= fines #’The [ume stream entering the catalytic
i cent rea must be above the minimum
crease emperature for the oxidation to oc-
Ph‘;f ur, there must be sufficient catalytic
Né& urface area available to permit com-
d . letion of the reaction and there must
. there ihe sufficient oxygen available to meet
~esult the oxidation demard of the material

tected heing converted.

after A. R. Duprey, Humble Qi &
se of ‘B Refining Co., Baytown, described
when : :

antact
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another plant for the recovery of hy-

drogen sulfide for use iu a refinery,

W, L. Burns, Phillips Chemical
Cu., Bartlesville, Oklahoma, pointed
out that an ammonia manufacturing
plant must save all ammonia produced.
The present practices at Bartlesville
make it possible to recover 450 tous of
ammonia each year that have a value
of $15,000.

VirciL Lrumeere, Shell Oil Co.,

HEN A NLEW product is to be
manufactured it behooves the
nufacturing plant to determine the
effect, if any, of the waste products on

Re receiving stream, The determina-

[t{is ns shou d answer the following
y for’

n-all Will the effluent, as discharged
:ter adversely affect human life?

adverscly aﬁ’ut aquatic life? In dis-
ing any effect on human life it is
Assumed that no mannfacturing plant
Id  wilfully discharge . sufficient
liantity of any malerial to cause the
iving stream to become acutely
axic tor human life. The cffects re-
ed to here are of a more insidious
re.

Vhat, for example, would be the
ong term effects on human life of
drinking water containing X concen-
ion of a certain compound over a
iod of many years? The answer to
thi ' question is not available in many
ses, and 1s not readily obtainable.
effects of some waste materials
aTe-known. Soluble fluoride salts in
Cerfain concentrations are known to
se adverse effects on the bony
tructure and the teeth in humans and
mals if ingested in drinking water
‘extended periods of time. There
few other such examples but for
vast majority of compounds the
ong term hwman effects of minute

uantities in drinking water are not
nown.

itle Data Available

In spite of the fact that precious
ittle data are available on this subject
there have been no major catastrophes
from the discharge of fudustrial

fion
that

far
ted.

(S1v]

YlugbpurvL I
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Houston, gave in some detail the re-
sults of experiments on the losses
from storage tanks painted in differ-
ent colors. It was found that the tank
painted a dark color may lose as much -,
as 2.4 times as much material as one
that has been painted ‘white,’

There were numerous exhihitions
of equipment and these attracted the

attention iof the. 350 registrants at th
meetmg

EXHIBIT
A

)|

Compuny 5t

by JACK T. GARRETT

Mr. Garrett is industrial hygienist and advis’"'
stream pollution control for the Monsante Chemxc

Louis, Mussoun.

wastes. ]ndnstry, however, cannot take
full credit for this record. The major
credit should be given to the biological
life in the stream itself. Most of the
wet process wastes discharged from
industry today are in the formi of bio-
logically oxidizable organic compounds
and the stream biota utilizes this ma-
terial for food. Even in the case of
highly toxic substauces such as the

.organic nitriles, the stream bacteria

will degrade these compounds if given
time to adjust their enzymatic sys-
tems. It is the standard practice today
of at least one major chemical com-
pany to determine the ultimate fate
of any toxic substance in the receiv-
g stream. It would be to the credit
of industry in general if more com-
panies followed this practice.

The problem of the possible dele-
terious effects of industrial wastes in
drinking water on humans or animals
is not one of recent origin. Public
health officials have discussed the
prablem for years and have conducted
limited research in the field, Recent
emphasis on pollution problems have
highlighted this very complex ques-
tion. Research is now underway at the
Taft Sanitary Engineering Center of
the United States Public Mealth Serv-

INBUSTRIAL WASTES, JANUAIA Ty

ice (USPHS) on some aspects of the
problem. Mr. E. J. Cleary, Exectitive,

Director*and Chief Engineer of the -
“Ohio River Valley Water Sanitdtion’
Commission (ORSANCO) in'a pa
per presentcd at the 26th (1953) A
nual Meeting of the Federation: of
Sewage and Industrial Wastes Ass
ciation asked this very cogent ques-
tion, “What toxic effects to man and
amm,ﬂs tiay result from continued
consumption of water contaminated

with industrial wastes?’* This state- -
ment represents a clear challenge to-
industry,

Chronic Toxicity Data

The sityation is not by any means”
all had because chronic toxicity data,
obtained in long term animal feeding
studies, are available on many com-
pounds. These data are sometimes
available in the literature, but all too
often, they have not been published.
They are frequently available {rom
companies that manufacture or market"
the particular product. This type of
information should be obtained when
available and used in studying effluent
problems.

The most serious toxicity problem
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TABLE 1

Toxic Levels of Acrylonitrile and

Other Waste Components {7}

pound Max, P.P.M, a Min, P,P.M. at 24 hr. Median Min. P.P.M.
which no deaths which deaths Tolerance Total Deaths
. occurrad ocecurred Limits .

" Hydrogen Cyanide 0.050 0.075 0.069 0.100
L:_a;_tdni\'rile 0.100 - 0.250 0.215 0.500
Acrylonltrile 20.000 30.000 24.500 30.000

Cyano-1, 3- . o : ,
itadiene’ 50.000 - 60.000 71.500 70.000
60.000; 70.000 :_70.000 :

ing the manufacturing plant in"pro- .
ing: for® waste . discharges; is con-
ed with the effécts on aquatic life,
i$ does riot fean that the effects on
whan'life are of né’conseqtienée, It
simply means that the discharged sub-
stances are normally in such low con-
ntrations that do’ effects on human
ife would be expected. On the other
hand, thesé "concentrations do affect
aquatic life because they are being dis-
charged into the medium in which this
life exists, -0, . ’
Data are riecessary on the effects of
pollutants on“aquatic life for several
reasons,: the. principal reason being
that: the appearance of dead fish in the
receiving stream has long  been con-
sidéred the ultimate evidence of bad
tridustrial practice. In addition to this
*n, damage to agquatic life is a vio-

. of many state fish and game
. s, A third reason is the offense to
the aesthetic senses. The smell of dead
fish: is' one that is seldom tolerated
‘with any degree of appreciatidn by the
;. public.

E.ﬁtle_cts of Chemicals

A tremendous amount of data on
the. effects of chemical materials on
aquatic organisms are available in the
literature. There are at present some
‘very excellent compendiums of these
data. Probably the finest such work
published in recent years are the two
¥ ."books published by the State Water
" Pollution Control Board of California,
These. are Water Quality Criteria
published in 1952 and Waiter Quality
Criteria—Addendum No, 1 published
i1 1934, One of the very excellent old
references for data of this kind comes
from the U. S. Department of Com-
merce, Bureat of Fisheries Bulletiri
No. 22, Detection and Measurement
of Stream Pollution, by M. M, Ellis.
This latter volume was published in
1937, however, and much of the mate-
“rial is out of date, There are available
through the “Critical Review of Lit-
erature” which appears annually in
vage and Industrial Wastes, a fine

(NDUSTRIAL WASTES, JANUARY-FEBRUARY,

series ‘of literature reviews. on. this

ment of Health, Education, and Wel-

fare, Public Health Service publishes
“a series of bibliographies on public
- health subjects. Some of these bibliog-

raphies are on the subject of the ef-
fects of industrial wastes on aquatic

~and marine organisms. Two examples

of these publications are Public Health
Bibliography No. 10 on. “Industrial
Wastes Relating to Fish and Oysters”
and No. 13 relating to “Undesirable
Effects Upon Aquatic Life by Algi-
cides, Insecticides, Weedicides,” In
addition to the specific sources indi-
cated here, there are many journal
sources such as the industrial waste
journals, ichthyalogical journals, and
journals- of fishery biology. Many
journals published by State or re-
gional AAAS (American Association
for the Advancement of Science)
groups contain valuable references in
this field. If specific information can-
not be found in the available litera-
ture a query to the Biological Section
of the Robert A. Taft Sanitary Engi-
neering ‘Center in Cincinnati, Ohio,
may be rewarding because at this lab-
oratory a very fine, bibliographical file
on the subject has been developed.

Available Toxicological Information

If after ‘critically examining the tit-
erature, the manufacturer finds that
data on the inaterial in question are
not available, it would be prudent to
initiate action to obtain them. There
are several ways in which this can be
done., The most common method of
obtaining toxicological information is
to have it performed by either univer-
sity or private consulting laboratories.
If the manufacturer has the equipment
and laboratory space he can do the job
himself if he desires, If the latter
course is followed, the services of a
biologist should be obtained to consult
on the methods used and the interpre-
tation of the data developed. The cost
of this research is small if the goal of
the research is 1o obtain simple toxic

1957

. . !
. treatment design. Of course, much

1 . and require little time, Thére are some
subject. The United. States Depart- '

levels to be used as guides it waste

more extensive work can be done
which would develop 2 morée gomplete
story of the toxic effect on the biolog:
ical life in the receiving stream. These
more academic studies. cost more
money and take considerably more

time, In any*case, the work should be -
done because industry - today. cannot -

afford to be wrong, .

There are many methods of per-
forming biological tests on suspected
pollutants. Industry is generally inter-
ested in methods that are both simple

methods” in the liferature “for*thes

tests. 25,45 Most tests of this type are

based on toxicity of a specifi¢ materia]
to fish ‘themselves. There have been
many acceptable tests perfected in

which other forms of aquatic life have -

been used. For example, diatomes,
microcrustacea, and aquatic insect lar-

vae, Most of these latter tests require
the services of a trained biologist and

rather extensive equipment and thme

Probably the reason why most indus. -

trial work is done on fish is because of
ease of handling the specimen, relative
ease in recording effects, and because
of the psychological value in actually
using fish. This latter reasor shoiild

not be overlooked becausg, to the gen-

eral publie, work of this nattré’on fish
would seem a natural thing; whereas

seem highly academic. .~

work on smaller aquatic animals would

Acrylonitrile

It is appropriate to”conclude 'this
discussion with a case history, Seveéral
years' ago Monsanto, Chemical Com-
pany decided to construct facilities at
its Texas City Plant to manufacture
acrylonitrile, In studying’ the effluent

- problem at this site several significant

facts were uncovered. The effluen

would outfall into a section of Galves-
ton Bay where fishing and boating

were popular. In addition, the partic

lar section of the bay in question was
restricted in tidal fush-out by the”
Texas City dyke, and was commonly §
calied the “Texas City Pocket.” It was -

also discovered by examining the lit
erature that there was no data avail

able on the effects of acrylonitrile, hy-
drogen cyanide, or any of the known
waste ¢omponents on. marine organ-
isms. It was found, however, that
some years before the University of
Houston had determined the effects of
aluminum chloride on marine organ-

isms for the plant.?

- The -problem was discussed with
the University of Houston professar
who had supervised the work o :

Aluminum chloride, H.
the University could not -
project and get the resy
be of use to the plant ir
goals for abatement res
course of the discussion:
gested that the Director

ﬁﬁ_ Fesults of this worl
jublished” in “the Teza.
nce,” are shown in ~

ly. constructed
Plant, In addition
these data were, and
valudte the effectiy
ste:treatment, The e
€ was set’ at one-ten
ours median tolerance
xtremely restrictive
e circumstances it
reater limit was just
that'there have never b
cilties encountered in f;
healthy fish and other
ife in and around

ects and during t
nter a very serious -
rred along the Gulf (
Which affected the fish L
. The specime
Lagodon rhon
N0t nearly so prevalen
that were trapped for u
Dardy as were those u:

AT not nearly as signi
Obtained in the cyanide
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Aluminum chloride. He stated that
the University could not undertake the
project and get the results in time to
be of use to “the plant in establishing
vﬁoals for abatement research. In the

o course of the discussions it was sug-

ested that the Director of the Marine
Jaboratory of the Texas State Game
E ﬁand Fish Commission be contacted for
o is views on the subject. This labora-
Ty, which is operated by the .state, is
ompletely equipped and is close to 2
dily available source of test speci-
nen, After extensive discussions with
. Marine Laboratory Director it
5. decided that the work would be
rmed by plant personnel at the
SMarine Laboratory with the advice
d assistance of the Laboratory staff.
*he results of this work which were
ubhshed in the Texas Journal of
ience,” are shown in Table 1.

4The data developed in this study
ere used as guides in planning the
Waste treatment facilities that were
timately constructed at the Texas
Ey Plant, In addition to the above

these data were, and still are, used

¥ihours median tolerance limit. Thls is

K afl‘extremely restrictive limit but un-

ir the circumstances it was {elt that
reater limit was justified, The fact
af there have never been any diffi-
Ities encountered in finding all types
“healthy fish and other forms of ma-
ine life in and around the plant out-
falls, attests to the soundness of this

Some time after the cyanide work
s completed it was decided ta deter-
e the toxic limits of some chlori-
ated compounds, This was consid-
red necessary because no such data
re: available in the literature and
all quantities of these compounds
re in the effluent streams, The work
as again performed at the Marine
Laboratory of the Texas Game and
'ish Commission with the help and
vice of the laboratory’s staff.

inperch as Test Fish

A year had elapsed between the two
ojects and during the intervening
Wwinter a very serious freeze had oc-
turred along the Gulf Coast of Texas
which affected the fish population con-
siderably. The specimen used (Pin-
perch or Lagodon rhomeboides) were
not nearly so prevalent. Even those
that were trapped for nse were not as
hardy as were those used in the pre-
vious work, For this reason the data
are not nearly as significant as those
obtained in the cyanide work. This is

TD1 LIBRARY SERVICES
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TABLE 2

Toxicity Levels of Some Chiorinated Solvents Tolerance

Compound

, 2-dichloroethane

s Y, 2-trichloroethane ...

i

1, \-dichloroethane
1

11,

1 =trichloroethane

Less thon More than
¥, deaths Y2 dealhs
150 ppm 175 ppm -
250 ppm 275 ppm
150 ppm 175 ppm
5 ppm_ 100 pp

also the reason that the work has.'

never been published. These data ap-
pear in Table 2, -

The experiments in which these data

were obtained were carried on for a
period of 48 hours. It was originally
intended that 48 hour median toler-
ance limits would be calculated. How-
ever, due to the difficulties .encoun-
tered: with the specimen these calcula-
tions were never made.

Because it was felt that these fig-
ures only represented the general
range of toxicity, one-tenth of the les-
ser figure in each case was used as the
effiuent objective,

There are certain limitations that
must be considered in toxicity studies
on aquatic or marine fish. One of these
limitations is that of possible syner-
gism. The interaction of non-toxic
concentrations of many individual
compounds may lead to a toxic effect.
This, of course, can be determined by
testing the effects of the combined
waste on appropriate aquatic or ma-
rine organisms. However, it is seldom
possible to accurately determine be-
forehand the concentrations of indi-
vidual waste components,

The other major fault with fish fox-
icity studies per se is the fact that they
do not take into consideration the ef-
fect on the predatory cycle at work in
the receiving stream. In short, fish
toxicity studies do not give any indi-
cation of the effects of the compound
being tested on the lesser forms of
aquatic or marine life. To quote Dr.
Charles E. Renn of John Hopkins
University on the subject, “Living
things are essentially devices for col-
lecting and dissipating energy. When
organic wastes are added to water,
energy is added, and the bacteria, pro-
tozoa, and an ascending predatory
hierarchy of animals tie the carbon,
hydrogen, and nitrogen and sulfur in
the waste to oxygen,. It is desired to
burn as much carbon to carbon diox-
ide as possible with as little living resi-
due as possible, This is best done by
having one animal prey on another,
the predator fed to another, and so on,
With each conversion there is a loss
of energy as carbon dioxide. If a sys-
tem 13 Joaded with materials that limit

INDUSTRIAL WASTES, JANUARY-FEBRUARY,

- ed it is 1mpossﬂ)lc to take'adva

. Burdick, éaltsoﬂ' W..B.

the vanety oi llfe that can be Suppor

~‘This entiré dJSsertatlon p P
the lack of comprehensive data ori th
effects of-industrial wastes ou livi

scientific dzsc:plmes ate requxred to
properly cvaluate and abate -water

long attempted t0 handie their. waste
problems with chemists and enginy "
alone, perhaps the addition &f perso
nel trained in the life sciences and the
medical sciences would make the abate
ment team more complete,
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