color. Substantial concentrations reduce visibility even without the
presence of an aerosol particle. Concentration of 8 to 10 ppm would reduce
visibility to about one mile. A concentration of 0.25 ppm will alter the color
effects of the sky and distant objects and this concentration has rather
arbitrarily been set as a standard. This concentration Is below those involved
in plant damage or known health effects. Emphasis in smog control has been
on reduction of hydrocarbon content of the atmosphere. Presumably elimination
of nitrogen oxides would also elnminate photochemical smog. Laboratory
evidence suggests, however, in order to achieve clear-cut -benefits beyond
those for hydrocarbon control, that NOa be 0.1 ppm or less. This is unrealistically low and therefore does not justify a lowering of the
standards.
Future
The trend toward increased efficiency of combustion processes
almost invariably involves an increase in combustion temperature (higher
pressures, etc.) and in turn leads to greater production of nitrogen oxides.
Except for visual effects, these may not be particularly objectionable; but
in spite of this, there will be a clamor to reduce NCVj emissions, probably
based on suspected long-term chronic effects.
The Los Angeles County Air Pollution Control District quite correctly
visualize an increase in NO-^. production-as automotive vehicles are "leaned-out",
etc., to reduce hydrocarbon emission, and feel that the nitrogen oxides may
thus reach toxic levels. They therefore propose a reduction in exhaust
emissions of these gases by 70$ by the year 1980. Du Pont has reported that
their exhaust gas reactor reduces nitrogen oxides by about 50$, presumably
by reaction with carbon monoxide. Recently, reports have reached us that
burning Indonesian and Alaskan crudes in power station furnaces has resulted
in production of only one-third the amount of nitrogen oxides found when
burning normal California crudes. If these results are substantiated, we
could well have regulations'' established demanding lower NO^ emissions in
stationary equipment, based on changes in fuel composition.
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HYDROCARBONS
Since the content of volatile hydrocarbons in the atmosphere
is below levels which may be considered toxic even on a chronic exposure
basis, little attention was paid to them as pollutants until the advent of
photochemical smog. Although once considered unique to Los Angeles, there
axe other cities throughout the world where this type of pollution is
increasing, although many of the largest cities - London, Paris, New York,
Chicago - are still essentially free of this problem.
Sources of Hydrocarbons
The following -table lists the three main sources of atmospheric
hydrocarbcns.
Source

Global
Quantity

Methanea)

Bacterial Action

310 x 10 s tons

Terpenes

Vegetation

170 x 10 s tons

.Hydrocarbon

Primarily Auto88 x 10 s tons
motive Fuel
"a) Some CH4 arises from seepages in the earth, but C14
measurements show that the atmospheric methane is
predominantly "young" and therefore arises in the biosphere.
Pollutant Hydrocarbons

It is seen that those arising from man's activities constitute but 15$ of
the total. Methane is quite unreactive with an estimated residence time
of four years (the methane sink may be reactions within plant tissues) so
it does not become involved in photochemical oxidation reactions. The
terpenes from forests, etc., apparently undergo photochemical oxidation to
form organic aerosols, the blue haze of nature. The extent of participation
of these hydrocarbons in the formation of urban haze has not been established.
Hydrocarbon Reactivity
When it was first realized that hydrocarbons participated in the
reactions leading to photochemical smog, emphasis was only on reduction of
total hydrocarbons. However, in 1967 the Bay Area Air Pollution Control
District introduced the concept of reactive vs non-reactive organics. Olefins,
substituted aromatics, aldehydes, etc., are classified as reactive and are
subject to control; the unreactive hydrocarbons are not. From Table 5 it is
seen that about one-third of the total hydrocarbons are classified as
reactive. It is also seen that gasoline is by far the largest source of
reactive hydrocarbons with incinerators producing about half as much. At a
somewhat lower level are found losses during transfer and transport of fuels
and those arising from solvent uses.
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Table 5. WORLD-WIDE HYDROCARBON EMISSIONS

Source
Coal
Petroleum
Gasoline
Kerosine
Fuel Oil
Residual Oil
Evaporation and
Transfer Loss
Other
Solvent Use
Incinerators
Wood Fuel
Forest Fires

Source
Emission
Factor,
Quantity,
tons x 10 s
lb/ton
2992

379
100
287
507

379
3
500

k66

32k

Varies

$

Reactive
15

Total
Reactive
Emission, Emission,
tons x 10 s tons x 10 4
2.9

180
0.6
1.0
0.9

kk

3k

18
18
18

<0.1

kl

20

7.8

,30 Ib/yr/
person
100 -

3
7

o.l
0.2

k3.5
1500

1
1.8
3.6
156

15

10

150

30
15
21

25
0.7
1.2

750
10.5

25

The real significance of hydrocarbon "reactivity" must be further
investigated. In smog chambers it can be demonstrated that olefins are about
four times more reactive -than paraffins; the latter will of course react if
given time, and there is concern whether this difference will be significant
in the atmosphere. Since the smog reactions to a large extent are initiated
with each new day and terainate by ventilation and lack of light energy at
night, the paraffins may not have time to react. Studies are under way to
settle this point. It is an oversimplification'to classify olefins and
substituted aromatics as reactive and paraffins as non-reactive, e.g., ethylene
and toluene are "unreactive" in the reactions leading to plant damage but
toluene is quite "active" with regard to eye irritation. At present a GRC
panel is checking a series of unsaturated and aromatic hydrocarbons for
relative reactivity in smog chambers.
Sinks for Organic Compounds in the Atmosphere
Olefins and terpenes are rapidly transformed into condensed aerosol
particles and are eventually removed from the atmosphere by rainfall or
surface deposition. The lifetime of these organics in the atmosphere is in
the order of a few hours and lifetime of the aerosols is a few days. Methane
is present in the atmosphere at a concentration of 1.39 ppm and is thus by
far the most important member of the unreactive hydrocarbons. Acetylene
(produced in internal combustion engines) is also quite inert and is present
at the 1 ppb level, along with 3 ppb of ethane in the "uncontaminated"
atmosphere. En typical Los-Angeles urban smog, twenty-five or more hydrocarbons in the range C1-C5 have been identified; the total hydrocarbon content
of the air may go as high as kO ppm. In this mixture the ratio (as determined
by irradiation in containers or chambers) of reactivities vary as follows;
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Ethene
Fropene
1-Butene
i-Butene
tr-2-Pentene
n-Butane
n-Hexane

1.00 (standard)

3.8
3.8
3.1
19.
O.kk
0.61

Control of Hydrocarbons
Control is centered on the emissions from auto exhause systems
since this is by far the greatest source of urban atmospheric hydrocarbon
emissions. The following schedule of control is envisioned.
Year

Hydrocarbons,
g/mile

Carbon Monoxide,
g/mile

Nitrogen Oxides,
g/mile

Remarks

1970

2.2

25

-

Adopted by HEW

1971

2.2

23

k.O

In Calif. Bill

1972

1.5

23

3.0

in Calif. Bill

197k

1.5

23

1.3

In Calif. Bill

"

Evaporation limits have not yet been placed on automobiles
(1970 cars) but California is seeking to limit such losses to 6 grams per
test. A 3-psi reduction in Reid vapor pressure will reduce evaporation
losses by 50$ and total hydrocarbon emissions by 12$. Since one may be
concerned only with reactive hydrocarbons, then the relative merits of
reducing reactive olefins vs reducing over-all volatility must be considered.
General Motors have proposed an evaporative reactive index for controlling
photochemical smog potential:
ERI = Amount of hydrocarbons evaporated x
RM the average reactivity per gram.
In the Los Angeles area.75-88$ of all cars are now (January 1968) equipped
with crankease control devices and 20-25$ have exhaust control. This has
cost the motorists from $k0-50 mil .lion. Compared to 1961 there has been a
net reduction in hydrocarbon emissions of 150 tons/day, an 8$ net increase
in carbon monoxide production (735 tons/day), and 35$ (150 tons/day) increase
in nitrogen oxides. Compared to the increases that would have resulted had
there been no controls, the program has reduced hydrocarbons by 2k$, carbon
monoxide by 10$, and a lk$ net increase in nitrogen oxides. Obviously
present control measures are not gaining much on the problem. Therefore
goals are being discussed for 1980 which would virtually eliminate photochemical smog as follows:
Hydrocarbons, at least 90$ reduction
Carbon monoxide, at least 75$ reduction
Oxides of nitrogen, at least 70$ reduction
As hydrocarbons are controlled by "leaning" the engine to promote more
efficient combustion, nitrogen oxide production increases. It.is thus felt
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that visibility and toxic effects arising from these compounds will worsen,
hence emphasis on their reduction also. Many alternates to the present
spark-ignited internal combustion engines have been proposed, including
electric and steam cars, etc. However, it is probable that the I.C.E.
engines will be so improved that these more expensive and difficult routes
will not be required.
PARTICULATES
Particles larger than 10 microns in diameter usually settle out of
the atmosphere rapidly. Fume or smoke particles from 5 to 0.1 micron or
smaller normally form mechanically stable suspensions in the air; the
particles 1 micron in size and smaller behave much like gases. Particles
are usually complex in chemical composition. The inorganic fractions of airborne solids and liquids usually contain several metallic constituents
(silicon, calcium, aluminum and iron) as well as carbon and tarry organic
materials. Table6 lists the.sizes of typical particles and methods for their
observation and separation.
Both organic and inorganic particles arise from a number of sources;
combustion, iron and steel mills, cement plants, incinerators, and automotive
vehicles. Approximately 70$ of the particles 0.02 to 0.6 micron in size are
emitted from automobile exhaust systems, amounting to a few milligrams per
gram of gasoline burned. Distribution of lead in some cities is correlated
with the density of vehicular traffic.
Measurements have been made of particle fallout since the early
1900's so a fair background is available to judge current trends. Wide
variations in the amounts deposited occur, even within a city. For example,
in New Haven, Connecticut, variations from 5 to 62 tons per square mile per
month have been observed. In the industrial areas of Great Britain solid
matter is deposited at the rate of 200-500 tons per square mile per year
whereas in adjacent rural areas it varies between 10 and 100 tons. In the
U.S.A. the National Air Sampling Network program indicates that in cities
the concentration of suspended particles is broadly related to the number
of people contributing to the pollution.
The total mass of airborne pollutants is not very significant since
the number of suspended particles, especially those in the 0.3 to 0.6 micron
range which have the maximum effect on visibility, is most frequently the
cause of concern to the population. Charleston, West Virginia, for example,
does not enjoy the reputation for visible smog that Los Angeles does although
-fche average weight concentration of suspended particles in Charleston is
approximately twice as great as in LoS Angeles. In relatively clean air
1,000 million aerosol particles may be present per cubic meter; this figure
will go to 100,000 million particulates under conditions of photochemical
smog.
Reactions
When a liquid or solid is dispersed to form an aerosol its properties
are altered. For example, due to increased surface area it will participate
more actively in absorption and chemical reactions. Thus, the oxidation of
SQa is greatly enhanced if condensed water drops containing small amounts of
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metals are present. They can also act as nuclei for condensation, or absorb
radiation and conduct heat more rapidly. The nuclei range in size from
0,001 - 0.1 micron and enormous quantities may be generated by a single
source, for example a one-acre grass fire produced some 2 x 10 2 2 nuclei.
Effects on the Envircment
Small particles (below 5 microns) have a greater effect than coarse
material in reducing visibility, soiling, and impairing human health. Perhaps
the most important aspect is reduced visibility. The State of California has
established an adverse level as that quantity sufficient to reduce visibility
to less than three miles when the relative humidity is below 70$. This
standard is in turn related to aircraft flight regulation limits. In Los
Angeles in 1967 there were 190 days on which this level was exceeded.
Particulate matter, along with pollutant gas or soots and tars of an
acidic nature, is responsible for corrosion of metals and defacing buildings.
These deposits are sticky and acidic and are not washed off by rain. Acid
aerosols associated with, fog have been found to produce a "pock mark" type of
injury to plants.
Particulates in combination with toxic substances are generally
considered to be the real villains in health effects. This is explained on
the basis that the particles concentrate the chemical on their surfaces or
in their interstices and produce locally a high concentration of an otherwise
very dilute substance. Further, as in the case of SOa, the particles carry
a substance deep into the lungs which would otherwise be removed in the
throat due to its high water solubility. This picture is, however, not well
authenticated and in the June 1968 Symposium on Air Quality in New York City
at least two of the medical experts referred to these as will-of-the-wisp
phenomena. It has been suggested that particles may carry free radicals
which may become incorporated into the cell thus leading to mutagenic effects.
Soot has been considered a particularly harmful particle since it has high
porosity and very strong adsorptive properties for gases and organic materials
such as the carcinogen benzopyrene. This does not necessarily mean that
adsorption on carbon makes benzopyrene more active in promoting cancer since
it is so tightly held by the soot particle that it cannot be removed by human
serum or gastric juices and thus may not be available for physiological
activity. It is recognized that chimney sweeps who were exposed to soot plus
adsorbed carcinogens in great quantity developed skin cancers.
It has been estimated that the average lifetime of a particle in
the atmosphere is in the order of a few days. If they are injected into the
stratosphere, their lifetime may be much longer, in the order of a few years.
It is, of course, known that particles injected into the atmosphere by
volcanic action or large forest fires may travel over the entire earth.
Particles from nuclear explosions remain airborne for years and go around
the earth several times.
Particles are removed from the troposphere by gravitational
settling (prevents large particles from traveling great distances) or impaction on surfaces such as vegetation or buildings (effective for smaller
particles). However, both of these apply only in the very low layers of the
atmosphere. Rain is very efficient in cleaning the higher layers partly as
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a result of the clouds forining on small particles and gathering still finer
aerosols to them. As the rain descends to layers below the cloud, it intercepts the larger particles and "washes them out" to the earth's surface.
This mechanism is ineffective on particles less than 2 microns in size.
Measurement
In the field of air conservation there is no more controversial
subject than that of the significance of particulate measurements especially
at the time they are discharged to the atmosphere. Large particles are
measured in fallout pans, cyclones or bag collectors and by filtration.
Problems arise from the fact that there is no relation between the amount of
fallout and appearance, nor is there a relation between the amount and the
effects. Also there are serious extrapolation problems, e.g., from milligrams
per square centimeter (dust jar measurement) to tons per square mile per
month. Further, collecting jars are left exposed for long periods leading
to annual average measurements, which ignore the short-time nuisance of a
specific instance. There is no known relationship between visibility effects
and atmospheric loading involving as it does the strong effect of particle
size distribution. Many particulates (dust) are considered inert, but some
investigators feel that no solid is "inert".
The R:Lngelmann eyeball system for measuring stack opacity in terms
of percentage of light transmission is also subject to a great deal of
concern. Regulatory officials claim that well-trained observers can reproduce
their visual ratings very well but systematic studies have shown that the
trained observers invariably rate light plumes too severely and heavy plumes
too leniently. This lack of quantitative accuracy will thus become particularly
severe when lighter plumes are set as standards. Also stack diameter has
a strong effect since one is looking through a thicker column and will rate
particulates of a given density more severely if they emanate from a large rather
than from a small diameter stack. The sky background is important; clouds
make the plume appear lighter. The question of combined plumes has arisen,
i.e., two or more plumes from multiple stacks combine at some distance from
the stack and then appear more opaque since the light path is longer. The
Ringelmann system was devised for black smoke but is applied at present to
light colored plumes; scattering as well as absorption of light is involved
in the latter.
Efforts are under way to develop more scientific approaches. No
simple means has yet appeared. Stanford Research Institute have developed a
LIDAR (optical radar) approach which involves bouncing a pulsed laser beam
off the plume and measuring backscattering but this is very complex and is
not as yet established as a criterion of plume opacity.
Control of Particulates
Surveys have shown that, on the whole, citizen concern is usually with
specific sources rather than with ccmmrunity-vide particulate loads (with the
notable exception of Los Angeles). Generally these specific sources have
been foundries (foundry dusts and fumes), cement plants, steel mills, large
power situations, etc. Various separators (cyclones, venturi scrubbers,
electrostatic precipitators) are sometimes spectacularly effective in reducing
plumes and the public has been led to believe that all any industrial firm
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needs to do is spend some money for control equipment and pollution will
cease. Unfortunately this is not true. For example in 1957 Southern California
Edison spent $1.8 million for an electrostatic precipitator at its El Seguhdo
plant to eliininate the plume (presumedly S0 3 aerosol) arising from burning
of sulfur-containing residual fuel. The equipment was completely ineffective
and has subsequently been dismantled. There are no known practical methods
for removal of the submicron-size particles which unfortunately have greatest
effect on visibility.
Recently the Bay Area Air Pollution Control District have been
pressing to change allowed emissions from Ringelmann 2 to Ringelmann 1, in
an effort to satisfy demands of citizens who complain about plumes from
cement, glass and fertilizer plants even though in compliance. Extensive
studies have been made by the plants involved (Kaiser, Owens-Illinois, FMC).
The Control District had recommended that bag houses be considered. Kaiser
estimated that this would involve an expenditure of $5,500,000 and would
reduce total particulates by k0$ but would not benefit plume appearance. It
is clear that better control methods are needed for the particles below 1
micron in size. In the case of SO3 aerosols, Southern California Edison have
had some success by reacting the SC3 with dolomite (large particles) and
trapping these in a bag house. Performance of this system, which is at the
Los Alamitos power station, is being followed carefully since it could be
applied in the oil industry as an alternate to removal of' sulfur from the
fuel or the stock so far as plume opacity is concerned.
Regulations of Particulates - Present and Future
Regulatory agencies monitor particulates in one or many methods:
1. Visual plume opacity (Ringelmann). Reference has already been
made to weaknesses of this method but since it is simple and relates to the
problem as seen by the public it is almost universally used. Until about a
year or two ago the tendency was to allow opacities up to the Ringelmann 2
level (k0$ decrease in light transmission); however, there is considerable
pressure from the public and HEW to lower this to Ringelmann 1 and this level
will probably become the standard of the future. A Ringelmann 1 plume is
very light, and to attain it in some discharges will be difficult. However,
the petroleum industry has much less serious problems to overcome than in
cement, steel, foundries, glass, etc.
2.
solids which
order of 0.3
not limiting
decreased to

Grain
may be
grain
in the
0.20 -

loadings. This requirement limits the total weight of
discharged in a gas stream. Present levels are in the
per standard cubic foot of dry gas. This requirement is
petroleum industry. Allowed levels will probably be
0.25 grain.

Process Weight Tables .
This criterion of particulate emission is a classical example of the
thoughtless copying of regulations. It originated in Los Angeles as a result
of complaints of fallout from citizens living near a foundry. The situation
was investigated and a regulation was established relating the permitted
weight of emissions in terms of the amount of metal being processed. The
largest foundry in the county processed 60,000 lb/hr corresponding to a
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maximum of ko pounds allowed emission per hour (see Figure l).- This maximum
still remains and has effectively kept some industries out of Los Angeles
County. The Bay Area standards were adopted later and they established a
process weight/emission table which went to 6,800,000 Ib/hr (Figure l) with
a maximum emission rate of 92.7 Ib/hr. Since a catalytic cracker circulates
about 5,000,000 lb of catalyst per hour the increase in allowed process
weight is of benefit but the benefit is modest since the allowed emission is
not a linear function of process weight, thus penalizing the large plant.
Recently Puget Sound adopted a scale allowing Ilk lb/hr maximum emission for
a 1,000,000 lb/hr process weight (Figure l). In New York the process weight
emission table varies according to industry. Questions arise over how "process
wejbght" is defined. In Illinois it pertains to the amount of oil processed
rather than to the amount of catalyst circulated.
Since Los Angeles regulations are so well known, the tendency is
for agencies adopting standards for the first time to copy their more limiting
levels. The kO lb/hr maximum is difficult to achieve even with an electrostatic precipitator to control catalyst emissions. Martinez is barely in
compliance with their 3-stage cyclone separators. Houston has obtained low
emission rates using the swirl chamber separators.
Our guess is that if industry presents their case the process
weight maximum adopted will be in the order of that of the Bay Area standards.

;

In addition to process monitoring as outlined above, particulates
are monitored on a broader geographic basis in a number of ways such as
settling in cylindrical glass jars (dustfall), filtering through various
membranes (so called total particulates), impinging in water, collecting
on coated plates or electrostatic precipitation onto a moving tape or
rotating disc, etc. Present HEW recommendations are for 70 ug/mr total
particulates as
annual average and 200 - 2k-hour average. Dustfall
levels are generally set at different levels for different situations, for
example, 10 tons/sq mile/month for residential areas and 20 tons/sq mile/month
in industrial areas. These levels for dustfall and particulates are quite
restrictive and it is doubtful that they will be increased. Another particulate
measure which is popular with Control agencies is the coefficient of haze
(CoH) used as a measure of soiling index. In this air is drawn through a
moving tape and the shade is deterndned photometrically. Present HEW-supported
levels are O.k/1000 sq ft. This measurement is really only applicable to
soot conditions but is often included in regulations where soot is not
involved.
CONCLUSIONS
Table 7 summarizes the adverse levels and present and future
standards in the area of air" conservation. The greatest single factor will
be the changes wrought by control of hydrocarbons, even though this is at
present not a nationwide problem. Regulations will affect our major product,
gasoline, and hence have great potential for affecting operations, manufacturing,
transport, dispensing, etc. Control of sulfur oxides (and associated plumes)
has a more immediate impact and will probably lead both to development of
processes for removal of sulfur from stack gases as well as fuel desulfurization.
Control of carbon monoxide will not affect us directly; control of nitrogen
oxides may affect furnace design and operations and, possible, fuel oil

183-68

Figure 1 follows
L...

Source: https://www.industrydocuments.ucsf.edu/docs/gzhg0225 Shell-Bishop-083747

•J:|.;J
-i :
• . !•; - •- 4. •.. | ..
-::|
:
jJllLi
[ I : M . . : ' ' - J : :! il
-: ,'rl- 1.-J : •.j •••-.,
fzi'X
i
.
•:
\
~.
4
•
r
i'f
.'['
:
l-f'X
• ti-Jl-iX--•-•"-:.=
*"u- •iijiL
:•- ,-r:'i 4 4 t .iii£::i;
~rL.~~--;_£•' •••
•-=•.:•- M i : - ' f '•'. i f i : .:'.: ": . V " i i
•'::.; r t . J*
: ;rr
.t:i-;4.jj
j:::"
X j . 4 . : 4 4 4 tttDi-'
~::.i
•ki
it
.:'•: I t - Dl! • i
i:
':'!
^fxDDilD"
%:.'-.
iili !
fjft;.::
F-Hfiiiiiii i - i D i : [ l i : it:
~D
i t : : - :i"i IsHfi •. D l t t ii' :•£.=:=klit' : '-' •r"Tfiii'
ife: t t t ! ~- /
:
x r i j t - t i l - ; ; ' . ; - - i i f!
If .ivt-iili1
.: "
DrF
M i "•i,::5 \m l i . i
_ : i r : !.pn -r|i ififl
.;-M f i K . ; ; J " i I ' " . . ! ; - :. ,n .T'i:x " T : t
' j . - j - . n - •:...'; T i ; ~~:
• • •• '•'•'•:
:'.':.;. 1.7 .-.:. B
:
- : i ~t~ :'HT--JL •-an •<.•::.
: :D. l-II '••-,'•; i D-ix .D--D
• 4 : "tr l i f l f - i D x : ' "Fiitii 'i:-i'<
bfi
;D
x: •:*.- ...i ;i
Si D^lliAtXlpJ i.r.T •[;J
l i " -D". ?; D t
' 41.1 ;f; ?•*'•;
:.:. iLifiiiix-x
•
.Tii'Hij!
iliiii i i
» ; - L= ; j ;
;
4
T
;: : 'lj
•fr *T'lifei;
T
D: ;•'_ i p | H 3 „ I .X.i , Dp *1-:;
'
:
:ii
"JITI
Ll
Iiii
.ix ' i l l ! t
in-iffiD |it]:i~i
-,'i -l
"Tg-tTi
-•—-H- . U i"
•-.--l_L_.
:
tiii
jtft
i l l ' !""
•mm
Btf•X. XT j ;. n$ 1 !" 3-Ut:.U H J -5: ii hiiif
By
1
Ml.
H^Hife'
! i til
] | | l-i I f ' I i f I]I I I ; "':
I.'11
I III
MM
•H'
i
i
i r J ;i
nil
:L1:
'iiii
...J
.a
t 4
I'll 'Ih
-MTITl'iT'iT TITI' ft Irirjil
.4
Till 114 H i i ,ffllh
I I I 111
,
in2 I L
• r r i n ITfi rn
.:!'v
.
.
.
-.;:.
j
'.
t^f! •- X . i f
'M
IU
:
.
.!
.
1
!
;•''••
•
J
1
'..••:•
:
1
:,
' " J ! " i :'
J
i
'
:
U
:
.
T
.
..
ft
i
.
'".U
•
t-'f-'i
i
:
!
,
i
,_
X
.
!
'•: it:
jD*•
•
i ^r
-x. ^ i l - H X i . : — . LL'
V". v
tH-h 'iJ!
'l:-1 =ii " ' • D i i f l
f 4 i t i i 4 . ! E r i t "li i i i . ' " r - '
"D •"(.iriXjiii—
: luj^ip:-";.-:{;:; ; x
i
[-•: : . ' V U i ~ i
xi - y » -•;: 1[ '.i-'iX 4 : I ;
JiiiS ^ - D t l f J l n : ! ; : 4 f t ' iS. UH f:L~;; ;•
1
r ; - : J . . : . . - T ' D 4 - . ; r i • * .[
- C i i : j L - < ^ 4 r ^ MM I " Dtjiti' 0 ' l l DD i-iiDDD 113:. . . i . ; j i [ i - i ~ lrr|
1; 'f i'i :•:::•
^r*rTVDTTt)i , *..':r..
t;i:
t i g iir
i l
]: -p 1" M ==i i
i i / i f / : I'D J-!.i: ' . r j j r j j j j "If;"
•-14
V. j.-. J.'i:
,
j
.
t
h
Hi'
':
H"
X
.
1
4
;• • i,„ ;.ti
•l'4-il;
Ifti't:
SJ
... - , " '•
'•'-/{£ • X'; i - : - ^ - - ^ ' . ^ . - " - - i >
;
it":
ii i: r L'r^;4j~j.Lr.-i : i : - ; X-L .r-ui ijff •?••" i-sf r•4 :i ftST
-='Dtr.: •iaiM
:i '-J- * !•'.*&£ f:
•:-\- -M:-1
:f,
T
•g^iiDi.Ss?.: - ^ ' f i !Ji|iH r: Dfl: ffi,: H'
Dt!1!;:; f K l \4i :
•D!ux Dm f |:' >V§>
Tf,:;rli: ' ' : : [ ;
ri ::: iv.; . x M ••„LI;b 11 i / i-'P ||P -F'-iiiftf f f. .:..: ' i i . .
•" D•
-ii: B i i l l i ' I i ^ r ^
5I§1r |tf( Dt^iJ^ | iillii!
t, :7T"T ' r;.f ill
4-' ' M-l-t" •
l - . 4 : •if'"
Drt
flip-!
j-j-i -• rr ill: j • i' ;_TH- i +- it iii '•.'
l-li
- ; 1] t: ![1 l;
LLT:
• i i L D-Pfir
tit'
!•:''
41-1
4;-i:
:-i
41.1+
i in i
T
lit
it •.>.
iTT r
xjit
1
ll
jidi'rM
iiill
ill: fl.V;
ID i l l
111 i l " UJ!
;
t j 1t i J K J
-if! .i
•rrr! i3 i|i l I'' LIIIUI I I I I ! r'1
m i M l 'it li- I I I !
T'
- rii lirt
li l i '
H I & l I I l l t l III! J_
rr
rr
:f
u
t
i
•
•••i
rh 1' t :: irn'n
•-'-'.
; , ':r-. i .L-.
' I i ' \". \
i.iDL
: M " "liX! i i i i l ! :
-, •: -._- J H
fl 1 .:.! ;
. 71.D " § - : ! :
• ilif -:D
tfjit
1 : riJ i i
.-!.-::
•.-..
:;
i ipl4>
••;•-'
r.ijt -•Ti -• :
iiit-i: ••::•
'.•:T-:
_ : "- i ' -; „ ./ •!: ". ~; '»:• t i " : : : !
.:•••.•! ;:• •.
:
[\ V'::
;:;D I'-lirpD % i i
;. •'•-.• •'•1 D
, D "-'••• ii [j^ i t F ?Uqe r S ou ri<
Il B~ :--; :':
=
11 ~u.S i ;
:
l
i
t
'
i
X
i
i
DHZ£i:'
:il-.b.
D.r
!
lt'
f
•••
ii:i[};
i i : i : J •t'DVlfij
.i;
j f f •7' V- fi!
*-J 1 \ M
rj-.u.i-.; J i l l -it ..."i'Ll
- i - . - : - " -." r.
> : - : D S eh.Fx a n c sq p
:.:•',
:
~
Sf
'*'-* - . ' ' . j*
„• -B'nxi-T
Tf ^:rT:t.: -£'-"; .:•'-.: •rn ii~i'i;i f'x: '-':-' M
:.~:;|;:-.:
-n
D " I D: i • T n f t f
" ' -, "jru B
'." •
": i
-:_• - -:-;•. X-•
.p rl i uf t jill;j.
i'iif
/*; n i r ; i : UK
r.i: r
bsrA nqel<si
• <
-J4 '•- DDt T.
;
f
M
Bi
f
:
i
l
.
D
;
.
-:-C
I
. I T : J:
i L / !-D j-i n L"4 - J •''
j '''
j j ; | : - * -iI'H.iS'-t
il"
• i f M i :'!
€ '•'',•
:ivi
r
M
1
X 3 .pr ;rD I:
l!i
14.
/! .If.:. lit
• ri~:• §
M i ' l i f i ! d j ;::
v|:L|- m\\*\. k-i iii: l , i . j ; ; 1 !Ji . '1 xx Hi :11UJ
•:tqI t ;iu-1
—i - - 1 H ! n ii !:ir 1: .It.
A
"•: T t t r :
. - i
- j-i ± : 1 t l ! r-ixt-iaiii ' !1 i«:
rii' v .
n
:
t
n
'
X.
:
' i - i
;t|
M if
illlii'ii.
" . J " l 'I I i
i';.
tit?
i.:l[ i l i l m i
In iri,
I I . I ' l l II 1
t I I t L.L. 1
1: 'i D,T1 :H
• t - H tlniiii '!ri f
H I ' i i p . l i ':, 1 1 M
f i t , ;•; lit
I!
iX
ilj:;
TIT!
Liiiiiif
1 5
104
1O6
10

IU

.

MM
..-

-

i

' ,-:

J

..!:

'M-

fMi:

W?.

p

-.

j .

sS T * 4 Mi!lil
t-S?|"
1

<

f

|!lli5ii5

®.

p

iftjfi

1;

±=r-I

•

1 if ? 1

I

D

I

'

H

m

U - .

=4W:

Mi! 51iHM

E
m
•o
o

MM

iff m
4t B-l

itt

io(pE

1
1 III
Ml

i. iffl

-

Mf!

:

\m

V

-•

; J U T I .

1! fi- Hi

.. 44

' I

H
. t "

wi!

;

iiii;!iiili

i#l
o

"Ffrr

Hti

m

i i r

It Hi

Process W e i g h t , Ibs/hr
Figure

1.

183-68
64452

Source: https://www.industrydocuments.ucsf.edu/docs/gzhg0225 Shell-Bishop-083748

23
composition. Particulate control will not introduce major new problems but
will require better control of catalyst emissions in some refineries.

Source: https://www.industrydocuments.ucsf.edu/docs/gzhg0225 Shell-Bishop-083749
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REGULATIONS FOR CONTROL OF EMISSIONS TO THE ATMOSPHERE

P r e s e n t Standards

Adverse Levels
Constituent
Man or Mammals
Carbon Monoxide

Vegetation
non-toxic

100 ppm

Sensible
(S.F. Bay Area)

Future Standards

Restrictive
(H.E.W. - Type)

30 ppm (8 h r M

20 ppm ( 8 h r )

120 ppm ( l h r )
.s
1.8$ i n auto exhaust '

O.87) i n auto exhaust

0.25 ppm no l i m i t
2000 ppm ( v o l )

0 . 1 ppm (24 h r )
not specified

0 . 1 ppm (24 h r )
2000 ppm ( v o l )

none - l e f t t o
State

Remarks

Of l i t t l e d i r e c t concern
where CO B o i l e r s i n use

5 Ppm

0 . 4 ppm

0 . 1 ppm

10 ppm

0-5 grain/SCF

30 pg/m 3 h o u r l y avg

30 ug/m 3 hourly

Fuel S u l f u r

not a p p l i c a b l e

not applicable

no c o n t r o l

0.3<4 Sulfur

O.556 Sulfur

May r e l a x 0,356 g o a l fuel d e s u l f u r i z a t i o n w i l l
s t i l l be r e q u i r e d

Nitrogen Oxides

0.25 ppra/1 h r a '
15 ppm ( a c u t e )
5 ppm (8 h r )

25 ppm

none

0.25 ppm

0.25 PPm
7056 r e d u c t i o n i n
exhaust cone

Haagen-Smit and o t h e r s a r e
clamoring for lower
l e v e l s ; may lead t o cont r o l s on s t a c k emissions

Peroxyacyl N i t r a t e s

1 PPmi

IO-25 ppb

Sulfur Oxides
&>£ Ground Level
502 Discharge Point
50 3 H2S04 Mist

I n d i r e c t i n c e n t i v e for
hydrocarbon c o n t r o l - w i l l
PB2N l e a d t o aromatic
control?

l r 3 , i t a t i o n

Peroxybenzoyl N i t r a t e

5

Hydrocarbons

R e l a t i v e l y non-tox i c a t
atmospheric l e v e l s ; p o s s i b l e
exception i s c a r e ttiogens

Particulates
Opacity
Grain Loading

non-toxic

P P

bi

eye

C o n t r o l l e d by
State

2 . 2 g/mile

1.5 g/mile

Then l i m i t s w i l l he pushed
lower i f p r a c t i c a l meana
can be found for doing so
Will lead t o v o l a t i l i t y
and r e a c t i v i t y c o n t r o l

Ringelmann 1
0.2 grain/SCF

Almost c e r t a i n of K-l Level
Generally Ringelmann i s
limiting
We need t o p o i n t out
fallacy of the original
systems
Some c a t c r a c k e r s w i l l
r e q u i r e b e t t e r c o n t r o l of
emissions

i
1
Ringelmann 2
0.3 grain/SCF

Ringelmann 1
0 . 2 grain/SCF

93 l b / 6 m

40 l b maximum
70 ug/m 3 t o t a l

100 l b / 6 MM l b
70 ug/m 3

Dustfall

10 t o n / s q m i l e dust

10 t o n / s q mile dust

S o i l i n g Index
Visibility

0.4/1000 so. f t CoH
3 miles a t 70]6 humidity

0.4/1000 sq f t
2 miles a t 70$

Process Weight
Total P a r t i c u l a t e s

May be r e l a x e d a l i t t l e
May see l i m i t a t i o n s on
t o t a l weight discharged
Not l i k e l y t o he of d i r e c t
concern

lb

;

a) Set by effect on visibility.
b) California Standard.

A

Source: https://www.industrydocuments.ucsf.edu/docs/gzhg0225
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WATER CONSERVATION
Intro duction
Unlike the atmosphere in which we are immersed, water is channeled
and controlled so that our exposure to it is also carefully controlled. With
adequate pretreatment of a municipal supply, water does not pose a threat to
the health of man. Concern, then is chiefly with the marine environment.
Discharges of wastes into any receiving waters can be subject to strict
monitoring and control. Once it is clear what the quality of water must be,
standards can be adopted and enforced to avoid adverse effects more simply
than in air conservation. However, as when dealing with air quality, biological data are often inadequate to define clearly the limitations on specific
pollutants so setting of technically justified standards is difficult. Also,
water may have more than one beneficial use, such as culinary, industrial,
agricultural, recreational, navigational, etc., each with its special
requirements. The "pristine purists" would have all water fit to drink,
while the "exploiters" would consider waters as open sewers to carry away
wastes or to serve only as waterways for transport. Hence there is a great
deal of polarization and controversy between the two groups.
In the pages which follow, each water quality factor will be briefly
reviewed with regard to its significance and present and future standards. In
setting standards, it should be clearly understood whether the standards apply
to the discharge itself or to the receiving waters following some degree of
dilution. Underwater diffusers for discharge streams are favored by many
agencies to surface mixing since they induce turbulent mixing with more rapid
and thorough dilution, and they avoid stratification. In either case, however,
the dilution or sampling area must be defined and this is often difficult and
arbitrary. Therefore the concentration' in the receiving water may be determined by diluting the effluent with the correct amount of the receiving water
as determined by the known dilution ratio. Or the final concentration might
be calculated in the receiving waters based on concentrations in the discharge
stream and known dilution ratios. The latter may be determined from tracer
studies. It should be recognized that the quality of the receiving water has
an important bearing on the standards, for example, the buffering action of
sea water alters dissociation of discharged chemicals, etc.
A second general problem is a statistical one. If a standard is
set, is this a limit never to he exceeded at any time, or not to be exceeded
as a median, or as an average? If an average, over what period of time J.S
the average taken? Since long-term effects are usually of greatest concern,
short-term excursions above some set figure may not be significant unless
they get into the acute toxicity range. If a standard for a given constituent, e.g., pesticide, is none, how small an amount does this really mean?
If the standard is a maximum value never to be exceeded, this means that a
plant must operate considerably below this maximum since it is virtually
impossible to avoid fluctuations in plant operations.
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2.6

Oxygen and Organic Matter
Toxicity
Since the types of organic compounds to be discharged are of great
variety, there are no specific standards to be met except as in their
aggregate they contribute to high oxygen demand or create conditions toxic
to marine life at the point of discharge or beyond (on a long-terra basis).
Ideally water quality should be determined by a set of functional
relationships between incremental changes in levels of specific components
and the direct effect on the ecology. Then the required level of each
parameter could be determined so that the desired ecology could be maintained
without extreme factors of safety leading to excessive costs, etc. Unfortunately, the required functional relationships have not been developed so
policy makers resort to generalities such as "toxic materials should be
controlled so that there is no harmful effect on aquatic biota", etc. This
is assured by bioassays, using fish as the sensitive representative of the
aquatic environment.
In an effort to develop a workable alternative, the San Francisco
Bay/Delta Program (joint State and Federal project) staff have developed a
"relative toxicity" criterion which includes both the volume and toxicity of
a waste discharge. The k8-hour median tolerance limit (the concentration of
a given waste diluted by the receiving waters which kills half the test fish
in k8 hours) is determined. Relative toxicity is calculated by dividing the
volume of discharge in millions of gallons per day (mgd) by the k8-hr Tim.
Thus a 100-mgd waste having a Tim of 20$ would have a relative toxicity of
100/.20 = 500 mgd. Further, the daily emission shall not exceed 5-0$, of the
net flow into which it is discharged (l/20 application factor). The 500 mgd
of "relative toxicity" would thus require a dilution flow of 20 x 500 =
10,000 mgd.
To understand this concept one must consider that this 500 mgd of
water containing 20$ effluent would kill 50$ of the fish. This situation is
intolerable; to make the waters non-toxic a safety or application factor must
be applied. Formerly l/lO of the amount killing 50$ of the fish was considered
adequate. The vogue now is to use l/20 of this value. Hence the stream must
be further diluted to 10,000 mgd to be rendered safe to the aquatic environment.
A generalized design parameter of this sort should be carefully
scrutinized since it has far-reaching implications. One obvious shortcoming
is that all "toxic" materials are treated alike whereas it is well known that
dilution factors required will vary considerably. It ignores decay rates,
exchange with receiving waters, etc. Toxicity may thus he more properly
defined on a case-to-case than a generalized basis, as is now prescribed by
most agencies. In most cases this is specified as- l/lO of the Tim 96 hr
(mean tolerance limit is that concentration of waste water $ volume in
receiving water which kills 50$ of the test fish in 96 hr). The relationship
between bioassay Tim 96 hr and dilution ratio required is shown in Figure 2.
From the figure it is seen that if, for example, the Tim were 2$, it would
require a 500:1 dilution to meet l/lO of 2$ or 0.2$ concentration in receiving
waters. If a diffuser is employed with a fixed dilution ratio of say 25:1
183-68
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WATER QUALITY CONTROL BOARD
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Source: https://www.industrydocuments.ucsf.edu/docs/gzhg0225 Shell-Bishop-083753

27
this relationship would require that the Tim 96 ice must be greater (less
toxic) than 38$.
oxygen
This element is of outstanding importance to the support of aquatic
life since more fish have been killed by anoxia than by any other cause. Also,
refinery and chemical plant discharges tend to have more problems related to
oxygen levels in receiving waters than they do for other classes of pollutants
such as mineral constituents, etc. A depressed oxygen concentration in a
river, hay or estuary is usually an indication of an excess of organic matter
and water of low oxygen content is looked upon as inferior. Levels below
2.0 TDg/i appear to be detrimental to most species. For these reasons control
agencies usually set minimum limits for oxygen concentration. There is some
disagreement on the minimum amount of oxygen required; standards range from
k-7 mg/liter. Water which is supersaturated with oxygen is also harmful,
attributed to oxygen bubbles forming around the gills. Regardless of the
marine environment to be supported, anaerobic conditions should be avoided
since this almost always leads to malodorous conditions resulting from
sulfide generation.
Tests for Oxygen-Demanding Content of Discharges
Not all organic materials in a discharge are biodegradable and thus
will deplete the oxygen content of water. For this reason the Biochemical
Oxygen Demand (BOD) test seems appropriate since it utilizes bacteria to
oxidize the sample. It has several limitations, such as dependence on the
type and virility of the bacterial culture, etc; it is not precise and is
very long (5 days); but it is used almost universally. In addition to
organics, it measures sulfide, thiosulfate, ferrous iron and possibly
ammonia. Chemical oxidation demand tests (COD) have been developed to accomplish more quickly and precisely the type of oxidation carried out by the
bacteria. The degree of oxidation obviously depends upon the strength of the
oxidizing agent; if too strong, it sill oxidize inorganic constituents such
as chloride and nitrite. Chromic acid as presently used oxidizes about 9095$ of the organics. Total organixt carhon (TOO) is rapid and precise as
carried out with the Beekman Model 915 Total Organic Carbon Analyzer, and
since it measures the C0 2 produced by combustion of organic materials, it is
not subject to interference by chloride, etc. It is hoped that this will
replace the COD test. Relationship of TOC values to actual situations have
not been established, so it is not possible to consider it for replacement of
the BOD test. In the table below the three tests are compared as determined
on typical refinery wastes in the Emeryville study of bioxidation.
COMPARISON OF BOD, COD + TOC VALUES ON MARTINEZ EFFLUENT, PPM
(Averages of 11 Different Feeds Varying in BOD
,375 to 788 ppm)

Average
Ratio to Original TOC

Feed to Biotreater
TOC
COD
BOD

Effluent from Biotreater
TOC
COD
BOD

320' 12k0

122

1

3-88

570
1.78

O.38

kfo5
I.32

70.5
0.22
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The wide difference in the three different measures of oxygen-demanding
materials Is evident. Also the greater drop in BOD than in the other values
as a result of biological treatment is consistent with the type of action
involved.
Regulatory agencies set standards for biological oxygen demand in a
number of ways. For example, they may determine the total assimilative
capacity of a river or channel, etc., and then apportion this load equitably
among the dischargers. This was done in the Dominguez Channel affecting the
refineries and chemical plants at Wilmington, Dominguez and Torrance, and it
is predicted that the practice will increase. They may specify a maximum
BOD value, or they may require a minimum reduction (usually 90$) in BOD. This
latter goal arises from the fact that in a well operated sewage plant a
minimum reduction of 90$ is attainable. This criterion creates difficulties
for industrial plants since they do not operate under constant load, either
in quality or quantity. Further there is always a question of where the
treatment plant begins, for example, scrubbers and strippers remove oxygendemanding chemicals. A fixed percentage reduction is obviously more readily
attained if such equipment is considered as part of the treatment. The San
Francisco Bay Area Water Pollution Control District recognizes the fact that
oxygen content of the receiving water is important and the BOD reduction is
waived if oxygen content is equal to or above 5 mg/liter.
Carbon Chloroform Extract (CCE)
Adsorptive carhon has an affinity for many kinds of organic materials and hundreds or thousands of gallons of water can be passed through the
adsorptive column, thus concentrating the materials manyfold. Chloroform is
then used to remove the organic materials for analysis. This method is used
increasingly for monitoring streams and has been applied particularly to
determination of pesticides, even in the part-per-trillion range. One
difficulty here is that few people really appreciate the meaning of such low
values; they look at the whole numbers only, more or less ignoring the 10**x
part. This illustrates the need for better definition of what really
constitutes an adverse level of any pollutant. There is also a substantial
natural background of CCE components and interpretation of data requires skill
and experience.
Phenolic Compounds
Phenols are toxic compounds but rarely reach levels where they kill
fish or other marine life. They do, however, impart taste to water, especially
if chlorination is involved (phenols in chlorinated water are from 10 to
1000 times more objectionable than free phenols in fresh water) and will also
taint the flesh of fish. The U. S. Public Health Department set a standard
limit of 0.001 mg/liter for "drinking water. Standards for estuarine and
brackish waters not suitable for drinking water are of course much higher,
generally in the order of 0.1 mg/liter. At concentrations below the toxic
level phenols are very rapidly destroyed by bacteria in streams, etc., and
removal by bacterial action is the basis for biotreatment of refinery waste
streams. In the presence of earth and aquatic plants, phenols are, decomposed
at the rate of 3.0 to 5.0 mg/liter/day. Phenol in irrigation water is not
deleterious to plants and amounts up to 1000 mg/liter can be tolerated by
stock and wildlife. The spectrum of toxicity to fish is very broad, but a
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threshold acute toxicity of 10-20 mg/liter includes most of the data. However, at concentrations in the order of 1.0 mg/liter definite disturbances may
be noted. Unfortunately fish do not seem to detect the presence of phenols
and will swim into regions of high concentration. Phenols appear to be less
toxic to other forms of aquatic life than to fish themselves.
On the basis of these observations, the following concentrations of
phenol will not interfere with the designated beneficial use:
Domestic water supply
Irrigation
Stock Watering
Fish and Aquatic Life

0.001 mg/liter
50.0

"

1000.0

"

0.2

"

The tendency of regulatory bodies is to be more conservative than the above
table indicates and regulations of 0.1 ppm (Anacortes) are in effect and more
recently values down to 0.02 have been suggested by FWPCA staff. Procedures
for determining fish-tainting of phenols have not been established, but it is
possible that this, rather than toxic effects, will be limiting, although
the simple substituted phenols encountered in refinery operations may not be
particularly offensive in this regard.
Synthetic Detergents

'

......,,

^

The branched chain alkyl benzene sulfonates are resistant to
bacterial attack and thus survive in sewage plant operation and interfere with
coagulation and settling. The persistent foams which form also slow release
of air in aeration vessels and in general lead to substandard operation and
contribute to unsightly scums on the surface of streams and rivers. To overcome this the detergent industry now supplies the linear sulfonates which are
susceptible to decomposition. Regulatory agencies tend to control this
problem by specifying that surfactants shall not be present which give rise
to foam in the course of the normal flow or use of the water. It would be
desirable if the concentration of surfactants could be measured at concentrations below those at which foam will form (below about 0.5 mg/liter), but
standards tests are of limited value. Difficulties have been encountered in
establishing a foamability test.
Pesticides
Because of the possibility of biological multiplication through the
"food chain" whereby pesticides may be concentrated by lower forms of life
and accumulate in toxic concentrations in higher forms such as birds,
regulation of the quantities of these materials permitted will be severe.
Many groups such as wildlife protection agencies, agriculture departments,
as well as water control agencies, have an interest in these activities. The
tendency is to limit concentration of the persistent halogen-containing
pesticides to analytically detectable levels. Illustrative of the type of
nonsense being promulgated is the following quotation from a recent bulletin
describing quality of water for ocean discharge: "The value specified (for
pesticides at the source of application) should be sufficiently low so that
after initial dilution the resulting concentration in the receiving waters is
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well below detectable limits." It has even been suggested that shellfish
Which are said to concentrate the pesticides at levels below those analytically
detectable, be used to monitor these very low levels.
Studies have been made of the halogen pesticides of interest to
Shell. In forty instances in which aldrin, dieldrin or endrin were detected
in major waterways, aldrin was never detected at concentrations greater than
5 parts per trillion, dieldrin never greater than 15 parts per trillion, and
endrin kO parts per trillion. Since the concentration in water must exceed
about 10 ppb before toxic effects are noted, this is some 250 times the
amount'detected in these streams. By combining the analytical carhon absorption method and electron capture gas chromatography, it is possible to detect
chlorinated hydrocarbons in concentrations as low as 0.0005 nanogram per
liter (0-0005 part per trillion). It is very doubtful that shellfish could
concentrate insecticides from such dilute solutions since metabolism and
secretion would occur simultaneously with absorption and storage- In humans
there has been no increase in DDT concentration in fatty tissue since about
1955, indicating that an equilibrium has been reached. Incidentally, the
half-life in this instance is about one-half year. In inanimate nature the
half-life of chlorinated pesticides may be considerably longer than this, and
figures as high as 35 years have been mentioned.
Mineral Constituents
Total Dissolved Solids (TDS)
Since any substance other than water tends to depreciate its quality,
the total of such impurities as indicated by the weight remaining after
evaporation is often looked upon as a measure of water quality. This,
however, is not a reliable quality criterion since it is subject to experimental uncertainties such as temperature and time of drying, but also because
there is no correlation between weight and effect, e.g., sodium is more
detrimental than calcium, sulfate is less deleterious than chloride, etc.
Except when ammonium is high, limitations on hardness and sodium content
will in most cases comprise a limit on the total of the cations and the anions
and hence on the total mineralization. The fact that TDS is used so widely
in spite of its shortcomings indicates the desire for some measure of
mineralization. Below are given the ranges considered maximum for the
various uses specified:
Domestic Water Supply

1000 mg/liter (500 PHS recommendation)

Irrigation

700 mg/liter (at 5000 only saltresistant plants will grow)

Stock Watering

2500 mg/liter

Freshwater Fish and
Aquatic Life
Industrial Uses:
Boiler Feed Water

2000 mg/liter
50-3000 ( according to pressure)

There Is a definite tendency for regulatory agencies to favor lower
total dissolved solids. This could be a problem if it came to the point where
salt content had to be lowered before discharge since this would involve some
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type of desalinization treatment and would be very expensive.
Relationship Among the Anions
In most cases where limits are placed upon the mineral content of
water, there will be limits on sodium and hardness, or upon total cations, or
the total cations will be limited by regulations on total dissolved solids.
These limitations will of course also limit the total anions, consisting
principally of chloride, sulfate and bicarbonate. If one restricts chloride
and sulfate, then in effect a preference is for bicarbonate, etc. In cases
such as this, efforts should he made to agree with the control agencies on
which anions are preferred, or what ratio of anions is desirable; this is in
turn affected by water usage. For domestic and industrial uses, bicarbonate
is preferred (suppresses corrosion), but for agriculture and some industrial .
uses bicarbonate should be low.
Total Nitrogen
Nitrogen in effluent streams is present either as ammonia, albuminoid ammonia, or nitrate, with some nitrite in rare cases. While ammonia
can be quite toxic to fish ( see the following section), nitrate is of low
toxicity and thus is not directly harmful to fish. However, nitrogen as a
nutrient might contribute to excessive growth of algae with resultant
eutrophication and damage to fish life due to oxygen depletion and other
effects. To control eutrophication, limits on total nitrogen are being set in
the 2.0 mg/liter range. This level was set after studies carried out by the
Federal Water Pollution Control Agency (FWPCA) deterndned that concentrations
in this range would contribute to planktonic growth sufficient to cause
dissolved oxygen deficiencies in deep water. This conclusion was based on a
relationship developed between algal density (chlorophyll content) and
Tninimum dissolved oxygen content. Chlorophyll content could in turn be
related to total nitrogen content. Thus with a maximum desirable chlorophyll
content of 50-100 micrograms per liter, the corresponding nitrogen limit is in
the 1.0-3*0 mg/liter range.
Nitrate
Sometimes nitrate is a substantial contributor to the ion balance.
It is beneficial in agriculture and no worse than chloride for industrial uses.
Nitrate ion can cause a disease (rare) in infants known as methemoglobinemia
involving changes in the blood and cyanosis. No cases of such poisoning have
been found in waters containing less, than k5 mg/liter nitrate or 10 mg/liter
as nitrogen. In many cases much higher concentrations have not caused
difficulty and it has been concluded that individual differences are considerable. Cattle will also suffer a similar disease, but in this case
apparently at least 3000 mg/liter of nitrate is required. High nitrate
concentrations of course stimulate the growth of plankton and aquatic weeds
and thus foster increased fish production. While some nitrate is thus desirable, eutrophication is a particularly difficult problem in drainage from
highly fertilized agricultural lands. There is no commercially available
process for removing such excess nitrate except to foster the growth of algae
or to employ denitrifying bacteria, etc., in holding tanks. In nature, this
was taken care of by swamps which ringed the lakes, but with drainage of these
areas this protective mechanism is gone. With increasing emphasis on
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aesthetic values, controls of nitrate will undoubtedly become more restrictive
in the future.
Ammonia
Ammonia is one of the constituents of the nitrogen cycle and is
present in natural unpolluted waters to the extent of about 0.2 mg/liter as N.
In water solution ammonia exists as ammonium hydroxide or more probably as
ammonia hydrate, NH3.H2O. together with the ions NH4*5" and OH" the concentration
of the various constituents being highly dependent an pH. The ratio of the
ions to the molecule is 1800 to 1 at pH 6, 180 at pH 7, and 18 at pH 8. The
odor threshold for ammonia is 0.037 mg/liter. It is not harmful to man or
animals at 0.1 mg/liter but it is toxic to aquatic life (fish in particular)
in relation to the amount of undissociated ammonium hydroxide present, and
is thus a function of pH. Apparently the molecular ammonia interferes with
the ability of the hemoglobin to combine with oxygen and hence the fish
suffocate. The concentration of ammonium hydroxide may be calculated from
the expression:
/ JJJ, _„\ _ Total Nessler Ammonia Value
1 + 1.8 x 10 9 x lo" pH ...._
Because of this toxic action, the S. F. Bay Area Water Pollution Control
District following the recommendation of the Federal Water Pollution Control
Agency proposed to limit undissociated ammonium hydroxide to a maximum of
0.25 mg/lxter.
Both industry and municipalities, objected to this since it is
a value which is borderline with what might be obtained by a well-run sewage
treatment plant, and there seemed to be little justification for such low
limits. Also, it was pointed out that the real concern is with the ammonium
hydroxide content of the Bay as a whole (undissociated NH4OH content from 0.01
to 0.022 mg/liter) rather than of the discharge plume, unless the latter
reached levels acutely toxic to fish. Apparently the toxic level is about 10
times the proposed value. The Board have withdrawn from their position but
it Is quite likely that this same requirement will arise in other areas.
Sulfides
Sulfides have been treated much like ammonia by regulatory agencies.
When dissolved in water soluble sulfide salts dissociate into sulfide ions
which in turn react with the hydroxyl ions in water to form HS~ and RaS, and
at pH 5 less than 1 percent is present as HS~; hence HaS will escape into the
air. Only at pH 10 and above is sulfide ion present in appreciable proportions. While waters containing hydrogen sulfide are generally considered
undesirable because of their odors, such waters are prescribed as health
baths and there have been vigorous protests over proposals to eliminate
sulfurous water supplies. In any ease, because of the unpleasant odor and
taste it is unlikely that any person or animal would consume a harmful dose.
Opposite to the effect in ammonia, toxicity of solutions of sulfides increases
as pH is lowered, i.e., H 2 S seems to he the toxic principle. Apparently the
limiting concentration for toxicity toward fish is in the order of_0.3 mg/i
for the most sensitive fish and around 1.0 mg/g for most species. Because of
these toxic effects control agencies generally specify a limit of about
0.25 mg/z of sulfides. This value may in the future be pushed to the 0.1 sag/z
range to be on the safe side.
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Phosphates
Polyphosphates are used in boiler feed, waters to prevent scale
formation and corrosion, and are the principal builder compounds of synthetic
detergents. As such they appear increasingly in polluted water and in the
raw water supplies for domestic use. Phosphate concentrations in the order of
0-5-1*5 mg/liter interfere with coagulation treatment to improve clarity.
Some investigators claim that O.k mg/liter virtually prevents any removal of
turbidity. Tbe taste threshold is around 200 mg/liter. Phosphates are little
toxic to aquatic life and concentrations in the order of 1000 mg/liter must be
reached to be harmful. Discharge of excessive amounts leads to an overahundant
growth of algae with concomitant odors and detriment to fish. Tbe principal
concern with phosphates then is with eutrophication and it is thought that in
this regard the phosphates are more detrimental than the nitrates. Fortunately
it appears possible to remove phosphates in sewage treating plants and
considerable work is underway to establish optimum conditions.
Heavy Metals
The Japanese incident involving the deaths of some kO people from
eating fish which concentrated methyl mercuric chloride discharged into
fishing waters has alerted health authorities to the hazards of heavy metals.
We may thus expect rather restrictive regulations with regard to copper, zinc,
lead, chromium, cadmium, etc. Since copper salts in concentrations high
enough to be harmful to humans render the water disagreeable to the taste
(taste threshold 1.0-2.0 mg/liter; toxic threshold kO mg/liter), it is
probably not a hazard in domestic supplies, but it is toxic to a large number
of aquatic forms from bacteria to fish. It Is not considered a cumulative
systemic poison as is lead or mercury. Copper is toxic to fish in the range
of 0.02 to 0.05 mg/liter depending upon the other salts present. It acts
synergistically with many salts such as those of zinc. Chromium is used in
cooling towers and finds its way into water discharges. The Public Health
Service has set very low limits of 0.05 mg/liter as the maxium allowable
quantity of hexavalent chromium (the trivalent salts are considered non-toxic)
even though experimental evidence points to a value of 5*0 mg/liter being
without effect. A family on Long Island has used well water containing from
1 to 25 mg/liter of the hexavalent salt for years without ill effect and has
refused to give it up. Toxicity toward aquatic life varies with pH, valence
state of chromium, temperature, etc., but most of all with hardness. Fish
are relatively tolerant of chromium (levels of 1.0 mg/liter being tolerated)
but other lower forms are very sensitive and are harmed at concentrations in
the order of 0.05 mg/liter. Shell Point at Pittsburg has a limit of 1.0 mg/z
in receiving waters placed on chromium. The mean daily intake of lead by
adults in the United States is about 0.33 mg; most of this arises from food
but 10$ may come from drinking water. The body can excrete from 0.3 to 1.0
mg per day so accumulation does not occur until the total intake is in the
order of 0.6 mg/day. Drinking water standards were lowered from 0.1 mg/liter
to 0.05 mg/liter in 1962. Lead is toxic to fish, it forms a coagulated mucus
over the gills, probably a complex of lead with some organic constituent of
the mucus. It is less deleterious in hard than in soft water. Apparently
concentrations of lead should be below 0.1 mg/liter to avoid adverse effects
on fish. This value is now quite commonly a standard.
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Zinc
Although zinc is a non-toxic toward mammals, it is fairly harmful
to fish. This coupled with the fact that it is so widely distributed in the
environment leads most control agencies to place it in the "restricted"
category. The taste threshold for zinc for a few sensitive people (5$ of
the population) is about 5.0 mg/liter and this is the standard adopted for
drinking water. The normal human intake of zinc is about 10-15 mg per day;
it is an essential element in nutrition. At very high concentrations (7002300 mg/liter) it has an emetic action. In soft water zinc is harmful to fish
in concentration ranging from 0.1-1.0 mg/liter. It is thought to form a
complex with the mucus that covers the gills. Hard water is antagonistic to
zinc and harmful concentrations are not encountered below about 2.0 mg/liter
in such waters. Zinc is toxic toward protozoa and bacteria but not so
pronounced as copper. Oysters and other shellfish may concentrate zinc by a
factor of 100,000. Zinc is now controlled at the 1.0 mg/liter level and it
is likely that this level is too toxic under some conditions and will be
lowered.
Suspended Matter, Oil, Turbidity, Etc.
Suspended matter may be objectionable in a number of ways; a few
which are encountered in the refining operations are listed below: .

/

a) Suspended matter may be physically harmful to aquatic fauna. In
the case of oil it may be harmful to waterfowl as well as to the aquatic forms
of life, in fact judging from studies of the Torrey Canyon incident, most
real harm was to birdlife.
0) By reducing light penetration, suspended matter may prevent the
growth of aquatic plants. In some areas turbidity is desired since this
decreases light penetration and aquatic photosynthesis, and objections would
be raised to drastic increases in light transmission.
c) Oil in water may increase water purification costs. An oil slick
on a river intake to municipal water supplies is a very real problem and
requires the use of large quantities of activated carbon for its removal.
Non-settling suspensoids likewise lead to difficulties in purification.
d) Floating materials make the body of water less appealing in
appearance and are particularly objectionable if deposited on shorelines, etc.
In attempting to control these contaminants, real difficulties arise
from the fact that there is a great deal of suspended matter of natural origin
present in water; for this reason the tendency is to set standards on the
effluents rather than on the- receiving waters. Since objections to floatable
matter arise from its deposition on adjacent shorelines and beaches, the
standards for discharges may be referred to the level of deposits on such
neighboring beaches, etc. Aesthetic enjoyment is a big factor here and limits
will undoubtedly be made more severe. In the case of oil the usual limit is
that amount which produces an iridescent film on the receiving waters. Since
this involves very small amounts of oil it is unlikely to be lowered.
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Oil spills are of course a subject of considerable concern since
they are so easily identified, even in extremely dilute (thin film) conditions
(100 gallons per square mile will produce a colored, oil film, thickness
6.0 x 10~ 6 inches). Control of such spills is new the subject of legislation
and we must be prepared to cope with oil whenever it reaches water, by
accident or not. The usual method is to cause the oil to "disappear" by
emulsification but the marine biologists are very apprehensive about this
technique and unless some completely safe detergent is found, this practice
is likely to be unacceptable. As an alternative oil might be sunk with sand
or chalk, but again the biologists object on the basis of the effect on
bottom feeding marine life. By far the best is physical removal by skimming
devices or by use of "sponges" such as straw or plastics which adsorb the oil
and allow its removal. This method is suitable for small contained slicks but
is largely ineffective on the sea. Fortunately, oil slicks often disappear
by themselves, due to either physical adsorption and sinking, or by bacterial
or other micro-organism attack. For example, much of the oil which came
ashore during the Torrey Canyon incident ultimately disappeared from the rocks
of the shore, having "been consumed by various living organisms. In any case,
industry must prepare to cope with oil spills in a much more efficient manner
than in the past to meet its obligations.
Sludges
Organic matter that will settle to the bottom of shallow waters is
potentially a nuisance (odors) and harmful due to oxygen depletion, and
is therefore controlled. This is a problem of sewage treatment plants more
than of refineries but care must be used that such deposits do not arise from
our discharges. Discharge at fairly deep waters of the ocean seems to be
acceptable. This has been done in the City of Los Angeles for some time and
there has been no build-up of sludge at the sewer outfall.
Finally, requirements are placed on such factors as thermal pollution, discoloration, increased turbidity, odors of waste origin, bottom
deposits, algae growths and bacterial quality. These are not discussed in
this report.
Conclusions
Data on water quality are summarized in Table 8. Toxicity of
discharge waters toward aquatic life (usually fish but shellfish are sometimes
involved) is probably the greatest source of difficulty and may lead to
greatest expenditures. This involves not only direct acute toxicity but
indirect factors such as oxygen depletion. Highly toxic components should be
identified and removed at the source. Fish flesh tainting may become more
limiting than toxicity but procedures and standards have not yet been
established. Considerable emphasis is being placed on nitrogen compounds in
discharge waters and more activity may be expected in this direction. It
would appear that hiotreatment will be necessary to meet future requirements
but new approaches such as air stripping may be sufficient. Studies will be
required to decide on these possibilities.
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Table 8.

Constituent
or Quality

REGULATIONS FOR CONTROL OF WATER DISCHARGES

Present Standards

Adverse Levels
Man or Manceale

Sensible
S.K. Bay Area

Aqustio Life

1/10 TLra 98 to

Restrictive

Future Standards

Remarks

FffFCA-Type

1/20 TLm 98 hr

1/20 TLm 93 hr

Hat'l Coamitteea hare recommenced
1/20 value

7.0 m/l

5.0 m/l

5-0 mlt seems adequate in salt
water, lively fish H i e trout in
fresh water may require the higher
concentration - atandarda should
be set on oase-to-caae basis

60 max, 50 avg

to max, JO avg

tO pax

Difficult t o classify - depends
upon class of water, etc.

0.2

0.2 m/t

0.2

m/i

Applied to drinking water only

0.1 ppm (Anacortea)

0.02 ppm

0.05 ppm

Efreot on t a s t e of fish Bay be
limiting

Total Dissolved
Solids (TDS)

not specified since waters
ere estuarine

180 W f

180

mh

Depends upon local situation,
loo m/t selected on basic of
effect on fish hatching

Total Nitrogen

not being regulated

2.0 ngft

2.0

mlt

Standard i s related to eutrophioatlon effeata
Leval8 might be lowered

Toxicity

not applicable

toxic to fish

Dissolved Oxygen

not applicable

anoxia occurs below 5.0 mg/«
about 2.0 mil 0?

BOD, mil
Carbon-Chloroform
Extract (CCE)

above 0.2 mil
contributes to
taste
1.5 g fatal

lethal to fish at
10-S0 mil

mlt

Hitrate

"•5 «e/t

beneficial up to
about 2 mil

not being regulated

not settled

NH3, NHaOK

5 mil

2.0 mlt

not being regulated

C.25 mil
HHiOH

Sulfides
(Undiesociated HaS)

not applicable - i.o mlt
odor too unpleasant t o ingest
toxic dose

0.1 mlt
O.J m/l
1.0 mil

Polyphosphates

very iow t o x i city

looo mh

not being regulated

0.5

Heavy Metals
Copper
Chromium (hexavalent)

¥) mil
5.o mil

.02-05 mil
1.0 m/l

0.05 m/t max
1.0 m/l nax

0.05 m/i
0.05 m/t

0.05 m/t

0.6 asj/day
iooc-2000 mil

o.i mh
o.i-i.o mli

0.10 mg// max

cos m/i

0.05 mlt
0.05 mlt

Lead
2inc
Suspended Matter
Oil and urease
Settleable Solida
Suspended Solids

0.05 mil

undias.

avg
0.1 mil max
max in 1C8) of samples
max any sample

max

15 *s/l in effluent
0.1 mg///hr avg in effluent
60 m/l a y g l n effluent
100 m/t max in effluent

c.05

m/i

mlt

Relationship between role of
rdtratea and phosphates in «utrophicatlon not established
O.25 mil
HH4OH

undiss.

Toxicity i s pH-dependent and
relates to oonc of undissooiated
NHiOJI. Value of 0.25 m/l not
teohnioally supported but has
strong support of FVPCA

0.1 mil max

Sulfides destroyed by oxidation
or chlorination

0.5 m/t

Phosphates interfere with sewage
treatment and lead to eutrophication. Standards may be set
quite low

0.05 mlt

Trivalent salt considered innocuous, fish tolerant, other
aquatio l i f e rxrressne^ive

Must provide
slicks
Natural levl
overall pic
standards o|
basis
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