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Mr. Dapparto. Could you yield just one matter there?

Mr. ConaBLE. Yes.

Mr. Dabparto. I think Mr. Conable raises a good point. It can’t
be done overnight by any means. We have talked here in the last few
days about Lake Erie and somebody has put a price tag of $10 billion
on cleaning it-up. How do you think we ought to go about it if we
apply your philosophy? ‘Sheuld we spend the $10 billion? T

Mr. Rayxes. I think we ought to go about it the way the housewife

oes about cleaning her house. She wants her house cleaned up, - She
‘doesn’t use surveys-and she doesn’t need standards. She knows what
she means by a clean house and she goes ahead and gets it clean. She
may know tlZa,t there is going to be an improved detergent to help her
clean her dishes coming along in 6 months. In fact, it may even be be-
ing market tested in her sister’s home 150 miles away, but in the interim
she has got to get her dishes clean. I think that the answer may be al-
1host as simple as, let’s start cleaning up everything that goes into Lake
Erie and then the lake will get clean. That’s what I think.
‘Mr. Dapparto. Do as much as you can to prevent additional pol-
apts from contaminating further. o é
. Raynes. And then when that promising new process comes along
put it to use. % : : « o .
Mr. Dappario. Taking into consideration what you can afford to do
during this period of time. ; ; o ,
Mr. Raynzms. The housewife may not be -able to afford that dish-
washer right away. In the meantime she still has to have clean dishes.
Mr. Dabpario. Perhaps with the expenditure of 2 number of dollars,
you could get Lake Erie-to the point where the trend of this growth
which is causing so much concern is at least reversed. Have you ap-
lied standards in that sense? ‘The approach to improve conditions

ck toa certain point? g o s
Mr. Raynes. Ithink thatcould work. My feeling is, T am obviously
' conservationist as well as a scientist—that the people want to'see
their waters clean. You could perhaps adopt a standard that when
the conservationists have stopped screaming about it, then it is clean
enough, That might not be too acceptable a-standard in certain places.
* But this is what happened in this country 60 years ago. Allthe rivers
and basin harbors—I'm quoting a Presidential report—they began to
stink so people began to complain and the present procedures for clean-
ing up sewagé wastes were put into practice. That was in the early
1900’s.  Well, now they are beginning to stink again. So-I think we
~ ought to cléan them up to-at least the point where they don’t do-that.
- M¥. Dapparo. I think you eould establish a standard by saying that
 streams are clean when people stop screaming, but I wonder if we
" couldn’t reach the point where things get so bad people stop screamin,
and take it for granted. - Take your housewife. gh‘e might take a loo
a}t; the dishes piled ap and just.walk out the front door and leave them
there, = . . T
Mr. Conaprr. The only other question I have relates to this trouble-
shooting group which is such a good idea that I .wonder if we are not
already:doing it. . . v o i Pl LT
“Mr. Raynis. Well, in:talking to these operators; they have told e
that they can write to Cincinnati, where the RobertiA. Taft Sdnitary
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Center is or to their State. - That is about the best they can do if they
don’t have a travel budget. But they don’t often have a.chance to have
someone come to their plant and spend a few days and say, Oh; yes,
what you should be doing is this and this, and try that and that. I do

not know of the existence of such a group. . v . :
" Mr. Conastp. This strikes a responsive chord with. me because we
. had some hearings of the Subcommittee on Natural Resources .and
Power of the Comrmittee on Government Operations up in Rochester
this past week at which I was present because I happen to represent
part of that area. The Eastman Kodak Co.-was on the panel as well
as others. Fastman has had primary treatment of its industrial waste
for some time but they have not gone to secondary treatment. They
have plans for it and have been doing a‘ Tot: of ‘experimenting on it
We discovered that they had requested health services from State and
Federal sources to help ‘with some specific chemical :problems:they:
have. They were told to go ahead and experiment and to figure:it.out
alone because they had a unique problem. ‘This put-them in the posi
tion of relying on their own research department again. T ‘imagire
this example is fairly typical in industry particularly because each in-
dustry has really a different type of problem, many of which admit-
tedly have techniques that can II))e addressed to them and many ‘others
of which probably don’t. coel DT PRI
Mr. Rayyes. Yes; somestillneed work, = -iooune o Sweh
~"'Mr. Conasre. Yésterday, in talking with the water pollution peo-
ple we were advised ‘that the best techniques available now, primary
and secondary tredtment and the activated carbon treatment beyond
that, would not have any effect on dissolved chemicals. R
Mz, Raynes.  Inorganic chemicals, v oo o0 0 P
" "Mr. Conabre. Inorganic chemicals, that is right. We apparently -
do still ‘have-some substantial technology problems. - It is not just -
as simple as saying, “Let’s clean it all up tomorrow.” S
Mr. Raynes. If there weren’t some additional problems I wouldn’t
be around talking large-scale development programs. - - -
-Mr. ConasLE. But you are not aware of any really substantial trou-
bleshooting group in the country. o
Mr. Raynes. In my experience, which 'is limited: to about 3 yesrs,
I haven’t -found such' a group. There are water pollution ‘agencies,
scientific organizations that provide handbooks :at.ndp this sort of thing,
and these are personal contacts, but I don’t know of any Federal
group which is able to go out and help these fellows on the spot.
- Mr; ConaBrLE. I'm very much inclined to agree, Mr. Chairman, with
- Mr. Raynes’ testimony that this is going to require the force of law
to clear it up and it is also going to require the Federal Government
in a large measure. T , ‘ S
 Mr. Dapparro. Mr. Raynes, I would look to ask just one question
before I turn the q;llestioning overto Mr. Brown. - ‘ '
P'm reminded that you touched upon the fact that industry is in-
terested in pollution abatement devices because they see a market pos-
sibility. Do you have any estimate as to .the size of this market?
What kind of incentive should we consider as we review this problem ¢
~ Mr. Raxnes. The figure of $10 or $20 billion just for the Lake Erie
watershed is one I’ve heard. - I think it came from an HEW survey,
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made by the Public Health Service as I recall. It is just one indica-
tion of a rather large business. That’s, let’s say, $10 billion to be
expended in one part of the country hopefully in 10 years. That’sa
very large business and when you extend that.to the entire country, I
have heard figures as high as, I.think, $40 billion, something of that
sort. b T TR sy
I think American industry picks up its ears when it hears $40 bil-
lion in 10 years. ‘ e
Does -that answer your question, sir? My understanding is that
that is water pollution abatement work alone, and does not take into
account air pollution control and all the other environmental pollution
problems: : e AT e ‘
“There is something like a $2 billion chemical and equipment market
per year right now just for existing sewage treatment facilities, not
taking intoaccount new facilities that are going to be putin.. o
Mr. Dabparto. I ask the question not because there is any precise
answer that can be given to it, but because as we go through: these
hearings, it becomes clear that if we undertake to do the job we need to
do there is every reason for: industry to use its best efforts to
participate. R S e i
“ Mr. Rayxes. Yes, sir. , : S PR PR
~Mr. Dappario. There will be some economic advantages to them.,
- Mr, Raynes. Yes, sir. T T ; . .
Mr. Viviax. Will the chairman yield?
-Mr. Dapparro. Yes. . T e M, v
Mr. Viviax. On that particular point we just discussed, the infor-
mation which I received from one of the agencies fairly recently indi-
cated that over the next 20 years approximately—I think we picked
20 years simply as an arbitrary time to allow sufficient investment to
take place and existing plants to wear out—on the order of $30 to.$40
billion will be spent for operation and installation by municipalities
and such organizations if they followed the present.trends and bought
present equipment. . :
-Mr. Ray~es. In just water? L S L
. Mr. Vivian. Just in water—this represents approximately a billion
and a half a year. This will, however, by no means meet the demand.
This will leave us with worse conditions than we now have. ~Accord-
ing to the estimates made, if we tried. to clean up all river systems to
the secondary level and only a very limited number to a tertiary level,
the cost would run to about 214 times that amount, or $100 billion na-
tionwide, of which roughly $20 billion would be in the Great Lakes,
and roughly $5 billion in Lake Erie. - An increment of about $40 to
$60 billion is necessary to make a dent. on the real problem rather
than simply staying behind as we are now. I think that’s approxi-
mately. the size of the market. - - , -
Mr. Dapparro. Does that make sense to you?
Mr. Raynes. Yes,sir. Itisa bi%market.
- Mr. Dapbario. Youagreeitisabigmarket.
Mr. Raynes. Yes,sir. L
Mr. Dabparro. Mr.Brown? SRR e e e
Mr. Brown. I wanted to get someviews from you on another aspect
of the problem. We are holding these hearings primarily, of course,
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to determine the Federal role and you have made suggestions here.

For example, you suggested that this troubleshooting group be avail-
able through the Federal Water Pollution Control Administration.

 On the other hand, you have also suggested the use of zoning as
an instrument in the field of pollution control. This is a highly local
oger{xtlon generally, and I raise the question with you as to the em-
phasis which should be placed on local or regional versus Federal
activity in this field.

- If I may just indicate a point of view, being from Los Angeles, I
ligwe' 1so}me experience with the problem of pollution control in Los

ngeles.
, V%Z have, for example, an air pollution control district which covers
the entire county. We have county sanitation districts which are
combined under unified administration operation to operate the trunk
sewage system, althouglh there are local sewage systems also.
. Wehave a regional planning organization W%li'ch controls the zoning
in unincorporated areas, and there are local planning bodies within
each of the 75 or 80 incorporated cities.
Now, the air pollution control districts can take some steps and
have, for example, prohibited backyard incinerators to control smog.
What this did, of course, is force more grinding of garbage which
puts more load on the county sanitation districts. Or else it created
greater loads of solid waste which in most cases are collected by pri-
vate firms. ‘ Ce '
The county regionai zoning operation, by virtue of its power to
control the location of industry, can determine the burden of pollu-
tion in given areas and can also determine how pollution can be cor-
rected by setting:standards. - .
T’m suggesting to you the complexity of the local problem. Might
not one major effort be in the direction of putting more responsibility
on local and regional organizations and at the same time compelling
‘a:;‘niOre; rational organization at this level? What is your reaction
o this? S ' :

'Mr. Raynes. I think the Federal Water Pollution Control Admin-
istration, I always speak about that because I know more about water
pollution than other forms, is talking about watershed management
now rather than localized management. In watersheds the entire
drainage system of a stream or lake is considered, and the coopera-
tion of all the individual political entities is required.

If they don’t cooperate, of course, the thing doesn’t work well.
Your Los Angeles area, I think, is one of the ones that is always
pointed out to as an example of how things should be done. It is almost

* unique in the country, isitnot? ’ ,

Mr. Brown. Well, to a certain extent, I think it is, but if it represents
the abclme which has been reached in this country, we are in real serious
trouble. ‘ : '

The Federal Government has begun to exercise leverage in terms
of planning grants and this sort of thing to compel a rationalization of
the governmental process at the local level.

. The point I’'m raising here is, Don’t we need to accelerate this a
great deal more? Don’t we need to use the Federal lever to compel
a great déal-more coordination in the various types of pollution abate-
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ment. efforts if we are to achieve any results? As in Los Angeles, for
example, action in air pollution is frequently taken without consulting,
the sanitation control districts, without consulting the regional plan-
ning agencies, and almost always results in putting additional burdens.
on these other bodies as well as on local government. and. on private
citizens. This is not the proper way to get results or. to solve.the
problem in this area. : RIDRRL R '

Mr. Dapparto, That comes under the heading of better management
that you touched on. T R

Mr. Raynes. Yes, I think it would be preferable if they could: do
it locally. But, if the local agencies won’t do it, yet the people want
it done, I think there is only one way it can bedone. = -~ . .« .~

Mr. Brown. The Federal way. L

Mr. RaynEs.. Some Federal way. R

Mr: ‘Brown. I wish I could agree with you on that, but I almost
am forced to the conclusion that if the problem is not being solved and
can’t be solved locally in a metropolitan region with 10 million people
in it, a population which is greater than a large number of countries in
the world, that all the Federal Government can do by direct action is
probably to make the problem worse. :

Now, maybe I'm pessimistic about. this, but it seems to me that the
step for the Federal Government to take and the role that it should
exercise is that of compelling the local organization to rationalize itself
so that it can solve the proﬁlem there. - In Lios Angeles we shouldn’t
have to send to Washington for experts. ‘We have the expertsin Los
Angeles. Neverthieless we frequently end up going to Washington for -
them just because we aren’t organized to take advantage of what we
have in Los Angeles.

Mr. Raynes. That’s the management end. You are now talking
about a political problem which is outside of my sphere and in yours.

Mr. Brown. Thank you. ’

Mr. Dappario. Mr. Brown does put the problem in the proper per-
gpective. o

Mr. Rayxes. Hecertainly does. : S

Mr. Daoparto. You are talking about, a group of 10 million people
with a problem that affects them personally. They certainly ought
to be more concerned about it than the Federal Government. It is
hard to argue with your logic, Mr. Brown. ' : '

Mr. Vivian? ‘ ' :

Mr. Vivian. Mr. Raynes, I have about six points to cover-here,

Tl start off by saying that I hope that the Federal role in controlling
‘ollution can be a strong and effective one. I have voted that way, but

would not suggest that one be too hopeful. For example, we depend
pon the voter: for authority and that same voter doesn’t wish to have
osts imposed upon him by local Eroperty taxes and other taxes. It
‘s a question of when he should take out his anger and on what level.
I think this is classically illustrated in the bill before us in Congress
his week. We have a bill before us to establish civil rights in certain’
reas, one of which is housing. When the bill was first written, it was
ore rigid than the existing legislation in my own municipality.

At the first amendment, 1t became less rigid, and less effective than

he bill of my own municipality. I will predict that before it is passed
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it ‘will be virtually innocuous so. that the Federal role is' not ‘neces-
garily any stronger than the local role, depending upon the motivation
of the voters in the area concerned. You have to motivate the voters
to want results rather than simply rely upon the Federal legislators
to tell’the voter. Lo ' ,
- Te F&beybﬁd' that, I would like to-ask about the effective operating
life of typical seconda,ry treatment plants. o
7 Can you tell me what the wear-out time is for typical secondary,
treatment plants? N o _— - :
Mr. Coxasiz, Is there such a thing as a typical secondary treat-
méent plant? e '
Mr. Rayxes. Thers are conventional ones. I think they are gen-
erally amortized between 20 and 40 years, depending upon what the
general municipality action is. I think 40 tends to be the average.
There is a survey on that, on sewage treatment plant costs that I don’t
have with me. 1t was put out by the Public Health Service last year,
about 9 months ago. The title of this publication is “Modern Sewage
Treatment Plants; How Much Do They Cost?” - Public Health Serv-
ice publication No. 1229 (1964)-. , ‘ o
Mr. Vivian. I'm interested in any information which is available
on this subject for insertion in the record, Mr. Chairman, because
I think it is going to show that research which might be started now
or be partly along now which will lead to pilot plant work in the next
few years and eventually to instillation of plants:in various cities,
will come along at a time when it can replace a very large fraction.
of all operating treatment plants today. - T
- In other words, we shouldn assume that just because a city has a
treatment plant now that that plant will not be replaced within the
generation or perhaps even a decade. . - R
There are often times when it is-cheaper-to replace large portions:
of a plant than to continue utilizing an out-of-date plant, and this
trade-off curve can bevery shallow at times, .~ * .~ 00
Over a period of years it may be very difficult to see what the right
year to drop an old plant may be, but usually there is merit to it,

and of course, plants are also technologically displaced. o

- Tf you come up with a cheaper plant, many cities say find a cheaper
way and keep it because it will be in'the long run cheaper. I would
like to see more information on that subject if it is available. It can
pace the R..& D. system to some extent. SRR

The next item 1s the subject of the powder coal treatment process in
which your firm is involved. ' I understand that to date you have run
tests .on fairly large samples of a variety of effluents and are fairly .
convinced that the process works. I would like to know what you now.
know about the cost of thisprocess as you project its application versus:
the cost of other treatment processes. : . ‘ SRR

..Are you in a position to make any statement on that subject?

“Mr. Ray~es: I can say that we are convinced the process works.
The applicability of coal in treating liquid wastes is established. It
is ‘a.questioti-of economics that remains, the economics and how good
the efftuent'is. - We are building a pilot plant in which the economic
ostimates 'we have made will erther be proved or disapproved. Our
present prediction -is that coal ‘éan’treat sewage and remove mors-
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contaminants than ' are presently being removed in conventional sec-
ondary processes-at something about 10 percent Jess cost than the
jpriesent processes;; evén if one does not recover the thermal. energy
$ti1T retained.by the coal. . Even on that basis. - - o
If one has 4 large enough plant or some place to recover that thermal
energy, then thé cost should go down quite substantially over that 10
percent reduction. ' g
" Mr. Vivian. Can you tell me whether or not you have reached the
© point where any large-scale installation is being contemplated? 1
recognize that your reply might get into difficulty with corporate infor-
mation. L e T
“Mr. Riynes. Our pilot plant will be a quarter of a million gallons
a-day,and that’s the big%est operation we have got going now. Many
people are talking to us about what is goin% to happen with the process
assuming that it is successful. “We would like to-see the coal-based
process, and any new process that looks like it is going to. help the
pollution problem, get going assoon aspossible. -~ ... o
© My, Vivian. I understand it is a proprietary process covered by
patents, is that correct? - i I T I T
Mr. Raynes. Noj the process belongs to the people. T e
Mr. Viviax. Therefore, whether the process ‘is applied: or not: is
principally a question of whether some firm will begin. to, - make
quotations and bids on specific plants and back them up with .spme
form of guarantee? - S
‘Mr. Raynes, Yes, sirs 700 o0 R T
. Mr. Vivian. Can you compare the powdered-coal process-to the
- carbon-absorption process which I presume is the principal estabs
lished process today ¢ B T e
- Mr. Raynss. The carbon proecess is also in a pilot, plant as I under-
stand it, except perhaps in one installation at Lake Tahoe.. The
powdered-coal process that we are developing is a process-intended to
provide sewage treatment, superior' to. present’ secondary. treatment
processes, whereas:the carbon-absorption process is-a tertiary treat-
ment following conventional secondary treatment.. . : - .- . .+ o
- When we get a chancerwe will look at tertiary treatment using coal. -
‘We may be able to cut costs in tertiary. treatment too, but right now -
there is no real competition between the processes. *One-is tertiary,
the other, secondary.treatment. T B
" Mr. Vivian..I understand the carbon-absorption process uses finely
pulverized purg carbon, is that right? ) e i
Mr. Raynes. Nottoo fine. The last technical paper I heard on this
subject specified granules. P
_~ Mr. VIvian. Axid, the: coal process: uses different material? .-
. Mr. Raynes. Yes, . Like table salt in size. e
Mr, Vrvian: What difference is there between these materials? . -
< Mr. Ray~es: Activated carbon is:frequently prodUcedfbyycharring
coal, and in the process.takes away from the coal some: of 1ts volatile

ingredients. The coal is as mined -except. for sizing.
Mr. Vivian. The binder type of ingredients. T R O
*. In other words, the.two processes are very similar except the extra
stage of charring is used to get increased activity.- .- - ..y
Mr. Raynes. There are similarities-in the two.processes. - However,
the activated carbon is regenerated by thermal-heating of a portion
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of it to reactivate it, and the ¢arbon is recycled with sofne loss. ' In the

coal process the idea is to use thermal energy because eoalis sufficiently

cheaper to make energy recovery economically attractive, and.it also

ﬁrowdes a disposal for the sewage solids and dissolved materlals which -
ave been removed. There are some other differencestoo. .-

- Mr. Vivian. Does the carbon-absorption- process work on thmner

effluents?

‘Mr. Raynes. It depends on what basis one uses. A pound of char-
coal can take out more 1mpur1t1es thzm a pound of coal can, but 1f you ‘~
have no limit—— -

Mr. Vivian. Let me restate my uestion.
~ Suppose you use the secondary plant which is a biological ; Iant in
part with a carbon-absorption process; will you: then prov1 e some
fuel to reprocess the carbon?

Mr. Ray~es. Yes, if you use carbon. You have to put energy in
to regeneration of the charcoal.

Mr. Vivian. If you use a coal tréatment plant and take: the heat
from the coal to regenerate the charcoal, you could have a combination
of a secondary and tertiary plant with self-generated heat 1s that
correct ?

M¢. Raynes. That is posmble, at least part of the: energy'
requirement. A
Mr. Viviax. Is there any merit to usmg coal and charcoal in the

secondary stage?

~Mr. Raynes, There very well may be. That’s a good idea. AndI
think also merit in considering using coal in combination with some
of the other processes Dr. Weinberger described yesterday, such as’
electro-osmosis and the like.

Mr. zVIVIAN Are plants being developed which include multiple
stages? -

I\gIr Raynis, No. I don’t know that ap: actual pilot plant would
be necessary. I think one could couple; the information from each.

Mr. Vivian. On this whole subject of pilot plants which Igrou men-
tion on page 4 of your statement, I think the problem has been, and
I think you probably will agree, that typical municipal systems have
no margin for experimentation.

Mr. Raynes. That is correct. ‘

- Mr. Vivian. Most communities are extrémely reluotant to buy a
plant which has any residual doubt about its operation. They would
rather have a 90-percent plant that they are sure of ﬁhan a 95-percent
plant that might go wrong.

Mr. Ray~es. Yes

Mr. Viviaw. Is the Federal Governiment the onIy Whlch is
doing pilot plant research in volume? How much Wo?i is being done
by ﬁrlvate gtate and municipal agencies to develop better plants?
Raxynes. You said the only agency. in volume? I think that
is correct. T think it is the only agency in volume. There are State
programs but they are not generalﬁr pilot programs. T can’t, sitting
here, recall of an;

‘Mr. Viviaw. Ggomg down further, do you know of any municipal
plants that are doing research and development on treatment plants?

Mr. ConaBLE. Chmago is, isn’t, lt? ;
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“Mr. Rayxes. Yes; I think Chicago has or is contemplating one o
nore, yes. -I'think there may be a few. Los Angeles? o
 Mr. Vivian. The volume is not impressive. o
. Mr. Conapre, Will the gentleman yield for a minute? I asked
the commissioner of public health for New York State last week how
much was being spent on research in New York State. They have a
billion dollar clean water program there that they are very proud of
for which the people voted a billion dollar bond issue. He said, that
‘he didn’t know, but maybe a couple hundred thousand was being spent
on research—a very minimal State research program. : N
" ‘Mr. Dapparto.. One of the problems probably is that, although you
can finance the construction of a plant through bonding, you cannot
finance research and development work in that way and you must
use direct appropriation. It gets back to your original statement on
the problems of obtaining tax dollars for these purposes.

Mr. Rayxes. Ther are sewage treatment plants for example, which
have grants to survey the phosphate situation now. :

Mr. Vivian. Grants from whom? : ,

Mr. Raynes. Usually from the Federal Government. But that’s
not pilot plant work. : o

Mr. Viviax. In the past, State governments have financed large
amounts of research in agriculture for their own State areas through
various universities in the States. Is there any ovidence that thisisa .
significant factor in the research? I g%ther from Mr. Conable’s com-
ments that this is not the case in New York, one of the biggest States.

Mr. Rayxzs. Some 20 or 30 years ago Kansas used to do a lot of
this, but I don’t know about now. - California does some. It is not a
very large factor in thesituation.

Mr. Vivian. For a market estimated in the tens of billions of dollars
how much do you find being invested in research by private industry

~ Mr. Raynes. I'm not able to answer that because I don’t have enoug
data, but T do know that we are getting increasingly more contact.
know that some companies are starting to look at water pollution and
air pollution abatement more than just casually, more than just say-
ing: “Oh, there’s a market, let’s think about diversifying into it.”
There are more people looking into it than there were 5 or 10 years
ago, and with deeper comprehension. ‘ '

Mr. Vivian. I know that one firm in my own district is considering
setting up a pilot plant in conjunction with your own company. This
is evidence of the interest of private industry. I think we should stim-
ulate this interest because it is necessary before hardware can be bid =
upon and quoted to municipalities. , : ;

I think it would be-well to have the Federal Government act in suck
a way that it leads private firms to set up their own pilet operations.

You refer on page 5 of your statement to the zoning problem and I
agree this is a very serious question because zoning boards, particularly
the waiver boards, are usually given authority to scrap any laws for
the purposes of a single installation or industry. :

Mr. Ray~es. Yes.

Mr. Vivian. You also point out that people are allowed to build
on flood plains, and other areas that everybody knows in advance are
the wrong places to build. I don’t imagine you have any answer

68-240—66—vol. 1——14




906 ADEQUACY OF TECHNOLOGY FOR POLLUTION ABATEMENT

to this question, but do you see any difference between regional orga-
nizations, such as exist in Dade County in Florida, and other areas
such as Detroit whose environs are chopggd up intomany-small munic-
ij %llltmscf? Do you see any difference between the approaches being
ollowed S i T
" Mr. Raywes. I'm sorry, I don’t know enough about that situation.
T would like to read about it, but never have.: g Iy
* Mr. Viviax. I think that’s as much as I want tocover at the present
time, Mr. Chairman. SR S e s S R S
Mr. Dappario. Mr. Ryan? © . Caderang e : -
Mr. Ryaw. I simply would like to commend you, Mr. Raynes, for
your statement. I think it is an unusually fine presentation of the
philosophy which we should be following in this area, particularly
your point that we should not permit the lack of technology to prevent
us from using what we have. I simply wonder if you have any specific
suggestions for legislation which ‘might be. enacted at the Federal
level which would force industry to use present.technologies and
_present techniques to clear up environmental pollution.. For instance,
would you recommend industrywide standards? Have you any other
thoughs as to specifics that we can deal with? VIV Pl
“Mr. Raynes. I really don’t know very much about your field, sir,
political science. " - RO SR e
" Mr. Ryan. I’'m really asking what the Federal Government could
do in the way of legislation. What could it say to industry that would
require industry to make full use of present technology in order to
clear up watersand theair? -~ .~ . [T
Mr. Raxnes. Oh, well, speaking again personally, for a long time
industry has, in general, said: “If you make us clean up here n the
city X, we will take everything and move it to city Y, and you will

lose your tax base and people will be thrown out of work. ~ - -
 Mr. Ryan. Isn’t that a good ‘argument for countrywide national
standards? oo b o ,
"“Mr. Raynns. Yes. If polluters couldn’t go to city Y, if standards
were the same all over the country, I think you could take care of that
particular excuse to keep on polluting. I would like:to see;in other
words, the force of that argument taken away from industry wherever
they are still using it. Many industries are no longer using that ploy,
* by the way. They are stafting to put in pollution control' measures
that are required. But there are still some who resist. - -

 Mr. Dappario. To properly answer Mr. Ryan’s question, yousfwoﬁld

- haveto take a survey of what infact is being done in industry and not
assume that in every instance nothing is being done. .o i v

Mr. Ray~es. That’s right.  Platit surveys, not-stream surveys. .
 Mr. Dapparto. Then, using'the results of this survey, we would have
to decide if Federal intervention isnecessary. =« =~ " TR

Mr. Raywzs. T recognized when I use the word “industry,” that I
am being unfair to many individual corporations that -are:cleaning
up after themselves. But, on the other hand, usually when the pollu-
tors Ie}x’m‘élaick the conservationists, they show little merey, so I don’t feel
" Mr. RS}ZTAN. You say in your statement, production management will
dump and vent just so long as it can get away with:doing so. The
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question really is: What can we do at this level to set standards which

would apply industrywide and compel industry to measure up to those
rg p? Y If they are doing more, fine. If they are already doing

standa
itythen they wouldn’t be affected..
"Mr. Raxnes. I think that is ‘the &nforcement part of ‘the probler
Federal enforcement very likely.
~Mr. Ryan. I know we have another witness. I thmk this is 2
mterestmg area to pursue, Mr. Chairman.
Mr. Dapparro. 1 don’t know if you were here, Mr. Ryan, when M
Vamk testified the first day :
‘Mr. Ryan. Yes. '
Mr:. Davparro. This was a proposition which he put forth and ce
tainly one which the committee has before it, and will consider. AS

understand Mr. Raynes’ position, he knows this job has got to be done,

'.""'

n

T.

-
I

but we shouldn’t forget the work being done by certain industries.
Thers is a least common denominator problem. ‘I know in Connecti-
cut they are doing a great deal of work in this field, but others are con-

tmumg to pollute so that the work, in fact, is not effective.

‘Thank you very much, Mr. Raynes. - We certainly appreciate y?&u‘

help, and I hope we mlght still ha‘ve the opportunity: to send so:
questlons to you and discuss some of these points with you furth
~Mr. Rayxes. I will be very happy to do whatever I can.

©

e

(Additional questlons and answers for the reoord Wlll be found in

volume I1.)
“Mr. DADDARIO. Tha,nk you ever so much
. Our next witness is Mr. David C: Knowlton. - Would you plecu

+Mr. Knowlton is the president of Knowlton Bros., Inc.; chai
of the board of governors of the National Council for Stream Impro
ment, and on the board of directors of the American Paper Instit

come forward, Mr. Knowlton. nj'

Se

an

te.

I'm pleased to see, too, that he is an industry m member of the New York
State Water Resources Commission and will probably be able, there-
fore, to answer a couple of other quéstlons which 1 notlced were cans-

ing Some’ interest earlier.

Mr. Knowlton, would you proceed, plea,se? Would you ldentlfy for

the record, your colleague, please?

STATEMENT OF DAVID C. KNOWLTON PRESIDENT K'NOWLTON_

BROS.; ACGOMPANIED BY DR. HARRY W GEHM, TECHNICAL‘

DIREGTOR

*Mr. KNowLTON. Thank you, Mr Chalrma,n and memberq of the

comm1ttee I have accompanying me, on my left, Dr. Harry W. Ge m,

whio is techmca,l dlrector of the atlonal Councﬂ for Stream Improy
ment.

e-

T ask Dr. Gehm to accompa,ny me because it may be deswable toh e
him. participate in answering some technical questlons that Would be

beyond my ability.

Before gettmg 1n't0 my statement, T would like to say Mr. Daddario,
that we are very much impressed with this publication (Note: Witness

referred to Re%(g)t of the Research Management Advisory Pqnel
mmittee on Science, Research, and Deve opment

through the Su
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to the Committee on Science and Astronautics, committee print-en-
titled, “The Adequacy of Fechnology for Pollution Abatement™) and
the approach expressed:therein. 1t raises what are to us some very
searching questions that need to be answered, and we think this is the
right approach te this broad problem. - .~ ... .

The pulp and paper industry, through the National Couneil for
Stream. Improvement, as well as the Sulphite Pulp Manufacturers’
Research League and the Northwest Pulp:& Paper Association, carries
on intensive investigations in the fields of stream ecology, effluent treat-
ment, and waste utilization. (Information provided on this subject
may be found in the committee files.) Also, the Institute of Paper
Chemistry eonducts biological surveys and undertakes special projects
for individual companies n fields related to stream improvement. The
largest and broadest effart is that of the National Council for. Stream. - -
Improvement, since the Sulphite Manufacturers’ Research Leagiie
deals mainly with byproduct recovery from spent sulfite liquor and
the Northwest Pulp & Paper Association with surface water problems

- common to the Northwestern States. Both these latter organizatiens
cooperate in the national council’s activities participating from time
to time in projects of mutual interest. :
- Mr. Vivian. Mr. Chairman, I have an informational question.

I presume the council is supported totally by the pulp and paper
industry. Is that correct? .

Mr. KNowrToN. Yes, sir; it is. It is a nonprofit organization. sup-
orted by about 85 to 90 percent of the establishments within the in-
ustry. Its objectives are twofold. Research and engineering, and"”

technical assistance. » ; .
Mr. Vivian. Are centributions to the council considered tax
de%lilct%le? - '
r. KnowrToN. Yes, sir; it is'an operating expense.

Mr. Vivian. Thank you. e

Mr. KxowrroN. The national council maintains five regional re-

search eenters which are as follows:
In New England, the New York region at Tufts University in Med-
- ford, Mass.. :

In the South Central, Middle Atlantic region, the Johns Hopkins
University at Baltimore, Md.

The Southern region, Louisiana State University in Baton Rouge,

La. :

The Central and Lake States region, at Western Michigan Univer-
sity in Kalamazoo, Mich., and

The West Coast region, Oregon State University, in Corvallis, Oreg.

The work of these centers is from time to time supplemented by
special ‘projects'loedted at other insitutions when specializéd talents
are required. An illustration of this is the one soon to get underway
at Lehigh University’s Surface and Coating Institute on the separation
of water from hydrogels. The purpose of this project is to suggest
novel means for improving the dewatering of waste slurries produced
by effluent treatment to permit more satisfactory disposal. «

Through these regional research centers, all of the waste disposal
problems of the industry are, or have been, subjected to productive and
continual investigation. ~
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. The waste disposal problems of the pulp and paper industry are
‘many and diverse. Different mills produce different wastes, and t}
<haracteristics of the receiving waters vary substantially in assimils
tive capability depending on hydrology and other natural conditions,
usage and regulatory control. Thus, in a narrow sense, each situation
constitutes a different problem. Through the years, however, an
overall and broader concept of the basic problems has emerged.,  Under
“-this concept, numerous individual problems are susceptible of cate-
gorization and solution under the following classifications: -
(1) Stream analysis and reoxygenation of rivers. ‘
(2) ‘Suspended solids removal, dewatering, and disposal.
- (3) Aquatic biology. . : s
(4) Treatment of wastes for biochemical oxygen demand, (BOD)
reduction. .
(5) Decolorization of wastes. ; - i
The progress which has been made through industry research in
each of these areas is summarized below. ' .
(1) Stream analysis and reowygenation of rivers
Theé pulp and paper industry was the first to employ stream analysis
techniques on a wide scale, for formally analyzing the effects of
effluents on receiving waters and for predicting the degree of treatment
required to meet given water quality requiremeénts. Through a na-
tional council project, begun at Manhattan College and continuing
to this time at the University of Michigan, not only was effective
use made of existing methods of analysis, but improvéd techniques
were developed. For instance, in addition to forecasting the dissolved
oxygen sag curve resulting. from.theé discharge of organic wastes,
stopage requirements, and discharge sehedules can now be presclieduled
for locations where runoff is highly seasonal and mill effluent must be
impounded for long periods. Such forecasts are of vital importance
as existing mills expand in size and new mills must be built in locatidgns
exhibiting extreme seasonal fluctuation inflow, especially when the
may be extended low flow periods. e ‘
_ The stream analysis techniques developed are widely used for estab-
lishing waste impoundment and release schedules. Several large im-
poundments of this type are used where it is necessary to regulate
waste discharge to wide changes in waste assimilation capacity caused
by natural variation in runoff and dissolved oxygen content or by
peaking operation of hydroelectric power stations, o “
- 'The basic fact of river reoxygenation is that replenishing of oxygen-
depleted water by abserption o% oxygen from the air is relatively slow.
Restoration of ‘dissolved oxygen removed by wastes through the ‘de-
composition of organic matter occurs only through adsorption from
the atmosphere. The rate at which it eccurs only ?lepends upon many
physical characteristics of the stream such as depth, surface atlea,
temperature, rate of flow, and turbulence. - For many years, the na-
tional council has been prominent in evaluating and ‘seeking ‘megns
by which the rates of reoxygenation could be enhanced in sectionsg of
streams where critical conditions occur. R
Mr. Dapparro. Mr. Knowlton, do you have any examples to show
how this has worked out? Have you any successes as a result| of
reoxygenation work?
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- Mr: Kvowrron. I think there is ‘one, Mr. Daddario, near your loca-
tlon in: Connecticut, eastern ‘Connecticut that was given a good deal
of publicity. threugh the Federal Paper Board where quite. some
success, was realized in the mechanical agitation - of a holdlng lagoon,
and I think the results have been quite successful. -

: Mr. Dappario, I think it weuld be helpful if you éould supply fer‘
the record some of the productive results of this kind of activity:-.

.. Mr: Knowrron, I think we can do that.  We will be glad. to, sir,

(Information - pr@wded on. thlS sub]ect may be found 1n the com-
mittee files.) S =

(2) Suspended solids removal dewatermg, omd disposal .

. The removal of suspended. sohds from pulp and papermill eiﬂue'nts
has probably received more attention than any other phase of sbream
pollution control, since such solids may interfere with .downstream
uses, reduce dlssolved oxygen levels, or float' on the water surface.
In addition, the removal of sett]ea.ble sol1ds 1s a necessary prehmmary
to further waste treatment. - ;

The first step taken by the industry toward suspended solids reduc-
tion, in mill effluents was to remove bark-and ether wood solids which
eould be screened from mill éfftuents, ant dried, burned, or dlspesed of
aslandfill. . Following: this, fiber recovery was an 1mporta,nt additional
objective. Coupled with water reuse, the latter practice has proved
to ‘be true conservation measure, since, by these means, water usa,
pper ton.of produet has been cut to less than 50 percent of that formerly
required, substantial heat is. sa,ved and ‘about 1. m:tlllon tons of fiber
recovered annually. -

For many years, research has been dlrected toward 1mprov1ng the
methods for suspended solids. removal from various mill effluents.
Four processes are now Wldely employed for suspended solids reduc-
tion. - These are sedimentation, contact reaction, fletation, and: filtra-
tion, ~ All can do an effective job if properly applied under suitable
conditions. Through the use of the above-mentioned processes, 95
percent removal of settleable solids and 70 to 90 percent removal of
total suspended solids may be attained.

In summarizing progress in the removal of suspended matter from
mill effluents, it can be:congluded that substantial progress has-been
made by the pulp and -paper industry.. Howeyer, problems still re-

main, }fartlcularly with. respect. to the dewatering’ and final disposal
of the large volumes. of sludges resulting from clarification. - Efforts
to find a use for this materlal have been unavailing, and its disposal is

‘both difficult and expensive. ‘The current practice is to concentrate the
sludge to the smallest practical volume and finally dump the material
on waste land. The sludge disposal problem is being investigated by
the Federal Government, the pulp and paper industry, and equipment
manufacturers. However, none of these suggested solutions is prac-

-ticabley and the accumulation of this material taxes the ability of many
plant owners to find disposal-areas. This problem will be &ggmvated
with increasing population density.
) (Iﬁrifogmatlon prov1ded on thls subject may be found in the commit-

ee files e
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(8) Aquatic biology - R i
" A considerable portion of the national council’s activities is directed|
to studies of aquatic biology. - At the outset, a need was recognized for
research in two directions; first, studies to determine the effect - of]
various mill effluents on aquati¢ life, and second, studies desighed to
fill gaps in the basic knowledge of environmental requirements. - The
importance of recreation in our daily lives and the continuing use-of
our fisheries resources as a food source and means of livelihood, have
prompted a number of pulp-and paper comparies to intensify their in-
gividual anid coordinated research activities in this field.  Attention
has also been focused: on the problem of organic enrichment of receiv-
ing waters, which may result in the occurrence of slime growths in
streams. - k ‘ R e P
Many regulatory agencies have established blanket requirements
calling for absence of nuisance growths in receiving waters; in addi-
tion to the maintenance of certain environmental conditions believed
conducive to propagation and successful development of aquatic life
To.the extent that the industry can, through research and field study;
develop valid information concerning the interaction of mill effluents
and dquatic life, it should be able to devise effluent control methods
reasonably ‘required to implément the ‘multiple use philosophy -for
water which is generally recognizéd as-necessary to an industrialized
and urbanized society. . Sk ST R
A vast amount of research has been devoted to identifying the
various constituents of pulp and paper mill waste which may affect
the aquatic environment and in what concentrations these constituent
alter the character of streams. =~ . N
" Laboratory studies of factors affecting growth of sphaerotilus slimes.
in water receiving mill effluents have been in'progress in the research
laboratories of several paper companies, in addition to programs.af
‘Rutgers University, Johns Hopking University, and  Oregon Stat
University. The influence of nutrient elements on the occurrence-o;
slime growths has been demonstrated as well as the stream velocitie
required for such growths to occur. The relative importance of vari-
ous sugars and of raw and treated sulfite and kraft mill effluents 1
supporting growth has been established, as have the effects of sanitar
sewage, salinity, iron, surfactants and microbial growth inhibitors.
The effectiveness: of intermittent discharge as a growth control .
method has been demonstrated on a laboratory and pilot scale. A full
scale installation has been completed at one mill incorporating facili-
ties for spent sulfite liquor impoundment. PR
(4) Treatment of wastes for biochemical owygen demand. reductio
The oxygen-consuming characteristics of pulp and paper mill wast;
waters.arigse from the fact that wood, the basic raw material for paper
is organic in nature. Although weod in its natural state.is. reason-
ably resistant to microbial attack, the residues from the chemical pulp
ing processes as well as the various organic papermaking materials arf
readily decomposed by micro-organisms. The oxygen required by bac
teria for the breakdown of the organic matter is referred to as-th
biochemical oxygen demand, commonly known as BOD. -
.. The discharge of oxygen-demanding wastes to streams .presenb;

T
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problems for several reasons. The underlying cause of the difficult
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is that oxygen is only slightly soluble in water despite its abundance
in the atmosphere. In pure water, only about eight parts of oxy-
gen may be dissolved in a million parts of water at typical summer
temperatures. - If this low initial concentration is decreased by much
more than about 60 percent, the aquatic.environment may be affected,
Under conditions of complete oxygen depletion, fish cannot live and
anaerobic decomposition may occur:. , .
In view of these undesirable effects, it is necessary for the regulatory’
agencies to specify minimum dissolved oxygen requirements for a
_given stream.  Unfortunately, the minimum dissolved oxygen re-
quirements set by many States are somewhat higher than authoritative
aquatic biology research indicates is necessary. , :
nfortunately for the protection of aquatic life, the treatment of
pulp and paper mill wastes for the removal of suspended matter does
not produce a proportionate reduction in the BOD .of these effluents.
This is because 65 to 80 percent of the BOD is.in a dissolved state and
is unaffected by removal of suspended solid materials. . Chemical and
physical techniques, such as ion exchange, dialysis, and electrical meth-
ods to remove the BOD fraction, have:been tried .and found either
economically unfeasible or mechanically impractical. Research con-
ducted by the National Council and others in this field has indicated
that the use of biological treatment methods is the most promising
method for disposition of the BOD content of these wastes. ... _
- Biological treatment may be of two general types—aerobic and an-
aerobic. Anaerobic digestion is decomposition of organic matter in
the: absence of free oxygen. - In the aerobic treatment processes, bac-
terial and other micro-organisms oxidize the organic matter in the
_presence of dissolved oxygen. Oxygen is supplied to. these. aerobic
treatment systems through either natural means, as in some oxidation
~lagoons, or mechanically in activated sludge plants and aerated sta:
bilization basing and trickling filters. _ o
One of the simpler forms of aerobic treatment is the oxidation
lagoon, where the wastes are stored while biological action reduces the
B%D. In the Southern United States, substantial BOD removals are
being obtained in storage periods as short as a few weeks. The factors
affecting the efficiency of this process, such as depth, detention time,
temperature, and nutrient addition, were extensively studied by the
National Council at Louisiana State University. These studies
showed that the detention time to accomplish BOD reduction is greatly
decreased if the oxygen transfer from the atmosphere is accelerated
by mechanical means. There is a growing tendency, therefore, to dif-
fuse air into lagoon systems. Various techniques are used for this,
including recirculation over concrete steps, diffused compressed air,
or mechanical aerators which agitate the surface of the lagoon, thus
enhancing oxygen solution from the atmosphere. With this supple-
mental aeration, it is possible to obtain a substantial BOD reduction
with B to 7 days’ storage under suinmer conditions. : S
Where large land areas are not available, and a rapid BOD re-
moval method is required, attention of the pulp and paper industry has
been focused on the trickling filter and activated sludge processes. - In
the former method, the wastes are sprayed on beds of stones or another
filter edium, on which biological gtowth are developed: - The pas-
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sage of the wastes through the filter beds results in the partial oxida-
tion of the wastes. : ' , ‘ ; 3
- 'The National Council has conducted extensive experimentation with
the ‘application of the trickling filter process to a wide variety of
efffluents, ranging from spent liquor to paper machine overflows.
‘While the results of this work show that-the wastes tested were re-
sponsive to this form of treatment, there still are difficult technical
problems to be solved. - As the BOD loadings possible with filters are
relitively low, high capital costs for the process are involved. These
units also have a tendency to clog due to the fibrous nature of the
wastes applied, as well as to the form of microbial growth on filter
stone pro ,uoe&‘ by papermill wastes. It is because of thése limita-
tions that application of this process to pulp and paper mill waste
has not been general.
© To date, the activated sludge process, and modifications thereof, 1
which the wastes are contacted with biologically active sludge in tank:
in the presence of ‘oxygen have apfpeared to offer the best methods for
satisfying the oxygen demand of pulp and paper effluents where:
high degree of BOD reduction is required. :
~ The national council research project at Louisiana State University
first demonstrated that kraft milPeﬁiuents could be stabilized at greatl
accelerated rates using this technique. Since this initial work on kra
wastes, activated sludge experiments have been conducted on practi
cally all types of pulp and paper effluents, it has been found that
substantial BOD removils are attainable with most wastes at deten
tion periods of 4 hours or less. The rate of oxidation with these
effluents is normally higher than with sanitary sewage because o
the higher temperatures at which oxidation takes place and becau
‘of the improved aeration and " sludge-effluent contacting methods
emmployed. '
* 'With respect to aerated lagoons, the national council project at
Johns Hopkins has been especially active in developing this technol-
ogy. For locations where the limited requisite land area is available
accelerated aeration in reasonably short periods, that is, 5 to 10 days
retention, provides an effective means of oxidizing the waste.
“ BOD reguetibn. is adjusted to meet dissolved-oxygen conditions in
the receiving stream. Storage oxidation basins achieve in general
from 80 to.80 percent BOD reduction, depending on storage-time,
season of the year and depth. Aerated stabilization basins are general-
ly designed to remove 60 to 80 percent of the BOD, activated sludge
units 80 to 85 percent, and trickhng filters 40 to 60 percent. ’
(6) Decolorization of wastes
In the treatment of pulping wastes for suspended solids and BO
romoval, one characteristic; that is, color, usually remains unchanged.
The brown color of ;pulping effluent is due to the presence of lignins
and tannins dissolved from the woed during digestion and bleaching,
Persistence of color downstream. in the receiving waters is:due to the .
resistance of these compounds to microbiological degradation. . |
. 'The importance of color, although largely aesthetic, also involw
technical considerations in connection with its possible effects on
water treatement for public- water supplies and .on process water
quality. ~
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«In many sections of the country, particularly the coastal areas
of the Southeast, swamp drainage imparts a natural high color to the
rivers. 'This color is chémically similar to that of pulpmill efluents,
_both being derived from. the extraction of lignins'and tannins from
wood. . In these regions there is little or no-objection to increased
color of streams which are alreéady naturally colored. . Lo
However, in the-cases of mills discharging to headwaters of other-
wise- lightly colored streams, particularly. those. serving as public
water supply sources, the discharge of colored wastes may be objection-
able. - Insofar as fish life is concerned, all available information indi-
cates that the effects of these materials are negligible. S

- Attempts’ have: been tade to adapt: biological treatment: processes
to the oxidation of color bodies but these have not met with success.
The matter of decolorization of colored pulping -wastes appears to
need: continuing research, since -at the 'present time no practicable
methods have been demonstrated. = - .0 .
Turbidity, due largely to inorganic materials, can cause unsightl
opalescence In receiving waters. : Extensive research on clarifying such
dls%ersions is conducted at the Western:Michigan Center. Removal of
such turbidity from some wastes is readily acecomplished, but from
otheirs, results ‘'of ‘treatment is erratic. and. the c¢oagulants required
. -As previously stated, techniques have been.developed and are now
available to treat most industry wastes.- Future research activities by
the paper-industry will ‘be devoted: to ‘developing moresophisticated
treatment methods. - Increasing research -attention is being given to
the treatment techniques devised for the purpose of reclaiming waste
water, so that it may be utilized in an ascending scale of uses, both in
the mill and more generally as for municipal purposes. Lo
Research is also being mcreased on development work, through
which methods developed in: the-laboratory are made available 1%1'
 actual mill use. - R R P o
I would like to continue from another statement that isn’t printed.
. Mr.Dappario.  Please progeed. ... R LA R Y
Mr. KxowLTON. For'«gljde record, I think it is pertinent to state that
the national council alone budgets in excess of $250,000 per year for
research in the above-mentioned field. Beyond that we are making
available further funds forextension of theseprojects.asopportunities
ernit. ‘ S : :
P As a maitter of further interest, we are currently negotiating with
the Water Pollution Control. Administration a joint project on.the
subject of decolorization. ' I believe that this joint approach may well
be t}ﬁeymos't satisfactory way of attacking many of our most difficult
roblems. : Sl :
p Two weeks ago a formal statement of the position of the American
Paper Institute was presented by Mr. William R. Adains, chairman
of the institute and president of St. Regis Paper Co., accompanied by
Dr. Malcolm Taylor of Union Camp Corp., and Mr. Charles Hickey
of West Virginia Pulp & Paper Co. The statement was presented to
the House Committee on Public Works.: This statement.gave strong
endorsement to the proposals and provisions of H.R. 16076 for grants
and contracts for research development and administration of ad-
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vanced “waste-treatment and water purification miethods, as well

research for new and improved methods of joint treatment systems for
municipal and industrial wastes. I fully agreethatthisisa mechanism
that most probably will result-in the earliest-solution of some of our
most difficult problems. - , e T :
.- Mr. Dappario. Mr. Knowlton, what part of your whole resea
@ﬁ-o;*t does this quarter of a million dollars make up, what percen

aget . LT BRI Ce
_ ..Mr. Kxowrron, I think that would be a very difficult question to
answer because it is the largest budget: in this area of the indust:
associations mentioned, but as of the moment we have no means of
knowing the magnitude ‘of the individiial company research ‘effort.
Do you haveany index of that, Mr. Gehm? . .0 .. :

~“Mtr. Dappario. How "does it relate itself to .other research work
being: done in this joint way? - How:much research is being done in
this field separately by any of the companies in the industry and how
does it relate to the overall research effort for all purposes? L
Mr. Kxowrron. Do you have any comment on that? RERN
- Dr. Geam. Yes. - There is 4'large amount of money spent by indi-
wvidual industries on research and development. . Some of it is spent
indirectly by our organization in cooperative work such as pilot plant
work where the mills build the pilot plants and we ‘operate them an
conduct the studies. As an educated:griess, I’d estimate that five tin
the total-spent by the council is spent by individual companies.
- :Mr. Dappatro. I would appreéiate if you would check tlis and make
these-comparisons because it would give us:a good idea as to the'mag i
tude of the effort and the way it looks-as we take some kind of a bead
on the future. T A B : ‘ R ,
‘Mr. Krowlton, this morning we have gotten divergent points of
view. on the multiple use .of our:environment. There is a conflict
ariiong users; there ‘are economic:voices versus conservation: voices.
Both positions are based somewhat on scientific data available, and we
sit here trying to get information together so we can come up with a
political solution. As'a result we gan probably classify ourselves as
political scientists. Others are looking:to us. - Those who-are work- -
ng:in industry, and: those in the ‘conservation area offer-their expert
opinions and we must come to;some kind of a balance between the two,
because they seem to be somewhat in conflict - with:each.other: =~ |-
_#sMr. Knowrron. I think from the broad philosophical standpoint,
Mr. Chairman, that there is in existence a mechanism to make a start
on this problem} namely, caming from  New York State. I am quite
Tamiliar with the approach to the total water resources planning that
is-currently being undertaken there. Our approach is based on a
stream’ standards philosophy. Stream standards, of course, are simi-
lar to land zoning.  We feel that the use of streams for waste assimila-
tion within this capacity is a"legitimate use of water, of our -water
resources, and this has to be qualified by the capabilities.
- The New York approach, the New York Yaw provides for zoning
of the streams, assignment of standards by classification to the best
. usdggeofthe streams.:: - S I EPTREEL CORSVRE KA R R
- Now, this does not preclude future upgrading and, as a matter -of

fact, the State of New York is in the process of upgrading all E a;pd
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F streams to a minimum of D, Now, we have a classification that
goes from a double A down to E and F.. E and F.are going to be
eliminated. : R .

* In 1965, the Congress ‘enacted the amendments to the Water Qual-
ity Act, I think it was P.L. 89-234, which provided a mechanism for
the Federal Government to stimulate the States'that are not so: far
advanced in this concept, to comeup with: standards. In other words,
the Federal Goverament is putting a floor under the standard qualities -
and asking States to enact their own programs to'equal or better that.
T think this mechanism is sound. I think that the best administration
of the water resources can be handled at the local level, at the State
level, but I think the Federal Government has a real role to play in
stimulating the States to do this. : o

Second, I think the Federal Government has a very real role in
stimulating the training of manpower because as was brought out in
your :discussion with Mr, Raynes, there is a woeful shortage of man-
poglver and no program is worth anything if you don’t have the men
to doit. : ' : s :

I know, for example, in New York State that our own department
of health is staffed at a level of ‘somewhere 25 to 80 percent. of the
engineers guthorized: in their table of organization. I think the Fed-
eral Government through its broad educational interests can stimulate
the training of more people in this field.

A third area is that which we are concerned with here; namely, re-
search. I think many times the Federal Government in conducting
research on its own without reference to industrial applications is
perhaps wasting time and money. : o
~ On the other hand, as I pointed out in my concluding remarks, the
approach to joint solution of problems is'a very possible mechanism to
attain these ends. The specific problem to which I had reference has
to do with decolorization of wastes, and I think it was just within the
last 2 days that Dr. Gehm sat down with Dr. Weinberger of the
Water Pollution:Control Administration to explore further the de-
tails of the arrangement into which we are entering.

- -+ Doesthat answer you somewhat ?
 Mr. Dappario. Yes, I couldn’t help but bring up this Point consid-
erin%tm two papers'which have been presented to us. - I'm pleased to
see that Mr. Raynes‘hasn’t left. I wonder if he might be willing to
giveitis his opinion on this matter. - Why don’t you come forward,
Mr.Ra,ynes%i S R AR -
- Mr.Raynes. ' Would youplease restatethe question? '
Mr. Dapparro.: We have heard here today about multiple uses of
our environment. - Would you comment on the conflicts between uses be-
tween ‘the economic voices and the conservationist voices? Is there a
balance or a meeting place which can be-of help to us as we approach a
point where we have tomake a political decision? E

- Mr. Rayxes. Well, I hope to be both a conservationist and a worker
actually doing something about pollution. It:isn’t enough, in m
opinion, for industry. just to.say; “We have a right to dump our waste,”

and it is not helpful for conservationists just to say, “stop.” - I think

someone has to be working toward the solution'to the problem. Every-

ongzshaouldibe‘workingiatlt. SRR AT N .
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Mr. Dabpario. Thisis why I ask the question, because we have got to
certainly be pointing to some balance. . : ,
- Mr. Raynes. Ihappen to disagree with the philosophy that streams
~areto be made to assimilate waste. I think that isa concept which isnjo
longer valid. I tried to listen to your paper, Mr. Knowlton. When
you talked about technical difficulties, you always seemed to come back
to the fact that it costs too'much. There are two different problems 4s
I view it. One is a technical problem of can you treat the wastes
adequately and the other one is how much it is going to cost to treat it.
. What I am trying to doin my work is to make the cost as little as pos
sible, and T’'m accepting tacitly it is going to have to be done. And, if
industry were doing the same thing, I think we would come to reason-
" able solutions a lot quicker. o

Mr. Knowrron. I differ with you, sir. I think we are taking this
approach, but you cannot separate the cost from the technology.

.Mr. CovaprE. You certainly can’t separate the cost from the tech-
nology until there is some sort of subsidy available in the event the cost
exceeds the economics of the situation. -We can’t expect our industries
to go out of business simply to have clean streams.

Mr, Kxowrron. May T inject at this point that, of course, this is o1
reason why ina marginal area where it can be demonstrated that t
application of technology would put an individual enterprise out of
business, this can often be worked out if given some time, and a willing-
ness to work together,  This can be best handled, I think, at the Sta
level rather than from the Federal Government level. :

Now, I would like to comment here on a situation in Monroe County,
in New York State, which Mr. Conable knows quite a bit about. There
is a very strong conservation movement within Monroe County that
has resulted in some rather extreme positions being taken both by the
individuals involved and some of the State legislators. - And, there ha
been a great deal of agitation toupgrade many of the classified strear
in the county. This subject became of such widespread interest [in
Monroe County, that a grand-jury was convened this last winter and
spring and published a report in June. » N

Mcr. Conable, you may have seen that report.
" Mr. ConaBrE, Yes,Ihave. oy

~Mr. KnowrroN. And, they make to me what is a very sensible point.
Certainly it is desirable to constantly upgrade.. .And, they commend .
the public interest that is agitating for this objective. However, they
say, “Let’s come up to where we are supposed:to be now before we
talk about upgrading.” e o

In other words, the streams involved areé not meeting the current
standards of classification. -The sources of discharge are in 1lproc
of deéveloping treatment means, but let’s get to that poirit ‘before we
start talking about going further. And, I think this same philosophy
can be applied on a nationwide basis. Let’s come up to a reasonable

level before we start talking about going further. - A
Mr. Dapparto. On page 5 of your statement, you said you are logk-
ing for methods to improve thewremoval of suspended solids from vari-
_ous mill efluents. You say efforts to find 'a use for this material }
been tinavailable and disposal is both difficult and expensive, ' When
wé find areas such as that whére research has been ineffective, should
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we not establish it as & goal to be accomplished and make extra expénd-
itures to solve the problems? ; N St

.- Mr. Knowirow. Thete’s no-question about it, and it so happens that
this- is one of the two:prablems in ‘which it was decided last fall:to
‘double our research efforts within the national council or ranizationt
this, and the decolorization as being the two most critical problems;
One of the problems here again comes back to manpower. .The stabe
of the art of sludge disposal dewatering is fairly advanced to'the
point where there are only very, very few authoritiés in the country
capable-of carrying the work further. ‘And, Dr. Gehm has spent .
some time during the winter and early spring exploring the available
people to undertake this type of project.” And, in fact, before we
reach that point, we spent about 6 or 8 months tabulating and com-
piling the known technology to date. This is now available and if it
twould be of interest to your committee we will be glad to submit &
copy of it toryeu. -* ; s : o

" (Information provided may be found in the committee file.) o
" ‘Mr. Dapbarro. It would be very helpful if you would: So that we
can to a judgment as to what kind of problems there are in creating
support for this kind of activity, do you find it difficult to get funds
from your participating companies as you seek to increase your efforts
in this area? Have you had resistance ornot? - ’ o

Mr. Knowizox. Inereasingly less resistance. Of course, in view
of the current political climate and the interest in this subject over the
last 2 or 8 years, individual companies are more and more-feeling the
pressures both from the Federal level and from the local level gnd
recognize that where they don’t have the solution to problems;. they
a;e willing to cooperate and contribute in larger amounts to the joint
efforts. \ L : ‘ S

I think that we:are, as I say, spending in:excess of a quarter million
dollars this year. It is not practical tosay: “Well, let’s double that
immediately because you have to implement it.” And, I think, how-
ever, by next.year that this sum will be quite significantly ‘increased
as the opportunities present themselves.  Because, not only do you
need the personnel, but you have to map ont the direction in which

ou are going, and these projects are best undertaken at educational
institutions where you have acknowledged and qualified scientific
: lea;dlgrship along with the graduate students to do some of the leg-

work, o | OIS AT Ot LT : Lo ‘: ) - .
~“Have I put that about right, Dr. Gehm?

Dr. Geam, Very good. P
~Mr. Dapparto, Mr, Vivian? = SR "

. Mr. Vivian. You referred to Monroe County, N.Y., Mr. Conable’s
interest.- T happen to have Monroe County, Mich., in my constituency.
and I would say that those who live there are most unhappy with the
performance of the paper and puls)qindustry in terms of pollution of
sireams and of Lake Erie. * The local officials have been extremely
reluctant to-¢lamp down on obyious Iﬁ)llution because they feared the
loss of the industries and therefore they have not used the authority
which they have underithe law. .- o S .
- On/pages 5'dnd. 10 of your:statement, you quoted the figures.on the
performance of various types of abatement systems. On page 9, how-
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ever, you really have quoted the principal questions, and they are the
following: .. ! E R A SRR R e
High capital cost for the processes involved. Amnd, the answer is,
“Some of tIl)‘;é 'mills in my own district have not invested the capital,”
and second, even more important, next sentence, you say, “The units
also have a“tendency ito'clog due‘to the fibrous nature of the wastes
applied,” and so forth.. My experience has been that if I go down
to those plants when nobody knows I am coming the treatment system
is turned off and the flow goes directly from the mill to the: river.
When I goron a formal visit, everything is working and the water is
¢hurning through: -~ T S i SR 4
. Bome improvement is needed becatise the river basin which is the
dumping point—and this flows directly into Lake Erie—is so bad that
when you go through on a powerboat, the paper wastes float up to
the top of 5'16 river and the smell is extremely offensive. - :
In other words, there is no question about the pollution: There is
no question about; the level of trouble. There is no question about the
fact that the BOD is-out of sight.: There is just simply no question
about the fact that the papermills in that area have turned the river
into a sewer. The question is, Who is going to do something about it ?
Part of the answer concerns the subject of technology which we are all|
discussing today. The question I have is, Why do you try to concen-
trate these wastes either in water or on land instead of dispersing them
over land? Water is, in a sense, a very poor place for treatment of
chemical waste, particualrly when it is a stream or river. Why do you
not dispose of this over acres of topsoil and let the natural biological
work of the forest or farm take care of the waste? ,
. Mr. Kvowrron. Well, you pose several questions. Taking your
last one first. Particularly in urban areas there aren’t acres of ground
ecessary. A lot of work has been donein spray irrigation. .
_ Mr. ViviaN. You:say in urban areas but the fact of the matter is
there is no reason why you can’t truck or pipe these wastes to nonurban
areas. ‘There’s no necessity to solve the problem in the amount of
acres owned by the papermills at the persent moment. - :
- Mr. KxowrroN. Perhaps if the land is available, but this touches
again on the cost element. I think we must not lose site of the fact|
hat the disposal of wastes in streams has been something that has
gone on.ever since the beginning of man on this planet and it has been
~nly within the last 3 or 4 years that there has been this sudden realiza-
ion that this has to stop and you just can’t turn around there in a
urry. - Now, going back to your individual case, the significance of
he mill which all the valves were turned over. =~ L
I know nothing-about this. 'If this was a deliberate situation; T
nd no excuse whatsoever for it. 'On the other hand, no piece of me-
‘hanical equipment is going to operate 100 percent of the time, 365
ays of the year. o ‘ SR
Once in a while, something breaks. " You may have been there at
time when this happened. TR A - o
A second point you raise, why water is a poor medium to use—that
‘ay be but water is the medium in which paper and pulp are made. It
s the basis'of the process, therefore, you have not only the waste that
't carries but you have the water itself. - : Ll ’
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. Mr. Vivian. Excuse me. I have no objection to the use of water in
papermaking processes. I do have objections to its use in the waste
treatment process. , : S s

Mr. Knowrron. Yes, but the water has to go somewhere and this
is in the river. Efforts have been somewhat successful in reducing
the amount of water that we are usin% in making a ton of paper. In
fact, it has been more than ¢ut in half in the last 20 to 25 years. =
d Mr.?VIV»IAN. Has the amount of material dumped in the water gone
own :

" Mr. Kvowrton. Yes. I think there has been a reduction of 60 per-
cent in the waste load contributed to our streams in the last 22 or 23
years, the duration of the council’s existence in the face of an increase
of production of two and a half times. We are making two and a half
times as much paper now as we made in 1943 and the waste load con-
tributed to our streams has been reduced by a factor of some 60 to
65 percent. : ST , ;

o progress is being made. Now, insofar as the stuff that is brought
to the surface as your motorboat goes by, we can’t deny the fact but
there has been accumulation over many, many years of these sludges
which we are now attemptinfkto stop putting in but those that are
already there, are going to take a long time to get rid of. Another
point that you make and I think this Is true in Michigan.

. Mr. Vivian. By the way, that river is dredged almost every year so
you are physically removing the wastes.

Mr. Kxowrron. But this becomes another part of the sludge dis-
posal problem, where do you put it ¢ o '

Mr. Vivian. Out in the lake obviously, where it is even more trouble.
- Mr. K~xowvuron. This isn’t right either, but you are also going to
run out of holes to put it in. But as far as the paper industry in
Michi%lan is concerned, I believe that the millsin the area that you talk
about have all signed agreements with the State authorities——

Mr. Vivian. Thatis correct. '

Mr. Knowvrron. To understake abatement procedures. Now, these
take time. There is manpower, available equipment, planning, design,
and so forth. But I think progress is being made. %oes this answer
some of your questions, Mr. Vivian ¢ :

Mr. Vivian. It answers some of my questions, but it does not soothe
all of the irritations. I would like to comment further on this.

T would like to ask if the use of the rivers and streams as places
to vent chemical and biological wastes may be inappropriate as com-

ared to large areas of land. It was said that there are not acres of

and next to some of the mills. I think in my -own case, there are
thousands of acres available only short pipeline distances away. The
question I come back to is over the long run, is it not better to use the
surface of the ground which is extremely active rather than the
streams ? , o

Dr. Geam. I would liketo answerthat. : SRR

The paper industry has some 30 installations of this type, generally
spray irrigationin operation at millstoday. o :

However, you'can get rid of as 4 rule, of about 10,000 to 20,000 gal-
lons per acre per day. Some of the large mills use 60 million gallons
of water a day, so you can imagine the acreage that would be involved
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‘in their case, hence we feel it is not praptical for large mills butit is
~a very useful tool for many of our small ones and will be put to:addi{ -
.tional usein the future.. g g R
.. (Information. provided: on this;subjeet may be found in the:com-
Jmitteefiles. ) s anre 0 R I IEELLUNANE R S
(.. Mr. Vivian., In; other words, you are actnallymaking use of;
PTOCESSEST - i e g e e o
; DryGEHM-)That iSI:ight;;L\:" LD i ISR TR L
o M Vavian.,, Is this in the North or in'the Sothé . o5 <. Y
Dr. Gexm. Both. There is quite a number of ‘them:for example
on the Miami Valley in Ohio.. o0 o ofe oo 00 07
Mr. Vivian. Now, if for exampley the performance of ithe varicus
ireatment plants is around: 70;0r 80 percent—I: am just remembeéring
the figures on pages 5 and 10—and if the volume of paper produced
Tises as you say it.is rising, thismhears that:the total amount of waste
deposited in the:stream mayavell go up even though: fairly good: treatt
~mentiplants.are heing useg isIn other:words, even'a percentage like
i70: ox 80. percent! pure; still; means. an enorilous qtiantity in:terms:iof
tons being dumped insthesstreams. .When rwill ‘you realistioally be-
rable to set yourself goals like 99 percentt -+ " ol et s
r. KnowrroN. Without answering your question directly-yet, M.
~Vivian, I think: it is true thativirtually all of the new installations-
that are being built today and over:the recent fow years, therechas'beer
.10, problem,: the treatment  plants have been builf ‘into. the origina
.plans and the effluents from these mills arein gretty: good shape. ~Fhe
.Teal problem is how tlo.gwe fix:the old ones and bring them up-to:ting.
1 Now, it has been: estimated,! and -here--we. are: tossing  big figures
-around, that it; will eost industry something-approximatings:billioy
.dollarsito:bring present. installations ‘up towhere we ‘want them. v}
this is done over a period of 10 years, this is an average expenditure-of
-2.$100. million a year. -But as Mr. Hickey of West Virginia poiited
-out in testimony before the Public. Works: Committee, the total:pro: it
picture of the paper:industry is somewhere in the neighborhood of $300
million a year, so what we are saying is that if we have to superimpose
sthe application: of eneithird of the total profits 'of the industry inta
this problem, this is economically a pretty big job and it is probably
not going to be practical. , RERE S SRR ;
- Furthermore, . a large segment of this $300: million: of ‘profits is
oonming from the newer plants that don’t have the problem shesd of
‘them. Therefore, there may be cases where it would take the:total
.return, total profit of a mill applied over the hext 2 or 8 years'in 6rder
to accpmlilish thisresult. .~ .~ ' B O
Now, this is not consistent with our basic economic: philosophy and
8o you have. this problem and I come back to you again, you cannot
.Sseparate the technology from the cost. You have got to have the do]-
“lars to do it. . iy ~ T e .
., Now, I know of an incident of a small marginal paper mill-in New
York State that has gone out of business. 1t was on a stream, took
the whole stream in one end of the mill and put it-out the other end
and it ‘was a mess. - It wasa nuisance, The mill was a marginal mill.
It was breaking even, It was faced with the cleanup and this, coupldd
’(vivith other economic aspects, caused the ownership to-decide to put it
own,

IR

i
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~+Now, they did not make the effort ‘of cooperation. They fought 1
~allthe way through: the courts and:I think nobody was sorry tos:

- them go out of business and it so happens that’ the individuals wh'.

- wepe: workinig in that plant now-have other occupation-in‘the vieinity

so there has been no loss from the employment standpoint: but this can

happen; and ‘I.plead that where you. have marginal operations, pro-
grams can be worked out but they have to take time. Otherwise, the
communities involved might lose a major source of income, and thi
is the real problem.:’ ‘It ms not; the blg new: mllls It is the oldtlmers

~that-are eansingithis. :

Mr.- Dabpario. Gentlemen, I ha,ve got to admse you a,ll that Mr
.Knowlt;on has a 1.0’clock plane reservation. = * -

Mr.: KNOWLTON Mr hmrm:an, Fil: stay ]ust as long as you need
:me b s ~

. Mr. DADDAR‘IO We can get further questlons 0 you a,nd I know
- how difficultit is to get from onecity toanotherthesedays.” = -~

M, VIVIAN Mr. Chairman, I-have about 2 minutes worth of ques~
, tmnmg in mind. The mills in'my area happen to be between 40 and 50

~years-old.  Therefore, they have the problems of old ‘mills. How-
ever, they have accumulated proﬁts over fthat tlme a,nd have amortmed
‘their costsover 50 years. =
1 Mr. KnowLrox. ' Excuse me, . Seotmn 531 of the Internal Revenue
: Code :does not permit you to accumnulate profits. -
. =Mr. Vivian. They have produced profits Whlch could ha:ve cdme
back into the business: for polhution reduction. “That code I-totally
- agres with.  Therefore, you:are in ‘a position ‘of contmumg improve-
-ments over the future as well as'in the past:. " Maybe 10 years of im-
~provement doesn’t necessarily represent 10 years of profits. I point
sout that the economics are nowhere near as bad as they Seem from the
oomments you just made. -

.*The second question T: would hke to-ask you is, What requlrements
-aTe being: placed on the mills you have next to the ocean? "Are you
‘being required to upgrade the quahty of the eﬁluents gomo dlrectl’y
mto theocean? -

Ty KNOWLTON I think thls is partlcula,rly tme 1n the Puget Sound
.ares.
Dr. GEHM Yes, sir.

Mr; Vivian. Is it ttue? - Whele in Georgla, for example9 :
. Mr. KNOWL’I‘ON In Sav‘annah agreements have ]ust been made’ for

trea,tment

" Mry Viviaw, I would hke to:go’ ‘into that -subject further in' the
record What treatment is requlred for plants ‘whose’ efﬁuent ﬁows
dlrecﬁly into thesea?.

“Mr. Kxowrron.d: Would hke 'to make this polnt that progeress is
-being made.’ It is'time consuming. *From all the facfors thit e
are talking about, in other words, there is no point in saying, © A]I right,
~temorrow we will go out and spend & million dollars to do this.” You

have got to get the engineering done and you have to have the basic
‘surveys; Mr. Raynes, in advance, in order to know what you are doing
‘in, erder to apply the engineering and this all takes time. The New
' York State program of pollution abatement involves a series of con-
ferences with each source of discharge. These conferences attempt

oy
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~ toset up agreed upon timetable and in 90 percent of the cases to datg
this- has been ‘done. The timetable of employment of a consultan
if one isn’t available already, the development of preliminary f{)na,ns
the approval of the plans, the development of final plans, and finall
construction and operation, and these timetables stretch out into
matter of 3 or 4 years and I think if we take any given locality i
-~ this country, and we will 1ok at the individual establishments in eac
areg, that they are better off today, they are farther along this time
table than they were a year ago or 2 years ago. :

Mr. ConaBce. Mr. Chairman? : :

Mr. Dapparto. Mr. Conable: '

Mr. ConabLt. Are there other industifes that belong to’ t‘,h”e Natiotia
Cc()iuncll i.;or Stream Improvement: or is it. Just for.the pulp and :pape
maust

Mr. %NOWLTON No; it isentirely pulp and paper.

Mr. ConabrLe. Do other industries have similar organizations? . Fc‘r
instance, do you know if the steel industry has. any ¢
. Mr. Knowrron. I think they have these activities within the over
all trade dssociations. T don’t belisve there is another industry that

“has a research and erngineering orgamzatlon, or an orgamzatlon daf
voted entirely to research and engineering.

Mr. ConaBre. Does this situation exist because the pulp and pap
industry has a much more acute problem in the pollution area than
other.industries ? .

Mr. K~owrrow. I den’t

Dr. Geam. Not necessarily.

'Mr. Kxowwrron. -But I know that, manufacturmg chemists and I
believe iron and steel and petroleum pa»I‘tICIPate in thls act1v1ty within
the associations. : ‘ ‘ R

Mr. Dappario. ‘Food produeers? -

7 Mr. CowABLE. Are'we going to have ahy othier 1ndustry represent -
tlves during these hearings?

Mr. Dapparro. Yes.

Mr. Conapre. Well, that’s’ all then, except I would hke to tha,nk.
Mr. Knowlton for a very &spemﬁc statement. It has: been' very ‘help-
ful, sir, and we appreciate your comments.

Mr. Kxowrzox. Thank you and, Mr. Daddarlo, I would like*to
say that we in the industry are eompletely in full cooperation with
what you are trying to do and -we stand ready to be of any assistance
we can. - We will come down here again and give you facts and figures
at any time.

Mr. Dabpario. Mr. Knowlton, we appreciate that and we certain ly
do intend to contact you further so that we may get answers to addi-
tional questions and help as we go along.

§ AI(iId)ltlonal questions and answers for the record may be found jn
vo

Mr. Dappario. We are interested in an overall 1mprovement of ef-
fort—that’s well demonstrated in the record. The fact that we had
you and Mr. Raynes here today is helpful, because even though there
are some obvious conflicts in your testimonies, I think you can spe.
a great deal to be pleased about insofar as direction and concern are

<

.‘.D‘;ﬂ*q

"

‘ ’nk 80.. Would ‘you say»so, Dector? ,
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at issue.. We are pleased to have had you and we are sorry that you
have to run off. So do'we. We have just been called to the. House.
(Blograplncal statement on David. C. Knowlton follews') ST

BIOGRAPHICAL STA.TLMENT ON’ DAVID C KNOWLTON

Bom February 8, 1910. .

Education : Hotchkiss Seheol——1927 Prmceton Universxty, AB~1931 (Phi
Beta Kappa) ( Magna cum laude). ,

Marital status: Married Jane Elizabeth Lee, of ROchester, Néw Yor ‘ 192:5‘
three children—two daughters;’onie soi.

Home address: 341 Flower Avenue West Watertown, New York R

Business experience: Since 1931 with Knowlton Brothers, northern New York's
oldest industry with a history of over 150 years and the third oldest paper:mill
in’ continuous operatlon on'the saime ‘site in the U.S.A, Fourth géneration” of
Knowlten: Fainily to'be ‘conirécted with Knowlton Brothers! :Hlécted secretary
of the company in 1941, Vice-President in 1944 and in 1948 President and Ghief
XExecutive, a position currently held.

Industry affiliations: Past Presiden‘t of Specialty Paper &. Board Aﬂili tes
1959-60;  Director; American’ Paper' Intitite: Meémber of Government Rela-
tions and Air and Water’ Res6treey Cothimittees of American Paper Institute;
Chairman, Board of Governors: of National Council for Stream:Improvément of
the Pulp, Paper and Paperboard Industries, and the Chajrman of the Operating
Committee Trustee, Institute of Paper Chemistry; Past President,, Association
of ‘Puip Consumeérs (1982-558)°; Meniber, Joint TAPPI-APPA Advisory ‘Gom-
mittee to Forest Products Laborato‘nes Director, Associated Industries of Néew
Ym;k State, Inc.: N -

Qther. business aﬂihations" Director, Marine Mldland 'J.‘rust Gompany, ,of

Northern New York; Trustee, Jefferson County Savings Bank Director, Beebee
Island Corporation ; Dlrector, Conde Hardware Company 5 Dlrector, J ohn Weeks
& Son Company:: - )

Government affiliations: Industry Advisory Member-—N VY State Wa,ter Re-
%onrces Commission ; Member, N, Y. State Health Department Industry Advrs“ory

ommittee-on Water Pollution Control. ‘

Community’ activities: Trustee,” Bmma ‘Willard School, Troy, New York:
Elder of the First Presbyterian Church; Trustee, House.of the Good Samaritan ;
President and Trustee, Watertown Cemetery Association : | Past Chairman, Jef-
ferson. County - Ohapter, Am%ﬂcan Red Cross; Trustee, Citizens Public Expendi- :
ture Survey, Inc,

This committee will adjourn until 10 on Wednesday next
.(Whereupon, the committee adjourned. at 12:25 pm. to: be recon-
vened at 10 a.m., on. Wednesday, August 3, 1966. ) o
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WEDNESDAY, AUGUST 3, 1966

HousEe or REPRESENTATIVES,
COMMITTEE ON SCIENCE AND ASTRONAUTICS,
- SUBCOMMITTEE ON SCIENCE, RESEARCH, AND DEVELOPMENT,
; Washmgton, D.0.
~The committee met, pursuant to adjournment; at 10:10 a.m., in room
2325, Rayburn House Sﬂice Building, Washington, D.C., Hon. Em1ho
Q Daddario (chairman of the subcommittee pres1d1ng

Mr. Dapparto. This meeting will come to order.

Our witness this morning is Mr. William E. Warne, director of the
Department of Water Resources, State of Cahforma, and I understand
Mr. Warne, that Mr. Dillon'is here with you.

.- Mr. WARNE. Yes, Mr. Chairman. -~ Mr. Tim Dillon is here Wlth me.

+ Mr. Dabparto. Would you proceed, then, Mr. Warne

STATEMENT OF WILLIAM E. WARNE, DIRECTOR DEPARTMENT
' OF WATER RESOURCES, ‘STATE OF CALIFORNIA ACUOMPANIFED
IIY ™ D'ILLON

Mr WARNE Mr Chairman, members of the commlttee my name is
William E. Warne. I am the director of the water resources, State
of California, a position which I have held under appointment of
Gov. Edmund G. Brown since the 1st of January of 1961. T also am
a ' member of the California State Water Quality Control Board, a
board on which I have served for some 8 years, and a member of
various other agencies of this sort in the State. I served one term on
the President’s Water Pollution Control Adv1sory Board, a 3-’year-

term which terminated a year ago.

My presentation today is divided into two parts. In the first part

I will discuss areas where we feel inmprovements in technology are

needed for a better understanding of pollution problems, and I will

- place particular emphasis on the pesticide an fertlhzer pollution
of lands in the San Joaquin Valley.

In the second part I will discuss the administrative and policy
Froblems encountered in applying technology at the State and local
evels, as these subjects are listed i part E of section VI of the report
of the Research Management Advisory Panel, “The Adequacy of
Technology for Pollution Abatement.”

- Although the subject of pollution abatement is broad and complex,
my presentation will be limited, for the most part, to water-related
matters. We all recognize that pollutwn must be: Vlewed as it relates
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to the total environment—Iland, air, and water—rather than as it may
affect just one of these resources. o

With the ever-increasing demand for water in California the size
and complexity of our water developments have steadily increased.
The reuse of water has become commonplace, and quality has emerged
as an element as important as quantity. it e

Now, after we have been developing these western water supplies
for 110 years, in our State, the problem of gradual deterioration of
the quality of water through reuse is becoming critical. Downstream
users are in controversy with upstream users in many river basins
of the irrigated west. In the future many more streams will be
affected.

Your committee should be commended for getting the quality prob-
lem out where it can be studied and considered now, rather than
waiting until it has grown to such proportion that it/ will be possible
of resolution only by extended litigation.

. Major efforts are being made in California. to evaluate the sig- -
nificance of the following water-quality-related factors which: influ-
ence the usability of our witer resources: first, drainage wastes; ‘sec-
ond, nutrients; third, pesticides; fourth, detergents; fifth, waste rec-
lamation; sixth, desalination brines; and seventh; solid wastes.

. The amount of salt which: accumulates in root-zofie: soils must be
maintained at a fairly low level or crop growth can be inhibited.  Ex-
perience gained throughott the world has shown that irrigated lands
in arid and semiarid regions. of the world deteriorate unless adequate
drainage is available. )

. For the committee’s information, as a basic point, our California
agriculture is about 95 percent irrigated agriculture. At least the
values of the crops from irrigated lands run about 95 percent of the
total. We have about 814 million acres irrigated in the State and
California has a gross crop value plus livestock value of about $3,600.
million a year. We are the leading producer among the 50 States.
The problem then of the care of the soils under irrigation is partic-
ularly important to California, and it is also growing acute, .= .’}
- When the mineral content of drainage: waters rises to levels that
make it, no longer suitable for reuse; even though the water may not
be contaminated so far as health is concerned, it must be returned as

_directly as possible to the sea. Otherwise, it can poison the land ‘with
its accumulated salts. Evidence of the progressive deterioration of
water caused by continual reuse may first appear in critical degree
in a single area downstream, but the problem and its solution are not
restricted to that immediate area and may be basinwide or even inter-
basin from the first. - L : et

The accumulation of salts in the soil profile, as well as the develop-
ment of high water table conditions, has made it impracticable to farm
extensive portions of the Indus River Valley in India and Pakistan
as well as about 25 percent of the Delta of the Nile.

- Mr. Vivian. Mr. Chairman ? ‘

Mr. Dabparto. Yes.

. Mr. Vivian. Are you suggesting that these areas are recoverable?

Mr. WagNE. Yes.. - - « o .

. Mr. Vivian. In other words, wouldn’t it be possible to increase the
agricultural output of those nations by desalinating the soil ?
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. Mr. Wazrne. Yes; that is true and there are extensive programs
underway at present, for. example, in Pakistan, with this as-an objec-
tive. .. . 1. RTTRTLININS ERER LA SPRL Ea W Vo S R TR L

Mr. Vivian. Do these programshave a.good researchibage? &

-Mr. Warne, - I think they have a pretty good research base. I:don’t
know that one can say that they have been carried far enough so-that
you can: demonstrate that they are .going to be fully effective, but we:
believe they can be effective. 7o 00 oo e e e o

Me. Vivian. It seems to me that it:might be cheaper for:us to:assist:
them in this way than to supply them with foods that can be grown
on their.own soils. R T : T R

Mr. Warne. We are assisting in part in this effort.through our in=
ternational aid program in Pakistan. ‘ s

- Mr: Dapbarto. Aren’t private foundations contributing also? -

- Mr. Warne.. They are; and numbers of our contractors for example,
general contractors are working in these areas. T think:the: World:
Bank is also:participating. -« i e i g et
. In our comntry, as well as in foreign lands, we find examples of
quality problems related to drainage. Coachella and Imperial Val-
leys:in California already have recognized: the need for drainage and'
have installed many miles of subsurfgéraze drainage linés to carry leach-
ings from irrigation waters to the Salton Sea. .. . - . g

The Imperial Valley landowners have installed some 10,000-miles of
subsurface tile drains. : In’additien, the Imperial Trrigation:Distriet:
has constructed 1,400 miles of collector cdnals toiprovide drainage for:
some'2560,000 acres of land; - "o P

*The drainage problem in the-San Joaquin Valley is just developing;:
but, its solution is-important to:the agricultural economy .of the State:
and Nation. The significance of this statement can be recognized whén

one: realizes that the. agricultural income-in 1965 for the 8-counties;
within the valléy was greater than:the: agricultural income of all-but:
%ﬁ)f the remaining 49 States, the exceptions being Iowa, Texas, and
inois. g PRI D
We have recognized:the existing drainage problem in. the San
Joaquin Valley and have been making studies-to determine the de-
%ree to which the problem will be intensified by deliveries of water

rom the Federal-State joint project. - Sl e B o

I refer here to the San Luis division of the Central Valley project
of the Bureau of Reclamation and the:State water project which will
supply something like a-million and a half-acre-feet of water into the-
southern end of the San Joaquin Valley for irrigation. “We have. a:
cooperative undertaking in this: particular joint:development. We
already have plans for constructing a drainage facility to ¢onvey and
dispose of the drainage waters from the valley to the tidal waters of
the Sacramento-San Joaquin River Delta.: = @~ . 5% o0 0w

Dr. Warren R. Schoonover of the University of California has made
an independent study of the need for drainage in the San Joaquin
Valley, and in his report of April 1965 he pointed up the urgent need.
for building facilities to avoid development of a drainage problem-in
the San Joaquin Valley. - He further reports that the drain can be-
built with a discharge at Antioch Bridge without any sighifieant con-'
tribution to delta and bay pollution—I’m referring now to the San

Francisco Bay—for a decade at least.

PN
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¢ Studies made by:the departmént of water resources are’in substan-
tial aceord with Di: Schoonover’s report; however; some of theagen
cies located near the proposed point of discharge are worried about th
possible effeéts of drainage waters dn-their witer-supplies. ¢
Beffofe the-drainage wastes/are discharged:-to tidal estuaries; we ‘are.
making intensive studies to measure preeXisting or “baseline” quality:
conditions so that the influence:of the drain waters on the prevailing
environment can be assessed. This aspect has:iésulted in’ numerous'
differences: of opinion because of the lack of generally aceepted meth-
ods for defining' “baseline” conditions for:someiof the materials which'
magr be carried along with the drainage waters, partieularly nutrients:
iarniie pesticides:: Thest latter: materials will'be di@cussed‘ in'more detail
ater. . T AIR PR Rl O Y ; Sl e
Financihg the preposed San: Joaquin master drain is-another métter
wihich has caused considerable concern: . Nearly everyone agrees td the
nebd: for:drainage facilities ; most:disclaim regponsibility to pay for:
them. We are now working on a repayment plan which incérporates
the concept of apportioniment of costs both to specific:and to general
benéficiamies: : Under: this ‘plan, a-pertion of the costs would be repaid:
y::the : persons: who : actually -divert-drainage waters into the drain.
‘he:remainder:of tlie costs would be mp’avi‘d:%yiéevyingfatta,xfon all of
the tributary lands within the basin:® ™ ¢ ooee oiTun o oo
- Mr, Dappagro. Mr. Warnhe, on page 4 of your testimony you refer'to
Dr. :Schoonover’s independent:study’ inwhiéh he’ reports that; “the:
drain can be'built witha discharge in the'Antioch Bridge without any’
significant contribution to delta and bay pollition for & decdde at
least:*: The question comeés tomind,are we accomplishing anything if

HRER ISR ES FRETH S AP R AR

we-are merely forestalling a'problem for another10 years? .- ,
»Mr. WarnNE. 'We anticipate the extension of the drain further-west:
a8 ‘xﬁéc%x'ired and when required: 'We'already are endea,voringf‘tp work:
out ‘what we:call a regional waste disposal program whieh will include
the ‘delta, dnd the San Francisco-Bay area-andéommunities, all the
drainage area of the San Francisco Bay. R el
~The ‘thought is that eventually an outfall, perhaps more than one,
and a-collector system will serve both the agriculture drain and:the.
industrial and'municipal-drains from the bay ¢commuhnities, carrying.
the wastes clear into the Pacific. .~ o o o e
- Now, this doesn’t seem to be needed at thé moment, but the day will.
come, we feel certain, when a really extensive program of this sert
which'will combine the disg@éal of agriculture wastes and of municipal
wastes likely willbeneeded. - "o Tt ey
- The present discussion actially is not between a drain:with an-out-
fall at ‘Antioch Bridge and the-ultimate disposal plant)but rather bé-
tween. &4 drain with an eutfall at Antioch Bridge-and ‘one that might:
reach as far west as Port Chicago;, which is downstream from the

Antioch Bridge.: : : A R PEs S SR SNy

: Mr.. Dapparro. However; can 'we continue to adjust to the amount
- of discharge which any stream or!bay along the coast can take and
then assume that sometime in the years ahead we can move into another
area‘as the old one becomes contaminated to the point where it can no
longer sustain such.a discharge? Don’ we need to get mote to the
source? Forexample, we have heard testimony before this committee:
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“that Wwé must 16t tiy ‘to establish a standard to determine how niuch
waste material ‘a- river| ot body of water can sustain, bub rather wwe
should discourage the discharge of anything: -of a+deropating nature
into any stream. RN Mot el R

v M, Warng. Well, Tagree; T think, wit

7 _ o, ¥k ég“ciphﬂasop‘h ‘that:there
“jéni’t any Tight to pollute; That what we need.to do is to preserve
the waters %or all purposes, both at a quality-and quantity that will
-gatisfy the needs of a society that is using them and I certamnly would
1ot make any ‘éxesption of the San Francisco Bay in this regard: - It
is &:‘Plfime*areér«b*f‘Galifoi-niai;w Wiy Dot © BN R L
. The'main constitirent in the:drain waters from the San Joaquin Val-
‘ley is going to'be¢hloride, and,of course; the bay is already salty so

‘that we aren’t 'doing a,ngthing%to the bay by putting more salt into-it.
“This drain whter-won't beas salty as the:bay water -t%a.t; receives it: «On.
the other hand; T:don’t:think:that we could: possibly: stop the acounu-
lation of waters in the San Joaquin Valley that are:waste waters'and
ymust néed be disposed of. Do yourseet : Qur altérnatives do nbt, it
isoems. to me, include either to-¢ease irtigating or to-destroy the-bay.

As a matter of fact, we can’t stop the accumulation of salty water
without stopping the irrigation of the valley. So our real problem
“i% to collect and manage :tiefdisposal of the water in a way:that will
not damage the living conditions or the economy’ of agsociated areas in
the State. the valley, o the bay. « . i - oA il 1
i We believe that we can dothis with: the planning'that we presently .

have  nnderway. . ¢ -

.- Now, I amvan irtigationist: -That is, I think; my principak specializa-
tion. There are many irrigationists who contend that thereis no in-
- definite:life: in an irrigation- area. ‘That all irrigation:areas grow
~old and. die.- That’s a fate that we don’t look forward toin our State.
We believe that we can extend indefinitely the life of the irrigated
-areas of the' State of California-by proper management, bothof ‘the
water pit on the land and the water removed from: it. - I.don’t: see
that we have any other alternative than to plan to do so'and te-prose-
woute programs;designed to achieve-these ehds. =~ ~oonf o0
Mr. Dabpario,. Thig is-true, but on: the other hand, you éan’t stop
-what. you are’ doing;: There needs to be progress, and: while you/are
_maintaining . this -agricultural. production level, discharges: will eon-
tinue with resulting problems. el o
Mr. Warne, There are some problems. : S
» . Mr. Dabpario. One of them, of eourse, is convincing people not to
disclaim respensibility to; pay. You must have the:neéessary furds -
.to carry out as quickly as possible:some:of these programs Jou have
‘Mentioned. . R e S :
 +Mr. Warng. I thirk problems in-the pelitical -and soéiologieal -
-arénasare just as difficult/as'thé ones in the technical arena hefre. | Hoiw -
" -dowe get the larger community corimitted to'programs thdt aré essen-

* tial actually to the life of the whole:community, but seems'to'be-re-

‘stricted to their initial impact .- o », : T
-+ Mr. Dabpario. Do you see a ‘growing tendency on the part of the
~people, however, to recognize the problem and ‘ta‘ge willing to support
the nécessary expenditures? P e e el
" Mr. Warne: Yes, I see a tendency, but T wouldn’t say that I’m con-
fident at the moment that we can get a drainage district as large as the
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:San Joaquin Valley adopted, though that v,certa;inlfy is. what we believe
should be done and it is what we are trying to put forward. Co
oo Mr, Mosstgr: My, Chairman{. - - .0 a0 o
- Mr. Dapparto. Yes, Mr. Mosher.
- Mr. Mosmer.  In the: last sentence on page 5 of your testimony, you
“mention the problem of taxes. - Would this tax be in the form of a user
‘tax or would it be a:conventional real estate tax? . S
. Mr. WARNE. What we actually had in mind and. what. we haye pro--
‘poséd would be.an;ad valorem tax which would-amount to maybe as
much as 4 cents on a hundred dollars of valuation, and a usertax or-a
‘charge against the dischdrger who ' would put water.into the drain so
that you'have two charges really ; one on the discharger who would
_pay -on a-metered basis for the use of the drain, and the other on the
whole community which we believe would Fa‘yf in accordance with the
responsibility that it-has for the creation of the drainage problem.-
L+ Everybody within the basin contributes to the problem.
. Mr.-Mosuzr. This relates to your earlier testimony :in which you
referred to the apportionment of costs -both te specific and to general
~beneficiaries. ST : IR :
..o Mr. WarNe: Yes. . . : o BRI o
" :Mr. Mosuzr. But, in effect it would be!a user tax. You would be:
‘paying for the privilege of discharging. ~ - . S
- Mr. Warne. The one who had had immediate access to the drain
~would pay:for the privilege of ‘discharging waste waters into it. T
~ think there is some thought that perhaps the problem is pervasive
enough so that part of:the cost ought to be carried by the general
taxpayer. Sl e s B
" Mr. Mosuer. This would be a tax based on real estate values. - = -
- Mr. Warne. Orfrom whatever the general taxing source was; yes,
from the general fund source of the State. =« -~~~ .- o
‘These are problems that have not been resolved. I think at times
drainage programs’ affecting irrigated lands in our State have been
delayed until there have been ruinous situations created. - S
Mr. Mosuzr. Basically, these are political problems, aren’t they?
. Mr. WarnE. Basically they are political problems.  ° ‘ '
- Mr, Dapparto. You mentioned that part of the problem of drain-
age waste,"was the progressive deterioration of water due to continu-
“ous reuse. S :
Mr. Warne. Yes. © oo oo
~ Mr. Dapparto. Are we doing enough to forestall this deterioration?
Can we build up the reuse cyele over a period of time? -
- Mr. Warne. Let megive you an-example. - I suppose it is the best we
haye in our State. The example of Santa Ana River Basin in south-
" .ern:California which at its very upstream edge has excellent water.
~Jn the head waters of the Bunker Hill Basin in San:Bernardino
-@ounty, the uppermost. réach of the Santa.Ana River the waters
are splendid. We have a situation in the Santa Ana River Basin in
which the stream is intermittent, ground waters basins are the real
‘repository of the water supply, and the whole valley has for years
‘depended ‘on pumping ‘water from the ground water basins. -There
has not been sufficient water in the stream, naturally collected, to sup-
ply the needs of the people who live there. So that as-the water. is.
PR O L N AX8 TRvIt L o P15 et T LgE {
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pumped, it is moved progressively downstream and reused for ifriga-
tion: and other purposes, until down close to the Orange County
‘shore ‘of the Pacifi¢' where it/ becomes pretty heavily loaded with vari-
ous minerals and depleted to the point ‘actually where the sea water
has intruded. You can’t tell the difference in some of the wells be-
tween the dregs of the lowest basin and the intruding sea. The wells
have to be abandoned. = - R S R A i

So, what can be dene about it: more water can:be inserted into the
basin and-that of higher quality: Cne B

In other words, a program ean be effected to:cut down the recycling
effect and to manage the basin so that the new waters are mixed in a

‘way that makes all the waters continuously usable. ST

We are trying to do this, some of our local agencies in Orange
County are doing a very fine job with this kind of program. How-
ever, they are using Colorado River water in Orange County at the
present time, and it is not of the best quality when it comes from
the river. We have a real and continuing problem of managing the
waters of the Santa Ana River Basin. ]

Now, we have thought of, but have not yet put into practice, a means
of actually reversing this trend; that would be to-desalt, demineral-
ize through one of the desalination processes, a portion.of the:water,
put the utterly unusable brines into the sea, and put the purified water’
back into use through mixture with the waters that are naturally
available in the basin. I think that this kind of program will be prac-
tical and will be adopted within another generation. ‘

Mr. Dapparro. Is there sufficient work going on in this area? -

Mr. Warne. OQur State and the Federal ernment. through the
Office of Saline Waters of the Department of the Interior, have under-
taken a test center in San Diego County on the San Diego Bay. We
had a demonstration desalting plant at Point:Loma cooperatively,
jointly constructed by the State and Federal Government. We are
follow'm%this carefully and we are a full participant in it with the
Interior Department. They are going to dedicate on the 10th of this
month a second plant,the first one having been moved to Guantanamo
‘Bay in Cuba. ‘ ‘

ur test center is not completed as yet, but it is underway. We
hope to conduct certain experimental work there right along with the
Federal Government, looking toward development of practical pro-
grams of the sort that I outlined to you.a. minuteago. . .
'« Mr. Mosaer. Mr. Warmne, earlier in your testimony you said the
reuse of water has become commonplace. However, a number of pre:
vious witnesses have implied that it might not be commonplace at
all but rather quite exotic. 'When you say reuse of water has become
commonplace, I think you have to make clear that you are talking
about it in a very limited sense, aren’tyou?  Aren’t there many
possible reuses of ‘water which haven’t:been developed at all? ‘

Mr. Warne. Well, T will discuss that some, a little later, but T don’t
think I’'m wrong when I say reuse of water is commonplace. In Cali-
fornia I am sure that it is. It may not be appreciated or understood
or even recognized or admitted, but it is surely happening in the Santa
Ana River Basin. oo g N '

* Chairman Mirrer. Would the gentleman yield?
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Mr. Mosgzr. Yes, . ...

Mr. Dappario, Mr. Chmmm, we are ]ﬁ)le.ased to hwve you here.

" Chairman ‘Mitrag, ;\Would, you. he.w to.drink raw. Po@omac
water which thad, been extraot/ad from wbove t,he punﬁcatlon plmw

- Mr. Mosuzr.. Not 1.

.+ Chairman MILLER:: Thls Water in :fmnt of us has b@enx reoonstltuted
Sometlmes we don't appreciate that fact and we; get-terribly disturbed
when we talkabout: reconstituted water,. .But most-iof the: water-we
use has to be filtered and treated with ehlorine and then: afemted fand
purnped back to us;and: it’s good quality: water. ~
. Mr.-MosHzr.. Thepoint I was making, however,vwas thabathem are
still vast pO’SSlblllbLeS fw the further te@hnology iln the reeyclmg and
reuse of water.... «

- M¥, WARNE.: cOh I don’t d@ubt t/hat As afma.tter of fswt, one plant
at. Whittier N arrows in Los Angeles County of the.T.os Angeles
County Sanitation District presently is: reclaiming water out of the
trunk: sewer;: something: like 10;000 acre-feet. of water a year. . 'The
reclaimed water is being put on spreadmg grounds immediately below
the :Whittier Narrows Dam whepe:it: is percolated. into/the ground
water: basin and then it ‘available: for;reuse by pumpers: dow;nstraam
Downstream is only a:space of a few miles before the Pacific Ocean a8

‘ 'reached but, in this basin.reclaimed water is soused.

' Now, ‘this has: been very carefully planned; very: carefully voperated
very carefully monitored and we are sure: that thls Wa,t/er is good When
it reaches the ground-water basin.:  .":

We are also sure thadt 190,000 acre- feet addltlonal water oould be
8o réclaimed in..the area of Los:Angeles by this same process. :The
additional water is not bém%so seclainied at the presént-time.. While
w#d have the technique and-the:method, we do.not as yet have the pro-
gram to reclaim this large amount of water' which is. wasted to: the
sea. - That water has'a great‘economic value in our State. It-cer-

v tamly is worth -an: 1mmensa amount of money, and:to replace lt costs
grea,t sums, - Sl :

Mr, Dapbario, If you wﬂl proceed, Mr Warne.. ‘

Mr. Warne. One of the most controversial factors mﬂliehmng the
development and utilization of water resources m California is that
of mutrients.. These.are the materials. that enceurage ‘or stlmulate
bmlogma,l growths, parbwu}amly lalgae G £ o

: 3 t

5 At ~p an 'tan cénstxtute 8. Very mportsmt 5 ooi. :
‘ gu}cl & substa,ntlal supply, supported by nutrlents, we, would- ha,ve o
sheries: -

It is.in the area of exceste blologlcal product1v1ty that we en- ,
counter undesirable problems such as unsightly -growths or blooms
where these anicroséopic::plants' become so numerous as.to,become
&esthetioally objectionable. -In.addition, upon decomposing, the plant
material may: actually pollute the water, utlhzmg excessive amounts of
oxygen and oftén-producingobnoxious odors. ... . |

There is considerable speculation as to the s1gn;ﬁcg,nce of xmany
materials with regamd o the:effeet: on ‘algal growth Tt.is genera;lly
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agreed, however, that nitrogen and phosphox us’ are perhaps the’ frnosﬁ
significant.

A number of the microscopic plants have the a,blhty o utlhze or ﬁx
atmospheric nitrogen, making it available to promote algal growth.”

Phosphorus, on the other hand, must be added to the water through
the natural processes of decom osition of rocks and organic materials
or be intreduced as a waste pol{)utant For this reason, phosphorus is
recognized #s a key factor in stimulating or limiting blologloal growth.

In addition to natural sources, phosphorus reaches our water sup-
plies through return flows from’ a,grlcultural lands and thmugh sewage
dlscharges

~Although phosphorus is an important mgredlent in fertilizing mate-
rials applied to agricultural lands, return flows do not show significant
amounts of phosphorus being returned to our waterways. This IirOb-
‘ ably results from the utilization for crop development as well as
from the chemical 1nbera,ct10n Wlth the solls Whlch tends to retaln tho
phosphorus ‘

%rocesses are ava,llable for reducmg the amount of OSphorus 111
our’ waste discharges. These procésses currently are being uséd’ at
Lake Tahoe where nitrogen and- phosphorus have been found to' pose
a threat to the clarity of that unique lake: ‘The phosphorus-renioval
process is'very eostly—about $100 per aere foot-—for general applica-
tion:': The urgent need to’protect the pristine quality of tlié' waters of
Lake Tahoé also' requires & treatment method to remove! nitratesfrom
- wastes which might be discharged to these nitrate-sensitive Wwaters:

While this is an ‘immediate ficed; its’ apphcablhty should extend fa,r
: beyond this particular instance.
~Prolific algal grthhs have caused problems at Clear Lake: a»nd” at
the Salton: Sga “These: growths, resu tmg from excessive niitrients,
have contributed to extensive fish kﬂls and to odor problems 111 the
areas swhereblooms have occurred:

- Recognizing' that one'of the major . areas of concern regardmg iihe
‘San Joaquin master-drain relates to the possible effects of nutrients on
the receiving watersy we are ‘constructing a prepllot tréatment plam@
tostudy: various means to remove or strip nutrients from the dra,mu
- waters by inducing the gx‘owth of: ‘algae and then removing the'al,
from the water, thereby removing the nutrients bhac ‘were: utlhze
the growth. We have submitted an applicatioifoi d demonsﬁ'atlon
project grarit from the Federal Water Pollution’ Co -rol Admmls‘tm-
tion to support a portion of our proposed studlés Bty

Another area needing additional study is the development of 4
meth«l for determmmg algal growth pobenti‘al under various cefidi-
tmns Athey ‘ ehml m oup & acit to red ct

Mtheane .,..,‘s“x"fl | - X

e of sew ¢ ‘effl Liamd ' rafio Sob wratart LW ebide
e S8y t o idator o5 the v d offects ot viridnc

gt gias o " i o pas

relighly o feld condibions, . r e
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- Mr. Vivian. Mr. Chairman? -

. Mr. Dabparto, Yes, Mr. Vivian.

‘Mr. Vivian. There are three questions T would like to ask on the
sub]ect of algae. = You mentioned that you expect: to induce the growth
of alga.e and then to.remove it from the water. . I presume this is
'pQSSlble because there is.a mechanieal process avallable to do this. -

Mr. Warng. Yes. :

“Mr. Vivian. You can asmmﬂate the materials into orgamc material
whlch then can be filtered out?
 Mr. Warne. That’s what we were thinking of- domg in this pilot
plant operation to discover whether in this manner we could reduce
the dangers of introducing an excessive amount of nutrients from the:
San Joaquin drain-into the estuaries of the San Francisco Bay. .

. ‘Mr. Vivian, Hasthis process been used elsewhere?. |

Mr. WagrnEe. Yes; it has been but I think on'an inadequate basrs
for the demonstration we need here.-

‘Mr, Vivian. Are there large portlons of the oceans which eontain
extensive weed area ?. Isthis] in any way relabed to the problem in the-
San Francisco area? .

* Mr. WARNE. I’'m sure that they do utilize the nutrients in the sed.
I ‘haven’t thought of them as bemg on a par with this partlcular pro -
lem, but the sea isa big place.: -

- Mr. Vivian. Is there any likelihood that s1m11ar 63 grasses or- kelp
oouldbeutlllzed for removing varioustypes of pollutants? . .

- Mr. Warxe. It is conceivable, but by the time you get the mlxture
in the sea itself, I think probably the problem is beyond our manage-
meng. . Our: fear is introducing these relatively large. quantities of
nutr(lﬁnts into shallow or oonémd ‘waters where they peak ‘rather
ra :

B r yVIVIAN For example, between San Franclsco and Sa.cramento

) !

B}ir Warne. Yes; orin the San Francisco Bay itself.

‘Chairman Muzcer, I believe that there is a difference: between the
sea TASSES OF SEAW weedsand algae?.

r."WARNE. Yes, there is, though they are types of a.lgae growth
A Chan'man Mivrer. Seaweed is found on every coast throughout the -
world. In California, the collection and pro duction of algee disan
-important, industry. . For instance, algae is used as the fixation in cake
. icings to keep them from running, and is a:very valuable product
The Japanese have long used sea algae as a food substance. o
Mr. Warne. Well, actually, there’s a poss;lblhty of using algae for
stock feed and other feeds
. Mr. Vivian..Are: there growth, processes- such as ~with seaweeds
wlfwh tean«be: used:in.. addltwn to..the, growth of; algae to. remove
nutrients? .. -

Mr WARNE! Well we suSpect tha.t; Lhe alga,e would be. bhe qmckest
one since it tends to peak first in the receiving waters. - I think:the
others do use the same nutrients, as'a ter . of fact but these blg
seaweeds are muchslower. growin T

* Chairman Mmuer. Incidentally,. the seaweeds are. very hmgh 1@
1Bdme ‘and certain ‘other elements. . During the war the Japanese
taught their people who'lived on-the 1sola 1slands how bo supple-‘
_‘nent their diets by usmg algae.
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~  Mr. Dapbario. Mr. Moesher? A » S SR
- Mr. Mosuzr. 1 assurne the gentleman from Michigan is- wondering
whether there is any feasibility in this method for:our own Great
Lakes area. ‘ o ‘ e
Mr. Vivian. Yes. I amtrying to ascertain if we should start plant-
ing certain weed growths. ‘ = o
Mr. Warne. I don’t know enough about your particular problems
in the Great Lakes to be certain, though, I suspect that this ‘general
line of inquiry might have some applicability. -~~~ R
~ Mr. ViviaN. You indicate that you are constructing a prepilot treat-
‘ment plant. I presume you mean the State of California. - =
Mr. WarNE. Yes,theState. T e
Mr. Viviax. Have you asked for funds from the Federal ‘Water: -
Pollution Control Administration? What is the general cost of this
program? ‘ SEE o e I
Mr. WarnNe. It is in the low hundreds of thonsands of doHars to'con-:
duct this program. We spend $300,000 or' $400,000 a year on prob-:
lems of this sort in the State related to the Suisun Bay and estuary:
~ Mr. Vivian. I gather from your comments youw have not:yet re-
ceived a grant in response to your request. ‘ o
- Mr, Warxe. No. = R S R R
© Mr. Viviax. While I am from a distant State, I would be happy to.
support your re%uest. ‘ e ‘ : Lo e
Mr. Warne. Thank you. B ' '
Mr. Vivian. At the same time you refer to the need for additional
studies to determine the method o’%l"algae growth. 'What is the genéral’
~cost and who is expected to support this kind of research? R
., Mr. Warne. Well, I thought I would leave that question with this
committee. , S co 2 :
Mr. Viviaw. ‘T presume our staff will come to some conclusion on it.
. Mr. WarnE. We are interested in this in the State, but I think some
of thesresearch that is involved here has a far more general applica-
bility than simply to our California problem, and I have raised here.
~ several questions as we go through that it would seetn to' me might be::
of interest to this committee to pursue somewhat farther, - @
Chairman Mizer; Mr. Chairman, I apologize to-my:old friend Mr.
Warne for not being here when the committee opened. I was in a:
conference and couldn’t get away, and I wanted to come here.and pay
my respects to him. - We have long been fellow workers in the vine-
yard. When Tfirst came to Congress, Mr. Warne was Assistant Di-
rector of the Bureau of Reclamation and then he became the Assistant
Secretary of the Interior. :Later: he went: to Turkey to handle onr.
important point 4 program. and then.to Korea whete. he. did: an-out-.
standing job. right after:the Korean war. - In*196 - the. Governor: of
California, invited him hack to California to head our water resources:
depa¥rtment, and I’'m happy to be here to say hello:- ©...0 02 v 1
<My, Warne, I might note, Mr.-Chairman, that in my first assign-
‘ment back in California after the Governor invited me home from
Korea, I was actually a successorto George Miller, though he preceded
me by a good many years in: that particular assighment.. I was a
director of our, department of fish and game:for a short time. and.
your ehairman won part of his fame in California in-directing the fish.

¥ . T
A pret e Bt onty
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and game commission. We have a very. good; we:beligyey, fish.and
game program onti there, andrmueh.of it 15 inherited. directly from his
“effort. -Chairman ,Miller. has:been. a student, of our water: problems;
and a supporter of our water. projects. Governor Brown and, I have
many times. dalled on hig willing-and eﬁecmve mterest.« We are made
repeatedly grateful to him. , o iy
- «Chairman; MItpER. You a6, MeTy, generous, |
i:Mry Davoario; Have you heard from. the, Department of the Tnte-
rior during these last evsg wyaeksggf 2. Dew . process; that thgy ‘have
- developer, %or altering the, qperq,tlon of ordmary treatment plants, to
improve the removal of phosphates?. .
" Mr. Warne. I have heard of it, but not mj detall e hope to perha.ps
getiover there and talk to some of them today or, tomorrow. ', "
o M DADpARIo, So, even though it has been, a,nnounced ﬁmu ha,ve not
“ been given sufficient information enabling you to tell us how.it. might.
a.pply to.any.af the work with, Whl,t;hu onare. concqmed such.as; t]ﬁae a,lga
~ growth.in Iakes suchasTahoe oo oo 17 oy e
M, Wiazxe.. Not.as yet,but, wea ospuch m@gres.ﬁtﬁqlm £y a1
: to be ‘able to cooperate with, h;em; i any demonstration of its
Much has been written and saléf ‘about the haza,rdst v@f the so~calle&
persistent pesmcldes Actually, many aspects.of the- estlclde picture
“are at best only partly known and even less understoogf e v
- In the first place, there does not seem to be 4 COMMon: undersban&mg'
8. b0 the meaning. of the term “pesticides.” ' In Cal 1f@rnm‘ we nse the
definition of our, State depag;tment. Joff. a;gmcqlture which, d es pesti-,
cides as— e . o e
“ Bibstances or; nﬁfxfurﬁm«bf ,substances intianﬁéﬂ tochle uséd; for c@nml‘ﬁng,> pre-
venting, destroying, repelling, or mitigating any pest. “The term is not: llm;imd £0,
. materials highly toxic to hpman beings -or, lwestock which are, thought of a8
poisons, but‘ ingludes ms&otimdes, funglmdes, rodenticites, herbimdes, ver,'mic de-s,
defoliants, ‘Wood' preservatives, préharvest ‘dessicants; . repellentd; antifo
pauﬁs 1and mildewscontrolling paints; a8 well as substances for comntrol -of: snaﬂs,
predatory animals, injurious birdls, bacteria, aLgae : soi), mfeoting mematod;es; And!
-other undesirable forme.of plant.and animallife... :
Under such # broad definition;: substances' sunh a8 sa.lb,\tetraborates,y
hypowlflorxtes, and sulfurare placed in the same/category as the: hlg'hly
toxie arsenicals; strychnines; and synthetic orgame: insbetiaides. »:
“California is a major-user of: pesticid = bl B
“Mr. Dipparto. Do you! eam that the defihitibn is too broad? ..+
My Warnh, Tmean thit atleast peoplé sometimeseonifuse the terms‘ v
I an¥-not it ary ‘way underrating the probleid bf pesmﬁéies, ibut-T any
saying the consideration of sulfurin- & isamie category ‘as strychning
under ¢ banner of“pestmrd% may catisé morealarm than is warranted.
‘e are’a major user 'of pesticides inCaliforniay and it -has been: esti-
midted that:we use about 0ne~ﬁfth ‘of ‘hhe ‘tot: lfaniount of pestmldes;
used, in the United States. & i -0 ! o
. Andy Twwouldisay that the tse of these mwtema,ls, these agrmulmfa,l
Ghémlca’lé,-"is 5 fndjor contributing fastot td bhe high pr&ductlwtjr tm a‘
e aere Basls 6f sur agmeuituwaut there: i
Bmthe‘r thatt beinga) Ii)préhehswe about pesﬁtmdes, aﬂ*leésﬁ s t;hev am,
(} in Cé,l‘iffommf, believe that-6ur major cotigern is réally ahout
: the poidons aid' insectwid@s such as DDT, DDE; endsin, dﬁaldrm, malas

T TTE ,“e“

: th1on, and so forth. -
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. There are several variables and complexities which complicate-evalu-
_ation of the pesticide and insecticide situation. First, the,pesticides
and-insecticides themselves are highly variable. Next, collection of a
truly representative sample poses a particular and peculiar series. of
" interrelated problems. Finally, analytical techniques are exceedingly
complex and still inthe development stage. . - ... ., o
. .Commiercially. prepared. pesticides: and. insecticides frequently .are
made from byproducts of other;industrial activities, and, as such, their
composition has a tendency to vary with other poréions of .the overall
_production activity. T I
Many of the more widely used insecticides;ara/inseluble or only
- glightly soluble- in water, so.they usually-are mixedyor, diluted with -
| ivatives prior to field

organic solvents or-other petroleum or coal tar deriv
~use, or they are applied as dusts mixed with inert materials, . .° - ..
Thus, there is a definite possibility that a significant-percentage. of a
particular insecticide applied to an area literally could be floated away
asascumoroilslick, ' v Totermigpien w A e O
- 7Again; when such an;insecticide enters.a waterway such as a canal,
* drain, or river, it could remain as a surface scum, or as.a resulf of turbu- .
‘lence and ethermotion it: could become suspended throughous the entire -
Cross Sectlon: <o vt it o 5 e U i T g
A further complication is that many of the organic ingecticides are
heavier than water and have a.tendency to settle to.the bottom and in- -
termingle with bottom sediments, 0 o et D e L
.The aforementioned variables'make it exceedingly difficult to deter-
mine the true significance of insecticide measurements reported. from
thelaboratory. ' novo ol o aoe e il ool
Additionally, problems-whieh nmiust, be- met: within the.laboratory.
itself provide further reasoms tb:view: insecticidel measuremelyts with
_extreme: caution::i ‘There are nuaheroiis-pitfalls-in:the complex-ana-
~ lytical procedures. As time passes, however, Wwe.are making; progresg
in developing more reliablemethods. « i o sinois e g
One of tlie most perplexing: difficulties; however, i§ that:insecsicide
solutionsof standard strength oref known purity:and compositioniare
diffieult, if not impossible;ite. obtain for use in calibrating the meagur-
inginstruments. <A part of this difficulty caxi be related tothe chemical
complexity and to variations in-manufacture and in rdwmaterialsused
to make varidéusinsecticides markéted underthe samhe product name.:
" The complexities of interpreting pesticidé-analyses are underscored:
by the fact that the:Advisety Commiittes' of ‘the ¥.S. Public Health

~ Service, in establishing the 1962 drinking water standards, included the o

folloyying statement in theirreport: — eliaias nsecosio s
* Gonstderation wis 'éiven to the more commbon’ chibrinated’ hydroearboif hnd -
organophosphate insecticides, but the information available wag’) ot guf i"eh‘ﬁﬂm

H !

éstablish spedific limits for these chemiéals. -~ . i © wnonid A
“In: commenting ‘on the' decision’ to set aside’ adoption' of ‘pesticide
concentrition limits for drinking’ water, éxpeftts ¢ited two'basic red-
sons: first, the difficulties in establishing acceptable ¢cdneentrations;
and’ gécond, the Tack Bf simple analytical ‘téchniques’ for identifyi
and mebisuring conberitrations of these chemicals, - w7 1 1m0
Althouigh several years have'elapsed sinée establishment of the 1962
drinking water standards, and although much progress has been made -

68-240—66—vol. 1——16 ' : L R
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since that time, we st111 need ‘% s1mple ana,lytlcal techmque for measur-
ing insecticides.” :

Another factor Worthy of addlblonal study is the method of trans-.
port of insecticides from the time of their application, either through
thie soil or across-the lands,until they rejoin:our water: supplies. -

Many of the presently used insecticide materials are “refractory”;
that is, they resist degradation with time and-exposure to the elements.
We nesd-to develop eﬂ"ectlve msectlcldes whlch le degrade ra,pldly
following use. ' : :

- Mr. Vivian, Mr. Chan'man?

 Mr. Dapparto. My, Vivian,

Mr. Vivian: Who is doing’ the development that you refer to in
the last paragraph? Where Is the money bemg spent for developmg
less refractory insecticides? -

" Mr. WarnE. Well, I can’t tell: you of planned programs along thls
line at the ‘present time. :

Mr. Vivian. Suppose a commerclal ﬁrm decided to invest some
money in-researching with degra.da,ble msectlcldes Would they have

miotive to do'so?’ : o

%’Ir Warxe. Well, I'don’t know for cortain that they would have
a motive. I mean, if they could do it cheaper they would have a mo-:
tive, but in hkehhood they eouldn’t do it cheaper.

~Mr. Vivian: Suppose or example, we were to impose an excise tax
on nondegradable refractory insecticides? ‘

‘Mr.; Warne. We think that would be practical only if you had
biodegradable insecticides.

Mr. Vivian. But, we won’t have any . blodegrada,ble mSectlcldes,
unt11 somebody pruts some money into research. "\ : :

“Mr. Warne. You have a viciouscircle there. »

Mr. Vivian. It seems to me that is a very clea,r-cut eham whlch 18
uinpleasant to the users, I'm sure.

Mr. WarNe. Ithink you have some re31stance :

Mr. ViviaN. We-have resistance on all matters’in-the Congress

- Mr, Dapparto. Mr. Warne, you mentioned that the transportation
‘of insecticides was worthy of study. Could you expand on that?

Mr. Warne. We find for example, traces of mseetlcldes in places
that we ean’t explain how they got there.:” .. -

Mr: Dappario. My question goes:-beyond. thet Would you add as
another factor the study of effécts of inseeticides on the human beings?

M WA.RNE Yes, I thmk that not otely on the human bemg, but
Ol 3

Mr. DADDARIO Ammals? '

Mr. Warxe. On fishes and. Wlldllfe, domestle ammals as Well we
need thiginformation. -

. Chairman Mm.LEr. I thlnk it is well reeogmzed 1sn’t ity that some of
“the insecticides -used -in the Mississippi Vallay, and-which end" ﬁp

the river are having an edverse eﬁ'ect upon fish hfe, partlcular Ly on
shrimp-in the Gulf of Mexico. . © i .

Mz WagNE.; There’s no question, . We know: for certa,m that at cerr
' fain levels of concentration these.insecticides will kill.  They will kill -
fish. They W111 kil blrds, and in, a]l hk 1hood they will kill people ,

~'if.m" D KEEE
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- Chairman Miter. Mr. Vivian, Michigan State University con-
ducted some studies some time ago on the effect. of insecticides upon
robins. < Areyou familiar with that? : : : : ’
Mr. Vivian. Yes. . ; :
. Mr. Warne. We have fish kills in California almost every. year
“where, oh, for example, the waters from riceland is ermitted to
“enter a stream without proper dilution. This kind of thing, and also
the tendency for the food chain in the waters.to.concentrate the poisons
so-that while they might be present in quantities that ‘can’t be: letected
or can just be barely detected, through the food chain they are con-
centrated to the point where they appear, from time to time, in some
of the fishes in pretty high concentrations. We found this to be true.
‘We need to know more about this. We need to know how to control it.
Chairman Miier. Some of these poisons particularly affect shellfish
more than any other fish. ' ~ .
. Mr. Warne. They will concentrate in the powers of 10’s.
“Mr. ViviaN. Mr. Chairman, we no longer have any serious problem
isoning certain. fish in the Great Lakes because all

with: inseeticides-poi
“the fish of that type are already dedd. - )
Mr. Warne. They havealready poisoned them. .. . - R
" Well, we have our problems in California, but sometimes I am happy
that T don’t have to worry about it in the same degree of responsibility
of the problems in Lake Erie, for example. But, we are trying our best.
to handle our situation out there in the estuaries and basin ﬁkes in a
a way that will keep them from becoming stagnant wastes, and it is a
difficult problem. = - . e L
- During the past several years much publicity has been given to the
detergent dilemma. Several years ago detergent foam was a common
sight on streams receiving municipal wastes. This foam was related
to the ABS used as the active ingredient in the detergent. products of
~-that time. S o
- In a massive, voluntary effort, the major manufacturers of soaps
and- detergents developed a replacement” product=-a -so-called :bio-
degradable detergent-=which is known‘as LiA'S, which*is'sibstantially
eliminated in sewage treatment plants, particularly those utilizing
the activated sludge process for secondary treatment. Studies show,
however, that only about a quarter to a third-of the Nation’s sewage
wastes have this degree of treatment. TN P T T T
Since the changeover to LAS, the technical journals have been
filled with claims and counterclaims regarding the biodegradability.
of the new detergents. The manufacturers of the present products -
insist that they have solved the problem. Their competitors contend
not so and claim that.a more degradable product, usually, coincident-
ly, of a:;,jbt\y_ge‘ they manufacture, will be needed as population in-
darid relatetdw: dingseonti inerease. . T
.. To détermine ging ‘dvei i :
new LAS, it is necessary for us to measure the amount present in our
water supplies and the relative proportions or the ratio between the
old and'new products. As with insecticides, sampling and measure-
ment is a series of involved procedures, the last of which requires the
use of .g. $15,000 infrared -spectrophotometer for. measuring.the
LAS/ABS ratio. Here again the problem of calibration standards.

(REN
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arises bécausé of pmductzfva,mablhty ‘Each major manufacturer: feels
heiiust have something differentto offer.:: Thus,there is now.noisingle
standard against Whlcg measurements can be: cahbmted so Some typa
of compromise must-be adopted.

"We tised a'stanidard detergentso that all orgamzaﬁlons can mea,sme
a;nd ‘cotpare resulbgon-the same yardstick. {0

' Weéalsonesd methods to mhake rapid and; mexpenswe dlfferentlat;lon
between the old and thenew detergents. . - .

M, Vaviay. Mry Chaslrman, who is carrying: on: the research o do
thOSe ‘things which you mentioned in ‘these last three. paragraphs?

My, WaRNE, Weﬁy 1:think: the Federal-Government is doing some
work ohtit. W are doing @ little in:our- S’rate The mdustry 1s
certainlystill continuing its eﬁ'orts sl : ' 5
My Vrveate, Thanleiyow, o7 oo o0 ‘ :

Mr. Warne. As T have 1ndlcated earller, we in Calﬁornm already'
recognize that we miust reusé ‘our waters if we are'fo meet- the don-
tiiudlly: growing’ demand. At this ‘point; I'am noti suggesting that.
réclaimed: waters should be used’ dlrectly for ‘domestic: consumption
: Eurposes, but there are many purposes for!which:such:waters cani

e used. For example; efflwents: from ‘mumnicipal i waste treatuient
plants already serveas supplemental water: supplies for irrigation 'of
certain‘crops as wellias for C%)evrks and golf courses, for developnent
of recreational lakes; for-in strlal codmg water, and fev replemsh~
thent of around waterbasifs:

' I din*proud to note tht Cahfomla is* sfa,r it mhe orefront when,

hi ‘_freclaimmg,
of wiaiste: WtEP§ for T i1 petTamation ithat! 1 s
Eﬂé@m‘mg ‘inereddingly ‘app: satmietit of wastés ‘to
et quality I‘equuiéments “for ret 'oiftén eﬂrh‘nmtes of ‘substantially
reduces‘thé pollution burden whick otherwise would be placed on other
a,d oining water bodies. g
bfne of thé Uubsﬁandmg examples of - Wa,stfe water reclamation a.nd
reuée ‘i Californial are 4t Saritee, which'is' in' San Diego County, 'dt
hittier Narrows, in Lios Angeles ‘@ounty, and ‘at’ Fontans, in San
Bernardino Countyhaall in southern @ahfot*ma _-fw efe Water swpphes

are’ sparse : :
n’iSfm Dlegoff}ouﬁty andlves the réuse: of hlgh~

: u,:‘A ,Slde %eﬂ@ﬁt fI"

“The Santee: proﬁéét
ly treated domestic wastes which havd’ pémolaméd" thiroigh the ground
to gl pIy witer for redréa‘blonal Takes used for’ pienielting, ﬁshlhg', and
boatfn “for” mﬂgsﬁtion, iof 4 ne'arby ‘golticourse; and o1 swimmirig:

Dmmg al“pecent  T2imorith: ‘periods *ﬁeé,rl 75, ;000" persons  enjoyed
Bhe“l‘écreat’mn @p‘po‘x’t tieg 'at ‘the antée pro]ect none of whlch
wwoﬁ]d ‘hatve been possible withott watér reclamation.

“The Whititier Narrows' pro]ecﬁ involves the use of hlghly treated
domestic wastes to ‘repleni's}? ahderground’ basifis'in ‘the’ coutity. This
plant' currently “id “veclaiming: from 100 to 15" million: ’ ga.llons
ofwater ey dny with'a relatively Tow miiieral contetrt whichhas beer
&1sél1léwgéa to spres. ng basm ‘for’ rep}enishrhent of' thyeiunderground
S : o iy 1yt PR id FE MR

KW Fonltas lm‘w bf quse? Steel 3t 'S'ém 'Béﬁhﬁt‘dﬁﬁd thfﬁty‘
water is* used ‘over andever again until ﬁm}y the Tast process is
gisnching of slag and there 4§ mo  witer 1éft." ' They- litery ily e
- even the squeal, as we used to hear about meatpacking plants.
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" Varying ‘uses; of course, have varying quality requiremeénts. Of
those projects just ‘mentioned; for example, ,eaoﬁ» would. have a dif- .
ferent criterion or quality standdrd:te be concernied about. At Santee
the content of bacteria and viruses is important; while mineral content
is of little coneernbeyond the requirements for irrigation. . [
-+ At Whittier Narrows the'main interest is in maintdining a low min-
eral content. Here the bacterial content is not toe-important because
the  reclaimed water must filter down 'through many: feet of unsatu-

“rated soils where natural processes remove or destroy such organism.
,beAt Fontana the only criterion for quenching slag is that the water
it }Wet. vod . R N "ﬂu S0y .
Recognizing the broad spectrum. of quality -requitements. for. the
HUMerous am% varied uses: involved, we dre now studyingithe pessible
‘application ' of: Systems analysis: techniques ideveloped by the areo- -
space industry to helpusanalyze the demands for waterand determine
‘the quality necessary for those uses. An analysis of this kind will
permit placing into categories those uses having various levels of
quality requirements. It will show how much of this: water could
come from surface supplies, how much from ground water sources,
how much reclaimed. waste ‘water, what treatment is necessary to
meet the various water quality needs for.the anticipated uses, and
howmuch it-will cost, * G o b e
Mr. Dabpario. I think it is a ‘commendable thing that Governor
Brown has issued contract: awards in the systems analysis area. ' Do
the leaders in the aerospace industry know enough about the water
problem toapply the:systems analysis approach, or-will it be necessary
for those people, such as yourself, who are the authoritiedin pollution
controlto learn this approach? - . Co LR
Mr. Warne. Well, maybe both. - Maybe we both have something to
Jearn but I will say this: In several instances, in relation” to the
State water project for example, in which I am continuously engaged,
wé have used the techniques of the aerospace industry through North
American, for example, and systems analysis of problems:such as.the
transportation of water in a long canal, and.we believe that they have
something to offer us.. R TS MR ‘
We -have %\ilven great study toAerojet’s waste disposal prograin
~suggestion.. My départment, experts in our department are working
inconnection with this, and while I think the:Aerojet-people did suffer
some from lack of familiarity iwith the practical problems of water
management, or drainage, many of theirsuggestions are going'to prove -
very useful. Do SRR S
We have.committees in the State now from the-action departments
working on programs that grow directly out of ‘these studies and I
think they are going to result-in major advances.:"We hope so. Per-
haps both in techniques and in orgapization. - <. . ¢
- Mr. Vivian. Having worked in systems engineering for many years,
Mr. Warne, I am specifically interested to know what particular talents
or attributes engineers in the ‘aerospace industry contribute to the
“water pollution ’Froblem ? % : T
Mr. Warne. Tothe water pollution problem ? :
+ Mr., VIviaN. As to the overall water management problem? -
Mr. Warne. They bring techniques by which we can establish im-
provements on our models of percolation of ground waters for one.
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They bring techniques that assist us in computerizing our control fa-
‘¢ilities'in the acqueduct. -We are trying to maintain-this aequeduct in
‘a unique manner. For example, endeavoring to keep 1t ever full be-
cause otherwise it might require a. 8-week delay to.get water from this
intake to the point-where it is needed.” We need this aqueduct operating
on a split second basis. - Just as though the water were within a pipe.
. This is theoretically possible; but.it hasn’t been practically possible
heretofore owing to the length of ‘time required:for communication
and for sending a man out to refix the headgate; and this kind of
‘thing. SR Ui - ‘
“We are using the techniques of systems management in setting up a
program here in combination with experienced engineers and. busi-
~ ness administration people that wé think is going to make it possible.
" to readjust gates instantly and keep the acqueduct full and at the same
time prepare the bills for the water users so that it all comes out of
the same operation. - : g ' ' ;
Mr. Viviax. Have your water reclamation people, who have been
in business for years, found systems engineers of great assistance? -
. Mr. Warne. Ican’t answer that. I think we are just now getting
into areas where e Believe they are going-to-bewof great valuerto us.
T 'mean, the:most.complex’ water program. we-have is the:one I have:
just described to you. I know the metropolitan water district is
‘thinking along some of these same lines.
S‘They ‘are perhaps the next most complicated water operation in the
‘State, o : s ‘ S
Mr. Vivian. The nature of my question is simply that there has been
much opposition to the use of systems engineering for pollution abate-
ment. I have no objection to 1t, but it 18 not altogether obvious that
‘the ‘clear-cut areas of value have been established. L
-« Mr, Wakne. We think that the kinds of controels that are going to
be necessary in the future at least, to maintain acceptable water
quality standards in‘the San Francisco Bay are apt to involve this
kind of thing. - ' S "
. ‘Mr. Viviax. Thank you. o '
~ Mr. WarnEe. There are a number of other apparent possibilities
for use of waste water that, to my knowledge, have not been exploited
to date. These include irrigation of shrubs and plants used for land-
scaping  freeways, washing gravel, compacting soils in construction
projects, replenishing of underground strata from which oil has been
removed, as well as secondary recovery of oil. The use of such sup~
plies is already feasible, particularly in water-deficient areas. :
There is one area where technical knowledge is less.advanced than
is desirable, and this is-in the understanding of  disease-producing
organisms in' water.. For years water supply engineers judged the
effectiveness of their treatment processes by studying changes in the
density ‘of ‘coliform organisms. The presence of certain strains of
these organisms can be related to such waterborne diseases as typhoid,
dysentery, and other intestinal disorders. ‘ : :
In more recent years we have learned that viruses are responsible
for polio and hepatitis. - To date, although we can identify a number
of major groups of viruses, there are no generally applicable methods
awhich can be utilized in routine pollution studies.. ' ’
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“Desalination” is a term which. has been coined to encompass.all
of the. methods and techniques available for removing -and reducing
the amount of salts dissolved in water. The term includes those proc-
esses for sea water conversion as well as those intended to.reduce.the

~salinity of brackish waters. . . <@ ol e on e
. We ‘are extremely interested in desalination, California partici-
-pated with the Office of Saline Water in the construction of a saline
‘water conversion plant.at Point Loma., We are again participating .
with the OSW in its San Diego Saline Water Test Facility.: The
plant will be: constructed by the OSW, and the State will.market the
water. Co

If financially feasible processes were available, we could' use.them
to provide supplemental water to Lios Angeles and: other south-coastat
metropolitan areas. . Economical processes could redute or perhaps
‘even eliminate the problems of increasing salinity in:the ‘Salkton Sea
which now threatens to become too salty for.the: ocean fishes that

rabound: there at the present time. - . , R O T

We also might be able to use these processes to remove the salts -
from drainage waters in the San Joaquin Valley, thus adding to our
~water,supply as well as decreasing the problem of drainage removal.

‘Although numerous. desalination methods are available; none. of
them are economical enough for general use at this time. Limitations
.of time and cost have forced us to proceed along more conyentional
lines in coming to grips with our immediate problems. TR
~ In one San Joaquin Valley town, Coalinga, both electrodialysis and

_reverse osmosis processes are being used to demineralize brackish well
_waters to provide drinking water for the community. - These processes,
‘though costing about $100 to $150 per acre-foot, provide substantial
-savings when compared to the cost of the former method which in-
volved the transportation of drinking water to the community in rail-
.road tank cars. Here again the use of available technology is limited
by the costs involved. . . R

Cost, however, is not the only -problem. There -are other: water
quality factors which must be resolved in addition to breaking the cost
barrier, a major one being what to do with the concentrated wastes.
“When desalination plants are located inland, the problem is to get rid
of tllle concentrates without. ‘permitting them to reenter the water
suppily. SIS . : . . bl e sl )

"~ The problem of brine disposal is also present when desdlination
plants are located along the coastline. There is insufficient knowledge
of the ecology and currents in the ocean.. For instance, it is believed
that sections of the offshore waters are almost devoid of plant and
- animal life in contrast to their great abundance elsewhere.- There
has never been a comprehensive survey of the coastal ecology and the
horizontal and/or vertical currents. ~Inorder to-provide a’safe place
in the ocean for deposit of hot concentrated: brines, comprehensive
:surveys of the ecology and oceanography of the most likely section of
the coast should be made. , R R

Mr. Vivian. Mr. Chairman?

Mr. Dappario. Yes, Mr. Vivian? . - : R

Mr. Vivian. You have touched upon a subject.of very great interest
to me; of the ability of the ocean to absorb types of waste over long
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periods of time. I-would anticipate that'the New York City ares is
~ surely going to have troubles, T have nio'idea how soon‘and ‘whattypes -
of trouble. 'THe total volume of rateérials flowing out:of New York
4is you khow, is'awe-inspiring: T gathet*yowhave some'studies of ‘the
ecology of the Pacific Ocean along the coast 6f Californiai -+
"My, ' WagNe, We haﬁv’e*li’rhitet% tudies but they are not nearly ex-
tensive enotgh and I dotibt if they are going to get us enough answers
g *i!ﬁ;timé.: ,I”%ink we need an additional concentration of this kind of
effort. e : : SR P i Pofer i ARSI
f‘ de:g. QVmA%Ni”Isany?of this work' being conducted ‘with California
un ¢ : B A
" Mr. 'WarNE: Yes, sbnie;"thrp*lftg’*ljf*the-*‘Univeréity*?bf’.@uiifbrnia; ‘the -
Oceanography Institute at La-Jolla; and through our department of
fish and game. We aré doing some of this, and we ate pregéntly plan-
ning ‘additional progranis which wé'hope to bring forward in therext
gession of the legislaturel 0 oo i e e
_Chairman Mirurer. The ocean is 'a very big place and people feel
that you cah dump anything into it. But I’'think we have learned
that this is a fallacy.  ‘Back about 1948, you might remember wé: had
'some pretty lean water years in' California:’ ‘One chemical‘plant that
produced chlorine did so by using the dumy power that was generated
under normal conditions. - 'Since this surplus‘power was not present,
they ¢ouldn’t supply the chlorine that' the ¢ity of Los'Angelesneeded
to sterilize its sewage.** This resulted:in’ southein ‘California beaches -
Heing posted and no swininiing wis allowed becawse of the contami-
e I L T R I R N R
 Then again, shaiks have appeared in waters-off southern California
‘where they never previously appedred; and the studies made indicated
that the’ slight' rise in’temperature through the ‘disposal of sewage
changed the ’ec’o‘log‘ﬁr and caused thée water to bécome suitablé for the
sharks to exist.  These ‘are the things that we don’t know very much
about. We have just begun to scratch the surface inthis field: Some
years ago when the Atomis Enetigy Commission issuéd: areport on the
disposal of atomic ‘waste along the Atlantic and gulf cousts; the Sub-
committes on: Oceanographiy; which T then had the privilege to head,
made soine studies and wanted to publish: a study of the «disposal of
‘these wastes on'the Pacific coast. ‘When the Atomic Energy Com-
mission was alerted, no such report was ever rendered. Is:that

My, Warxe. I'don’t think so. R RIREE ’ b
" "Chairman Mitrer. As 1 understand it, the people, in the threewest
‘coast States wanted to:deposit the atomic waste in the -ocean. -It just
didn’t work out even though thiswas tobe a véry slight voncentration.
They were supposed ' to dump ‘the waste-in a thousand fathoms of
water. The material was-deposited in'steel drums covered with con- -
crete and was supposed. to sink to:the bottom of the oeean. The divi-
sion of fish and game in California duplicated these drums, sunk them,
and found that they were floating at 400 fatlioms rather than &
thousand. R Cn
Off the shore of New Jersey two of these drums had been supposedly
dumped ini a thousand fathoms:of watér, but became snaggedpﬁ the
nets of some fishermen. This was very:low leve] waste and T presume
did no damage, but what will'happen if there is a high level of damage?
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~ In England they pump waste into the North Sea, which affects the
fisheriés on the Grand -Banks. The Japanese,. hired the Pritchard
Bros. to make some studies for them. Thej - found npwellings of
water where they ‘didn’t:expect; them.: They: completely disassociated
- themselves from it and will-not allow the deposits of wastes: . "
At this time no one knows how much of the ocean: is contaminated,
“ but there is an indication that a great deal of work has tohe done in-this
field. B R FEEPRTN AP AT o S NS .
“ Mr. WarnE. The ocean certainly requires ‘additionalistudy. -
| Mr. Vivian. Ate there any Federal control water pollution:labora-
tories in California? I B . 2
“Mr. WARNE. NO. A I R R Vet Do

Mr. Vivian. None as of yet. I thought there was one. .
© Mr. Warne, We would liketo have one there: & (. = . S
- Mur: Vivian, To the best of my knowledge there is an existing pro-

‘gram for the construction of Federal water polhition laboratories in

" several areas of  the. countiry. - e
» Mr. WARNE. Yes. o : U (L
Mr. Vaviax. We ‘are: anticipating the “construction -of: one very .
* ghortly in m‘o«{r own home city: It seems one of these laboratoties would
be concerned with the problems of the ocean. PR
Mr. WarNg. We have thought that one oriented to the ocean and
the coastal areas of our southern California-would be a very valuable
adjunct to the present program of the water pollution agéncy, There’s
one at Ada, Okla. There is one at:Corvallis, Oreg: -There is none in
California. . _ S e
Gravel quarriesand bortow pits-from which fill materials have been
excavated can be used for disposal of certain: types of solid wastes..
‘When filled, these areas can be placed back into desirable use for golf
courses, parks, and similar types.of development. The effect of filling
these quarries with decomposable ‘materials, however, has given us.
some cause for alarm.. We already have encountered ground water
%ollution problems resulting from the downward movement of gases
om decomposing materials deposited in: alluvial areas and the ad-
sorption of these gases into the underground water. ‘These ape in
~ addition to the usual problems: of differential settlement, gas, ahd
odors associated with:operations.of this type:;. 1 o en
Problems of solid-waste disposal have become of great. concern an
California where mhch-of our population virtually lives on-the leaky
roof of its own water supply.  Several years ago, at the request of
Gov. Edmund 'G.' Brown, representatives of the aerospace industry
were called upon:to make a study and to report upon the problems of
- golid-waste disposal in -California.. T
*_The Governor recently. appointed an ‘interdepartmental task foree
on waste management to consider the recommendations made. in the
aerospace report, and to develop a long-range plan for -solid-waste
management. “The’ committee is now. considering the varicdus alterna-
tives and is scheduled to report to the Governor in the near future.
T suiggpest ithat your committee might-find the ‘problems of solid-
waste disposal'a fruitful area for further study. - - e
- And, ‘in summary, during this, the first part of my-presentation, I
have brought to your atténtion a number of areas where we need more

i




246 ADBQUACY!OF TECHNOLOGY FOR/POLLUTION ABATEMENT.

~ Imowledge of ‘factors affecting our énvironment,; where, we nesd pet-

~ termethods forimeasuring these fwotors, and Wheregobher te@bMOLOglﬁal.
o l?)rea,ktm'oughs are meeded. .. g

- Adthough we have.come. a long Way 111 Hutlom abatement, more
eﬁ'ectlve water Tesources mansgement can’ IE)e achleved by g;vmg at+
. tention to thess troublesome areas. .- ..

I suggest that this committee mlght a,ss1st in prov1d1ng for 1ncreased

ST

- scientific effort directed toward the development of—

1.. Getierally acceptable:pararheters to:measure and define base-
-7 line -eonditions: in-order; properly to: assess: oosts and benehts of
- changes in environments; 4
L2, Economlcal processes for removmg nutmenbs from Waste ‘
water; . i
3. Me’chods for detemmmg algal growbh potentlal; Lo
i 4 'Simple and less costly:methods ~t0 measure lnS(-"CtlfCIde «con-
~-centrations in the environment; -
5. A better understanding of the movement of 1nsect101des after_
they have been applied ;
. 6 Effective insecticides: which degrade rapldly after use; i
S 7oA detergent standa,rd agmnst Whlch measurements can be
- calibrated ; :
8. Methods for measurmg and mterpretlng the swmﬁoance of
virtises ocourring in. water;: ‘-
0179, Methods.of assessing: and effects of the dlscharge of conoen-
Lo tm&es from' sea-water convetsion -and- other desalination plants,
an
: 10.: Better methods forthe: dlsposal of sohd wa,stes
2 Mr, Vivian.' Mr. Chairman? -

" Mr. Dappario. Mr. Vivian? ‘

- Mr. Vivian. Tam very pledsed to have Mr Warne set forth thls hst
of 10 items, all of which appear to me to be very rea,sonable and al]
of which will be of great assistance to thlS oommlbtee . :

Mr. Warwe: ‘Thank yow. - -

11:T<()lw I have & httle more: material on questlons that the commlttee
asked:

~The second part includes speoiﬁc answers to the admmlstmtlve and
pollcy Ri'oblems listed in part E; section VI, of the Report of the Re-
searoh anagement: Advisory Panel. ‘

'/The questions raised by the Panel probe areas of concern to all who
must wisely manage our resources. - There are no single answers, but
experience we have gained in pollutlon abatement in California pro-
“vides a basis upon.which we can take-a considered point of view. ,

The first question was: What should be done to deﬁne State andg‘
Zocal responsibilities in applying techmology? -

In California the responsibility for water quality. conftrol is asmgned
tonine regional boards, generally one for each of the major drainage
basins of the:State. - These regional boards are, in turn, responsible.
'admmls‘tratlvely to the State water quality control board.

Until very recently the regional boards were responsible only for
the control of pollution, per se. The boards did a good job of regu-
lating municipal and industrial waste discharges, to' which their re-
sponsibilities were limited. During 1965, however, the ‘legislature’
changed them to water quality control boards and assigned them
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‘broad powers to control any factor which adversely and unreason-
ably impairs the quality of the waters of the State for beneficial use.
Water quality control agencies are rather gingerl approaching
their new assignment. For the most part, the “have little experience
with water supply and in water resources development. ity
" The boards to date have failed to recognize that Water,qua,lsitg» and
water quantity cannot be viewed as separate avenues but instead con-
stitute closely. interrelated. segments of ;water resources development.
The problem of water quality can no more be solved without reference
to other aspects of water resources development than can the problems
of water supply be met without reference to quality. .~ .
Recommendations have been made regarding the reorganization of
the State government by the so-called Little Hoover, Commission which
would help to eliminate this increasing dichotomy with regard to:wa-
ter in California. The commission’s recommendations with regard to
water quality control on a statewide basis were as follows: | . L
- Thé dangers of the existing organizational separation of water quality ‘con=
trol from the other water programs of the State are. becoming more. apparent

with the implementation of the Water Plan.. The existence of one central and
nine regional bodies, each with its own staff and with.standard-setting. and de-
cision-making authority in the quality of coordinated action. The problem has
reached critical proportions, particularly in:the,San Franeisco: Bay: and Delta
‘areas. ‘ : P T ol o
It is recommended that the State:Water Quality Control Board be merged
with the California Water Commission. - ) DR .
Water quality standards would be set, statewide and by river basin, by the
Department of Water Resourceés subject to review by the Water Commission; -
which would hold needed public hearings in- connection therewith. The Com-
mission would assume the Water Quality Board’s role in the approval of loans
and grants for local projects and for research. IR

. At the Federal level we see already much of what the Little Hoover
Commission OF]‘roposed,be done in California with comparable State
functions and agencies. T b e T TN
" In California we will need to work diligently to avoid granting inde-
pendent power over quality maintenance on a_ regiona basis to one
group of boards and separate power over quality maintenance on a
statewide basis to a different board. ‘ L
" How can the training and equipping of local officials be coordinated
with industrial pollution control personnel? s R
' As 8 part of the present procedures for establishing waste discharge
requirements as provided fer in the California Water Quality Con-
trol Act of 1965, it is necessary -for pollution control officials to meet
and work closely with local officials so that they can understand the
meaning of the requirements prior to their adoption by the control
‘board involved. : ~ . S
During the course of these meetings any needs for training or
equipping local officials can be brought forward and appropriate
measures taken to remedy them. =
~ In addition, local professional groups, mainly the California Water
Pollution Control Federation, provide short courses, technical meet-
ings, and group seminars to provide training and exchange ideas in
technical matters. , . : R .
This approach seems to work fairly well in the populous areas but
needs improvement so. far as the more remote or less populous areas
are concerned. ' ' ‘
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“'The second questiofi’ raised in the report of the Research Manage- -
. ment Advisory Panel was, Hoiw should the evaluation of pollution
- Situations be divided between local and Federal technical groups? .
 /The evaluation of pollution: situations requires the' efforts of both
- Federal and State dgencies. “The Statés'shotild ‘take responsibility to
make bhé’inilti'a,];'évgfué,ﬁons.* ST e SR T ot ‘
- When interstate waters are involved; both Federal and'State. tech-
nical groups should be encouraged through informal conferences to
exchange viewpoints and to'reexamine the dvailable technical infor-
mation.” We have some reservations about: conducting discussions of
- a technical nature in the public arena where differing procedures and
objectives tend to polarize affécted interests to the point that mutual

evaluation of the problems becomes difficult. "~

rease their efforts at pollution abatement through

" The States must
' more comprehenisive

i‘f{{aﬁionsﬁ and ‘analysis. In this way, local
placed’ é;ldn%:ide thé national interests.

interests and needs can’be’
- 'We believe the division of :responsibility for evaluation of pollu-
tion situations warrants cloge attention in:theicoming months. -
..Mr. Dappario.. On this question of your reservations on conducting
discussions of a technical nature in 4 public arena, do you believe that
there are other ways in which we can get this information without hav-
mg»pgolgle\ assume positions only because they state them in public and
~ then solidify forces behind those positions?™ = =~ " - ,
:Mr, Warng.. I believe there is a possibility, at lesst, that there is in

‘our State, of making a considerable amount. of progress through less

formal, more informal discussions. Perhaps then followed by public
hearing at which everybody ‘can speak his piece. T'think the danger
in polarizing a State position as opposed to a Federal position would
be lessened 1f we' did this; or of polarizing a local pesition as differ-
entiated from an interstate position.” I think we are all learning and

Thope that we can make additional progresshere. = :

Mr. Dapparro. I don’t raise the question because I believe that
everything originates with an open discussion. " T

- Mr. Warng, Well, certainly-—— ~" ~ ~ 0 o0 o0
- Mr. Dapparrto. I do have the feeling that, in problems of this kind,
where there is s6 much need to get people together who have technical
and a scientific competence, a great deal-of preliminary work ought to
be done before you: reach the stage of presenting the problem to an
open committee. .. o
. Mr. Wagne., Well, I think so, too. I think perhaps more general
- advance might be achieved that way. I'm strong for the educational
effect of the public meeting and hearing and also for the educational
effect on both State and Federal agencies of having some represent.-
atives:-of the public come in and express their views. I think:this is
- essential, but; what we ought to aim.at is to get a good result and T

would hope that we could find ways of expressing all of these needs
and ‘getting a betterresult. . ... ... .. GO Y

1s area industrial development distorted by a preference for clean
industries over: presently known or potentially polluting industries?
Application of the present procedures for establishing waste dis-
charge requirements can and has ‘affected industrial development in
certain parts of California through adoption of restrictive standards.
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The effects, foir the most part, have been to delay rather than forestall
such development. For example, about 10, years -ago -a large paper
concern had developed preliminary plans to construct.a pagoermlll on
the upﬁer. reach of the Sacramento River but abandoned its plans
when the cost. of prdvidin%;the degree of waste treatment to meet qual- -
ity limits was recognized by itself. ‘Today a papermill operated by a
- different concern is situated quite near the exact site originally pro-
“posed. . The present plant; however, utilizes a different type of process
~waste and wastes lesscostly to treat. 0 oo T
- 1 do not regard the deferment of industrial development, as in this
case as a distortion of progress, but rather asa necessary action to pro-
tect the quality of the environment. . . . .. . .- 0
0 To-what extent should zoning or selected indwstrial lecation with re-
spect to population be used to deorease the need:for effment treatment?.
" Procedures forthe establishment of waste discharge requiréments as
provided forin Californialaws havehy t;hép‘rfi@ﬁiéﬁl;eﬁe@tﬁ@ﬁcr@aﬁ#g
ndustrial ireas. - These procedures require the régidpl water ¢uality
eontrol boards to recognize beneficial ‘uses when' establishing quality
re uirements.: Yritit it z/:"‘:"?"l‘ ;‘;1,1" ‘,i‘viv e x BT RS
- A 'trend has developed whereby many héavy industries hiave beén
ushed to the odean shiores‘and to the bays d4nd eStuaries rather than
sear the additional treatient costs wsually involved in Iocating inland.
Fot the most part, however, we firid that'thesé industries are willing to
- pay the necessary ‘costs of treatment in’ order to Tocate in (pi'bxlmity" to
- the large population centers with a ready labor potential’and reduced -

transportation Costs, o a0 sn e B S e e S a0
We all must recognize that-our waterways have been: ahd will con-
tinue to be used to carry away.our wastes. . Thereis.a necessity, how--
ever, to avoid degradation to the detriment, of other beneficial uses.
To,avoid such a consequence, both.the Congpess and the California
Legislature adopted laws, in 1965 which require adoption-of quality
standards, to be maintained at various key points in our waterways, to
protect these waters for beneficial use. We are, establishing these
The next problem we expect to confront will arise when the concen-
trations in our waterways begin to approach the adopted quality stand-
ards; and consideration must be.given to upgrading treatment processes

tostay within the recognized standard.. . . ... . ¢ o e
“We.do not believe tha-t;1disoha,rgers,shoul,d:bﬂ%x_emif;ted.to claim a
Eres_crlptive right to pollute, but rather that all dischargers should
641 'a proportionate share of the costs of nieeded remedial measures.
* "We are facing these water pollution gontrol problens in. the Sah
“Francisco Bay.area. As waste-producing activities increase,. the‘m'a@-
*hitude of the problems will expand. In recognition of this, the legis-
1ature authorized a comprehensive investigation of the effedts of waste
difcharge into the bay with the directive that a plan be developed fo

than that originally proposed; one which produges a lesser amount of .

the control of pollution. . This is chapter 1351:0f the.Statutes 6f 1985 - -

An amount of $1,078,000 has been appropriated for the first.of a 3:year
nvestigation. .. - o T R I TI
Woaste dischargers should not flee from the population.centers in or-
~der to pollute other waters. Instead, the problems should be faced -
squarely and efforts made tosolvethem. - v
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ow ' far' should réstoration - 6f ‘énvironmental qualitybe. carried
if costs and benefits ot be appraised wia free market manner; nor
lost hazuids demionstrated Riuve publio Koulth offect? .t =~
- ""We do need to'¢ohsider edonomié costs of maintaining and, for the

ost. part, restoring ‘environmental quality. There are instances,
however, where serious consideration should be given to upgrading en-
vironmental quality beyond benefits which can be appraised in & free
~ market.” Restoration also 'may go beyond those standards generally
considered adedquate to protect the public health. ‘Although it is gen-
erally possible-to:express costs: of ‘regtoration, fairly -accurately, it is
‘difficult to convert dertain types of benefits to moneétary-values. *“Such-
Tactors as aesthetics, public health, and other social values must be
placed on the scales. Much of the final determination must’ depend
upon 'Freséht“ashd ‘foreseeable. béneficial uses,'taking into-account the
trend forincreased leistretimey - o TF e s PR
... Liake Tahoe isan example of a situation which warrants considera-
tion of the: tyy sugfested. . Renowned for its clarity and beautiful
" blue hue, this Sg‘dy of water remains as one of the three clearest lakes
of the world.. "Although the major dischargers of domestic sewage
“Wwithin the basin of the lake all provide for treatment of their wastes,
ope’ even'providing tertiary treatment to reduce phesphate levels, it
hag been determined that all sewage effluent must be exported. from
. the basin te prevent the lake from turning into a green: pool of algae;
Here, ftﬁe"heed?fanfwmseﬁﬁﬁ%&if@r.l}%lﬂ‘ae::-mmk@ TESOUTCe WAS Tec-

re

ognized and has requi at monetary costs should not be'the deter: -

W hat. techniques éf social soience can be used. toestablzsh pu?b)‘lz"c

opinion and public supportin pollution abatement? =~ . i ;
1 do'not believe' that'any new techniques are needed to’gain’ public
understanding and support in pollution abatement matters. . In-Cali-
fornia, there 1s a growing understanding and increased appreciation of
the need for a-cleéan’environigent. ~The public wants it. 'What re--
maing to be:'dene is to'inipletnent action’ programs neces r

Sy

“vide this environiment. ~*' S R
Mr. Dappario. Do you think the public understands the pollution
‘problem’ well enough to be willing to pay for it? - P
UMy Warne! T think in somé instances they probably ‘do not 'but 1
don’t ‘think Wwe néed-any new-techniques: If someone came up with'a
‘new. technique, I would not be adverse to employing it. I don’t think
the question of public understanding is the main problem that we have
in'this field today. ''Aga matter of fact, i ild sav the
public has outrun most of 1ts repregentatives in esire to Seo
) ‘ 3 : ‘ TS A1) gsphere,

|
Siridesires to

..,..’," i '

gogmething: done about cleaning up.
don’t inean that'they. no more
heir getions.’ Thev might st )

)¢ _opposed etting up g drainaoe
But they ar&'interested. in hdving the dranabe funéiie
serformed. .. ,
' iiﬁ- airman . Mrrrrk, Mf. Warne, ‘sometimes’ they see or know' or
sinell the problem, ‘and they become quite vocal. - They would treat
the symptoms of the disease and not get at the basis of it. ‘
Mr. Warne: - Yes.

»

L
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Chairman Mivesr:: The fact is that the people are aware.of the prob-
‘lem but we must do more to ineredse their understanding. ' One hun-
dred years ago,'if you had tried: to sell the people of Califoinia’ on
spending money: they do now:in the field of reclamation they would
have laughed at you. - We:have spent a great’deal on: reclamation,
but it has paid-off and will continue to. pay off. There is/a need for
-more-education, and I think this.is one of the places where 'we ¢an-be
of benefit, = v o e T e
.+ Mr. WARNE. : It is possible that our Stdte since it is-aisemi-arid state,
has a higher sensitivity involving water quality than in’ seme other

areas of the country. : S L R ¥
‘Mr. Dappario. However, there are other-aspects of this question
- -which need to be considered. : I am not:only concerned about whether
or not there is:-publie acceptance or publie understanding of the prob:
~lem but also whether there is: enough 'support for the expenditure of
funds in certain areas where the technical knowledgé is not presently
~available. ' We must convince the public that such- expenditures-are -
necessary for the development of reséarch techniques so that the job
- ean be accomplished cheaper ‘and more efficiently. This is éhe of £he
principal questions in-our report. Aren’t we, in fact, sEending'.money
in certain programs which are not as effective; as’ they might be!
Shouldn’t we hold off until we develop better techniques to overcome
uuﬁprobvlem?.i a AR el gt BT
- Mr. Warne. I.certainly agree with you that we need:the improved
techniques and 'we are endeavoring to develop these that seem emer-
gent; to us in-California and there is a problem: of getting-theim tecog-
nized in time.. I will give you better examples.in some other fields
“than in waste or pollition control at the moment, but we are presently
in several of our rivers building dams:that will submerge old dams in
.. theit reservoirs: by reason-of the:fact that we- didn’t have-the' tech-
- -piques*to understand what:thei full: import: of the problem:was:when
“the dams were built 30 or.40 yeatsago. Sonow we are ineffect having:
to duplicate and waste certain of our earlier efforts. I presume that
something like this may happen'in the water gollution'abatemem field,
too.. So, it is‘important that we .get this public understanding’chan-
neled into the field of -support, I think, of the research: that is:hedes-
sary. - This, Tagree with youon. I¢ertainlydoc it -oor i ji2
Mr. Dapparto. But'we must have a better understdnding’ of-that
which is-available to us.and-is net being adequately utilized -at the
- moment. » Ce s Do G
. Mr. WaRNE. Yes, we need—it makes me feel tired sometimesyiwe
- need to rework this area almost every month. .Qur:-State is growing.
New people are coming. They don’t bring with them an understand-
ing of the local. problem, so:1t is necessary to educate, reeducaté all
the time.. Not only: on an obvious problem like water:supply but all
the more so on the more intricate problems of water quality; .
“Mr. Dappario. Mr. Vivian? : I o
Mr. Vivian, On page 28 of your testimony, Mr. Warne, you re-
ferred to a papermill which wasto be located in the upper region of
- the Sacramento region but abandoned its plans. I wonder if you
- could tell me where that paper plant eventually located. Lo
Mr. WarnNE. I am not sure that particular one was ever located in
California. But another company brought a mill in at this particular
site but it was a different, mill.

gy
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iy, Vivtawy: T wouldi appreciate it, M. Chafrman; if we could: find

* out if that company-eventually did locate on the ocean. - . . i
- Mr. WiarnE. That particular plant eventually located.in Virginia,

- I'believe, but not on the ocean:: Another eompany brought aemill in’

ata nearby site on 'the Sacramento River about 10 years later. ‘The

mills-on our morth coast area and the one on' the Sacramento River

are all pulp orso-calléd “kraft”mills.- . - = o
We did eventually have some locate on it, on the ocean at that time,

but thisy have had to boost their waste control standards-a good deal

i ¥

eventhene P bt Sy TR ML L g Ty
~ Mr. Vivian. Can you tell me why they had to boo
standards when they located>on the ecean?. . it
- Mr. Warnz. Because theearlier standards seemed |
threat to'the ecology of the receiving waters even:in the ocean. . =
7 My ViviaN. Are:these Califormia plants?: i fn oo o s
M WARNE; Y68, cinnia b ald i e e a0 i
~ Mr:Vivraw. Could we idenitify those plants and the criteria .used
for the disposal of theeffuent .. i o o ot ol
M - 'Warng. T could. Tiwould be glad to.do that:for you.. The
waste'discharge requirements govérning the plant on thie-upper Sacras
mento River at: Anderson, Calif.,specify quite-a fow conditions which
st mot ‘be exceeded: in the river:: For :instance; the wasteicanng
cause dissolved oxygen to drop by more than a half part:perimillion,
andrin noschseis 1t to be decreated: below: & minimium of: seven. parts
per:million. ' ‘There are stringent limits orithe:various physical and
chemical constitients in the waste; oniacidity; on tefperature; and the

disposal must not causera nuisance-dueto odors 6runsightliness. ! Fhe -

plant is reguirsd: to submit frequent reports of tiver and .waste dis-

~ charge conditions o the water quality control board: ‘The Sacramente |

River-isi a» very important salmon’ and trout:spawning area; and. the
requirements are desigried: primarily’ to 'protect thissuse. = o -
<« Plants Tocated in- ourmorth coastal arda discharge their wastes to
the ocean through submerged eutfalls. « Requirements specify & sinall
zone of dilution around the outfalls in-which the wastes are allowed
to diffuse. Outside this zone the requirements are designed to proteet
fishife by the maintenance ‘of adequate dissolvéd: oxygen  levels
All other constituents must'be maintained: belowlevels-which'may be
harmful to fish.: Nuisance conditions ave prohibited. - Periodic moni-
toring ‘reports from the: plant’ ave: requived by the regional water
quality control board there, also. R

- tham: for _fresh ‘Watgpdi'sjima:al; and plantsican take advantage of the
greater dillution wvailable. "+l o n e e

i ~@:ﬂ,sIn;;:§Merwl‘fi:thneewrecfuirements-’»fm* ocean: disposal are less 'sﬁringeht |
or

" “Mr; Vivian, On the same: page of yourteﬂtlmony Iy&ﬁ‘ referredto .
] s@c%m the paper plant ';thwb{'vvas‘lqca,tegd _

-a-différent type-of ;process:
there. Do you mean different manufacturing process? 2 o

Mr. Warne. A different manufacturing process. The first mill,
the one that did not build, would have produced a cellulose product
to be used by other plants to produce final paper products.: The par-
ticular process would have converted about 40 percent of the raw ma-
terial, logs, into.refined cellulose, while the other 60 percent would

conatltutea :

chein diosal

nnét

have })een discharged to the river as waste. 'Some treatment of the

[ TERON E I
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waiste. was_proposed, but it was not sufficient. The second plant, the
one that did build, produces finished paper products. - The process
actually uses about 60 percent of the log and wastes only 40 percent.
Also, this 40 percent is much more amenable to treatment than the
wastes from the first mill proposed. - ' .
Mr. Vivian. Which made the disposal of the paper waste more
readily possible? oo S ~
-~ Mr, &ARNE. Less difficult. : T O
Mr. Vivian. In my district we have a number of paper plants and

a very serious problem of pollution. I gather this was a new type -

of process.

Mr. Warne. I believe it was entirely ﬁew, yeé, thdugh it is ot peﬁlv:w B

now. . Itis being used in several placestoday. ... .00 n wd s
Mr. Viviax. On pages 29 and 80 of your testimony, you refer to
the same subject again. When you say a trend has developed where-
by many heavy industries have geen ushed to the ocean shores, bays,
and estuaries rather than bear the additional cost of locating inland,
can you indicate what types of business these havebeen? .. .- . -
_. Mr. Warxe. Refineries, sugar mills, chemieal plants, particularly.
. Mr. Vivian. Congressman Vanik of Ohio, who testified before this
eommittee, pmgosad that. there should be industry-by-industry stand-
ards. FEach industry, whether it was located in Nebraska or along the
Atlantic or Pacific coast, for example, would have to reduce its eflluent
to acceptable nationwide and industrywide levels. . If such:standards
were established plants could not locate in communities which either
had no laws or refused to enforce the laws. B c :
Do you have any personal opinion on thissubjeet? . ' . -
Mr. Warne. Well, I would doubt where a national standard- as
High as those we are imposing would be enforced and:I think we
-might object to it. : ‘ o ‘ S R T I
Mr. Vivian. Why would you object to it? s
“.-Mr. WarNE. Because we want the higher standard. =~ - .27 <?
< Mr. Vivian. Why would you object to a national standard: which
would be ashigh as your standards? L Coe
© Mr. Warng. Oh, I say, no, I wouldn’t object to that necessarily. It

might be a feasible solution. It might be. In other words,'so-that

someone wouldn’t get an advantage by locating a mill:in‘aplace where
you could produce it as cheap as possible without regard. to con-
sequences, T think in most instances we found that ‘the enforcerment
of higher standards have not really in the end been an economic
deterrent. Lots of times, it is just an excuse for carelessness and nof
10 have good standards. Lo e
Mr. Vivian. What procedures do you have availdble for monitoring

the effluent output of plants and municipal treatment systems in: Cali-

fornia.? i ' - S -
. Mr. Warne. These are monitored through the good offices of’our
nine water quality controf boards, regional boards; on- a regular basis,
T believe every month. - In addition, the department of fish and-game
monitors waters that have importance for fishery—-both-offshore and
inland, and ‘the department of water resources -has ground water
quality monitoring programs; very extensive'throughout: the - State,
and surface water quality monitoring. The programs of the depart-
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rhent of water resources are not related directly to-effluent discharges
but rather to general quality trends and programs. Fish and game
“fnonitoring programs relate to the welfare of the fishes and the pro-
grainsof the reglonal boards relate to the drinking water and reCelvmg
Waters from health standpoints and other quality requirements..
<MreVivian. Do you maintain any continuing: random time inspec-
tion of water quality from, say, individual plants or individual areas?

Mr. Warne. This is done through the Work of the regional boards
and thie départment of health. ‘

- MriVivian. Do you-feel this provides a good assurance the people
will not casually turn off their pollution control abatement systems
at moments when they don’t expect to be inspected ¢

Mr. Warne. We have had-instances where there have been unex-
pected fish kills. T would say the department. of fish and game prob-
ably has had as mwuch success of training them not to turn off their
treatment facilities as- anybody else. The discharger doesn’t like to
:be hauled inte court on that klnd of a charge, that he caused ﬁsh ‘to
die in the waters:

- I'think we have falrly good eooperatlon in our State We do have——
we have unregulated releases. Most of these are accidental. Some-
times' the facilities that were good last year aren’t big: enough for
this year, whether it be munlclpal outfall -or something else. It is
necessary to‘go through quite a ‘procedure to get additional capacity
built into the facllltles At times there is unwarranted pollutlon Whlle
this 1s1n process.

But, I would say that our program has been falrly effective.: We
are proud of the fact. 'We also have had cooperation, I think; from
the general rin of ‘eur dischargers. -

VIVIAN. The Federal Government has some very large 1nstal*‘
latlons in California. Has the Federal Governmeént been a' good
cooperator?

Mr. Warne. There was a time when the Federal Government was
not a good cooperator. As a matter of fact, some of our worst situa-
tions were caused by some of the Federal installations but I believe
this has’ been corrected now. It is in process of belng eorrected
throughout.

- Chairmin’ MILLER T think it is pretty well corrected now. There
were times 'wheén they were the biggest offender. ‘

Mr. Warne: We have had ‘some trouble of ships, 1nclud1ng naval
ships, dumping stuff in bays, but we are after that too, now and we
are getting the ecooperation from the Navy.

- Mr. Vivian. No further questions.

'Mr. Daopagrto. Mr. Chairman?

Chairman Miuzer. I am very happy to have you' here, Bill; and I
want to thank you for coming. T certainly enjoyed seeing you.

‘Mr. Dapparto. Mr. Warne, the committee wants to commend -
for what is certainly an excellent report. It is obvious that you ap 1ed
yourself diligently to our inquiries. The manner in which you Iflave
answered our questions here today is most exemplary and I know that
every member of the committee appreciates it. You have added a
great deal to the work that we are doing here. '
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Mr. Warne. I want to thank you, Mr. Chairman, very much. I
-appreciate the opportunity to come. : . ‘
" Mr. Daoparro. Thank you. . - ‘ ,
(The biographical statement of William B, Warne follows:);

BIOGRAPHICAL STATEMENT OF WILLisM E. WARNE

William E. Warne, state, federal and international government -official for
more than 80 years, is the Director of the California-State Department of Water
Resonrces. S . )

His: professional career has been concentrated -on two resources fields. “He has
worked for the conservation and development of water and. other natural re-
sources in California and throughout the nation. He has directed resources and
economic development in foreign countries on behalf of the United Nations and
the United States.

The civil service and appointive posts in which he has served since 1935

_include the following : .

State of California : Director, Department of Water Resources (since January
3, 1961) ; first Administrator, Resources Agency -of California (from beginning
of Agency October 1, 1961, until Januvary 6, 1963, while algo’ Director of Witer
Resources) ; Director, Department of Agriculture (1960) ; Director, Department
of Fish and Game (1959). : :

International : Eeonomiec Coordinator, United Nations Command, Korea (1956~
59) ; Mission Director, U.S. International Cooperation Administration, Brazil
(1955-56), and Iran (1951-55). )

Federal: Member,” Water Pollution Control “Advisory Board (1962-65); As-
sistant: Secretary..of the. Interior (1947-51); Assistant Commissioner, U.S.
Bureau of Reclamation (1943-47) ; Chief of Staff,"War Production Board (early
‘World “War II) ;- special assignments to national’ resources, power-and river
baggr% work and information and editorial positions‘in the Bureau of Reclamation
(1935—42). : . 0

Warne was raised on a farm in California’s. Imperial Valley. He was a
newspaper and press service reporter and editor in California and Washington,
:]l)ég., for eight years after he graduated from the University of California in

7. ) : e ‘

The United Nations, the United States and foreign- countries have honored
‘Warne for his work. Special awards to him: included: United Nations Com-
mand’s. Citation for Outstanding Service (1959) ;. honorary degrees, Seoul Na-
tional University and Yonsei University, Korea (1959); U.S. Foreign Operation
Administration’s Honor Award for Distinguished Public Service (1955) ; Shah
of Iran’s Order of the Crown (1955); U.S. Department of the Interior’s Dis-
tinguished Service Honor Award (1951).

‘Warne is the author of “Mission for Peace”, a book in which he relates his
experiences in Iran as the administrator of the United States’ first Point 4
Program; . e

. Warneswas born. September 2, 1905,.near Seafield, Indiana, and moved. to Im-
perial Valley with his family in 1914. - He graduated from the Holtville' (Cali--
fornia) Union High School, . S '

He and his wife, the former Edith Peterson of Pasadena, have three children :
Jane Warne (Mrs. David C. Beeder of Decatur, Illinoig) ; William Robert Warne,
in the U.S. Foreign Service; and Margaret Warne, Cornell University graduate.
He lives in Sacramento. .

He is a member of Sigma Delta Chi, Lambda Chi Alpha, the National Press
Club, Washington, D.C., the Commonwealth Club of California, and Los Angeles
Town Hall.

This committee will adjourn until 10 o’clock tomorrow morning
at the same place. :

(Whereupon, the hearing in the hereinbefore entitled matter was
adjourned at 12:10 pm. to be reconvened at 10 a.m., Thursday,
August 4, 1966.) , ! «
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THE ADEQUACY OF TECHNOLOGY FOR POLLUTION
N ABATEMENT

THURSDAY,; AUGUST 4, 1966 .
Houss or REPRESENTATIVES,
COMMITTEE OF SCIENCE AND ASTRONAUTICS,
SuBCOMMITTEE ON SCIENCE, RESEAROH, AND DEVELOPMENT, .-
Washington, D.C.

The committee met, pursuant to adjournment, at 10:15 a.m., in room
2825, Rayburn House Office Building, Washington, D.C., Hon. Emilio
Q. Daddario (chairman of the subcommittee). presiding. ; o

Mr. Davpario. This meeting will come to order. -

“Our first witness this morning is Dr. Walter Hibbard, Director,
Burean of Mines, U.S. ‘De(gartment of the Interior.

Would you come forward, please, Dr. Hibbard? ‘

I would like to have the members of the committee know that Dr.
Hibbard and I were classmates at Wesleyan. He is an old friend of
mine and I was extremely pleased when he left private industry to
come to Goovernment so he could find out what it is to work under

these conditions. o )
I can say that in my conferences with him I have learned that he
found it is 4 much more difficult proposition than he expected. :

We welcome you to the Government’s work. Please come forward
and start your statement. - 0 SRR

DR. WALTER R. HIBBARD, JR., DIRECTOR, BUREAU OF MINES,
' US. DEPARTMENT OF THE INTERIOR

* Dr. Hissarp., May I introduce my colleagues ‘
Mr: Harry Perry, who is the Acting Director of Minerals Research,
and Mr, Richard Mote, who is Chief, Office of Prograin Coordination:
* Mr. Dappario, We welcome you both. . SR e
'Dr. Hrsgarp, Tf I may, I would like to:summarize the written ver-
sion: of the testimony emphasizing those things which I think are of
particular importance. . E : P
I am pleased to have the opportunity to appear before you to dis-
cuss the technologic problems facing'the Nation in its efforts to abate
environmental pollution. : BT S
The introduction of our testimony sumimarizes the problem as it.
exists. Iam sure you already know that there are millions of tons of
contaminants every year produced from the combustion of fossil tuels,
which pollute our atmosphere, streams, and land. The problems of en-
vironmental pollution are to a degree a byproduct of our economic sucs
cess and inagmuchias adequate disposals of wasté'in general had no eco-

i
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nomic return or incentives, the technology to handle such material has

been largely neglected. .

I would like to discuss for a few moments the role of the Bureau of
Mines in this area because I think it is not as well known as it
should be. A ' :

.- The Bureau of Mines; by its organic act, is charged with the respon-

sibility to conduct scientific and technologic investigations in the

mining, preparation, treatment, and utilization of minerals and min-
eral fuels with a view of improving health conditions, increasing
safety and efficiency, and conserving our resources through prevention
of waste. In accordance with its initial congressional:mandate, the

Bureau has been engaged for more than 50 years in research investiga-

tions designed to conserve our natural resources, and in many studies

aimed at minimizing. pollution, since pollution from wastes often
represents inefficient use.of our resources. :

In the water area these investigations have included acid mine
drainage alleviation through mine sealing, economic means of utiliz-
ing or disposing of mine: wastes; and prevention of contamination by
leaching of mine tailings.. And while we have made progress in many
of these areas, the problems have expanded much more rapidly than
~ the solutions. : : ' SRR

In the field of air pollution abatement the Bureau is concerned with
engine exhaust fumes. It has also been active in research on the
utilization of mineral fuels and in general with the minimization of
pollution. Here again, our research has not been able to keep pace
with the growth of the problem. - = o ,

. The Bureau has had a longstanding interest in the reduction of
sulfar oxides pollution resulting from the combustion of fossil fuels
and from metallurgical operations. In these areas we have worked
on the cleaning of coal to remove sulfur-béaring waste; desulfuriza-
tion of petroleum products; improving combustion efficiency to con-
serve fuel resources and produce less pollutants for a given energy
production ; and the removal of sulfur oxides from waste gases and
conversion to useful products of commerce. . ‘ :

Mr. Dapparro.- You talk:about the lack of ability to keep up with
the need and you state that this is largely due to lack of funds. Have
you proposed programs which would definitely be of help but:which
have not been supported by funding? = Or is 1t a problem which in-
volves the amount of funds which.would allow you to develop- an -
adequate research effort? -~ .- - Sl

Dr. Higarp. The answer to the first question is “Yes.” " We have
proposed programs which have not been funded. The answer to the
second question is also “Yes,” because the problem has inereased so
rapidly almost algebraically.

- Mr. Dapparto. ‘Could you goiinto that a bit, and perhaps submit

for the record any details that may be necessary ? :

- Mr. Mosezg. . Mr. Chairman, I would especially like to know, when

Dr. Hibbard says that programs have not been funded, where this
decision has been made. ‘Was it higher up than your own ,d?art.
ment, has it been a'Budget Bureau decision, or has'it beeri made by
Congress, the White House, or who? D

. Dr. Hesaro. I think I will ask Mr. Perry to answer. that question
because I have been in my post only 9 months.
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Mr. Dappario. That was why I said the Bureau of Mines. In ad-
dition to the points which Mr. Mosher just raised, would you ftalk
about industry’s role? How do they feel about it and what pressures
have they put on you? What have they been willing to do themselves
in the fields of research and technology ? ‘

Mr. Prrry. In respect to the last point you made, I believe Dr.
‘Hibbard will discuss cooperation of industry in the latter part of his
testimony. ‘ ,

With respect to the first point, it is a question of allocating the total
resources properly and then for us to do something about the pollution
problem which has really come on us only within the last 10 years in
a great way. ' ‘ A

The Bureau started as early as 1915 on the problem of smoke abate- -
ment which is what air pollution was originally ¢alled. Working
with the city of Pittsburgh and others, we have attempted to see what
could be done with this problem, and, indeed, we have prepared more
than 200 publications in the field.

I would like to say with respect to the funding that it has been at
all levels. Sometimes the decision was made internally, the choice of
projects with respect to pollution put some other demands on us and
we would have tto put the pollution aside for the time being because in
the allocation of our resources at that particular time this was not as
important as other things.

-~ 1 would have to say, however, that at every level there have been some
financial restraints as ‘there always are.

7 Mr. Mosaer. Do you have any specific examples of an occasion when
you-urged additional funds to develop technology or to use for res
search and were turned down? , o

- Mr. Perry. Yes, we can supply those, although I would like to say
in general that since 1955 when the first: Clean Air Act came in and
HEW took the primary responsibility in the executive branch with
réspect to air poﬁution, we proposed those things that we felt needed
to be supported. And again, within financial constraints, they have
to make decisions with respect to our programs versus other needs and

by and large, my recollection is that we feel we are quite well treate(i
when about half of our proposals are funded. T think this is a pretty
good batting average.

Dr. Hiearp. Could we supply something for the record ?

Mr. Dappario. Yes, if you could, but what concerns us isn’t so much
whether you have a good batting average or not. Under ordinary
circumstances I would guess 50 percent would be good, but we are
considering a program which might develop vital information con-
cerning the pollution problem and Dr. Hibbard has pointed out that we
haven’t been keeping up with it. 'We know that somewhere along the
line we have got to catch up and if we are only going to-be able to do 50
'percent of the research necessary, I suspect we never shall. If you
could provide that for the record, it will be extreniely helpful.

BURBAU OF MINES POLLUTION ABATEMENT RESEARCH

In accordance with your request at the hearing on “Adequacy.of Technology
for: Pollution Abatement,” we are pleased to provide your committee with the
following supplemental information on Bureau  of Minés pollution abatement
activities. ' ‘ cors . ‘
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‘Before the enactment of Public Law 159-84th Congress in 1955, the Bureau
of Mines was the leading Federal agency in air pollutmn -abatement. Even
though thg Bureau published almost 200 technical papers on air pollution between
1910 and 1950, the funds available for this work were getiérally very small and
most of the research was performed under ‘“conservation” and “health and
safety” appropriations. The Bureau had an Office of Air and Stream Pollution
about 1950, but funds were not availaple to expand this office into an effective
air pollution agency. Limitations on budget requests were normally made in
. advance of such requests.  These limitations came either from the Bureau of the

Budget or by Departmental directive. . As a result, only the most urgent prob-
lems -cotild: be included in a budget presentation and stay within the limitations
imposed, .. ;Smoke control ‘was the principal air pollution. problem eliciting publie
support during this penod and the Bureau did obtain limited funds for work
in this field. Additionally, very limited funds for acid mine drainage and mine
sealing were provided during the years preceding World War IIL.

Public Law 159 providéd that the Surgeon General, in cooperation with other
Pederal agencies, should ‘recommend and perform research on the prevention
and abatement of air pollution. This law provided for approprlatlons to the
Department of Health, Education, and Welfare for the Federal air pollution
program. The Bureau has cooperated fully with HEW through the use of funds
transferred from that agency. In addition, the Bureau has used appropriated
funds to perform research which:has pollution abatement 1mp11cat1ons The fol-
lowing table shows the relationship between Bureau requests for air pollution
project funding and the actual funds transferred from HEW. .

Fisoal year Projectfundé Funds re-.
' requested ceived

1056.. $300, 000 $98, 000
1957~ 1 » 125, 000
1958 425,200 227,000
om0 481, 490 227,000
ime me
1062- 467, 300 350, 000
1063 791 200 450, 000
1064- 825,000 500, 000
1967. R ; 2,116,000 | 2750, 000
‘- 1Unkhowr.
% Estimate.

: However, the table does not tell the entire story. As a rule, the Bureau
requests funding on projects it believes, from discussions with PHS officials;
may have a chance for approval. For thls reason, less projects are proposed to
PHS than are suggested by our field scientists.

Incineration is another example where fiscal limitations have seriously re-
stricted research efforts.. In the mid-1950’s, the Bureau cooperated with the
Public Health Service in research aimed to develop engineering guidelines for
incineration. Although good progress was made, the work was termmated
when funds for Bureau work were nolonger avallable

It has been estimated that the Bureaw’s efforts in abatement of air pollution
at the source would need to be ‘expanded by a factor of about 5 if it were fo.be
in a position to provide the much needed technologic information on the handling:
. and use of fossil fuels. Research on solid wastes is presently funded at $4,800,000
per year, and this may need to be increased in the near futare.” Acid mine
drainage work is performed principally in cooperation with the ‘Federal Water
Pollution Control Administration (FWPCA). The Bureau expects to expend
approximately $450,000 on this work in FY 1967 in addition to contract work by
private companies for direct assistance to the program. The contract work is
handled directly by FWPCA.

“ Dr. Hresarp. T would. like to turn my attention to certain of the
specific guestions which are, raised in chapter 6 of your. reports of the
Research Management Advisory Panel.
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. ‘With respect to question A (1), what should our basic goals and
standards be? The standards set by the State, Federal, and local
health agencies are based on factors such as effects on plants, animals,
humans, and the general sociology of the area. -
The Bureau does advise, on the basis of our research, as to whether
standards can be met with available resources; preferably at the
lowest total cost to the public. '
If, for example, the public agency decides from a public health
standpoint as to the maximum amount of sulfur compounds it should
permit as emissions from fuel-burning appliances, the Bureau can
advise them as to the impact of such a regulation on the availability
of fuel resources. : S a
- Qur goal in general is to assure the Nation of an adequate supply
of minerals and mineral fuels to support the growth of the national
economy while maintaining or improving the quality -of our
environment. - C :

In response to question 2, and particularly with. respect to waste
management systems, we doubt very seriously whether new techno-
logical developments can proceed without effective systems manage-
ment development. We have applied this approach to our automobile
exhaust studies, and we are convinced the rewards will be great, even
‘though our investigations are concerned with only a smal part of the
~gverall problem. BRI R |

" Another example of the systems approach is the strip and surface
mine study authorized in the Appalachian Regional Development: Act;
of 1965 where we are studying the entire national problem before
deciding on an approach to its solution. ‘ i

“The preliminary interim report of this study is in the Government
Printing Office and will be available about September 1. e
- Mr. Dapparto. Could you go into a little more detail as to how you
used your systems management analyses in your automobile exhaust
studies and as to why you believe it offers such a favorable prospect 9
" Dr. Hisearp. This will be discussed a little bit later on in my testi-
mony. Ingeneral we believe that the total problem consists of looking
at the fuel and the fuel utilization device; that is, the fuel utilization
system, and not necessarily confining it say to an internal combustion
enigine as we know it today. The exhaust is effluent from the system
in relation to the function of the device with respect to the transmission
of power by conversion from liquid fuel to a mechanical device.  In
general we look at this total system with all the variables, and there are
some 25 of them. For example, if youchange the.carburetion or change

" the fuel or change the additives in the fuel, it is probable that there will
be interaction between variables, and you can’t.really look at each one

‘independently. We believe that the second part of this input-hastedo -
with a more detailed knowledge of the harmful aspects of the engine
exhaust effluent. s ‘ L T T

We know, for example, that it consists of unburned hydrocarbons
which in themselves are evidence of inefficient burning precess in the
engine and we know that improved.efficiency of fuels combustion will
help this situation. Ce e e s o

We know that we have carbon diexide, carboh menoxide-~carbon
dioxide, because it is the product of complete combustion--and nitrogen



262 ADEQUACY OF TECHNOLOGY FOR POLLUTION ABATEMENT

oxides which are produced from air at-the temperatures in the
cylinders. ; : '

If you look at all of these variables, you can then model a system and
balance the input and the information output variables. From this we
can Jearn what must be done in terms of the functional design of an
engine or of fuels utilization devices to avoid these specific compounds
which are harmful to health. , , *

And, T think from that approach you might end up designing the
fuel or designing the fuel utilization system and designing an effluent
control system' which might well do the job of the existing internal
combustion engine and may or may not look like it.

To proceed with the next question, B(1), which asks whether or not
research on pollution abatement sponsored by the private sector of
the economy can be stimulated and can do the'job. Basic research on
pollution of all kinds has not usually been heavily supported by in-
dustry inasmuch as the benefits that may accrue frequently can’t be
applied solely to the organization supporting the research and the
monetary benefits and returns are not particularly rewarding.

. In general, this is known as nonproductive research. For this rea:
. son_the Government will doubtless have to play a dominant role in
pollution research, and institutions of higher learning in cooperation
with the Federal agencies can make valuable contributions. EEERS

In this connection, I would like to point out that air pollution is
an international roi)lem, and we are attempting to keep abreast of
technology as it develops in laboratories throughout the world. The
Interior Department has a working agreement with the Japanese
Government on the development of natural resources, and Mr. Perry
of my staff is chairman of the: American panel on:air pollution. - This
panel has met with their Japanese counterparts both in Japan and in
the United States, and the results are most encouraging.  Secretary
Udall, accompanied by several pollution experts, recently visited Ger--
many and a return visit by German investigators is being arranged for
this fall. The possibility for cooperative research between the two
countries is being explored at the present time. Likewise, close liaison
between our officials and the British is providing a rapid exchange of
information on all facets of the air pollution problem. '

Since the private sector is responsive to competitive factors and the
settin% by the Federal Government of new standards would tend to
disturb existing markets, industry undoubtedly would make strong
research efforts to meet Federal standards in order to retain its market
strength if these economic implications were applied. S

With respect to question B(4), the Bureau of Mines does not have
authority to contract with outside agencies.

- Mr. Dapbparro. Mr. Vivian, would you like to ask a question ? :

Mr, Vivian, I was following your prepared testimony, and I noted
you omitted the fact that the %ureau of Mines does not have the au-
thority to contract with universities in most of its research areas.

Dr. Hearp. That is correct, sir. e e

Mr. Vivian. What is the nature of the restriction ? o

Dr. Hiesarp. We have authority to contract in the area of solid
waste disposal and in the area of our helium activity. ~In all other
activities we do not have such authority. : '
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- er (}TQIVIAN Db you require authority or is authority automatically: .
implied? - & N T e s T
r. Hispago. Our solicitor has advised us'that we do’require su-
thority. - There are bills pending in both Houses of Congress now
which if they are passed and signed into law will give the Secretary
of Interior authority to contract for research in those programs which
have been authorized by statute.. This will help us no end if we can
get this authority. R . S

Mr. Viviax. \%’Tould you be so kind as to identify these bills?

‘Dr. Hiesarp. Yes. ~ They are FL.R. 15316'and S. 3460. IR
. Mr. Vivian. Thank you. SR SRR RN o

Dr. Hisaro. You are welcome. R EORREEEL

Mr. Mosuzr. Do you think it is possible that-industry associations
can be used to pool efforts and benefits? SRR -

Dr. Hissrp, I will discuss that later in the testimony. We do
have some joint -venture research contracts with industrial associa-
tions where we both contribute use of equipment. These have been
very useful and fraitful, particularly where we have identified a new
areas of technelogy which we would like to transplant into industrial
practice. A joint ventur effort of this sort is a very effective method:
of transferring technology from a Federal research laboratory to in-
dustrial technology. S e T
* Mr. MosuEer. You will be discussing this later?

Dr, Hieparp, Yes. - S . :
~ With réspect to question B (6), we believe that the opportunities are
unlimited for approaching a recycle type of industrial society, one in
which materials are used over and over again. This is'a very chal-
lenging area and should involve again, a systems ap roach, such that
a material and its use in a device are designed, not only for its primary
function but also for optimum recovery, recycling and reuse.

We believe for example, that one can design alloys in such a way
that they will have the same kinds of strength charecteristics and yet
not contain those kinds of alloying additions which are difficult to
remove during the recycling process. '
~ We believe that one can design various components, say of an auto-
mobile, so that they could be readily disassembled in the scrap yards
and separated for reuse as scrap. In fact, we havea study aimed at this
kind of approach to the problem. We think it is very promising and
in the long run it is going to be the long-range solution.

With respect to question C(1) regardin¥ the funding of, the balance
between short-term and long-range problems, many of the problems
concerned with pollution abatement have social connotations and tend
to obscure definitive answers as to the comparative merits of short- or
long-range remedies through research. * It should be remembered that
the time required for basic research necessary to the successful use of
technology 1s often a 5 to 10 or 15 year span. Thus, if one is to start
from & basic research approach, the start must be made well in advance
of the need for solution to the problem. IR AL S

- For exa,‘m_lple, we recognizeg and started to work on the junk auto-
mobile problem 7 years ago-when we noticed the metallurgical changes
which were going to result from the use of the basic oxygen furnaces
and the use of hot metal instead of scrap. . Wé are niow ready to build
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& demonstration plant because we anticipated this problem..” One is
being planned and has been funded and will be put in operation to
work out the economics;of a:process for recycling autemobile serap.
thl\/‘fr. ;RQOUSH. Where will ‘that be-located? Have you determined:
atyet ? L . .
. Dr. Hisearp. The looationi;fl»f believe, hasn’t been. announced yet.

This particular process involves presently unusable low-grade iron
ore—nonmagnetic taconites from the Mesabi area—which are roasted
“with automobile serap to yield a magnetic form of easily recovered iron
ore. .The process not only reuses the aute scrap, but it also gives value
to a large reserve of iron-bearing material which hasn’t been economic

to treat heretofore. o - o ’

Mr. Rouss. Does this appear to be an expensive process?

Dr. Higsarp. No, I believe it won’t, but it must be tested on a large
enough scale before one ¢an be sure. The process is simple enough.,
It involves taking automobile scrap. which II;as been cut into chunks
of this size, and' pagsing:it through a suitable rotary kiln at a modest
temperature along with.the nonmagnetic taconites and. out. the other
end comes an enriched iron ore which is then very useful. - So, I would
anticipate this to be economically very-attractive. The major limita-
tion will be the cost of fransportation of junk automobiles. . \
. Mr. Mosarr. When you build a demonstration plant such as this,
is 1t operated completely by your own department, or is it done in
conjunction with some industrial organization ? S

Dr. Higsagp, This can be done several ways. In this particular
case we are going to contract for-the building of the plant but we will
operateitourselves, - . ..., . -

o Mr, Mos®ER: Strictly for demonstration? s .

Dr, Hmparp. Yes, sir. - The purpese here is to.demonstrate success-
fully the sound econemics, of this proeess, and by so-doing we believe
that industry will pick it up from there. So, this is solely a demon-
stration.. . .. . e A -
. Mr. Mosuzrr. Before: making that decision, did you consult with
industry ? . : S :

- Dr. Hisearp. Oh,yes, : ' - ‘
Myr. MosmEr, On the possibility that some concern would do this?
‘Dr. HisBarp. Yes,sir. - - - R .
- Mr, Mosuzr, Ineooperation with you? TR

Dr. Hisearp. In fact, this is the result of 7 years of research which
we haye réported to industry through our regular publications. We
have in our laboratories at Minneapolis, our Twin -Cities. research
laboratories, a laboratory sealepilot plant. We brought people out to
see it and. get their advice:and counsel and recommendations before
we decided to proceed with-the demonstration plant.- -

We then made the propesal to our appropriations people and they
thought it was a good idea to proceed. .

- Mr. Mosmrr. But, no industry or industrial concern was willing to
gamble on doing this on theirown? = Ry T

Dr. Hisbarp. If thishad been the case, our general policy is to pull
out and give it to industry just as fast as they will take it.... . o

Mr, Viveax. Mr.Chairthan. ... .- 0 . R
 Mr. Dapparro. Yes; Mi: Vivian 2
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¢ Mr. Vivian. ‘T would like to ask # question since we have large taco-
nite ore supplies in my State of Michigan, and these supplies happen
to be a long distance away from where‘the cars are made, used and
fall apart. The question I have is, why is it advantageous to put the
taconite— , . ,
Dr. Hisparp. Tamnot hearing you. ' ) A
Mr. Viviax. Why is it advantageous to put the taconite, which is
found far away from where the automobiles are j unked, together with
the junked ‘automobiles in one blast furnace or-equiivalent device in-
stead of putting them into separate furnaces at separate locations and
- transporting less material around the country? o
Dr. Hiesaro. One of the things'that'we are doing is makm%“a’ junk
automobile survey so we will know in'what locations the population of
junk cars are and what the problems are with transporting them and
other information of this sort. : e o
We believe that the solution to the problem is not going to be a single
one; there must be a menu of solutions, so to speak, so that you will
have one that will fit the economics of each aréa where there are large
concentrations of cars. We believe the taconite approach is one
solution. -~ . . L s R e
_ Mr. Viviax. Just a minuite. Before you say this is a solution, is
this soltition ‘any better than melting ({OWn the cars in one place,
preparing the taconite material some other place, and later mixing
them in a furnace some distance away from both locations? What is
the advanagte of this joint process? ' Chemically and technically?
Dr. Hisparp. I see what you mean. I think the logistics, the opti-
mization of logistics haven't been really worked out. It might well
be that a different location of the plant thight be more fruitful. FHow-
ever, in general, since the taconites are low in iron, you would tend to
minimize the transportation of the lowest value raw material of the
process, and that would: be the nonmagneétic taconites themselves, so -
you would tend to minimize the transportation ‘of low value matéerial
and maximize the transportation of the high value material, . Follow-
ing that principle you would put it near the taconites. This may not
“be correct when we haveall theeconomics. ~ o
- Mr. Vivian. I really have difficulty seeing this. Michigan is a
major taconite State. But it seems strange to take the cars which
are junked in Chicago or Detroit and other places where the bulk of
the population lies, put them aboard a lake freigher and haul them
up to the northern part of the State which is, T suppose, 600 miles away
by water, then mix them with taconite derivitive materials obtdined
locally, and ship them all back down. Tt is not ohvious to me that you
hiwe added any benefit to the furnaces that wasn’t there in the first
m‘ ’ ) ’ VV}Y ‘.by : : : = ! '""‘ "v,\>4>:' " \‘ v‘ ‘ (’ X :.‘ i
3 ‘Dr. Hisearp. The furnaces #s they ‘now exist cannot just use the
junk automobile scrap because, with the advent of the basic oxygen
furnace, these furnaces do not use No. 2 bundles which are the old
automobiles. ‘ s ‘
- Secondly, the furnaces cannot use the. low-; rade nonmagnetic
taconites as they now exist because they dre too ﬁ:'in“ iron. These
are taconites that are 20, 25 ‘peércent ifon, laree amount of silicates
and impurities. So, by combining two things which the furnaces can-
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not now use and making out of them these metallized pellets, you end
up with a material in the form which the furnaces can use.
- Chairman Mirier. In many instances, isn’t the taconite prerefined
nearthe mining place? s I S o ,
‘Dr. HiBBARD. Yes. o o . R i
Chairman Mitrer. And, it can be refined there until it gets rid of
,thefsm}%lus materials, as T understand the process. - N
Dr. Hisparo. In general, the taconites that are used are magnetite
which is magnetic, and in some cases hematite, which are.between
64, 65, and maybe 80 percent iron in their contents. These are pellet- -
ized and roasted and so-called metallized to the point where the ma-
terial increases in its iron content to maybe 80 to 90 percent.
However, with the present economics, the so-called low-grade non-
magnetic taconites are not used. . These are taconites which have only
‘25 percent iron. i o Lt s ROPANE T
- Chairman MrrLer. I know; Lwas in Australia about a year ago‘and
they, have made some great. discoveries. They are now shipping
taconiteto Japan,Ibelieve. ... = e
“'Dr. HieBarp. In the ‘Westemﬁ,gart. of Australia as you know they
have these tremendous mesas which are solid hematites. They are
just beautiful. In fact, they are equivalent if not better than some of
tShe“Mesabi,", ores. We would. just love to have this in the United
States. j ) o o i e PR . . :
* Mr. Mosurr. Are you saying, sir, that there is less bulk 'in-the
compressed junk. automobile than there is in the taconite and:there-
- fore it paystoship theless bulky car junk to the taconite. . ..
Dr. Hipearo. The;percentage of iron per poupd inthe junk:auto-
mobile as it is chopped up and shipped is much higher than the per-
centage'of iron per poynd in the faconi e
. ~Se, under normal circumst
the taconite and not the taconi

ces you would maove the junk autos to
o the junk autos. . G

* . I£.I could move on there re some answers to chei" qu;estwns in

the testimony. I move to quéstion C(5), the question of the frag-
~ mentation of research. . ];;t(}iink there are examples where research

~ has been fragmented and where a piecemeal approach has been used

to solve one problem while creating another. R

A good example would be a use of aqueous scrubbing of flue gas
to remove sulfur oxides.  This might remove the sulfur oxides from
the stack effluents but would 1 low-grade dilute sulfuric acid which
would be very difficult to dispose of, either causing a stream pollution
problem id wastes @quﬁi*qn}problem to replace the atmospheric

A gain, we believe that the systems approach can help here. . =~
I would like to also move to question E (1) regarding the Federal,
State, and local problems of applying technology. We have a good
example of State-Federal cooperation.in our own area. The Appa-
lachian Regional Development, Act calls for demonstration projects
concerning the alleviation of surface subsidence over mines, puitting out
of coal fires, and incidentally there are over.200 coal beds in this coun-
try -which are burning right today.. They are bellowing smoke and
causing the loss.of .good coal and are general problems ‘in health
andsafety. - .. e i L e
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. In the other area is strip mine reclamation. We have .projects
with the States on these subjects which are currently confined to pub-
Lic lands where the State. proposes the demonstration work to be
done and it is funded jointly on a 75 Federal, 25 State basis. We work
“together, working out the engineering and other details of the proj-
-ect and in reporting. ' . ; s
I would like to turn quickly, if I may, now to the current.status of
pollution abatement technology, in my opinion. . v o
- The scientific. information on pollution information is for.the.
most, part more ddvanced than the engineering technology. - There
are theoretical chemical equations- for handling many of the:pol-
lutants from the standpoint of their formation and from the stand-
point of their alleviation. However, the problem is that the cor-
" ling engineering technology either hasn’t been developed.or,
it vou i e in_the definition of technology the question of eco:
. SALIRR:] o N
This does not mean that we recommend no further basic.research
because, as a strong supporter of basic research, I believe that it is
reasonable to expect that a better understanding of the fundamental
Pprocesses involved in pollution formation and prevention would lead
to more_feasible avenues for developing technologies. o
. However, one would hope to use, wherever possible, existing tech-
nology 'because of the timespan involved and, therefore, it is the
technological area where we are in short supply. , L
" 'One of the major reasons for this is because most pollutants are
in a very low concentration in the environment and therefore the re-
moving of relatively.small.amounts of materials from very large vol-
umes of harmful substanceés is ‘generally an economic problem. .
" Incineration of combustible refuse is a good example of moderately

adequate scientific information but very inadequate engineering tech-
-nology. I state that the scientific background is fairly well known
because incineration is basically a,,(;om%)ustion problem. "Since in-
cineration is a combubtion process, it should be possible to design
incinerators on the basisof the theory and practices of burning solid
fuels such as coal. However, whether it is a small household or a
large municipal incinerator, the design and operation is complicated
by enormous variations in the quantity and composition of the refuse.
fed to the furnace. These variations in the feed cause significant
fluctuations in the temperature of the combustion chamber which
creates serious problems in controlling the evolution of smoke, fly
ash, and malodorous or noxious gases. In addition, combustion con-
trol is complicated because the moisture content of the combustible
refuse may vary from almost zero to at least 80 percent. All too often,
municipil incinérators are designed and built; without adequate.
attention to the nature and volume of the materials they must handle
at the outsét, let alone within the next decade. Residential incinera-
tors generally are inadequate for the job and are operated by unskilled,
personnel. Unfortunately, basic and applied research on the incinera-
tion process has been notably scanty. The Bureau of Mines and the
Taft Engindering Center conducted limited investigations on incinera-.
tioh in the 1950°s, but the work, was terminated long before comple-
tion. Limited research hasbeen conducted in recent years by a num-
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‘ber of organizations, notably, New York University, but the field is
wide open for systematic research on both the combustion and the:
gas-cleaning phases of the iricineration proceéss. '~ ** = 7 T
- T'would like to move from here to the sulfur oxides problem. :
»:'The principal sources of sulfur oxides are from ‘the combustion of
fossil fuels and from the metallurgical processes invelving -sulfur-
bearing orés. - Thére is no industrially proven method. gresently avail-
able for appreciably lowering the sulfur oxides released through com-
bustion procésses.  There are in development and in pilot plant stages,
however; séveral ways of approaching this problem. ' It maybe ap-

roached in at'least two ways.. "One would be to remove sulfur-bear-

g coipounds from the fuels before burning. 1In coal, for exaniple,
sulfursppears in twe main forms—as diserete particles of pyrite (iron

- sulfide) ‘and in'the organic structure of the coal itself.-There i3 no

presently known method for removing the organic sulfur without de«

stroying the coal molecules, bug the sulfur eccurring-as pyrite can be

separited mechanically. The reconstitution of coal, that 1s, dissolving, .

the¢oal'and reprecipitating it, leaving the sulfur behind is of course, a

Vé% expensive process, but it will remove organic sulfur. R
“"The pyrite can be separated by physical means. One must grind

the coal to the point wheére the particle size is equivalent to the pyrite

size and then remove it magnetically or by other methods. The larger
size particles can be removed by conventional cleaning methods.

_The situation with respect to removal of sulfur from petreleum and
its products is somewhat more complicated.” The American crude oils
are generally low in sulfur, sufficiently so as to yield an end product
which is'not high in sulfur. However, for economic reasons the pers
centage of crude oil converted to residual ¢il is rapidly decreasing be-~
cause the price of residual is roughly half that of crude. Therefore
you are not likely to miake a low-valued product from a higher one, so
the economics are not good. o o o

- Asa result, the Eastern Seaboard States are increasingly dependent
on overseas shipments and a large part of this imported residual oil is

a high-sulfur product ranging from 2 to 814 percent sulfur. There
are scientifically feasible methods known for the desulfurization of

fuel oils: For example, hydrodesulfurization is scientifically possible.

but economically this would be very expensive, It would increase the
cost of residual fuel by at least 25 percent, and seriously affect its eco-
nomic competitiveness. ' . , ;

Another approach is to remove the sulfur oxide from waste gases re-:
sulting from the combustion. There are several methods for doing
this. e wet method or scrubbing method is not practical because it
reduces the temperature of the gases to the point where they don’t
float out in the atmosphere, but are inclined to crawl out of the smoke-
stacks and settle back down on the surrounding environment.

. The other methods include an approach which is an absorption
technique. = : S o
_The approach which we are following in the Bureau and which
is sponsored by HEW is the use.of alkalized aluminga to absorb the
SO, from the effluent at high temperatures. This has the advantage
that the absorbent will be regenerated, and we obtain sulfur from the
process. Sulfur is in short supply, so this process can be used effec-
tively as a conservation measure. :

'
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" Another 'a,ppri:a’éh is to mix the fuel with certain materials, such as

Jlimestone or d¢lomite and other materials which conibine with the

Silfur in the farnace and form a ‘sulfate which remains with the ash
and can be removed from the efftuent as a particulant. There are areas
where thisis possible. s —— :

We believe there is no single approach to solve this problem. The
veal”problem at this stage of the game is to determine the cost of
these various methods and to see under what range of circumstances:

they are feasible.

“#Our present program is, again, a systems approach, and the items
involved here are to study the coal and oil resources in térms of their

sultur.content, develop selective mining operations for leaving behind

e B '

" the sulfur-containing materials, tHe fixation of sulfur during combus-

tion, or the desulfurization of the waste gases. ‘With this combination

. T believe, when successful,‘wé’willf have the techniques to help solve

this problem.
A second major ares——-
" Mr. Viviax. Mr. Chairman?
© ‘Mr. Dapbarto. Yes, Mr. Viviant? '
" My Vivian. The question I have is this: -

- VWS is' the ‘impact of having 8 large ‘amount of ‘sulfir oxide (ﬁ;S{’

* persed into the atmosphere? . .

" Dr. Hibparp. Our mission i$ technical in this case, and we are not
competent in the health aspects of these effluents. ' o
" ‘We have beén working very closely with the Air Pollution Division’
of the Public Health Service, coordinating our activities'and relying'
entirely upon them. for the appraisal of the health aspects and ‘the
discussions which involve what are thréshold: amounts ‘fosipshlfﬁr',éfi.de.f
They set the goals in effect and we are trying to achieve them,. . '

Mr. Vivian, I presume that some of the sulfur oxides wash out with
fains and are deposited on the earth’s surface. e

Dr. Hisparp, Yes. . = T IR

“Mr. Vivian. Isthere any observable reaction that results from this¢
' Dr. Hisearo. In general any combination of sulfur oxide in the
presence of oxygen and water will result in some form of acid either
sulfurous or sulfuric acid, and the concentration of this is'dependent
upon the particular situation involved. =~ = STt
“'Mr. Vivian. I am u-yin’g to finid out the impact. I take it that this

-is a subject you people don’t get into? * ;

- a systems approach to the long-range solution which will perm:

‘Mr. Prerey. The concern with sulfur:oxides relates only 't‘dh‘géa,vlt‘.'tf.' N

effects, and not with vespect to the appearancs of sulfurie acids. .
.Those concentrations would bé very low. AT LR s
~Dr. Hisearp. This is @ breathing effect, or an interaction of plants.
* With respect to auto exhausts, this is a very serious problem because
the approaches which are now being taken, and very ably so, are based -
on existing technology and will not solve the long-range problem of
the mounting number of auntomobiles.. ' N L

“We believe therefore, as we mentioned before, that there ¢hould be -

minimum amount of harmful effluent. - The problem should be looked
at. from the basic principles problem and not simply the conversion

of existirig systems as they now are used. *
68-240—66—vol. 1.—18
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- Mr. Dapparto. Ts there a conflict between your statements as to your
activities and those of the Department of HEW .ang the fact that
- motorists ‘will be spending about $50 for antipollution, devices for
cars which, when multiplied by 10 million cars, amountsito one-half
- billion dollars? You say that while many of the cormpounds present

in automobile exhaust are relatively inactive, only a few of thege con- -
‘stituents of the exhaust are the primary cause of pollution. = Awve we *

just doing this because it creates a positive )g@ycholggic%l effeciy in
* the minds of people that something is being done ‘when, in- fact, %

are spending all of this money just to get rid of a few of the constitu=;

ents of exhaust? L S

Dr. Hisparp. The problem is particularly with the unburned hydro-
carbons which come out of an engine as automobile exhaust.. There. "
is a wide variety of these, and we are systematically—and when I

say ‘‘we,” I mean the Federal Government as a whole—analyzing these

compounds to find which of them are the harmful ones. and :which
are neot. B e o
The problems are so complex and so numerous that at the particular
moment we don’t know which of these are of most importance—well,
we do know certain of them are bad actors, but we don’t know that all
of them are bad actors; and we haven’t yet sorted out the harmful ones
-from the nonharmful ones. I O D
..In addition, as you know, there is still a controversy, even with re-

spect to smog—whether this comes from the interaction of the nitrogen

oxides with hydrocarbons—and how important this is to. the smog

. We really don’t know at the moment as much as we should about

5

!

the characteristics of the engine, exhaust effluents and their interaction -

with the variables of the fuel and the engine parameters of the auto-
mobiles jtself. | .o T U T T e
-These are the first things which we must obtain. HEW is pro-
ceeding to get this kind of information ; we are too. - T
; .4M‘I;‘.§)ADDARIO._DQ we know, enough about it so that we should im-
_Pose on the public the burden’ of -paying for this $50 device? Is it
worth it, or should we. revise-our thinking~about this gitfiation and

divert these expenditures so that they will be more effective? -

Dr. HieBarp. I believe that anyone who has been inthe Los An%éles-x .

San Francisco area during: the time when smog has been particu arly
bad—and I have been there in those times—1I firmly believe that there
- 18 too. much air pollution from enginé exhaust. L
*"The kind of regulation which is now taking place is reducing this
and I certainly believe it should be reduced. =~ ,
I don’t think we are ready yet to say precisely to what extent it
‘should be reduced and precisely how it should be reduced, but I think
- the kind of regulation we haveis good,, T
- Mr. Dabparto. This seems to fit i

Mz, Dapparto, Th 0 fit into-5 category of problems abont
which we are usually given the folloy ng adviee. . You can spend a bil--

* . lion dollars, let’s say, and it will achieve some benefits, but it will not.

obtain all of the benefits.. There is some question that, after you have
‘spent all this money the situation hasn’t gone beyond the oint where
1t was when you originally started only because you .didn’t. know
~enough ‘about it in ordeér to impose this obligation such ‘as the $50
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device on the buying public in the first place. And, I would like to
add to that if, in fact, the program doesn’t achieve the most beneficial
- results, you break down the desire of the public to support future pro-
“grams. It/is on this support that we ultimately have to depend..
“Dr. Hiparp. I believe in this case there will be beneficial results.
The gefieral prognostication is that the engine exhausts or effluent
will detually decline with time asa result of the regulations which are
now-being considered and the technology which is now being devel-
_oped, but that it is the sheer number of automobiles which is going to
“cause it to go up again and require eventually a longer range solution,
" M. Dappario. Maybe I can put it this way. If you had the half
‘billion dollars to spend, would you spend it this way? o
Dr. Hipearp. Gee, that’s an awful hard question to answer. I
‘suspect many of the things that are now being done I would do.
Maybe not all of them. I don’t know. ST
~ Mr. Dappario. I'm talking about the $50 device. It comes to half
~ of a billion dollars. - You know what it is going to achieve. You have
~already said that there are problems the nature of which we don’t
presently understand. 'We are talking in the final analysis about half

‘of a billion dollars in this one narrow area. . o ,
. Dr. Hieparp. I believe that this research will-—— FRARE e
Mr. Daopario. And, I'm reminded properly that we are not talking
about a total of half of a billion dollars. We are talking about half
of a billion dollars every year in an area about which we know so little,

" Dr. Hisparn. I believe, from what I understand, that the general
_objectives ‘of this device, 13 to provide information which is essential
-.to the solution of the problem and it will in addition produce a short-
range solution which will give us time (8 to 10 ‘years), to tackle the
longrange problem. I think those are desirable objectives. -~ .

Now, from the standpoint of cost effectiveness

eness, I really am not. in

a position to evaluate whether it is worth this kind of money. ‘

" Mr. Dabparto. I don’t mean, of course, to have you make a snap.
decision on a situation such as this, but I would expect that you would
support the general theory that we ought to know more about certain

‘areas within which we push expenditures of large surns of funds"ybefqre‘

T ot 3 ¢

_ we commit ourselves. S I T ARt
Dr. Hiseard. Yes. The only exception I would take to that is that
frequently the engineer is faced with making a decision about a prob-
lem before he has all the information needed to make a’ really sound -
decision. © o e LR B TR
 'We may be in this kind of a situation now, and this happens many
times: L BN S .
Mr. Dapparro. Well, there is no question, that if we could reach the
point where we could find an infallible solution to a complicated prob-
lem such g this, we wouldn’t bé having these meetings today. .= .
" But, as I have listened to testimony here and as we have prepared
ourselves for this meeting, there seem to be a multitude of roglems
. the solutions to which seem to be.extremely hard to find. ‘We ought
' some understanding about

to be able to sort these out and come to some u

where we stand and how we can approach them.
- Dr. Hisparo. I quite agree with that.
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In other words, I believe that by taking the t al -problem and
looking at it on a systems basis, we could come to somd.kind of a dis-
tribution of the work to solve all of the problems involved. e

‘Mr. Dapparro. You touch on mine drainage for example. , Is it pos-

sible that there isno solution?  Acid drainage occurs naturally in some
places. If we come to the conclusion that there is no soluti n and
that pollution from mine drainage is more of a natural phenomen#ithan
anything else, should we accept it and explain why it 1s? %
" Dr. Hisearp. Noj; I believe there is a solution to the problem. .
the moment the solutions which are known are very expensive. It.%
would cost, I would say, in the billions of dollars to solve the problem::
in Pennsylvaniaalone. = .~ 7 T
Mzr. Dappario. ‘But, because this is such a big problem and because-
it raises such havoc in certain areas, it ought to be known that we are
still groping with the problem. We ought not to panic because people
are so disturbed about it and spend money only so as to givgogl)w
ppearance that something is being done. Co ,
_ Dr. Hisparp. I quite agree, This problem can be solved. It can
be solved ‘'economically, I believe. It is going to require a sensible
research and development program.  If we approach 1t in an orderly
way,it Will.be«salveglg s AT R N g et

Mr. Davoario. Mr. Chafrman? . 0
Chairman MriiEg. We lodk at some of these problems and we see
the immediate effect in our own areas, . We sometimes overlook them: -
when they don’t affect us directly. I'm conscious of the fact that in
- California when Shasta Dam was built they had to seal off a number:
of old copper mines. .I have often wondered how long the seals of
these mines are going to last under heavy heads of water ? What will

happen if these seals break ? . , , T
~ Dr. Hisearo. Idon’t know, but it will be very unfortunate.
I have touched briefly beffo‘re on the solid waste in the junk auto. -
program. I think the two points I would like to emphasize, the
extraction processing and utilization of mineral substances frequently
~is a cause of solid waste. When you think that an’ ordinary copper-
- ore contains about half a percent of copper—this means that there are.
only 10 pounds of copper. for every 2,000 pounds of ore—you have a
large amount of material todisposeof, Lo
The Bureau has been approaching the problem of minimizing or-
utilizing wastes and has concentrated on areas of improving systems
which would reduce the mineral losses and control the volume and’
location and products finally discarded. It has endeavored also to»
use waste to fill and support old mine openings. g
- Again here, the system approach apfiears to be essential. One:
example I would like to make is the problem of burning culm banks.
These are waste piles from coal mines and consist of slag and debris-
- and some low-grade coal which has been piled out in the dumps..
- Frequently these have caught fire for various reasons. There are: -
- four interrelated problems involved here. One is the air pollutions
from the smoke of the culm fire. Another is the solid waste disposal
of the piles of debris. There is a problem of pollution from the run-.
off of rain water into the streams, and there is the whole question of’
trying to conserve the coal in the piles. Therefore, this is.a geod: ex=-
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. The ﬁt§61ems of ,énv’ironmenta’l,péiiii}'fiép,argg to 4 large degree, a ")')S;prtsduet of
our economic progress, as well as past neglect ai

apathy, ~ Our scientific knowl-
edge of the causes and character of eﬁVirqnmeﬁtal,pollutiOn is more extensive
than the technology to handle the waste byproducts of our industrial eciviliza:
tion. Because of our failure to undertake adequate measures to prevent and
treat pollution, the American people have finally come to & 'general'reﬁlization

* that the air we breathe is laden with prodiicts foreign to the original environ-
ment, our water supplies are contaminated by waste products, and our landscapes
are being despoiled by waste materials_for which we have found no good hiding
laces nor.any feasible methods of utilizing or destroying them. " The situation

is becoming more critical each day as the trend toward population ‘con’centration‘
in urban centers continues. - e .

ROLE OF THB BUREAU OF MINES

The Bureau of Mines, by its organic act, is charged with the responsibility
to conduct scientific and technologic investigations in the mining, preparation,
freatment and utilization of minerals and mineral fuels with a view of improving

health conditions, increasing safety and efficiency, and conserving-our resources
through prevention of waste. In ‘accordance ‘with its original Congressionfal
nandate, the Bureau has been engaged for more than 50 years in research in-
vestigations designed to conserve our’ hatural reésources, ‘and in’ many studies
aimed at minimizing pollution. Over the years, much time and effort has been
expended on investigations to decrease ithe amount of pollutants entéring our

water supplies as.a direct, or indirect, résult of mining operations. These 'in-
~ vestigations include: acid mine drainage ‘alleviation through mine sealing; eco-
nomic means of utilizing or disposing of mine wastes; and prevention of con-
tamination by leaching of mine tailings. 'While we foel we have made progress
in these endeavors, problems have pbeen arising’ even more rapidly than the
solutions. ) : L
In the field of air pollution abatement, the Bureau of Mines has published over
200 treatises based on its work. For many years thé€ Bureau has been a leader in. .
the battle for the elimination of smoke which tended to cover so many of our
industrial centers, and has been active in other aspects of sioke control. ‘While
this battle has not been completely won, industry and government have deveél-
Jped economically feasible methods ‘-"of«eontrbllingftheflarges.-t proportion of the
smoke resulting from the combustion of fossil fuels. Likewise, the Bureau in
the early 1920’s initiated research on’ fumes releaged by internal combustion
éngines, and has continued active’mvestigati‘ons"l‘eading toward the use of fuels
with minimum pollution by motor vehicles; However, the Bureau’s research
dnd investigations have not kept pace with the incremental growth of the prob-
lems resulting in part from the tremendous increases in the pumber of automo-
piles, trucks, and buses. Owing largely to lack of sufficient funds, work on the
technology for pollution control has not been ‘sufficient to cope with the needs.
~Phe Bureau also has a long:standing interest in the reduction of sulfar
oxides pollution resulting primarily from the combustion of fossil fuels and metal-
Jurgical operations. Investigations of particular note which ‘'we have con-
~ducted, include: the cleaning of coal to remove sulfur-bearing waste ; desul-
furization of petrolefumproducts'; improving combustion ‘efficiency 'to’ conserve
fuel i resources -and - produce less ‘pollutants for a given energy production; and:
tléq removal of sulfur oxides from waste gases and conversion to useful’ products.
of ‘commerce. R N : v : k R

COMMENTS ON THE REPORT OF THIE RESEARCH ADVISORY PANEL

With this long-term background of scientific and technologic effort in the field'
of pollution abatement, the Bureau is most pleased .to endorse much of the:
report of your Research Management Advisory Panel on this subject. In par-
ticular, we wish to draw attention to the viewpoints expressed in the first para-
graph of the section entitled, “The Need for Additional Technology.” While:
it must be recognized that the environmental pollution problem ie much broader
than the samples cited in this section, the illustrations given are among the:
more pressing problems now confronting the Nation. Industry and Government:
can, I am sure, develop economically feasible ways to improve the environment:
in which ‘we live. - The necessity for such jmprovement is only too apparent. '
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Before discussing, in more ‘detai,l, specific problems in envilronmental pollu-
tion and the research efforts underway in the Bureau of Mines in its :search
for solutions to these problems, I would like to address myself to some of the

o 5

not set the standards which the public must comply with, Standards are set by
Federal, State and local agencies based on factors such as effects on ‘plants,
animals, and humans.  The Bureau does advise, on the basis of .our research,
as to whether standards can be met with available resources and, preferably,
at the lowest possible cost to the public. In other words, if a public agency is
undecided from a health standpoint as to the maximum amount of sulfur-com-
pounds, for example, it should permit as emissions from fuel-burning appliances,
then we can advise as to the impact of any regulation on the availability of fuel
resources, 10

‘We doubt. seriously whether new technological developments can proceed effee-

convinced that the rewards will be great, even though our investigations are con-. .’
cerned with only a small part of the overall problem, o '

; Since the private sector of the economy is highly responsive to competitive
factors, the setting by thefFederalvGofvemm_ent‘ofwnevwstgnda}rds would: likel,
disturb existing: markets for-fuels. - Industry would; indoubtedly. make! strong
research efforts to meet these standards in order to retain or strengthen its
markets, : ‘
..Basic research on pollution .abatement of all kinds is usually not. supported’
heavily by industry since the benefits that may acerue frequently cannot be:
applied solely to the organization supporting the research, and. the monetary,
benefits are not particularly rewarding. For this reason, Government will

make valuable contributions.. - nfortunately, the Bureau does not have the
authority to contract with universities in most of its research areas. ;
We believe that the opportunities are unlimited. for approaching a recycle
type of industrial society—one in which materials are used over and over and.
over again. Many of ‘the constituents in environmental pollutants are: worth
conserving, and since conservation is a major role of the Bureau, we are alert
to the possibilities. For example, the recovery of the sulfur from the sulfurous )
gases resulting from:combustion of fossil fuels would solve the critically short;
supply of sulfur that now exists on a world-wide basis; Likewise; the scrap
automobile and. discarded, refrigerator that in_abandoned form blight the land-
- Seape contain many valuable' metals that:should: be-tecovered andputito retewed
use. R R . ) .
- The issues raised in the Advisory Panel Report having direct implications to-
the Federal  Research and Development Program, especially those which .apply
to the Bureau of Mines, were carefully reviewed by us. Many of the problems
concerned with pollution abatement have social connotations that tend to obscure
definitive answers as to the comparative merits of short- or long-range remedies
through research. Under the present budget structure of the Bureau, we believe

tutions of higher learning, in cooperation with Government agencies, also can.
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development stage, and. eventually into engineering application, does not lend
ngineering developments, the

“Bureau of Mines tends to stop short of the application stage. Once our research

effort has advanced to a showing of feasibility and our results are made avail-
‘able to the ‘public through discussion and publication, our role becomes one of
encouraging application by the private sector. At times, completion of the devel-

- opment work calls for close cooperation ‘between the Bureau and industry by

formal agreement. The public interest is always protected in. arrangéments of
this type as the Bureau retains all publication and patent rights from such joint
studies. It should be noted, however, that there may be certain important
research and development areas where there is little or no incentive for the pri-

vate sector to become engaged. If investigatory studies in these areas are in
" the national interest, as for ‘example acid mind drainage from abandoned mines,

Govérnment has no-choice ‘other  than to explore’ these fields to the ‘extent
needed and in the required depth. ) i
The question raised in the report with respect to a tendency to fragment

_research as to source or environment sector is particularly interesting. A good

example of a piecemeal approach would be the use of aqueous serubbing of flue
gas to remove the sulfur oxides. This method might provide a satisfactory solu-
fion for the cleaning of the stack efluent of sulfur dioxide, but the disposal of
the acid formed might merely create a stream pollution problem to replace the
atmospheric one.. We are fully aware of the management problem that is.
involved here, and therefore are again looking to the systems approach to aid us.

PRESENT STATE OF POLLUTION ABATEMENT TECHNOLOGY
In addition to the views I have just expreséed on the broader aspects of the

‘problem, I believe your committee’ would be-interested in our evaluation of the

presgnt status of scientific information and engineering technology, ag-it applies
to air pollution abatement and the future needs in this field if an improved en=-""

vironment is to be-attained. As I indicated pefore, scientific information on pol-

lution abatement is for the most part more advanced than is the engineering
technology. There are theoretically sound ways to prevent the formation of many
environmental pollutants, or ways of handling the'pollutants after their formation

. but before their discharge into the atmosphere, into-our water sources, or-onto the

ljand.  For many pollutants, there is -experimental information which can: be
applied to the solution of particular ‘environmental problems. However, the
corresponding engineering technology either has not been developed or the eco-
nomics are unfavorable by today’s standards.. The costs of the remedies thus far
are not considered to be worth the gains. This should not be interpreted to mean

"that we recommend no further basic investigations regarding. pollution abate-

ment. On the contrary, it is reasonable to expect that a better understan-ding of
the fundamental processes involved in preventing the formation of pollutants, or

. in disposing of the pollutants, would reveal more feasible methods for their re-

moval by recognized engineering procedures.  However, for most of the problems,

_‘there already exists appreciable scientific information on which to base larger
“géale work totimprove ientgineering‘technology mecessary for successful solution

of the problems on an industrial scale,  One reason for the large gap between
scientific understanding and practical solutions is the fact that most pollutants
released to the environment are present in low concentrations and require re-

_ moval of small amounts of material from large volumes of harmless substances.

. Testing of prototype equipment or pmeesses ‘thus can involve treatment of huge

quantities of ma»terials‘ at -substamti-al expense.

SULFUR OXIDES®

The pfoblems encounteréd in lowefing the amount of sulfur oxides Whichv enter

‘the ambient atmosphere offer-a good example of the, status of many of the prob-

lems in environmental pollution. I will, therefore, discuss this in more detail.
The principal sources-of sulfur oxides pollution are from the combustion of fossil
fuels and from the metallurgical processes involying: sulfur-bearing ores. of

~ these thecombustion of fossil fuels-constitutes by far the largest ‘source.. How-

ever, since fossil fuels are the basis for the production of the predominant share
of the energy which keeps our industrial economy going, there .is no-way to elimi-
nate - completely the-use of - sulfur-bearing fossil fuels within' the: foreseeable

future.




280 ADEQUACY OF TECHNOLOGY FOR POLLUTION ABATEMENT

. While specific ambient. air «quality requirements with respect to the effects of*
sulfur oxides.on health are subject .to controversy, there is general agreement
that the rapid increase in.the release of sulfur oxides to the atmosphere must be-
curbed, particularly in highly urbanized areas. On the other hand, there is no-
industrially proven method Dbresently available for appreciably lowering the sul--
fur oxides released through combustion processes. Nevertheless, much informa-
tion on the subject is available. -Byen though technologic developments are pro-
gressing rapidly, the solution to the problem may still be several years away.
The abatement of sulfur oxides. pollution from combustion processes can be-
approached in two ways. One way, -Seemingly the most logical, would be to re-
move sulfur-bearing -compounds from the fuel before, the fuel is burned, For-
example, gulfur occurs in coal in two principal forms; that is, as discrete particles.
af pyrite and in the organic structure of the coal molecules., There is no pres::
ently known method for removing the organic sulfur without. destroying the coal.

molecules, but the sulfur oceurring as pyrite can be separated (at least theoreti--
cally), by physical methods. . In most American coals, the iron pyrite occurs in a
wide spectrum of particle sizes, the larger of which can be removed by, convens-
tional cleaning methods. Co T e .

American coals range.in sulfur content from about 0.5 percent up to a maxi-
mum of 6 or 8 percent. The United States does have an appreciable quantity of’
low-sulfur coal (less than 1 percent sulfur), but much of this product is not
readily available to the utility market, because most of these low-sulfur coal
mines—many of them so-called “captive” mines—are producing primarily for-
Steel-making and other metallurgical purposes. Although these reserves of low-
sulfur coal might be used. in an emergency to serve this market, any sudden large. -
demand 'would require an appreciable time period for development of new, addi--
tional mines in known dlow-sulfur reserves, ! - i ; e
-'While the reserves for petroléum: are much less than for coal, -they still are:

- extensive and «do not represent a supply ‘problem in the near future. For the
generation of electric power, space heating and small manufacturing operations,. .
heating oils and residual fuel oils are the primary liquid petroleum products:
used. The situation with respect to the -removal of sulfur from the petroleum
and its products is somewhat:more complicated. Most American crude oils are
sufficiently low in sulfur to produce an end. product (residual fuel oil) which is:
not. extremely high in sulfur. ; However, for economic reasons, the ‘percentage
of crude oil which ig converted, to residual fuel oil is rapidly decreasing in the
United States;: While ten years ago approximately 14 percent of the crude
petroleum ended as resident fuel, today the figureis only about.7. percent. Asa re-
sult, the Hastern Seaboard States:sre increasingly -dependent. upon imports of
residual fuel oil,-and a large-share of the imported residual oil is a high-sulfur
product ranging from 2 to 3% percent sulfur. Scientifically feasible methods:
are known for the desulfurization of fuel oils, but these processes are not con-~
sidered economically feasible at the ‘present time. Recent estimates on the cost
of desulfurization indicate that lowering the sulfur.content to.below 1 percent
would probably increase the cost of residual oil by at least 25 percent. Whether
economically more attractive processes can be developed cannot be stated with
certainty, - Many petroleum experts are pessimistic regarding the future of de-
sulfurization, but since it is feasible scientifically there is need .for increased

. efforts to find less costly processes.

. Another-approach to reduction of oxides of sulfur in the atmosphere is. the
desulfurization of waste gases resulting from the combustion of fossil fuels.
Wet methods for the removal of oxides of sulfur from stack gases have been
investigated for many years, but such methods have not proved successful.
Present technologic efforts are directed toward absorption processes which can
be used without cooling the waste gases. At least three or four processes look
~‘pro’mising;butaalmdst’ all of the engineering development work is yet-to be done:
‘The magnitude of ‘the -engineering ‘problenis which are encountered in this
work' can be*‘appreciated'ifrom the fact that an 800 megawatt electric utility
plant discharges over three million cubic feet per minute of hot gases from. the
smoke stack. If the fuel burned contains approximately 3 ppercent sulfur, the
waste gase§ contain approximately 0.2 percent sulfur oxides. ' The equipment
required for the removal of these oxides from such a large volume of gas is very
costly and will occupy a relatively large space in or around a ‘powerplant. It
has been estimated that the capital cost of equipment for removing sulfur oxides ;
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from the waste gases will run from 10 to 20 percent of the cost of the utility
‘plant. Additionally, many existing plants ‘&0 not have sufficient gpace in which
to place this added equipment. Also, the capital cost is 80, high that it is ques-
tionable whether these ‘metheds _can be used by smaller space ‘heating installas
tions. o ' RS AN A TP R
~ In addition. to the waste gas absorption processesﬁ.nowﬂunder mokt active de-
velopment, there are many less sophisticated methods or ‘systems that have been
proposed which may prove to be more successful than those now -iixgder»deyelop-
ment. In any. case, & partial solution to the :p’rob,lem will probatily be. found

within the next few years and reséarch. now underway m‘a‘yi’provide more, feasible

methods for an overall solution to the sulfur oxides problems. An additional
factor which the Bureau of Mines research has taken into dccount is that sulfur
or sulfuric acid, which could be. recoyered, i8 presently in world short supply., !
. “"'A third approach for the removal of sulfur oxides bears promise of providing
4 solution applicable to certain combustion processes. In this process, the oxides

of sulfur are fixed during combustion by the use of an additive material such
as powdered dolomite or liniestone which are 16w in cost, d@nd the resulting ‘cal-
cium or magnesium sulfate can later be removed as & solid by methods similar
to those used for removing particulate matter from gases. The information
presently available is insufficient to assess the true potential .of the process.
. However, it may prove of appreciable importance both for small installations
which cannot afford the high capital expenditures for removing the sulfur oxides
from the stack gases; and for existing large D jants where there is insufficient space
 to install the:largeamounts of additional equipment. .

It has been shown that no single approach will solve the sulfur: oxides pollution

_problem. For this reason, we believe-a systems approach will prove most fruitful.
“A.program is under study in the Bureau which will .consider technologic develop-
ment needs in terms of recognized air quality requirements. This systems
approach will include: studies to delineate our: coal and oil resources in terms
of their sulfur content; selective mining operations; desulfurization of the fuel
before combustion; fixation of sulfur during. the combustion process; and de-
sulfurization of the waste gases before release to the atmosphere. Interrelation-
ships between process factors. will be studied to assure the development of &
method or combination of methods which will give the desired air quality atithe
lowest economic burden. e .. : L
. : R » AUTO EXHAUST. :
" The second, major air pollution abatement problem “concerns the reduction of
i pollutants, produced by automobiles, trucks, and buses.. _These vehicular exhausts
- contain very large quantities of smog-producing constituents which are the major
source of air pollution in certain areas. With the incr’easing‘population growth
and the anticipated 3 to 4 percent a year increase in the number of automobiles on
the highways, the Tederal standards for auto exhausts, which will become -effec-
tive with the 1968 model automobiles, will prove to be inadequate long before the
end of this century. L ) ) . )

Much progress has been made in our understanding of the types of pollutants
‘that are emijtted from automobile engines, but additional major engineering de-
|- velopments will be required before our technology is adequate. Although the re-

quirements for all 1968 model cars will reduce {he average level of emissions per
vehicle by approxifmgtely two-thirds, we still do. not really know whether the
constituents from the exhaust which are largely responsible for smog production
will be eliminated. It is believed that only a few of the constituents of the ex-
haust are the primary cause of the difficulty, while many of the other compounds
- present are relatively i active. If abatement of automotive exhaust pollution is
to be fully achieved, an overall systems approach should be employed which
‘would include not only study of the fuel, but also-of the engine and the exhaust
gystem. The development of an optimum design for the automotive system in-
volves many new techniques ‘that have not.as yet been developed. Many new
g e;ngineering developments will doubtless be required before a better economic
solution to the problem becomes available. T .

A number of different approaches to the automotive exhaust problem have been
proposed and should be investigated. These include variations in fuel composi-

tion, raglical changes in ‘engine design, use of catalytic and noncatalytic afters
| burners, and many similar avenues. ot ) SN

.
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- OTHER AR POLLUTANTS .

The pollutants T ‘have discussed are receiving primary attention at the present
-time. Moreover, many . other materials enteéring ‘the atmosphere ag a’result of
. industrial operations may require abatement action soon, These pollutants
include : oxides of nitrogen’ and carbon ; trace metallic substances and compounds:
from combustion of fossil fuely'and metallurgical operations: Polynuclear hydro-
carbons in waste combustion gases ; fluorides from fertilizer plants; mis‘x‘:ellanei)us

dusts from mining ang inqﬁs,tpial operations; and obnoxious odors, Unfortu-

P o D8 B ,«.\e' -
lutants specifically Ientioned, oxides .of nitrogen, are of special “mportan e at
bresent because they barticipate in the Photochemical ‘smog-formation reaction.
Further, on a very long-range basis, even the increase in concentration of carbon
dioxide in the atmosphere may need to be controlled if a major change in the
earth’s weather pattern is to be avoided. o i :

n: found, impogsihi
onal‘development w.

(Geological Survey, Bureau’of
T, and the recently transférred
; the Bureau of Mines iy direct:
ing its engineering knowledge to demonstrating the effectiveness and cost of
known methods for acid mine drainage éontrol. - At the same time, research and
experimentation are being conducted on, the causative factors for acid water

formation in 6ld abandoned mines; currently operating mines, and future mining
()perations.j “Methods investigated include new air-sealing: techniques, purification
by reverse osmosis, neutralization and chemical reactions, in the hope of finding
ways to prevent or abate this kind of stream pollution. L o o

.. As far back as 1924, the Bureau of Mines recognized a need for research in this
area and started one of the first programs in the Unite ' desi '

ministration” project. ver, Redera P “Interest. in. theproblem
waned, and a continuous research effort directed to an acceptable solution became
impossible. Now that the public has become more aware of the needs for water -
quantity and quality—water for industrial and domestic consumption .and for
recreational aesthetic purposes has made the. problem one of ngtional concern—
and support for necessary research has therefore been manifested.

_The problem of acid mine water Stems from both past and current methods of
mining and from subsequent water drainage in geologic Settings conducive-to acid
formation, Any mine may be a source of acid water, but the problem is concen-
trated in the eastern coal mining regions, Acid mine drainage may be classified
as originating from three major sources: (1) deep mines, (2) strip mines, and
(3) refuse piles. _Deep mines may be further classified as below drainage and

mines above drainagelevel, ) o ! -

We know enough today to brevent acid mine ‘water drainage from so-called
open pit mines. The same is true for abandoned Strip mines if provisio are
made for proper reelémation,'recontouring and water diversion. The: priohlem
is essentially one of cost and not technology. - AN

Deep mines Present a different story, because most of the acid draining into
streams comes from abandoned underground mines above drainage, Present tech- -
nology is inadequate to correct this situation, Thig is worthy of emphasis, for
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it is a.common misconception that strip inines are the chief offenders in this
matter, They are hot; they contribute only an éstimated 10 to 25 percent of the:
present aeid water: volume.. ‘Tlere are an:estimated 8,000 abandoned “undet-
ground mines with a surface area involving in ‘the neighborhood ‘of about 8,000
square miles. . Any rehabilitation effort will therefore require a massive effort.

The Bureaw’s acid mine water program is directed to investigation of the avail-
able technology and demonstration of its effectiveness and the economics involved
in its application to the immediate problems. This is being done through coopera-
tion with Federal and State agencies by active demonstration projects on selected
drainage areas where acid water pollution is a major problem,  The program in-
cludes premonitoring eonditions at the.di tonstruction of remedial measuresand
post: monitoring-to deteriitie effectiveness of the installed remedies.’ . ‘

To guide future action, we also are engaged in research to arrive at a better
understanding of the prineiples involved, - Our regearch includes a limited amount
oflaboratory investigations on the physical, chemical and bacteriological ‘Yetions
involved in acid water formation in mines and a field investigation (under care--
fully montored -conditions) of speecial sealing techniques related to mine ‘condi-
tions. -This should serve to resolve much of the controversy surrounding the’ef:
fectiveness and value of mine sealing.. .~ " .. C :

The present research effort is not adequate, relative to the seriousness of the
problem and the time in which we should obtain a solution. Expanded research
in the following areas is necessary: B ‘ o

1. Mine hydrology, drainage and pumping research that will provide a guide
to engineered designing of mine systems that would prevent formation of acid
- mine water,. oo - R A Sl -

. 2. 'Pechmiques of “eliminating or controlling ground. subsidence so as to elimi-
nate sufice fractures which permit waterentry.; . : o Ty
‘3. .Discovery -or. development of an.applied, multipurpose coating that would
provide a sealant for underground mine surface areas that would also be 4. dust
inhibitor and -have ground support-capability. .. - - : e R ThTA
- 4. Develop the criteria for- metheds to divert, eontain.or direct underground
water flow to eliminate inflow to mine openings.:’ e . : -
- 5: Continue and expand laboratory and field investigations on the formation -
of acid mine water. Wl SIRE R : ‘

6. Development of improved: and new mining systems to minimize acid. water

formation. : ‘ . . e '

S e . . SOLID-WASTES «
The disposél* cotitrol, akd récldmation’ of ‘waste products' resulting from the
. extraction, processing, and utilization of mineral substances are important
teehnologic and economic factors in -the: effective conservation of mineral ‘re-
gources.  'The Bureau of Mines has for many years.approached the problem of
minimizing or utilizing waste from the standpoint of conservation. Specifically,
it has concentrated on areag where improved.recovery systems would: reduce

- miner: s ipeidentally, - redude the voltime of the products finally” dis-
earde red to develop methods. to recover valuable metals and

U@

minerilstrom-variots typesiof waste, . - .
- A major aspect of our research program on mining methods is the develop-
7~ment of mining systems that minimize minerals waste and, wherever possible,
utilize waste to fill and support mine openings. In this way, with proper
planning in advance of mining, operators can minimize the wastes that need to
be disposed of and can avoid the restoration work that is so often required.at.
existing operations. - . : ) :

The economic utilization of certain types of metallic scrap, such as automo-
bile bodies, poses a problém which is becoming acute.. Changes in the technology .

of iron- and steel-making have made this type of scrap less desirable for reuse. . .

. than it formerly was.. Approximately 6 million automobiles were scrapped ‘1agt
year and approximately 20 percent of these. joined the 25 to 40 million-old auto- .
mobiles rusting away in auto graveyards,-dumps, vacant lots and roadsides. - The
. "Bureau is concentrating much of its research in the field of solid waste recovery
to the development of the new technology necessary to allow the economic reuse
of the millions of tons of ferrous and nonferrous metals contained in these old
automeobiles. I

One Bureau-developed process, which has been successfully tested on a small
scale, and which will soon be demonstrated in a large plant, will utilize -both
mining wastes and automobile scrap to make a high-grade iron ore for the use of
industry. In this process, non-magnétic taconite, and abundant, presently use-
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lesy iron mineral is treated with low-grade iron and steel scrap: under condi-
tions which result in the conversion, of the iron’eontent of both materials to
“magnetic iron. oxide which can be copcentrited to high-grade iron ore by pres-
ently employed technology, Other ‘résearch is devoted to the development of
economic methods for removing the impurities from low-grade scrap such as
that from automobile bodies, refrigerators, stoves, and washing machines, so
that the:metal content ¢an be reused by industry. . :

The municipal wastes that are discarded each year contain approximately
6 million tons.of metal, mostly, iron. Most of this metal is buried in land fill ..
and thus permanently removed from the economic cycle. The five million tons
of iron in tin cans alone represénts a serfous loss to our economy. The Bureau
-of Mines is working on. the development of new ‘technology which will allow the .
recovery and reuse of. these presently wasted metals; thus turning.a liability
into an asset. . o o D . . L

In addition to other work being performed on recovery of metals and minerals’
from scrap, projects:are.underway to deal with. other forms of golid 'wastes,
For- ékdmple, a survey is beinig conducted to feveal the location, magnitutle, and
composition of all of the major golid waste disposal dumps in the country:
Samples from the major problem areas will be submitted for laboratory investi:
gation to determine if any valuable constituents can be recovered or'if bulk use
for the material can be found, Promisiug results will be' followed up in pilot

plant scale and the process will 'be made available to industry.

e

. It has been shown that much basic scientific information on envirommental
pollution is available for-application toward limiting the dmount of air; water,
and land pollutants which are a-byproduct of ‘our industrial systemn.. However;
‘therd'is a great lack of énginéering teclinology for the-suecéssful abatement of
many of the pollutants without putting &n economic strain-en industry and the
public in general. We believe that through cofitinued research and -engineering
developmerit, it will’ be possible’ te- Solvé the problems: confronting- the Nation
-effectively -and..economically.  However, such. solutions ;must. balance! public
L uiced: pgainst peanemic:. eonstderutions. I clegtior-air, watet;and 1and is to:be
attained without disrupting the economy, increased efforts by botly industry.axd
Governnient will bé' reqiired.  Thé conversion of waste niaterials into useful
products will help minimize these economic burdens. The Bureau. of ‘Mines
recognizes its Tesponsibilities in ‘meany areas of pollution abatement and will
consistently, work for technically and economically feasible solutions to the
pollution problems which conffont our Natfon. ' "~ - = " 0 0
. “Mr.:Dapparto. Our mext-withess:is Dr. Thomas: Malene, :vice. presi-
dent and director of research, the Travelérs Insurance Cos.; from-the

city of Hartford, in Connecticiit, ./~ " L
We are happy to welcome you. here, Dr. Malone. o L

T would also like to-comment that Dr. Malone, as the chairman
knows, is on the scientific panel which works with the full committee,
and has been of great help to us on"many occasions over these past
several years,. . - . e e e
“We are happy to have you here, Dr. Malone, and. we are waiting to
hear from. you. A A RNy EE
~ Chairman Mizrer. T would like to say he.is one of the outstanding

members of that panel, and has done a great deal of work.
'STATEMENT OF DR. THOMAS'F. MATONE, VICE PRESIDENT AND
DIRECTOR. OF. RESEARCH, THE TRAVELERS INSURANCE COM-
“Dr. Marone. Thank you very much, Mr. Daddario and Mr: Chair-
man. - I-responded, with alacrity to this invitation to testify before .
youtr committee for two reasons. -One is to renew: an association: I
Tound to be extremely pleasant: I think-our meeting last January




ADEQUACY OF TECHNOLOGY FOR POLLUTION ABATEMENT ;285

ith Sir Charles Snow and Don Price was the highlight of this series.
“econdly, I am persuaded that these hearings, the report of the ad-
isory panel on which they are based, and what will follow from these
earings, will constitute a significant step toward the development of a
“ational, well-conceived set of national policies for dealing with en-
ironmental problems. Because of the availability of a great deal of
iterature on pollution and the comprehensive listing of the issues in
our report, 1 would restrict my comments to five points. The- first
wo are very general and the last three are specific. - :
. First—a very general comment—so obvious that the only reason
for bringing it up is that it is so easily and so frequently overlooked.
Amidst all the discussion of technological capabilities and inade-
quacies, priorities, and strategies in scientific research, economic
analysis of costs and benefits and institutional aspects, let us never
forget that the problem we"are discussing is——mm(f)ly and funda-
mentally—a human problem. Human intolerance of dirtiness; human
desire for cleanliness. Instincts so deeply ingrained in the fabric of
our American culture that there is a rising chorus of voices across the
country, demanding that the human magtery over energy and matter -
which has soiled our air and water, while bringing within reach the
§OOd things of life, now be put to work to restore some reasonable
degree of cleanliness to our environment. From some firsthand ex-
erience with the grassroots human demands for clean water in
Connecticut, I can assure you that they will not be denied—even at a
cost that would have constituted a significant impediment a few years
ago. In answer to a question raised by Congressman Miller, these
costs will be borne in two ways: An increased. cost for the goods and
services produced by a proposal which entails control of pollution
and second—as we have proposed in Connecticut-—a major bond issue.
My second comment i8 concerned with the report of your Research
Management Advisory Panel. It isa superbly succinct and percep-
tive document—and unerringly zeroes in on inadequacies in the *wcg
nology for— .
: Treatment of mine drainage or nitrogen oxide emissions;
Removal of sulfur dioxide from stack gases;
Control of the effluents from automobile exhausts. v
" Emphasis on the need for basic and applied research is appropriate
and timely and I would like to associate myself with the panel, with-
out reservation, in their identification of the urgency and importance
of the three examples cited. One might hope, however, that in the
definitive report that may be presumed to follow this excellent exposi-
tion of issues for the purposes of discussion the litany of inad uacies
in technology will be accompanied by .a listing o’g’ those pollution
abatement problems for which the technology is adequate (for ex-
ample, the control of the emission of particulate matter in stack gases).
Mr. Chairman, I flew across New York this morning at a distance of
about 20 miles—you hayve-done the same thing I know many times—
and I couldn’t even see Manhattan. This need not be.. This is not &
consequence. of a technological inadequacy. It is the result of what
your report called “artificial barriers to application” in this particular
‘Instance. - There are other problems where the technology does have
“to be developed, and it would be.a pity if any of the messures that.are .
68-240—66—vol. 19 ' :

-
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availablé and can be used to get at some of today’s problems were de
layed because of emphasis on getting on with the technology neede
for tomorrow’s problems. There are measures that. can be taken .
_ abate several kinds of pollution now—with the technology that is-+
hand. It would be a pity if any of these measures were delayed, eve
2 year, because of a mistaken impression that they should be deferre:
until an improved technology is developed. ‘The Panel very correctly
points out, “In fact, the future pace of pollution abatement will de
gend more and moré on new and improved technology as the artificia
arriers'to application are removed.” My plea isthat, even as we pla
imaginatively for the future, we leave no stone unturned now—in th.
- present—to remove those “artificial barriers to application” that con-
stitute:the major problem of the 1960’s in pollution.abatement. A
excellent case 1n point is the control of pollution by municipal sewag
and here, in particular, T would urge that an expanded report trea.
more Fully and more specifically with those aspects:of the problem fo
whieh the technology is at hand: for successful abatement and those for
which: available technology makes possible: only: partial alleviation.
The thoughtful reader of the Panel report will recognize that the res-
ervation probably applies to the matter of stormsewers but the less
iiiformed reader might conclude that vigorous action on the municipal
sewage problem should be held in abeyance while waiting for fuvtﬁe‘iv
technological developmerit. i B R I : .
4 My remark -about seeking balance: between those things that we
ean and should do today and those stéps that:must-be taken to antici-
pate conditions in the years-and decades ahead brings me to. my
third point and: the principal thrust of my prepared statement.- It 1s
the importance I attach to the application of scienific:technique and
techinological advances to the diagnosis of the pollution problems and
to the assessment of alternative courses of action as fundamental ele-
“ments in the process by which a .community reaches a decision on the
. specifics’ of ‘an ‘abatement program. I have in mind in: particular
the air pollution problem and the attractive prospects for eombining
the high-speed computer and mathematical and statistical technique in
the construction of siimulation models,” - ©ws el
I pause here to remark that mastery of information handling by
the use of electronic computers: may-turn out-to-be a more profound
and far-reaching techhelogical revolution than the mastery of energy
‘and of matter over the past century or so. Of special relevance to
these hearings is the-convietion some of ms share that the computer
revolution may provide us with an important tool in air resource
managemeit. ' The'development of simulation models thus becomes an
important element in-the national research strategy with which your
subcommitteeis concerned. " - RGN : :
- "Some amplification may beé desirable. First a word concerning
“air resources management.” It may seem like an unnecessary sophis-
ticated way of saying “air pollution control,” but it signifies much
mote than just “control.” Air resources management recognizes the
air as an abundant natural resoyrce that, in certain areas and at-cer:
tain_times, 'is not, of the desired"quality. Insuring the continuing
availability of air of acceptabls quality requires knowledgeable man-,
agemént of the air resource. = LR S

Lt
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. Comprehensive air resource. management requires an appreciation
> of, among other things— oo L
The relationship between pollution sources and_ their effects;
The relative importance of aesthetics as compared to physically
harmful effects; : no
The very real costs of control measures. as opposed to the less
tangible economic losses resulting from uncontrolled pollution; .
and S ~ ’ S ,
The intricate Tole of the atmosphere as.a receiver and trans-
porter of pollutants. R ‘ : o
A simplified way to examine air resources management, is to think
of it as a closed system. Sources discharge pollutants: into the at-.
mosphere. . The atmosphere’s ability to assimilate the pollutants de-
pends upon existing meteorclogical conditions. . The combined effects:
_of sources and the meteorology result'in a certain air quality which
“may adversely affect some receptor. To achieve desired ‘air quality
requires that we control either the meteorology or pollutant sources. .
- Because we cannot, at present, markedly change the meteorology, the’
only route open (short of making the receptor immune to pollutants)
is to place controls on the sources. An additional problem often en-.
countered here is that effective controls are hampered by technical and’
_economic limitations,as well as by public acceptance of control meas-
ures... - e ,
Air resources management, therefore, requires a working knowledge,
“of all of the elements of the air pollution system and an understand-.
ing of their interrelationships. Intelligently controlling air pollution
at the preferred level requires the coordinated efforts of meteorolo-
gists, air pollution control engineers, chemists, economists, and public
administrators.. = . o o
Mathematical modeling of the system illustrated above offers hope’
for.answering such questions as: What pollutants must be controlled,-
and to what degree?  Although the task is formidable and experiendeci
judgment must be applied in determining inputs. to such a system,
several of my colleagues are now at work on the problem. R
Now a word about simulation modeling. When an air pollutant
is injected into the lower atmosphere, its subsequent fate is determined
Dby several factors. First, if the pollutant is a large or very heavy
particle with a large settling velocity in air, it will fall:out in'the
vicinity of the source. The pattern of deposition will depend upon'
wind speed and direction and on the intensity of atmospheric turbu--
%)%ngez bfut the residence time in the atmosphere for such materials will-
brief. o S ‘
On the other hand, if the pollutant is gaseous or very fine particu-
late material, it may remain airborne for extended periods of time.,
During this time it will be transported from its point of origin by the
total motion, or trajectory, of the air.in which it is'embedde(%
same time, the distribution of the pollutant will be altered by turbulent -
‘mixing into adjacent volumes of air. If the pollutant is.conservative—
that is, not subject to alteration by chemical reaction, radioactive decay,
_or biological attenuation—it may be traced during its residence time
in the wbmosghere from knowledge of the atmospheric_trajectories .
and ‘of the diffusive or mixing rates.of the atmosphere. If the pollu-

75y
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- tant is not conservative, either in its physical properties or due to loss

by deposition on the ground, vegetation, water, and so forth; these
modifying effects must be included in any attempt to predict the loca-
tion and concentration of such airborne materials. _ ,

Data from intensive studies of the transport and diffusion of gaseous
materials in the lower atmosphere and for travel distances up to 20 to
30 miles are now available, }l)uuch less complete information is avail-
able for travel distances of the order of hundreds of miles, but some
studies and data show very clearly that the reduction in concentration
of a gollutant from a single source is, on the average, well approxi-
mated by mathematical equations. The equations provide the basic
mathematical model for predicting the contribution of a single source’
to the concentration of a pollutant at any travel distance. Finally,
it is important to determine the total concentration of a pollutant as
a function of place and time. This concentration will generally rep-
resent the sum of contributions from a number of sources. Such a
summation is straightforward once we have solved the diffusion and
trajectory equations for each source, The position and source strength
for each of the sources will be required for this summation. As soon
as a, model has been developed which predicts with reasonable accuracy’
- present air quality levels, projections can be made of air pollution emis-

sions for 5, 10, and 20 years in the future, based on various assumed
degrees of industrial air pollution control, expected population in-
creases, changes in transportation—for example, rail transit systemsin
cities and mote car travel in the country—changes in fuel for home’
heating, conversion of power generation from fossil to nuclear fuel,
and so forth. These projections may be plugged into the model to
permit prediction of future air quality based on various selected as-
sumptions consistent with long-term growth estimates over an area.

In sum, I wonld urge that the deyelopment and perfection of simu-

lation models be an essential ingredient of the national research strat-
egy. I believe it is unnecessary to belabor the point that the o%‘re,o'f‘.ﬂ,
computers making decisions need not be feared. The simulation
models on computers are tools in the hands of human-decision-makers
and are not to be confused with the decision-makers themselves.

- My fourth point is related to the question raised with respect to the
congequences of increasing the carbon dioxide content of the atmos-
phere and is relevant to the issue concerned with the establishment
of meaningful cause-and-effect relationships in the environment when
long time la occur—for example, 20 to 30 years. The increased
carbon dioxide, in effect, keeps the long wave radiation from going out
into space while allowing the short wave radiation to come in. Increas-
ing 'carbon dioxide in the atmosphere, again in effect, is similar to pro-
\?igih'g an “extra blanket” around the earth. The outlines of a techni-
cal method for analysis of this problem and some preliminary results
have been {)rovided as a result of the elegant work of Dr. S. Manabe
and his collaborators in the Environmental Science Services Adminis-
tration. They have examined the dependence of the temperature in the
atmosphere as a consequence of inereased carbon dioxide. The tech-
nique is to employ a sophisticated mathematical model on a large-scale
high-speed computer taking into account the eomplex interaction of the
physieal processes governing atmospheric motion. The preliminary -
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‘results suggest that the effect of the 10- to 15-percent increase in the
total amount of carbon dioxide in the atmosphere during the century
. has been to increase the temperature in the lower atmosphere—that is,
the troposphere—by about 0.2° C and to decrease the temperature n
the upper atmosphere—that is, the stratosphere—by about 2° C.
The significance of this work lies not so much in the preliminary
‘results which have been obtained but in the existence of a scientific
and technological development which will permit an assessment not
~only of the temperature changes over the balance of this century but
also of the effect of these temperature changes on worldwide weather
- _patterns. As an aside, it may be mentioned that the efficacy of
_countervailing measures that might appear to be feasible and required
can also be assessed by the same method. The implication of this
situation is related to the volume of water contained in the masses of
ice in polar regions. If the earth is warmed, the ice melts and the
sea level would be raised so high that, were it to happen, we would
probably have to swim home from this building this morning. I
would emphasize that this is not an immediate danger. We do not
have a crisis. The problem is not one for this year or next year, but
neither is it one that can be left unattended for 100 years. The degree
‘of danger which exists from the warming of the earth is something
‘we must resolve in a matter of decades. The situation could become
serious by the end of the century. We do have the tools now to ascer-
tain the effects of increasing the carbon dioxide in the atmosphere and
we should have these tools in pretty good working order by about
1975. If we haven’t sharpened these tools by that time, we will have
~ been derelict. Incidentally, I am @ little more optimistic than your
panel about the possibility of countervailing measures. I don’tknow
yet what they will be, but I return to the point that we now have a
means of assessing the efficiency of any countervailing measures that
may be proposed to counterbalance the effects of increasing COs:

“ Mr. Dapparto. Dr. Malone, you talk about our looking ahead to
1975 or to the end of the century and you point out that if we don’t
take certain steps now, we will be derelict in our duties. Should we
even look beyond that? We do have available to us techniques that we
can use to determine causes and effects over a long period of time. If
you take these ﬁgures and extrapopolate them over this period, instead
of having a 2° change, it could conceivably be 8° or 10°. 'What would
that mean? - , L . R

Dr. MaronE. Yes, sir, I agree with you completely that we should.:
‘Mankind in. its present form has-been around for about 40,000 years.
. We have a little responsibility even now to worry that far ahead, so

ﬁou are absolutely right. The reason I picked the end of the century

ecause it is rather difficult, and this is something a computer will not
do for us, rather difficult for us to anticipate the changes that may
result. We may be using entirely different forms of energy after the
‘turn of the century so that the initial conditions of our problems may
be changed rather markedly. Inbroader-terms in the sense which you
raise the question, yes, we can plug in different conditions and generate
the consequences a thousand years down in the future. e

It would probably take a computer quite a bit larger than-we pres-
.ently have but not so far beyond the state of technological capability
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“in the computer field that it couldn’t be done. To make a long story
short' T agree with you. = ~" = o S
" The fifth and final point I wish to make this morning is intended to
be responsive to the question raised by your panel, “What are the
Ppro‘sgects for application of military-space research and development
“capability to sanitary engineering and environmental science?” Per-
haps this question can be answered most directly by citing an actual
example involving a subsidiary of one of our Connecticut aerospace
companies, Unite%l Aircraft (x?c’)rp. “This work was done by United
'Technology, which is in Chairman Miller’s State of California. The
particular technological development was the design and fabrication
of rocket casings for the solid propellant used in the strap-on boosters
for the Titan ITT-C space system. These casings had a diameter of
120 inches and were made of Fiberglas which was very dense, very
“thick, very strong, very effective—and also very expensive. A young
United Technology Corp. engineer, Dick Seymour, recognized that the
manufacturing process could also be applied to earthbound uses. The
civilian application involved was to identify a “filler” which would at
once increase the rigidity of the Fiberglas casing and lower its cost.
“Ordinary sand turned out to be effective on both counts. - The result-
ing product—a sample of which I hold in my hand—holds attractive
promise as a material cheaper and better than traditional underground
piping for the transport OF water or disposal of sewage. Not only are
Tices competitive, even for small sizes, but for the same cost the fol-
owing advantages are obtained: o
Greater strength (and hence lessbreakage)

.

Greater versatility from the standpoint of ease in drilling, shap-

- ing,ete. o ‘
- Smaller frictional coefficient N w e

' Greater ease of coupling of sections (which reduces labor costs).
Even more direct applications to the problems of pollution are enyi-
sioned.  Preliminary design plans have been developed for an’entire

sewage treatment process within a long pipeline submerged under a

‘river bed. .Not only would these long subterranean pipelines with

“sewage treatment capabilities be economical to install, but it is believed

“that they would have distinct advantages in distributing the discharge

of treated effluent over an extended range of the river body. TFurther

development is obviously required, but I venture to predict that we
will hear more about this particular space science “fallout” during the
“years ahead. ’ S S '

In closing, I would suggest that these hearings are a signiﬁcént step

‘toward the development of rational, well-conceived national policies

to deal with environmental problems. An additional step will be a
‘reexamination of: -~ =~ . =~ S

~ The organizational structure at the Federal level along the lines

recommended by the President’s Science Advisory Committee in

a recent report, “Effective Use of the Sea,” and the National

Academy of Sciences in another report, “Weather and Climate

' Modification—Problems and Prospects,” both of which stress the

fundamental unity of the environmental sciences and the need for -

L ‘a.\Federal.eﬂ'ort of “critical” size in order to be effective. .
" The decisionmaking mechanisms at the local, State, and regional
levels with particular attention to the decentralization of decision-

!
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making authority to the lowest feasible organizational -entity.
My experience with the Connecticut Clean Water Task Force
" leaves me persuaded that new kinds of partnership between the
Federal Government and the local government will be required. I
~believe that devising these organizational frameworks is a com-
plementary step to the examination of technology. - L

Chairman Mmrer. Mr. Chairman, unfortunately L have to go. I
am sorry that I can’t remain. Before I go, I want to express my-grati-
tude to Dr. Malone for giving us this very stimulating paper here

oday. I assureyou that I shall read it. As a matter of fact, I intend

to:also give a copy to the man that I am going to meet in a few min-
utes because he is going to be very much interested in this subject.
He is Harrison Brown. s

Dr. Mavone. Oh, give my regards, Mr. Chairman.

That concludes my testimony. ‘ 6LA :

Mr. Dabparro. In reference to your last point on the bringing to-

ther of local, State, and Federal efforts so that you can coordinate
the resources and do a better job, how about the manpower situation ?
Can we overcome the shortage within a reasonable enough Ig)eriod, of
time so that we can have effective activity at the local level?

Dr. Marone. Yes, sir; I am optimistic that people like some of
the engineers at United Aircraft, United Technology, are worrying
about this. They are getting into some of these problems that they
wouldn’t have thought about 5 years ago. - I think that we havebrought
to%ether some very potent and effective groups in connection with our
military space programs. Now, I can say this, the chairman has left,
so I can refer to California without embarrassing him or me; we are
all familiar with the systems studies that were sponsored by the State
of California drawing upon this kind of competence. - It is my obser-
vation that the same kind of talent which has proved so tremendously
effective in our formidable space problems is eager to come to grips
with some of these. I think that there is some virtue in bringing that
acquired competence to bear on these matters rather than trying to
develop through the traditional training programs the kind of com-
petence we need. : LTS e

- In other words, there is an advantage in'this transfer of training,
laterally, rather than relying on a massive vertical development of
the traditional skills. e

Mr. Dapparto. Mr. Brown?.
~ Mr. Brown. I have no questions.

Mr. Dapparto. Mr. Vivian? ‘ ‘

Mr. Viviax. I’m curious to know what you have in mind in terms
of the or%anization which would build, say, a large-scale atmospheric
model. You have discussed a computer model of air pollution flow.
Where would you see that, in the Environmental Science Services
Administration? . iy L R S

Dr. Mavone. That is where the study I referred to was specifically
done; yes, sir. , i ‘ § T ; St
-Mr. \QTIVIAN. Would you see the model also being handled by that

Dr. Mavrone. Yes; it is already there. They have models. The;y
.re the ones who made the assessment of the CO, content. I don’t



292 ADEQUACY OF TECHNOLOGY FOR POLLUTION ABATEMENT

mean it should be there and nowhere else. I think we should have som
diversity. ‘For example, there is a major laboratory in Colorado, i
‘Boulder, Colo., operated by a consortion of universities with suppo
from the National Science Foundation. They too are moving in th
direction of these large models. I-would even go onestep further. Th
kind of problem we are talking about in the CO, is intrinsically ¢
international problem. We are now aiming at a concerted study o
the global atmosphere in which there will be an international prograr
in 1972 and it will hopefully provide precisely the kind of data o
a worldwide basis which is necessary to crank up these models.

' Moreover, it will, hopefully, initiate a pattern of international co-
operation which will be helpful in anything you might have to do t -
counterbalance or control the CO, increase. : S ‘

‘Mr. Vivian. I would like to point out, as was mentioned earlier
today by previous witnesses, that at present we must choose whether to
pollute water or air when we deal with sulfur oxides from stack gases.
They can be leached out and put into the water systems or they can be
heated up and spread out into the air. We have had previous com-
ments of the same variety relating to disposal of other solid waste.
There is an important question about the interchange of types of waste.
Now, what part of the Federal Government decides which -portion of
our environment shall accept the waste? Is this the Environmental
Science Services Administration or is this some other agency ?

Dr. Marone. This was a problem I was precisely trying to point out.
I don’t have an answer. I don’t believe everything should be encom-
passed into a single agency. This kind of competence is found in
several placés in the Federal Government. = That is desirable as long
as there is at least one entity which is capable of mounting the rather
large efforts that are needed so that things don’t fall between the cracks.
- Mr. Dappario. Dr. Hibbard, while you are here why don’t you
commentonthat? = - o KO
" Dr. Hisarp. I'guess I would say I wouldn’t know where one would
go for this overall decision. T think that this question needs attention
and actually isn’t solved. - I’'m afraid I can’t contribute much to that.

Mr. Vivian. Where are the natural places in Government today
where such activity would gravitate? : : R

Dr. Mironz. I would say Interior, certainly, because they have so
many of these programs. Commerce because they have the Weather
Bureau, the Coast and Geodetic, and the Central Radio Propagation
Laboratory. Agriculture certainly has many of these problems in it,
and HEW is quite involved in this. The National Science Foundation
is involved in a somewhat different way. It is ot mission oriented in
the way some of these other agencies are. The Atomic Energy Com-
mission has concern with some of these. The Defense Department,
the Corps of Engineers. 'Well, you could go on and'list this and-about
the only thing comes out of it is that you are persuaded it is-a very com-
plex problem. : : g ' ‘

- Mr. Vivian. The Weather Bureau is working on a massive atmos-
pheric model which is probably more complex than the smaller sized-
one needed for handling pollution problems. Wouldn’t any air pollu-
tion model automatically run off of the atmospheric model that is use:
for weather'prediction ¢ : S : e
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. Dr. Marons: Let meanswer that intwoways. ...~ . ’
'+ +First, certain kinds of pollution: problem, yes; ‘almost identieally
the same kind of model. - The kind of simulation problem we are
thinking about in Connecticut is not necessarily the same model, but
T would take issue with the thought that it would be a simpler prob-
Jem. 'The proper mathematical model for a single cloud, as faras its
‘demands upon computer speeds and storage, is about the same as the
global circulation in its demands on computer speed and storage
“capacity. On the other hand, you are quite correct in that the habit
of thinking, the way of handling these problems are characterized by
"a certain unity even though they are different models and different
parameters, ; : . e
" Mr. Vivian. I am' curious to know if the variety of Government
" agencies which handle pollution of all forms have a coordinating
unit—a single coordinating center which deals with the whole sub-
ject of pollution. P '
Dr. Mavons. Iam sorry,Idon’tknow. :
Mr. Vivian. I didn’t expect you to know the answer to that ques-

tion but perhaps someone else here will know. =

. Dr, Matone. There isa PSAC Panel. Ve

- Mir, Viviaw. That would not normally deal with this.

" “Mr: Dapparro, Your guestions are extremely important, Mr. Yiv
“jan, and-I think we cught to keep them in mind when other witnesses
who should be able to give us an answer come before us: o

Mr. Vivian. I do have one brief ohservation to make and that is on
the estimated cost of auto antipollution devices. You quoted a fig-
ure of $500 million, I believe, Mr. Chairman. This represents ap-
proximately one-tenth of 1 percent of our gross national product
which does not seem very onerous. An estimated cost of whter and

~sewer pollution abatement activities for municipal purposes shows
that we have about another tenth of a percent each in &xe operation of
lants and in capital investment which suggests that our total figure
" in pollution veduction is not a very large figure. A fow tenthsof a
rcent of the gross national product is a pretty small figure—so we
“havealeng way to go. ‘ < o S
" Dr. Marone. You will find an article in, Fortune magazine in 1963
‘which takes very much this point of view. I think you will find it
very interesting reading. They address themselves specifically to
‘this question. Can we afford air pollution? They answer very much
inthe terms you have now. : ~ : FE :
 Mr; Dappario. Mr. Fulton, we are happy to have you here.
- “Mr, Funron. 1 come from Pittsburgh, Pa., whers we sire very in-
_ terested in pollution and the methods being used to clean it up. .. -

'Y liked the comment on page 3 of your statement that removing
those artificial barriers to'the application of pollution control devices
constitntes the maior problem of the 1960’s in the field of pollution

~ abatement. I think that that is an excellent statement, and with the
" chairman’s permission I would like to have you expand your ideas on
it because I believe that costs are not the only barriers. There are
many other barriers and we should be looking at the methods of im-
. plementing controls. ‘
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:One final point is this: Pollution has been looked at as.a problem of
negligence and as an effect of a lack of knowledge. But even if we
. obtain the knowledge and the method of handling manmade pollution,
it brings to mind that in the'middle of the 19th century there was
& volcano'that erupted and polluted the atmosphere so that in the
- Northern Hemisphere it snowed: in. July and August.. This is a
climate change that would have immense strategic bearing.. For
example, the crops all failed in a certain band. Although there was
no‘warning of this, it caused a complete crop failure. - On the strategic:
level I think some thought should be given to what eould happen if
certain 'bands of the high*atmosphere ‘were polluted. . Sy
We in Pittsburgh have met the problem of smoke pollution I think
as well as any city in the country. The cleanup of Pittsburgh’s air
was achieved by a monumental bootstrap operation. It -ealled for an
unstinting cooperative effort by every element of the community. - The
limitation forbade all outside open fires, placed limits on the quality
of the fuel sold, and generally put the emission of all types of airborne
gases, vapors, and fumes, under regulatory control.: For one city that
was a tremendous change. ool e O
That was one of Mr. Vivian’s points.” It: was a ¢ostly .change for
every person there, but it has‘been the greatest benefit that Pittsburgh
ever had. I can say from:our own experience that we in our area
think that municipal and private expense as well as corporate expense
was tremendously worthwhile. - - - LT
- I want to congratulate you both on your excellent statements.:
* ‘Mr. Dappiarro. Thank you, Mr; Fulton. T o
‘Mr. Wydler?i:: .- -
~ Mr. Wypter. T have no questions. :
' 'Thank you. o S i TR R N
~Mr, Dapparro. - Dr. Malone, again' I 'wish te thank you and Dr.
Hibbard .and his colleagues.. .~ SRR AT ;

.

It has been a very helpful mbmlng for the committee.

(The biographical statement of Dr:. Thomas F. Malone follows:)
' : BIQGRAPHIOAL'S;EATEMENT or Dk TroMAS F. M.Amm:

-/Thomas F. Malone is Vice President and Director of Research for The Travelers
Inguranée Companies, Hartford, Oonnecticut. . He also serves as: Chairman,
‘Connecticut Clean. Water Task Force: (composed of 100.interested. citizens. from
all walks of life in Connecticut ‘who responded-to a request from Governor
Dempsey to recommiend an action program to assure clean water for Connecti-
cut) ; chairman, Committee on Atmospheric Sciences, National Academy of Sci-
ences; chairman, U:8. National Commission for UNESCO; Secretary General,-
Committee on Atmospheric Sclences, International. Council of Scientific Unions
and International .Union of Geodesy -and Geophysics; member, Committee on
Wiagtier, National Academy of Sciences; member, Connecticut Research -Com-
misstor; Rias " by et
In-the recent past; he has served as: Member of the Advisory Committee on Alr
Pollution to the Department of Health, Education and. Welfare, member of the
Special Commission on. Weather and Climate Modification to the National Science
Foundation; President of ‘the American Geophysical Union; president of the
American Meteorological Society. R A : R
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A graduate in engineering from the South Dakota School of Mines and Tech-
nology, Dr. Malone received his Doctorate of Science in Méteorology from MIT in
1946, He spent fifteen years in research and teaching in the Department. of
Meteorology at MIT and was the Editor of The Compendium of Meteorology pub-
lished by the American Meteorological Society. A fellow of the American Asso-
ciation for the Advancement of Science, the American Geophysical Union and
the American Meteorological Society, Dr. Malone was the recipient of the Robert
A. Losey Award of the Institute of Aerospace Sciences in 1960 and the Charles
Franklin Brooks Award of the American Meteorological Society in 1963.

Mr. Dapparto. This committee will adjourn until Tuesday next at
10 o’clock at the same place.

(Whereupon, at 12:05 a.m., the subcommittee was adjourned to
reconvene at 10 a.m., Tuesday, August 9, 1966.)
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 House oF REPRESENTATIVES, ... © . ...
CoMMITTEE ON SCIENCE AND ASTRONAUTICS; .
© . SUBCOMMITTEE ON SOIENCE, RESEARCH, AND DEVELOPMBNT, i
- PEROCUIITIER ON BOINGE, REmARCH, AN0 W ashington DI
* The committee met, pursuant to adjournment, at 10:10 aumi,iin
“room 2325, Rayburn House Office Building, Washington, D.C:; Hoh.
¢ EmﬂioQ.”Da,d}(,ia.ﬁo (chairman of the subcommittee) presiding.
Mr. Davpario. This meeting will come to order.. e
Our first witnesses this morning are Mr. Gammelgard and Dr.
Eckardt. , L L
 Mr. Gammelgard is director of the Committee for Air and 'Water
‘Conservation for the American Petroleum Institute and Dr. Eckardt
is also with the American Petroleum Institute. If you two gentleman
will come forward, please. = N o
~'We are very happy to have youhere. ;
Mr. GammEerGarp. Thank you, sir. : ‘ ,
© Mr. Dabbarro. If you would, please, go right into your statement.

STATEMENT OF P. N. GAMMELGARD, DIRECTOR OF COMMITTEE
FOR ATR AND WATER CONSERVATION, AMERICAN PETROLEUM
INSTITUTE ‘ o : o Y

Mr. GaMMELGARD. My name is Nick Gammelgard and with me on
- my right is Dr. Eckardt. My background is ehgiheering and adtivin-
istration and. Dr. Eckardt’s background is medicine and toxicology.

We appreciate the opportunity to discuss with you the adequacy
of science and technology presently available for pollution abatement,
and to consider the future course of research and development, with
particular application to the oil industry. -

As background for our presentation, I might note that API and
its supporting members have been éngaged in research and practice
in ‘water conservation for nearly 40 years, and in.air conservation re-
. search and praetice for more than 10 years. S A
. During this period, the oil industry hus sporsored a variety of
_‘biological and engineering studies. seeling answers to our pollution

.problems. One project that might interest you is our “Manual on
- +'Disposal: of Refinery Wastes” which I'have here with me. This is a
continuing project, begun in the 1920, and it 6w represents the cur-

207
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rent state of conservation technology in oil refining operations. The

manual is now in six volumes: two deal with water pollution, one

with chemical wastes, two with air 1pollutmn, and the most recently

issued deals with solid waste disposal. Literally tens of thousands of

man-hours of effort have been devoted to the preparation and the

‘revising of this manual. Altogether the manual consists of 546 pages.
(A listing of the chapter headings and contents follows:)

OnAPTER HEADINGS OF AMERICA’S PETROLEUM INSTITUTE'S “MANUAL ON DISPORAL -
oF REFINERY WASTES" (Six VOLUMES, 546 PAGES)

VOLUME I. WASTE WATEE CONTAINING -OIL (SEVENTH EDITION, 1963, 104 PAGES)

Chapter 1. General Considerations of Contamination of Water by Oil.
Ghapter 2. Gravity-Type Waste-Water Separators.
Chapter 3. Secondary Treatment of Refinery Effluent.:
Chapter 4. FPreatment of Waste Emulsion.
Ohapter5 Disposal of Ballast Water and Tank-Cleaning Emulsion From Tank-
ers and Barges. :
Chapter 6. Measurement of Waste-Water Flow.
.. Chapter 7. Dispersion of Refinery Effluents in Receiving Waters.
Appendix I Table of Oil-Density Variation with ‘Temperature (150 to
85.0 DEG API).
Appendix II. Jar Test Procedures.
Appendix III. Chemicals and Compounds Which May Be Used in: Co-
agulation Processes. .
- Appendix: IV, Test To Evaluate Ponding Characteristics of Waste Water.
Supplement Supplement on -Dispersion of Reﬁnery Effluents in Re-
ceiving Waters, 'August 1963, ~ (Chapter 7.) .

VOLUME II. WASTE GASES AND PARTICULATE MATTER (FIFTH EDITION, 1957)- .
Chapter 1. Possible Pollution of the Atmosphere by ‘Gases and Particulate

Matte:
-Ohapter - 2. Clzﬁsiﬁcation dnd Sources of Contaminating Gases and Particulate
atter.
Chapter 3. Properties of Contaminating Gases and Particulate Matter.
Chapter 4. Recommended Practices.
Chapter 5. Collection and Treatment of Pollution Gases and Particulate Matter. .
Chapter 6. Disposal of Particulate Matter.
Chapter 7. Combustion of Gases in Furnaces.
Chapter 8. Smokeless Flares. B ) )
~Chapter 9. Dispersion of Gases from Stacks and Flares,

Chapter 10 Alr-Pollutmn Surveys.
VOLUME TIL OHEMICAL WASTES (FOURTH EDITION, 1960, 93 PAGES)

Chapter 1. Propertles of Chemical Waste Waters.
Chapter - 2. Sources of Chemical Wastes.
Chapter - ‘8. Effect of Chemical Wastes on Natural Waters.
Chapter. 4. Waste Control.
Chapter 5. Control of Waste Streams by Stripping... -
Chapter 6. Control of Phenolic Waste Water by: Solvent Extraction
Chapter 7. Processes and Methods of Treating Waste Waters Biologically.
" Chapter ' 8. Processes and Methods of Treating Waste Waters Chemically.
Chapter 9. Recommended Handling of Specmﬁc Refinery Wastes
Chapteér 10. Process Summaries.- :
Supplements. Petrochemical Wastes: (to be included as a new chapter of
volume ITI, when it is reprinted).
Biological Factors of Pollution as Affecting Receiving Waters
T (a section of the API “Manual on Dlsposal of Reﬁnery‘
Wastes”)..
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VOLUME IV. SAMPLING AND ANALYSIS OF WASTE WATER (97 PAGES)

Contents :
Collection and Preservation-of Samples
Spot Samplers and Their Use.
Automatic Compositing Samplers.
Absolute Density of Waste Water : Hydrometer Method
Absolute Viscosity of Waste Water : Glass Capillary Method.
Acidity and Basicity of Refinery Waste Water. )
PH : Glass Electrode Method.
Hardness.
Solids : Total, Dissolved, Suspended, Settleable. .
Total-and Dissolved Sulﬁdw Methylene Blue Colorimetric Method.
Dissolved Hydrogen Sulfide : pH Method. :
Sulfides and Mercaptans : Blectrometric Titration. .
Total Sulfur ;: Bromine Oxidation Gravimetric Method.
Alkyl Phenols: Colorimetric Nitrosophenol Method.
“Bhinilic Materials : 4-Aminoantipyrine Method
(I;(l;enohc Materials: Infratred Spectrometric Method
lor,
Turbidity of Waste Waters: Jackson Candle Turbidimeter Method
Odor : Threshold Odor Number and Odor Quality.
Dissolved Oxygen in Efftuent : Manganous Reduction Method.:
Dissolved Oxygen : Alkaline Todide-Azide Method.
Biochemical Oxygen Demand: U.S. Mean Dilution: ‘Water Method
Cheinical Oxygen Demand: Dichromate Reflux Method..
Immediate Oxygen Demand.
" Immediate Chlorine Demand . co : g )
Volatile and Nonvolatile Oily Material: Reflux Distillation-Extraction:
Method.

.. Nonvolatile Oily Material : Flocenlation-Extraction U-Tube Method.
“¥olatile and Nonvolatile Oily Material : Inifrared Spectrometric Method
Susceptibility to Oil Separation: ST'S Number.
Ammonia Nitrogen : Nessler Reagent Method.
Organic Nitrogen K;qeldlahl Method.
Clorides.
Fluorides.
Iron.
Manganese.

.Total Lead in Water: and Water-Bottom Depos1ts

VOLUME V. SAMPLING AND ANALYSIS or WASTE. GASES ‘AND PAR«TIGULATE
MATTER (72 PAGES)

Contents :
Collection of Samples
Hydrocarbon Evaporation: Losses From ‘Oil and Water Separatmn Proc-
esses.
Measurement of Gas Flow.
. Particulate Matter: Filtration Method

Particulate Matter : Impingement Method

Particulate Matter: Impaction Method.

Aldehydes : Bisulfite Absorption Method.

Ammonia’: Kjeldahl and Nessler Reagent Methods

Carbon Monoxide and Carbon Dioxide: Albsorption-Combustion Methqd
Hydrogen Cyanide and Cyanogen : Colorimetric Method.

Hydrocarbons in the Atmosphere : Mass Spectrometer Freeze~0ut Methoda
Hydrogen Chloride : Turbidimetric Method. . : .

Inorganie Fluorides : Absorption-Distillation Method. - e N
Nﬁ-ogen Oxides in Gaseous Combustion Products: Phenoldisulfonic Ad(l

ethod. o ) ‘
. Hydrogen Sulfide : Tutweiler Apparatus Method. k :
-Hydrogen Sulfide : Ammoniacal Cadnium Chloride Method.
- Hydrogen Sulfide and Mercaplans : Electromeétric '1‘1tratmn Method

Total Sulfur Oxides: Aeidimetric "Method. FRE ST
Sulfur Dioxide and Sulfur Trioxide : Acidimetric’ Method. I
Sulfur Dioxide in the Atmosphere : Disulfitomercurate Method.
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LIVOLUME VI BOLID WASTES (FIRST ‘EDITION, 1963, 49 PAGES):: :

Chapter 1. Solid Wastes in Refinery Operations,

‘Chapter 3. Sludges Containing Water and Solids.
Chapter 4. Sludges Containing Oil and Solids. ~ i w7 0 1wy
Chapter5:. Sludges Contatiiing Oil, Water; and:-Solids; ©+¢/ . v -
Chapter 6. Biological Treatmeént:and Sanitary Sewage Studges. -
Chapter 7. Miscellaneous Solid Wastes. ! VORI i
Chapter 8. Dewatering and Deoiling, s ieigh s
Chapter 9. Biological Decomposition of Solid Wastes.
Chapter 10. Incineration. Tl s [ LI
Chapter 11. Land Disposal. - i s
Chapter 12. Miscellaneous Disposal Procedures. . -
Chapter 13. Solid Waste Dispogal Plants, s
Index (pages50and 5%), Lo '

I have also brought a bibliography eof publications (this bibliogra-
phy may be found in. the committee file) which have resulted from.
- research conducted largely by oil company technologists on the dis-
posal of water-borne wastes. This research ‘covers the years' 1929
through 1962. I thought you might wish to include this bibliography
in the record. s S T T e R T I

During the little more than 10 years: that have elapsed since'the
Federal Clean Air Act was passed in 1955, industry expenditures
on conservation research and pollution control: equipment exceeded
$220 million for air, and exceeded $150 million for water. e

- During 1966, the oil industry increased its budget substantially,
and will' sperid more than $43 million on air conservation alone.
These are investment figures only ; we do not have figures on operating
costs, but they have been substantial. - .- .. % S

It is true, ag your panel’s report states, that technical and economic
limitations still face the Nation inits efforts to abate pollution. I
would like to.tell you about some of these limitations from the stand-
point of the oil industry. ‘ :

As far as water pollution abatement at -oil industry facilities is
concerned, technology and procedures are well advanced. Progress
here will result more from steady capital ‘investment than %rom
research, A

In the producing area, the industry’s record of brine disposal has
been one of encouraging progress. - This progress has been made as a
result of long-term cooperative efforts between oil producers and State
regulatory agencies. This is despite the fact that oil producers in the .
United States must dispose of 24 million barrels of brine every day.

. Put another way, an average of three barrels of brine must be disposed
of for every barrel of oil drawn from the ground. - - . . '

While some areas of the brine disposal problem are‘still not satis-
factorily solved, particularly those involving marginally. profitable

roducersy our problem today is mainly economic rather than technical. -

e were quite proud to hear Secretary Udall’s statemsnt, before the -
National Petroleum Council last month, that in the ‘avea’ of ‘water
conservation, the petrolsnm industry “still Has a way to o, but needs -
only to press to a conclusion the,excellent programs.™ * * under

way.” R S e ha
And at this point; T would like to call your atténtion to an' grticle |
2y’ Congtessional Record

;

that Senator Muskie had entered in Iast F'riday’
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in'which it was noted that the Humble Oil & Refining Co.’s Baytown
refinery received the Honor Roll Award from the Izaak Walton Lea,%u
for its -outstanding air and water pollutlon control Pprograms. h,c
Baytown, Tex., re: énery is.one-of the Nation’s: lar%est refineries:
- In the area of air pollution;however, our problem is:more complex,
for science and technology are not yet available to help s solve all
“of our problems

While there is considerable agreement on criteria for water quahty,
‘whatt constitutes reasonsble criteria for air quahty ‘has not yet- been
determined. -

In fact, sometimes I think we are coming up with solutlons te prob-
: lems that have not yet been defined.

' “We believe there is a vast amount of researeh that must ‘be conduct-
ed before we can reach a sound understanding of the, cause-and-éffect
- relationship between. air pollutants and their effects—an undetstand-
ing which must-be reached if we are to prowde the basls for good
pollutlon control legislation: K c

"To help develop some of this understandmg, API haq budgeted some
$2 million for 29 air conservation research projects that will be spon-
 sored at various industrial laborateries, umversmes, engmeermg ﬁrms,
and Goovernment agencies in 1966. v

To save your time, T will file a separate list detalllng the 29°API
' prO]eﬁtS, covering the broad areas of technelogical and med1cal Te-. .
searc. :
- (Thelist of APT proj ec“cs follows )

SUMMABY or 1966 AR CONSERVATION RESEABOH Pnomc'rs OF THE AMERICAN .
PETROLEUM INSTITUTE :

1 This study would determine the feasibility, cost, and effeot&v@ness« ot ma

. API-proposed fixed-instrument air monitoring system 'that wouild alert-a popula-

_tion once sulfur oxide and particulate matter exceed certain levels. Cont;ractor'
J ackson & Moreland.

2. This study will evaluate air monitoring methods and: meteorological fore-,
casting by providing for actual air monitoring, using mobile equipment, in New'
York City.  Data will be compared with data from ﬁxed inﬂtruments. Projeet

. -8~1. - Contractor : New York University.
8. A study of oil companies, associated econtractors, and petroleum»omente&
« development companies’to learn past and present expenditures on resegrch and
development, facilities, ete. to reduce the s‘ulfur _eotitent of fuels Project S—2
Gontractor The Pace Company.
4, A study tolearn the probable cost of reducing the sulfur” content of residﬁal
. -oil supplied to our Eastern seaboaid from the Garibbean érea Project $-8.
i Contractor Bechtel Corporation. ' v
. =B, This study :will evaluate the present “state ‘of the art” on methods to re-
mc\?e sulfur dioxide from stack .gases.  When this phase of the study is com-
pleted, a task force will attempt to cooperate with the Bureau of Mines and the‘
' coal industry on further research. ‘Project 8—4.
“  6.& 7, Two studies that will détermine the possible’ chronic and/cr acute
health effects of sulfur oxides and particulates by correlating clineal data from
health agencies with ¢hanging: levels ‘of - these: ‘pollutdnts. - These: &tudies will
. require acceptable air monitoring systets. -Projects 85 and -8-8,7- s

18, A study to detérmine the posgible chroniclong-term efféets of low: dosages O'f
air pollution by exposing test animaly to controlled: atmaspheres <A cocperative:' “
“project wtih - five other . organizatlons PrOJect S—6 (}ontractor Ihd‘listrml
Hygiéne Fedindation of America, > - ! k o

+.9," The ‘project: will study the' effect o+ Iaboramr'y ammals af sulfur djﬁxicle,‘
" sulfur- dioxide’ plus. particulates; nitrogen dioxide, and:-nitrogen: -dioxide plus
particulates, both singly and in combination. The purpose is to:déterinine long-

68-240—66—vol. 1———20 .
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term, low-dose health effects, and ‘the safe Iimits of air pollution from products -
of fuel combustion. PrOJect S«7. - Contractor: University of North Carolina, -

10. A study of the composition of the stack effluents that result when different
types of coal and oil are burned. - Special attention will- be paidito sulfur com-

‘pounds-and particulate matter. : A -cooperative project involvmg API, Pubhc
Health Service, and Bituminous Coal Resesireh; Project 89,

11. To monitor lead levels in the ambient air and in the blood and urine of
. man, to permit early detéction if any tendency toward lead accumulation occurs.

A possible continuation of the “Tri-City” study. Project L-1. :

12, This project will conduct medical studies that-may determine (a) sub-
elinical effects of lead in man, or (b) the effects of lead, if any, on well-estab-
lished clinical conditions, e.g., respiratory diseases. Project L-2.

13. A study “dirécted . toward understanding the. relationship between bone
‘lead and blood lead. Project L-4. :

14. A study that will attempt to determine the'relationship of bone lead to
the.total of lead in the body, and to determine how this relationship has changed
with: tux;e. Project L—S fi

18. This study will’ determme lead concentratlons in soﬂ and veg ation”at
koown distances from highways, to-assess the significance: of lead fall-out: adja-
cent to highways. Project I-5. Contractor: Rutgers University.

16. ‘A study to determine the lowest level of atmospheric lead that will pro-
duce a measurable change in blood lead. - In cooperation with the Public Health
Service, ‘du’ Pont, Bthyl Gorporatlon, and the Lead Industries Association.
Project -I-6.  Contractor:* Kettering Laboratory, University of Cinecinnati.

17. This. study will determine what effect, if any, on evaporative and ex-
haust emissions of automobiles would be bronght about.by varying fuel com-
position and velatility; and by blending gasoline with and without lead. An

. effort will be maide to ‘determine the effect on the output of mtrogen oxides and
carbon monoxide resulting from variations-in gasoline formulas Project VL-1,

- Contractor: Bureau of Mines.

18, Using newly available techniques, for evaluating the biological : eﬁects of
lead, thiz study will invelve long-term exposures of mice, rats, rabbits, dogs,
and monkeys to lead -acetate by feeding and other routes of administration. .
Special techniques employed will include electron microscopy; and enzyme,

. behavorial, and radiotracer studies Project L-8. Oontractor Hazleton Lab-
oratones, Ine. -

- w019 Cage. studies of representative reﬁnemes throughout the United States
l;o -determine the incremental- cost of making .gasoline without lead alkyls.
Project LV-9. - Contractor: Bonner and Moore. ‘

20; A.study to compare the lead burdens-of laboratery animals exposed to, .
heavy. coneentrations of automotive emisgions;with: others net exposed to these.
concentrations.. Project :L~10. - Contractor: Wayne State: University. .

21, This study hasg two purposes: (a) to:compare-the present total environ-
ment—land, qir, and water—with the ancient environmeént by using the isotopic . *

- ¢haracter of-lead.as an-environmental tracer;.and (b):to discover the relative
importanes “of various. possible -sources of lead and. to better understand the
mechanisms of lead transfer, Project L—~11.

22, A-studyto determine. the effect of volatility changes on the performance
of -automobiles subjected to a wide range of temperatures. Project V—4. Con-
tractor: Esso Research and Engineering Company.

128, To:study methods that industry:can-use to measure evapora:tion losses
from. fuel tanks and carburetors. Project CR-L  Sponsor: Coordinating Re-.
search Council of the Society of Automotive Engineers and the API.:

24, To determine how variables in fuels and vehicles affect antomotive exhaust
composition..:. Project CR~2. - Sponser: CRC. - .

25, To develop techniques for-analyzing exhaust emission. compomtion Ah L
cooperative project with the Automobile Manufacturers Associatmn and others, .
Project CR-3. . Contractor: Bureau of Mineg. -

26. To' develop ‘instruments that. will, provide meaningful measurement of
the various hydrocarbons in: automotive engme exhaust Project CR~4., Spon- .
sor: CRC: - -

'27. This study will attempt to identify the components causing odor and eye‘
Irritations ciated’ with: djesel emissions; -and-to rélate these eomponents'to
engineity, i o[zﬁeratingco { tions Projeet 0R—5 Oontractor ‘Seott Research.

Laboratories, Inc. >
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28, A study of the toxicity of aromatic hydrocarbons in the lung, with par-
ticular emphasis on the relationship of the physical characteristics of particies
to carcinogenesis. Project EH-1, Contractor: The Chicago Medical School.
""99, A study that will analyze ambient air samples of hydroearbons covering
a wide molecular range,.and will -compare them to similar compounds from
known sources—including ‘sutomotive-exhausts, -~ The' samples:will also:be stud-
jed to determine the rate of hydrocarbon disappearance when exposed to irridia-
tion. Project BR-1, Contractor: University of California (Riverside).

Mr. GAMMELGARD. Permit me, however, to review some of these
projects so that you will understand the oil industry’s views as to re-
search and technology limitations that beset us today. x

We are presently concerned with two main areas. The first of these
is sulfur oxide pollution resulting from the burning of some heavy or
residual fuels. I should point out that, through advanced technology,
the- oil-industry:is now; pieducing’‘alntost-sulfur-free gas, 3s0lines,
lubricating oils, and light fuel oils that corstitute the bulk of the
products of the oil and gas industry,” as was stated the other day at
these hearings by Arthur Stern, Assistant Chief of HEW’s Division
of Air Pollution. '

However, there has been no comparable success in our quest for a
technically feasible yet economic way to reduce the sulfur content of
high sulful residual oil used in industrial plants, power stations, and
other large facilities. v ,

A considerable amount of research is being carried on by individual
- oil- gi)mpa-niesto«-devise»pr.actica,la ways: to_attack the sulfur oxides

roblem. - :

P Since economics is a constant consideration in this sulfur matter,
the APT is currently sponsoring a study by the Bechtel Corp. to de-
termine the feasibility and cost of reducing the sulfur content of re-
sidual oil that is supplied to our eastern seaboard from the Caribbean
area refineries, such as those in Venezuela. :

‘Another Alf‘I-sponsored study is being conducted by the Pace Co.
of Houston. It will provide factual information on how much past
and present effort the oil industry has made to reduce the sulfur con-
tent of its produets. S e

” Since researchers have encountered difficulties while trying to reduce
the sulfur content of high-sulfur residual oil, we are exploring another
possibility. APT is now conducting a state-of-the-art study regarding
removal of sulfur oxides from the stack gases that result when fuel is
burned. When this exloratory. data.is:assembled, we will attempt to
cooperate with other;groups.on further reséarch. : )
. (Iilr. D,éADDARIO. What other groups do you have in mind? The coal
indust . L C o .
Mr. %AMMELGARD.» Yes, we are thinking of coal people.. The Bu- '
rean of Mines have a process that they are currently researching with -
~ PHS funds. Others that.are interested in this process will contribute
in money and manpower, » SRR e

" Mr. Dapparro. Do you sense a desire to cooperate in this area with
these other people? : A .

Mr. GamMELGARD. Yes, sir. I think there are about four processes
now that look like like they might have promise but the economics yet
do not lodk very good and research should’be done in several of them
to find: out if something.can ‘be ‘broyight forth' that.can have.good
economics. AT e :
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. Mr. Coxasre. How.about steel, are they also interested in this field ¢
Mr. ‘Gammrraarpd. T would think that primarily interest would come
from the' fossil fuel suppliers and main users—big industrial users.
Steel.does, of course, come under that category. - They might wish to
contribute something. s TRE ~
The second area o% inadequacy to which-increased attention is being
paid by the oil industry is that of emissions from’gasoline engines.
oA $480,000 téehtiical lproj'ecb that “we are :vsponsoﬁn%lis uhderway at
the Bartlesville, Oklai; Iaboratories of the Bureau of Mines.
~ Mr. Dapparro. ‘What is the contribution of the Bureau of Mines in
this particalar project? T e e o
* Mr. GavemeLoarp. As T understand it, Mr. Chairman, ‘our money is
-essentinlly financing this project including the payment of salary of
‘Bureau *of Miftes personnsl at their salary rates plus some of their
‘benefits. ' But things like the buildings and facilities that will be used
in this project that dre the property of the Bureau of Mines—we are
‘not ‘paying aiything for this. This-is'sert of a contribution in kind
that they are making. ‘We would have been perfectly happy if the
‘Bureaun of Mines would have had half of the money to contribute as
~ 'their share of it. " We weren’t anxious to:pay for the entire project.
There was no attempt on oitr part by paying the etitive tab to maybe
~ try to control what comes out of this project. In faet, we would be
happy to put in 4 mitior share of the meney if it would make. the
‘Government happ%r. Pl B s il
Mr. Dapparrto, Iam not insinuating that it might bea directed study
because you are paying a major share of it. ‘Tt seems to me that as
you have already said, it is the size of the program that is important. -
" I was trying to determine how much more money over and above.
the $480,000 will be provided by other seurces. T am certain your
study would be objective. Otherwise, I don’ khow how we could head.
it under the teim of resedreh. o L '

- Mr. Gammrrearp. That is ¢orrect. I agree with you, I'think there.
are some that don’t share your viewpoint, however, = o
Mr. Dappario. Iassureyouthereisnobias. .

- Mr. Mosamr. Mr. Chairman, what is this criticism? You have im--
- plied that this study has been criticized. Who is criticizing it?
© Mr. GaMmpresrn. The Senate Committes on Public Works, in its:
report accompanying 8. -3112, made the comment that this project.
raised the issue of the propriety, I believe, of industry financed re-
search in Government facilities whére the publi¢ welfare was involved
or the common good. -It s pretty difficult to get away from the com- -
. mon_good not being involved in a pollution problem so this in our
opinion would‘mean“any project in the ait and water pollution fields:
- would ¢ome urider the public welfare or domain.  The committee
récoriimended projects such’ as ours with the Biireau of Mines should.
be brought to the Congress some 90 days before they might be signed
up as'an on-going projeet; for review.  In my opinion, a procedure like:
that would effectively build a wall between Government and industry
work where industry paid for research in'a Governmerit agency. I can:
see tothing wrong 'in“a:case: like this where both parties think and
believe that this isan excellent project.- Budget considerations in ‘our
industry association in'the past have limited ts to projects that will
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start about 2 years hence, Last November we cut the red tapein APT
and approved a budget in just 48 hours of geveral million dollars. -
This 1s unusual for AP and we are going to require about 6 months:
leadtime for approval of next year’s projeets,” =~ = s S
We recognize that research projects may come up -on short notice
and you shouldn’t have to wait for an administrative ‘budget pro-
cedure that doesn’t get the projeet off the ground for 18 or 24 months.
I think in this case the Bureau of Mines could probably dig up some
money a year or two from now for this project and make possible new:
discoveries and proceed along such new avenues as this research goes
forward. We will be glad to come up with manpower and money to
explor%f)romising avenues in this field. - S : ‘ .
Mr. Mosuzer. Mr. Chairman, I don’t quarrel at all with Mr., Gam-
melgard’s point of view as just expressed but I assume this issue of
propriety will be considered in our report. ‘ R
- Mr. Dappario. Yes; I don’t think there is any question about that,
Mr. Mosher. We have looked into the standards established over the:
course of time by the Bureau of Mines in conducting programs of
research such asthis, and the results have indicated that it has been
an objective and proper type of ‘a cooperative venture. . -~
Mr. GammELGaRD. Very much so. - R A I
Mr. Davparro. T do think we need to look at it and to sort of docu--
ment the kind of programs that are carried out. Mr. Mosher’s question:
to you and your explanation have added to the discussion -and put us.
on the right road. ‘ o o ' ' :
Mr. Gammercarp. Thank you, Mr. Chairmen. = 0 :
The purpose of this research is to determine what effect, if any,
on evaporative and exhaust emissions of automobiles would be brought -
about by varying fuel ecomposition and volatility, and by blending gas-
oline with and without lead. e S
At least 95 passenger cars, selected to encompass a-wide range of -
types, will beemployed in thetests. Allvehicle emissions will me meas-: -
ured in terms of total quantity, composition, and smog-forming poten-'
tial using the very best available scientific knowledge and equipment.
~ In the tests an effort will also be made to determine the effects of vari-
‘ations in gasoline formulas on the output of nitrogen oxides and car-

bon monoxide. - : :

When I mentioned evaporative and exhaust emissions, I think.
it might be worthwhile to say that up until 1963 when positive crank-’
case devices were voluntarily put on new automobiles made in'the
United States, there were four “holes” in a car’s fuel system. One is
the vent in the fuel tank. You:have:to havea vent or you would ¢ol-
lapse the tank when you pump the gas out of it.. There is a gasoliné
vapor loss as “breathing” takes place in the tank. = ST

Another one is the carburetor. -After driving and then. stopping
- your engine, the heat under the hood causes some of the gasoline that
isin the bowl to evaporate into the atmosphere.. There are other minor
losses from the earburetor. - R : : co

The third one was the crankease vent where'from 20 to 35 percent of:
the gasoline lost from a car took place through the:road draft tube.
That was sealed off' and by recirculating vapors back into the intake
system that loss was eliminated. -~ .~ - . - .
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The fourth and the major one is the tailpipe of the car. Some of the
- hydrocarbons are not completely burned in the engine and go out the
tailpipe and it is some ofthesehydrecatbons that mix with the oxides
of nitrogen that also come out and together can form a smog problem

under certain atmospheric conditions, -~ . . : o

- Tt is quite possible that this research will produce no better gasoline,
from an air pollution standpoint, than any gaseline produced and used
today. But we want to know what, if anything, can be accomplished
by variations in gasoline formulas. L ,

Chsirman MiLLEr. You say this research will not produce a better
gasoline and then you speak of the variation of gasoline formulas.
Don’t all of the companies vary their gasoline and doesn’t each com-
pany have its own formula? At least that’s what they tell us.  These
high-test gasolines are not all of the same formula, are they? Aren’t
they actually differences? If you do get a formula, will the gas com-

anies be obligated to use it or will they continue te.use the gasolines

eveloped in their own laboratories? = SRR : e

Can anything be gained in the marketplace with the proper formula .

- Mr. Gammerearp. Well, -that is a pretty good-sized question you
have thrown there, Mr. Miller: There are differences in. gasoline, there
is no question about that. In general, gasoline is a mixture of hydro-
carbons that boil in the range from about 100° to:400° F. Some might
chop theirsat 385° because they think that is the right end point, others
mayexceed 400°, - - - . . Cag, hCarion e

Other companies put in additives that they think are superior to
other companies’ additives,. = . 7 oo Tens g ek

. Chairman Mizzg. One company advertises a pure gasoline with
-no additives. I-believe:additives were introduced about 30 years ago.
when- we be%an' ‘to put ethyl in! the tank.. This particular -company

claims that there will not be any sludge or carbon buildup.: . =~ .

* Mr, Gammrrearp. I would venture to say that their gasoline con-
tains other’ additives—the;one that you say claims they have no addi-
tives.in it. ~Gasolines:may-contain. antirust, antiwear, antioxidant,
antiicin% additives, and others. ' But there are also differences in oc-
tanes. - The average today is 100 research octane number throughout
‘the United States for premium grade fuels. . There are some-around.
98, 99. There are some that are over 100, so there as:real quality:
differences. - The point in this researeh project where we are looking,
in one phase, at the “front end” or the first 10 percent of the boiling’
range is to what can be done to modify the hydrocarbon typesin “front.
end” and the effect on evaporative losses from the fuel tank and car-
buretor.: ‘This could result in a general change in gasoline formula-
tion but still have individual company differences. There are four

- different general types of hydrocarbons in gasoline—aromatics, naph--
thenes, olefins, and parafins, and we might find that a general change
in a particular class would have an effect on automotive emissions as
faras smog fermation is concerned, and I think if this were found and’
demonstrated, that various companies would change their-blends to:
malke a positive contribution, but they would still have individual dif-
ferences in their gasolines. e AT ' :
In 1968, in response to:Fegderal emission standards, new.automo-
biles will have exbaust control systems which will reduce to a very



‘ADEQUACY OF TECHNOLOGY FOR POLLUTION ABATEMENT 307

considerable extent the hydrocarbon and carbon monoxide exhaust
emission levels from automotive engines. =~ . iy :

Some technical people are concerned that the exhaust control de-
vices may result in accentuating the oxides of nitrogen problem while
relieving the smog problem. While thisis not a generagly held opin-
~ ion, it does suggest that our technology in this-area may not be as far

advanced as we would like it to be. : :

Mr. Dappario. Mr. Gammelgard, if the technology is not as far ad-
vanced as we would like it to be, are we moving ahead in the proper
way? Should we, in fact, be imposing on the public the obligation to
pay an extra $50 for this device? We must consider that as we multi-
ply this by the number of cars to be sold, it will cost the public nearl?
one-half billion dollars a year. Since there is'so much that we don’t
know, should we take a sum of money of that proportion and apply it
to research in order to come up with a more meaningful solution? - -

+ Mr. GamumeLearp, Mr. Chairman, I do not really have the feel of
what oil industry thinks would be an answer to your question. I'have
ny own opinion for what it is worth. - I feel that this step of requir-
ing these devices or controls—the law doesn’t really require a de-
vice—it just says that what comes out. the tailpipe may not exceed
certain standards for carbon monoxide and for hydrocarbonsis a
little premature. .Currently, the 1966 Fords and Chevrolets being sold
in California charge around $45 apiece for these exhaust controel de-
vices, plus around $5 for the positive crankcase ventilation device. . -
"~ In my opinion $5 for the positive crankecase ventilation device
~ which would reduce by about 30 percent. the hydrocarbon losses is a
very well worthwhile expenditure even though there-are substantial
geographical areas of this country where there is now no hydrocarbon
air pollution problem. When it comes to paying $45 for an exhaust
control device, I don’t think there is any question that in California
this was a very proper step to take in 1966. I think California.has
a problem of major proportions and even though you have technical
people disagreeing as to whether these controls are going to be effective
or not—or-even might accentuate a different problem such as discolora-
tion of the atmosphere by more nitrogen dioxide in the air—I think
“that California should have done what they did. ' Now, when it comes :
to a nationwide requirement for new cars, this might be considered,
or I consider it possibly a little premature. - It is a substantial sum of
money when you are adding $45 to the price of a.‘car. = I.should point
out this figure is for Ford and GM. I understand Chrysler’s device
costs substantially less than that—TI think it is in the $18 to $20 range.
There is an economic advantage there. If the priece of these devices
can be brought down substantially and this is what Detroit’s history
‘has shown that they are capable of doing—bringing down costs of
any item that goes in the car—it might be a little different.
- Mr. Dapparro. If you had available one-half billion dollars, would
you spend it by buying these devices and adding them to new cars,
or would you spend 1t in another way ¢ : : S
Mr. GammeLeArRp. Mr. Chairman, we couldn’t come up with enough
research projects to spend that type of money, good research projects.
Dr. Eckardt, do you agree with that? You shake your head nega-

tively, I don’t know whether you agree. |
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. Dri/Eoraror. Idon’tthinkwe conld. = 7 mor v o e
- Mr. Dappbario. There is a research problem. We' are spending a
half billion dollars to do something we are not certainabout. -
- Mr. Gammercarp. We know the systems will reduce the unburned
hydrocarbons. : “We know they will substantially reduce hydrocarbons
and substantially reduce carbon monoxide. Carbon monoxide is be-
coming more and more of a problem in the city in heavy traffic. Not
that it is a serious problem, "gwb:.the carbon monoxide levels are going
up-at a rate where if they continue that way for another 10 years,
they will become uncomfortable. - £ T Ea
- Mr. Dabparto. I wouldn’t want to impose on you or Dr. Eckardt
to spend the half billion dollars.  But could you spend'a sum sub-
'st;am'éially less than that on research to accomplish more than we are
~ Dr. Ecraror. 1thinkso. ‘ f

Mr. Dabparto. In what way would you proceed, Doctor, if you were
to take an alternative route? .

' Dr. Eckaror. Well, there are some areas that I’'m interested in in
the medical field which I intend to discuss later in my statement and
I think there are areas in the technical field where additional, perhaps

~novel methods of controlling ‘exhaust might be worthwhile which
would include also the control of the nitrogen-oxides. - o

Mr. Dapparro. Why don’t we wait until we come to your statement

to explore further this question. ‘ : : i

Chairman Mmrer. Mr. Chairman, we talk about these devices we
are going toput on automobiles. In California some years ago we had
to use certain accepted deviceson cars. - ‘ ‘

T realize that pollution is created by automobiles. I have no'way
of measuring it, but it seems to me that one truck or bus diesel engine
creates as much or more pollution than 10 automobile engines do. I
have driven across the continent perhaps as much as any man here; and
many times I have pulled over to the side of the road rather than
follow one of these trucks. What are we going to do about it? I
live on the fifth floor of the Methodist Building, and during the height
of the tourist season, there are 20 or more buses parked around the

. Supreme Court Builéliing. During the summer, they run their motors
to keeg the air conditioning on while people go in and out of the build-
ing.  Sometimes the pollution is so heavy in our apartment that we
have to get out of it. What are we going to do about this kind of
pollution? b ' _
" Mr. GamMmerearp. I think your order of 10 times is too high, Mr. =
Miller. The diesel engine is a very efficient engine and gets more
power out of a gallon of fuel than an automobile and this is why it
is used. I couldn’t help but agree with you that the odors coming
out of a-diesel engine are obnoxious but I don’t think the odors -

coming out of a diesel engine have any adverse health effect. In

that respect, I think they have a cleaner bill of health than automo-

biles. But what you do get is this very disagreeable odor and in

some cases smoke. : ) '

Now, things can be done to improve the smoking characteristics

of diesels. The engines in general should be better maintained. This
- would help the problem. There are additives which will reduce the

v
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smoke coming out of a diesel and these additives are being used more
and more. , L

- The engines too often are run underpowered by the operators which
contributes to the smoke problems. If they would upsize the engines
a little bit and operate them at the right point rather than “pushing”
them this would F})ﬁalp the problem. This sounds sort of wishy-washy,
I guess. I recognize the problem but what are we doing about it?
" There are some masking agents that some of the bus fleet operators
are trying in their fuel to come up with a more desirable odor, and
come up with something you don’t mind as much as the normal
odor. There is research being sponsored by PHS and other organiza-
tions on the diesel problems. It is going to be very diffieult, I think,
to completely get rid of this odor problem on diesels unless there is
some technological breakthrough. This is the principal point against
them, I think—just the odor—but I don’t think there is an health
problem with the diesel exhaust whatever—there is no control needed
from that viewpoint.

Chairman MiuLer. Thank you. ,

. Mr. Viviax. I have listened to questions on this and asked similar
questions some days ago and I am still left with the question of
why is it so-bad? What is the cause of the problem?

Mr. Gammerearp. I would presume that the primary reason for the
Eroblem is the formation of aldehydes in the exhaust—in the com-

ustion products that come out of the exhaust pipe. Do you agree
with that, Dr. Eckardt? ‘ ;

Dr. Ecraror. Yes.

Mr. Viviax. These aldehydes are not formed in spark-ignited en-
gines, is that right? -
~ Mr. GammeLearp. Not to the same extent. R

Mr. Vivian. Do they have any detrimental effect? -

- Dr. Ecraror. About 40 years ago, a study on diesel engines was
undertaken by the Bureau of Mines because they wanted to use them.
in mines where the ventilation was somewhat confined. . Their study
at that time indicated that the amount of exhaust coming out of a
diesel, although obnoxious from an odor standpoint was not bad from
a hesalthf~stan%point and they permitted these diesels to be used.

a Jllgr. Vivian. Is API currently carrying on any research in this

eld? ;

. Mr. Gammurcarp, Not in the health field. I indicated they are in
the technical area. . o

Mr. Vivian. One of the purposes of the: environmental pollution
research is 1ot only to make the atmosphere more capable for living
but also more healthful. : i E L TR S

Chairman Mrrer.- I would:like to see local authorities enforce the
law prohibiting the continued use of old cars which emit incredible
amounts of exhaust smoke and fumes.

Mr. Gammrraarp. T would like to discuss the question of industry-
Government participation in abatement research and development.
We certainly concur with the suggestion contained in your. subcom-
mittee’s report that industry assume inereasing responsibility for con-
ducting much of the needed research, for this suggestion reflects your
confidence in industry’s capabilities and enlightened self-interest. 'We
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also concur with Representative Robert S. Jones’ testimony of July
20 before your subcommittee in which he recommended more partici-
pation by industry in research and development programs in the water
pollution field. ' v B

- I'think we have already touched on what we cover in this next para-
graph regarding Senate Report S. 8112. .

“Another viewpoint was expressed in .a recommendation of the
Senate Subcommittee on Air and Water Pollution report of July 7
(Rept. No. 1861) which questioned industry sponsorship of projects
conducted by Federal agencies where “private economic interest as
versus the general welfare are involved.” " .

The oil industry, in many of its research projects, has worked
closely with Government agencies, and two of our 1966 projects are
being carried on jointly with the Public Health Service. Moreover,
we look forward to more liaison and greatercooperation in jointly
sponsored Government-industry research projects in the years to come.

Jurrently, we are discussing the implementation of further projects
with PHS. N N RN :
" For our project on the effects of various gasolines on automotive
emissions, we were fortunate to enlist the cooperation of the Bureau of
Mines. I say this because of the excellence of the Bureau’s facilities,
the competence of its personnel, and its absolutely unbiased position.
Industry would be criticized if it failed to sponsor work of the sort
entailed in this project—and justly so. Government, certainly could
attempt such work independently. It is our view, however, that in-
dustry’s intimate knowledge of its own product and processes can
make a meaningful contribution to the success of such research. I
would like to say here that there are several of the larger il company
research organizations capable of conducting this study.” We chose
the Bureau of Mines because we have full confidence in the Bureau—
having worked with them over the years and whatever comes out of
this research, we are ready to live with and T would hate to see any
-roadblocks thrown between Government and industry in this type of
research. ,

It is our position that Government and industry must work together
if adequate, effective, and reasonable pollution abatement methods are
to be found, simply because no Government agency or group of agen-
cies has, or can attain, expertise in all things. :
~ One final point, gentlemen, regarding joint industry-Government
research projects. , : B

A question was raised in hearings by the Senate Public Works Sub-
committee on Air and Water Pollution as to one detail of the contract
I previously discussed, between API and the Bureau of Mines. As
originally written, the contract included a standard clause prohibiting
release of “technically valid and useful data”—in other words, pre-
liminary findings—during the course of the study without prior ap-
proval of the other party.. As provided in all API contracts, full
disclosure is called for at the completion of the research. Full dis-
closure and free use by anvone of information developed in APT re-
search has always been API policy, and it continues to be. -

"~ On the basis, however, that the clause on preliminary disclosures
might be interpreted as an attempt by g private interest to inhibit ac-
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‘tion: by a public. agency, API stated publicly at the hearing that it
-would drop the clause. Since the hearing the contract has béen
amended so that it no lon%f}r’;1 calls for API approval of release by
the Bureau of Mines of preliminary findings. L

Mr. Chairman, I have read with great interest your opening - re-
marks given at the start of these hearings. You stated that “sober
consideration of the waste-products problem is a responsibility of
all of us.” I hope we are demonstrating here today *t%at"we in ‘the
petroleum industry have accepted our share of the responsibility.
~ As T have indicatéd, more research and technology on ollution
abatement are certainly needed. At the same time, steps should be
‘taken to insure that abatement action should be undertaken at no
greater expense to the Nation than is necessary.

To meet this requirement, Mr. Chairman, we must certainly follow
your recommendation that this issue should not be treated in an
“atmosphere of crisis” and that solutions must be “solidly based
on facts.” o '

If decisions taken in the areas of quality criteria, legislation, and
research and technology :are:calmly considered, based on sound data,
“and participated in by both industry and government, we are opti-
mistic that our problems will be properly defined and that suitable
solutions will be forthcoming. S

Gentlemen, I want to thank you for this opportunity to outline
our record and suggest some scientific and technological opportunities
for the future. For the record, I’d like to file a copy of our very brief
API policy statement on air and water conservation. Dr. Eckardt
is now prepared to outline some of our medical and biological proj-
‘ects that we believe will interest you. o ‘ o

Mr. Dapparro. Would you please proceed, Dr. Eckardt? Thank

Dr. Eckaror. I appreciate the opportunity to appear here today
and outline some of the work for you which the petroleum industry
has been sponsoring in the area of medical research concerning air
pollution.

STATEMENT OF R. E. ECKARDT, M.D., AMERICAN PETROLEUM

Dr. Ecraror. While the medical community is well aware of the
acute damage which can be caused by high concentration of air pol-
lution such as occurred in Donora, Pa., and in London, it is sorely
lacking in data concerning the long-term, low-dosage effects of breath-
ing the air in our environment. Our m ical research has, therefore,
been directed toward both of these areas. .

Episodes are rare, as you know. But medical experts agree that in
the few episodes that have occurred around the world, sulfur oxides,
in combination with other pollutants, have beyond geustion played a
role. While awaiting a breakthrough on reduction of sulfur oxide
emissions through either desulfurization of oil—and perhaps coal—
or removal of sulfur oxides from stack gases, APT feels that attention

- must be directed toward the prevention of future “episodes.” -
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.. The engineering firm of Jackson and Moreland is now conducting
‘an API-sponsored study in New York City to determine the feasibility,
cost, and effectiveness of the plan we propose. .

A similar study, also sponsored by API, and directed toward the
,%rediction and prevention of episodes, and carried out by New York
-University, involves the evaluation of air monitoring methods and
'melteorolo%ical. foreca‘sting’in the New York metropolitan area.

. ' We would like to submit for the record a short paper on how such
episodes might be controlled, written on behalf of the oil industry
.and delivered in June, at the Air Pollution Control Association meet-
m%{by Mr. Curtis G. éortelyou of the Mobil OilC‘or{). ‘ /
.- Mr. Dapparro. Without objection, that paper will be incorporated.
(The information requested is as follows:). i

A PRAOTTOAL MEANS ¥oR COMMUNITY ATR POLLUTION CONTROL®
(By C. G. Contelyou, Air and Water Conservation Coordinator, Mobil 0Oil

Corporation, New York, New York)

“In.national magazines, in newspaper articles, and in several books that have:
~eome out in the past year or so, the promotion of the cause of pollution control
‘has largely been based on the need to prevent air pollution incidents. The dra-
matic stories of the Meuse Valléy, of London, of Donora have been told over

. 'and over because they emphatically point up pollution’s hazards. .

Beyond doubt such episodes, with their effect on ‘human life, are the most
-eléar-cut, pollution problems. There is no question here. - The need to end their
.threat is not under debate in any quarter that I know of. . o )

Thus the episode is a problem upon which all of us can join in the attack—
without reservations. Perhaps, we can reasonably question in medical, techni-
cal, and economic terms the need for complex and costly control of very low
levels of specific pollutants. But.no such question and no delay can be justified
when it comes to the principal problem that we face—the aii pollution incident..

It wa's in recognition of this that last year physicians and technical people

working within the American Petroleum Institute developed what has come
to be known as the API pollution incident control plan. It is, I believe, a con-
-structive contribution to the science of air pollution control. .
... In. studying the records of the health-damaging episodes most frequently
“eited, it is clearly seen that elevated levels of sulfur dioxides were present during
édch of thém.  But physicians in-and outside the oil-industry have told us that
sulfur dioxide, although accused of being the villain of the piece, could not alone
cause a health hazard at the levels recorded. ‘ '

Sulfur diexide,. the physicians tell us, is largely filtered out in the mouth,
nose, and throat when inhaled alone, and only a very-small fraction gets into
the lower respiratory tract. - Thu$, industridl workers have been exposed 5 days
a week, 8 hours a day, year after year to sulfur dioxide levels of 5 parts per
.million—and even 10 and 20 parts per million—without bad effects; The in-
dustrial standard is 5 ppm, a level many times higher than that reached in any
Amierican community under the most adverse conditions. ’

In working up the API plan, a ¢lose examination was made of available data
-on known air pollution incidents that have occurred around the world. While
Jhigh levels are safely encountered in.industrial situations, it was found .that -
sulfur dioxide levels during known pollution episodes were sometimes in a
range of no more than 0.8 to 1 part per nfllion. o o
* Obviously, ‘somethitig special happens in' the urban situation under adverse
conditions—something not encountered in the -industrial situation. - The dif-
ference was clearly. defined when top. experts in the field from around the world
.gathered last year in New Hampsire at the Gordon conference on sulfur oxides
and related. compounds. . Particulates, the experts generally agreed, play a
crucial role in causing the air pellution incident. Sulfur dioxide is absorbed

. 1Presenteéd at the anmnual meeting of the Air Pollution Control Association, San Fran-
elsco, Calif., June 23, 1966. )
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onto particulates, which are then breathed deeply into tl}e respiratory tract.
There the sulfur compounds can have a significant effect. 8

Our studies of specific episodes showed that in each case sulfur dioxide and
particulates went up together, and remained up together for an extended pe-:
riod of time. The crucial point in: devising the API plan, therefore, was to
select some level of sulfur dioxide and some level of particulates. which, to-
gether, would be safe. The development of a course of aation to prevent those
levels from being exceeded might then be attempted. :

The first part of the effort was a close analysis of the past air pollution inci-
‘dents in order to determine ‘at what levels problems started. Our medical peo-
ple determined that no health effects had ever been demonstrated when the two
pollutants were together at or below the values that we since have built into
our suggested control system. These values are 0.3 ppm of sulfur oxides and:
4 “coeffiecient: of haze” (Coh) units for particulates. If a way were found
to determine in advance when these levels would be exceeded for an extended
period, then it might be possible to tailor-a community plan to.reduce emissions
of these pollutants at such times, |

Industry technical people joined together to try to devise such a predictive:
system. They recommmended that a network of air monitoring stations be estab-
lished by any community where a pollution incident might develop. ‘There rec-
ommendation called for the establishment of these units'on a grid network’ of
no more than five miles separation between units. o

‘While sulfur dioxide is the predominant sulfur compound in ambient air, they.
recognized that there are other higher oxides of sulfur also present.. These
higher oxides, the doctors state, can have adverse effects on health as well, be-
cause they too, are adsorbed on particular matter and inhaled. So our tech~
nical people considered it preferable that the test method used in the monitoring
proposal detect total sulfation. The American Society for Testing and Mate:
rials Designation: D-1355-60, Method A, was recommended as the appropriate
procedure. It is a method that provides continuous measurement, through con-
ductivity, of small concentrations of  sulfur oxides. The standard method for
determining soiling effects of smoke pollution—ASTM Designation : D-1704-61—
was recommended as the procedure for determining ambient air particulate
jevels. In using this method, an air sample is pulled through a filter paper.
The opacity of the deposit provides the measurement of the particulate matter.

Under the API control plan, whenever the average readings of the grid net-
work show increasing levels of the two monitored pollutants, weather reports
would be studied carefully. If the forecast indicates a period of stagnant air
that might last 8 or more hours—either brought about by inversion or ‘some
other cause—then an alert would be called before. the poltutant values built

_into the system are reached. The ebject would be to keep the levels of sulfur’
oxides and particulates below these values—0.3 ppm, 80, and 4 Coh, - o

Exactly what steps would be needed to accomplish this objective would -have
to be left for determination:by the community itself according to ‘the -local
situation. - The comniunity would need to study its various sources of .eémissions
and design a series of steps to be required should an alert be sounded. - Among -
possible steps for consideration are a reduction of incineration and the halting
of open burning (if this hasn’t already been completely prohibited by law).
Other steps might include switching to lower sulfur- content fuels temporarily
in plants where burning of such alternate fuels could be made possible; and,
perhaps, the modification of. certain industrial operations for a time in order
to produce a net reduction in pollutant emissions. : ot

‘The maximum levels for SO: and particulates, in combination, that have-been
built into our system are stringent. The record of past ‘pollution. incidents does
not- show these levels to present health hazards. Yet action would be cdlled
for to cut emissions before such:levels are reached. - Thus a considerable safety
factor has been built into the plan. - - . ; ; : PRI T

‘Bven though the levels in the system are stringent, it is a fact that few cities
ever reach these concentrations for extended .periods. Im a community where
the combination of factors might be possible, it will usually occur -at most no
more than two or.three times a year.

“This is a positive system to predict and prevent pollution incidents. It can
be established to ‘supplement a program of reasonable year-round ‘ambient’ air
objectives. - But objectives alone; calling for maximum levels of particular
pollutants such-and-such. percent of the time, cannot assure the avoidance of

episodes. Whether  year-round objectives are met can only be determined
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after the fact. Our system, we believe, can predict eplsodas before they occur.
and make it possible to prevent them., '

The American Petroleum Institute is sponsoring a study of the. fea51b111ty, cost
and effectiveness of this pollution incident control plan. The study is now:
underway in the most densely populated and most complex air shed in the
nation, the New York metropolitan area. It is being conducted by Jackson
and Moreland, a reputable, independent consulting. enguleemng firm ‘of Boston,
Massachuqetts For several months Jackson and Moreland engineers have been
gathering:data from -a wide variety of sources within New York City and out-
side it. They have interviewed business: executives, city officials, and other.
individuals who either have:-expertise ‘in: pellution control or:are responsible:
for particular pollution -sources. They have contacted control officials and
) meteorologlsts, as well as experts from the academic world. Particular atten-
tion is being given to checking the weather forecasting aspect of the plan.

- Dr. Leonard Green’burg, former New York City Comrissioner of Air Pollution
Control is serving as a consultant to the engineers on-this project. As you know,
he is now chairman of the Department of Preventive.and Environmental Medicine
at the Albert Einstein College of Medicine in New York.

By the fall, Jackson and Moreland is scheduled to give us ms judgment. I will
not anticipate what that judgment will be.. .

-The. plan under study could only be: implemented at a cost—but we believe it
will be a minimum cost to accomplish what must be accomplished, protection
against the possibility of health-damaging 'air pollution incidents.: .

That end, of course, could be achieved by thé complete elimination of all pollu-
tant sources——but this is impractical. What we have put forward is a plan that,
‘we feel is achievable now and: that meets the urgent need. .

- The pollution incident eontroliplan:is not:the answer to all pollution: problems-
It does: not take into'account other factors béyond health protection:; it does: not’
prevent corrosion, plant: damage: or soiling of ‘clothing. Judgments on-stéps’ to:
take to deal with these latter effects can be determined 'on an eeconomic balance-——
weighing value to be achieved-against cost of achieving it.

Our plan is'one solely dedicated to the élimination of the air pollutmn incident
which ‘holds the potential of health damage.  ‘We do not say: forget about the
other effects -of air pollution. - We do'say: let’s get on with the job of eliminating
this‘one very clear threat of health damage, and do-so without delay.

In some-cities year-round reduction of the total pollution load must be achieved.
But no one has yet found a way to accomplish this'overnight. - .

- No delay, though, should be tolerated when it comes to dealing with the air
pollution incident. Some way must be:found, as we make our steady progress
toward the reduction. of ‘total pollution; to' assure that under adverse circum-
stances polution incidents will never again‘occur in this country. .

If our plan or some refinement of it is not:the answer to the problem of the

air pollution incident, one should certainly be found. And I believe you would
agree that such a plan should be put into effect as promptly as possible. A long-
tem schedule for achievement of this goal is not reasonable.

-We are pro:ﬁosmg, then What we hope will be a practical answer to the air
poliution incident.

The feasibﬂlty study on the plan is just one of many effortq being mnduo’red
within ‘the 'petroleum: mdustny in the air conservation area this year.

Underway within the'API are air pollution research projects ‘costing Well over

$1%4 million in 1966 alone. " Within individual companies of the‘industry another
$41 ;mlhon is bemg dedicated this'year to-air:-conservation capital expenditures
and ‘research. ' An additional $21?0 million has ‘been spent in those areas. by 61l
companies in the last ten'years.
- Knowing all that can be‘learned abott Sulfur oxide pollution " ahd anv other
pollution problem that might be ‘asgoclated with the’ industry’s operations or
products is of very great concern to us. We are sincerely dedicated to' air
conservation, and we will continue to seek in every way possible to work with
others from within industry. from within government, and from among the
general public who are joined in the same cause.

Dr. Ecxarpr. Very. few larce epidemiological studies have been
undertaken hecause ‘of their high costs'and because they contain so
; varlables mcluch&rg shliﬁtandard fm@ hbusmg and cvlotlfr;«‘ng
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I have attempted to summarize some of these studies in a paper that

was published in the Journal of Occupational Medicine in 1964 and

I WOU(.id like with your permission to enter a copy of this study into the

record. ‘ : R '
(Thepaper follows:) -

) [From the Journal of Occupati‘onyal Medicine, April 19641
‘AIR_PQLLUTION, Lung CANCER, AND CHRONIQ LuNe DISEASE
(By Robert E. Eckardt, M.D,, Ph. D, Linden, N.J.) -

. Dr. Eckardt is Director, Medical Research Division, Hsso Research & =
. Engineering Company, Linden, N.J. BETE T L .
In recent months an increasing amount of publicity has been: given to the
health effects of air® pollution, so: much so that Dr. F. Princi was moved: to
refer to this as “overwhelming, persuasive and deceptive propaganda,” in his
Chairman’s ‘address to the Section on- Preventive -Medicine of''the American
Medical Association (1). Most of this publicity revolves around two condi-
tions—namely, lung cancer and -chronic pulmonary disease ‘(chronic bronchitis,
pulmonary ‘fibrosis, and emphysema). = Unfortunately, those’who are econvinced
of ‘the causal relations between air pollution and health effects are prone to
ignore those reports that do not support their concepts.” ‘The purpose of this.
brief review is to point out a few reports which are often: overlooked, yet which
raise serious questions about the state of our knowledge. - It'isito be recognized
that' this review emphasizes those reports which throw :some “doubt’on tlie
cailsal ‘relationships of dir- pollution and health/ effects: It/ should 'not'.be
assumed, however, that I'do not support air pollution control measures.or the
desirability of reducing general air pollution, or even‘that I take the view that
there is no eausal relationship between air pollution and health effects.. Kssen-
tially the author believes that there is a strong suggestion of ‘such. causal rela-
tionships, but that much more reseach is necessary to establish them; = In'the
meantime, I believe reasonable and practical air pollution control measures
should be applied __wher"'ev‘er possible; if only to ‘control the filth; plant damage,
nuisance, and’ annoyance that air pollution can bring. This ‘report-will -be
divided into two paits—one dealing with lung cancer and the other;«with ehronie
pulmonary disease. il et i B o i s

‘ CALUNG C CANCER it o :
- Ini 1961 a most interesting paper appeared by, Gilliam: et al.. (2). of -the
Field - Investigations and Demonstrations' Branch of the National Cancer Insti-
tute, U.S. Public. Health Service.  In this paper, mortality rates from Jung
cancer were carefully: analyzed over the period 1930 to 1956 They.found that
during this period there had: been a steady and quite regular decrease in: the
rate of increase  (prevalence) of lung cancer. -In their discugsion, -with the
‘basic:assumption that these; trends continue, they state: . . oo o0
. “The general regularity since 1980 of ‘the declining percentage increase in
rates for all ages,: particularly among the white population, suggests.that the
1most appropriate method.of :projection might be-to fit. a straight.line to-these
percentages ‘of - change. . When this is. done, the rate-of:increase: approaches
‘09% for the -white: female: population -in 1960 and for ‘the . male population ;in
1983, That is 'to say, then, that if present trends follow this pattern, recorded
lung eancer mortality must reach.a peak about 1960 for the white female ;popu- |
lation and about 1983 ‘among the white male population and. then decline
thereafter.”: - ’ LR B A ) et Tl s
Even though later, when analyzing the age-specific declines of ratesof increase,
they ‘conclude that, “Thepeak would ‘be -delayed until about 90 years later
and would be about 20 times'as high-as that predicted by projéction of -all-ages
rate of change,” nevertheless they add: “No matter what method of projection
is-employéd; a peak with subsequent decline: must: follow a-declining rate of in-
. cerease.” . (Emphasis theirs:): o omi it gl i e e
-+ /The importance of 'this' concept ito:present:thinking lies in.the:fact that many
swho believe there is d-causal relationship between air pollution-and:lung cancer
have stated-that; if -air-polltition is reduced and the rate;lof increase of; lung
~ veancer declines, this:is proof of the causal relationship between: the two. ~Gilligm
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and co-workers predict that the rate will go down even if we do not reduce
air pollution, so that a simple decrease in rate is no proof of causal relation-
ships, ~Another possible interpretation of this data is.that if air pollution and
lung cancer have a causal relationship, whatever it iis in the air that was re-
sponsible for this has already begun to decrease, One could speculate that
substitution of oil for coal, beginning about 1930 in significant amounts, has

already begun to remove the lung carcinogens from the air,

In 1958, C. O. S. B. Brooke of the Finsbury Health Center, London, examined
carefully the statistics on lung cancer deaths for England and Wales for the
1982-1956 period (8). He interpreted the data as suggesting. that eancer of
the lung seen now may have been at least partly detéermined during the patient’s
teens. Further, an almost explosive increase in bronchocarcinogenic factors
appears to have occurred early in the century, although some regression may have
occurred since 1915. In brief, hiy data support generally, if not in every
detail; the data of Gilliam e? al. quoted above. Beebe (4), in 1960, analyzed
lung-cancer deaths among World War I veterans, and concluded that lung cancer
was slightly increased in those who had been subjected to mustard gas poisoning
in 1918, although no such increase was observed in those who bhad pneumonia
orwounds of the extremities,

Barnes dnd Ratzenhofer: (5) reviewed 265466 autopsies a*t the Universn:y of
Graz, Austria, finding 868 cases of lung cancer. Apparently lung cancer is far
more prevalent than other malignancies as a-cause of death'in persons having
tuberculosis: ; ‘Since the advent of modern chemotherapy for tuberculosis, more
people survive tuberculosis than previously, living on to develop lung cancer at
a later date.. Confirming this, Herdan (6), of the University of Bristol, pointed
out that'certain apparently unrelated occupational groups showed a signiﬁcantly
high or low s§tandardized mortality ratio for respiratory tuberculosis in 1930,
and these same: groups now have a significantly high.or low ratio for lung cancer,
with their tuberculosis mortality greatly reduced. It was suggested that sulfa
drugs and antibioties have reduced mortality due to epidemic and inflammatory
lung disease, thus making way for the action of a disease.of genetic origin:  This
" would affect malés more than females because males are mo're subject to reces-

give genes that transmit lethal conditions. :

" Tn another statistical paper; Manos and Eisher of the. U.S Publie Health Sery-
iee found (7) high positive correlations of various indices of air pollution that

* they-developed with the following diseases: cancer of the esophagus, stomach,

~ trachea, bronchus, and lung; arteriosclerotic heart disease, including coronary
disease; and chronic endocarditis not specified as rheumatic and other myo-
cardial degeneration. Although there may be some good reason for such correla-
tions in some of these conditions, it iy difficult to postulate the rationale for
others, such as chronixz endoearditis Thls suggests the possibility of some third

3 Kreyberg (8), of the University of Osslo, found that the aif m one gas works
contiined amounts of benzpyrene corresponding to some 5,000 cigarettes daily
for the 40-hour ‘week, but only a moderate excess, if any, of lung caneer in the
.gas workers. It is possible that there may be no relationship at all between lung
cancer and benzpyrene: This possibility Wwas also suggested by Hueper:ét al.

(9), who could find no correla;tmn between reported lung cancer mortality and
the ‘amount of 3: 4-benzpyrene or the ¢areinogenic potencw (determined by injec- -
tion uhder the skin of mice) of partieula'tes found in the air of eight specially
gelected U.S. metropolitan areas. There has been a tendency on the part of
many air pollution investigators to. use benzpyrene content of the air as a measure

- of pollution, and hence of the hazard of lung cancer. These data suggest that
this cannot be done. :

- 'Wynder (10),-of the Sloan-Kettering Institute for Cancer Research, found that
the lung cancer incidence in Venice, presumably with a very low air pollution
levél, at least from auto exhausty' (because of its canals), was no different from
other Italian cities. " This suggests that !the elimina'tion of aubo exhaust might
not influence lung cancer ratey. .-

- Perhaps ‘one very ‘distressing: Md:ua,tion? in vregard to lung: cancer is the lack
of reliable statistical data on the incidence of lung cancerinvarious cities. - Thus
Marios (11), of the!U.S. Public: Health Service, published a large:volume: pro-
‘Viding mdrtality indices: for various causes of dedth; including:lung cancer, in
2 'series of cities in. the United 'States.: These; indices. présumably: provide a
mens'ure of the amount by which a given cancer rate in: a given city" emeeds or
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1s less than the average for the country as a whole. Thus an index of 0.80 indi-
cates an incidence 809% of the United States average, and an index of 1.20 indi-
cates an incidence of 1209 of the average. . In studying Manos’ data a series
of cities with an index higher than normal, or representing a spread from less
than normal to higher than normal, can be selected, Presumably, then, these
can be related to.some “index” of air pollution, be it by benzpyrene, . 0zohe,
hydrocarbons, or whatnot. Hotwever, indices reported by Gilliam (12) for many
of the same cities do not coincide; thus, cities with high indices for lung cancer
on Manos’ list, may have normal or low indices on Gilliam’s list. This then
presents to the investigator the quandary as to which index to use in any air
pollution correlation studies. In an attempt to resolve thig, I corresponded.with
both Manos. and Gilliam. - The result was further confusion, when Gilliam. (13)
indicated that probably neither index was correct. This then throws consider-
able doubt on any conclusions drawn conecerning the correlation between air
pollution and lung cancer.or any other disease. R i

Tinally, although this review is confined almost entirely to data for human
beings, one piece of animal data is worthy of mention, Mari-Chanez (14), a
director of the Cancer Research Laboratories in Peru, compared the incidence
of pulmonary tumors in Strain A mice kept at 14,900 ft. with those kept at sea
level. . The incidence in. the former was 61.4% and in the latter, 53.0%, which
the author did not believe statistically significant for the numbers of animalg
used (386). However, the animals kept at high altitudes developed more tumors
greater than 4 mm..in size than those kept at sea level. It should be remem-
bered that Strain A mice are being -widely used to test the “tumorigenicity”
or “carcinogenicity” wof air pollutants. If such nonspecific effects as altitude
can affect the incidence or size of such tumors, then it is not surprising that
very high levels of “air pollutants,” such as are used by .experimentalists, might
have a similar nonspecific effect. o

' CHRONIC LUNG DISEASE

Gocke and Duffy (15), of the ‘Seton Hall Medical School, found a striking
correlation between smoking and chronic bronchitis. Just asin lung cancer, the
association bétween chronic lung disease and smoking seems far stronger than
any association between chronic lung disease and air pollution., These observa-
tions have been confirmed by ‘Schoettlin (16) in Los Angeles. In a study of
3000 elderly males, he found a higher prevalence of chronic respiratory disease
in certain selected occupations and in those who had smoked mote than 10
years. - When matched for age and smoking, no significant correlations could
be made between measures of weather, air pollution, and pollen, and observa-
tions of symptoms, physical signs, or pulmonary function in men with chronie-
respiratory disease and in controls. - Again, this suggests that smoking is.a far
more important factor than air pollution. : b !

Brinkman and Coates (17) studied the influence on bronchitis of increasing
age, dust exposure, and cigarette smoking in 1317 men, aged 40-65." They found
that smoking appeared to be the most aggravating factor. ) I

Another study which has received much attention is that of Prindle et .ol
(18).  In this, the pulthonary function of residents of two cities in Pennsyl-
vania, Seward and New Florence, was studied.. The cities, separated by a, few

.miles, had a large power plant between them. The prevailing wind was such
that one town was polluted with ‘the effluent of the power plant, while the other
was not. It was found that statistically significant differences in average height
between the residents of the two cities were of a sufficient magnitude that aver-
age airway resistance could be affected. Since airway resistance ‘was one of
the measures of pulmonary function that showed differences between the two
towns, it is not certain whether these differences were due to the air pollution
or to this height difference. ‘At present, height differences ‘are not.receiving
the emphasis that they should, although the airway resistance ‘differences are
being suggested as resulting from the air pollution. .. . ... .- =

In a later report of this data by Prindle et.al. (19), the authors state:
 “After adjustments are made for age and height in comparing the two com-
munities, results for both sexes in New Tlorence in relation to.both in Seward
reveal a surprising similarity. This is evident for each pulmonary funetion
measurement except for -Average Airway Resistance and Airway Resistance
¢ Volume.- These were higher for Seward than for New Florence. The dif-

68-240—66—vol. 1——21
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ferences for each sex between the two communities for these two measurements
could not be explained by differences in age or height. The differences may be
due to difference in air pollution levels or to other variables which have not been
examined thus far. * * * other variables in addition to age, sex, and height,
which are assumed to have an effect on pulmonary function test results include
weight, body surface area, smoking habits, occupation, and length of residence
in the community. Rach of these variables is being evaluated.”

_Thus, it appears far too premature to single out air pollution as even the pos-

- sible cause of the difference in these two pulmonary funection measurements
between the two towns. For instance, a review of smoking habits reveals 219
nonsmokers in New Florence males, but only 189 in Seward males. For fe-
males, the comparable figures were 759 and 63%. Most observers believe there
is little doubt about the effect of smoking on ‘pulmonary function; so it would
seem that these differences in smoking habits would more likely be-responsible
for the differences in pulmonary function than differences in air pollution,

In the X-ray study, the proportion of pneumoconiosis (dust disease of the
lung, including silieosis) in Seward males was. more than twice that for New
Florence. It is speculated that this may result from. the greater ‘proportion -of
coal miners in Seward. Of the New Florence male group, 37.19% were “normal”
on X-ray examination, whereas 86.49, of the Seward male X-ray examinations
‘were so interpreted. However, the New Florence group shows a larger per-
centage of males with emphysema. = On the other hand, 6 of 10 X-ray examina-
tions of females in Seward were reported “normal,” whereas only 5 of 10 of
those of females in New Florence were so reported.

Dohan et al. (20) studied absences of 8 days or more from respiratory disease

~among female employees of the same company located in several cities. These
.absence rates were then correlated with various measures of air pollution. A
correlation was found to exist between particulate sulfates in the air and this
absence rate. However, for this study to have real meaning, respiratory ill-
nesses causing absences of less than 8 days should also be studied, and absences
from respiratory diseases among male employees of all durations should: be
studied. Additionally, looking at Dohan’s data, a positive correlation can also
be found between the absence rates studied and atmospheric vanadium and
nickel, and a reverse correlation can be found with zine.

- Two conditions, possibly related but quite possibly distinct entities, are
“Yokohama”-asthma and “New Orleans” asthma. The first of these is found
in U.8. servicemen. stationed in the Tokyo-Yokohama region of Japan, It ap-
pears that the only sure:cure is return of the patient to the United States. Just
what percentage of servicemen is involved is not certain, but it seems to be
considerably less than 100%, perhaps as high as 109%. Phelps and Koike (21)
found that it is more likely to occur in individuals who had a past history of
bronchitis or who were heavy cigarette smokers. The second condition, “New
‘Orleans” asthma, was studied by Lewis et al. (22) Their studies were con-

. fined to'Negroes since Negroes constituted the major patient load at the hos-
pital where their studies were done. They found that the condition seemed to
be - associated "with incomplete combustion particles containing silica, ‘They
believed these particles to arise from abandoned city dumps which periodically -
burst into flames, ‘Certainly this could not be considered either an “industrial”
pollutant or an automotive exhaust pollutant, yet there is a tendency for writers
to relate the condition to ordinary general atmospheric pollutants. About the
most that can be said at this time is that the exact causes of “Yokohama” or

- “New Orleans” asthma have not been completely worked out. Although perhaps
related to air pollution, this is a relatively circumseribed air pollution which
-does not affect the total population, but only those persons peculiarly susceptible
to it. For instance, ‘it is not known whether Japanese residents of Yokohama
are affected in the same way as United States service troops: stationed there, or

* whether white residents of Néw Orleans are affected similarly to the Negro.
 Zeidberg and Prindle (23) in summarizing their studies in Nashville state:

“Pulmonary anthracosis appears to reflect an individual’s exposure to environ-
mental air polluted with coal dust. : ; . i

“No association was found between anthracosis and specific pulmonary or
cardiac symptoms or pathology.”

_ Although no mention is made by the authors of sulfur dioxide, it must be
presumed that, in-a predominantly coal-burning town such as Nashville, the
atmospheric. sulfur dioxide levels would increase at least directionally as the
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environmental ‘pollution with coal dust increased. Thus, this study presents
presumptive ‘data also that exposure to sulfur dioxide, at least at the-levels
found in air pollution, is not associated with specific’ pulmonary or cardiac
symptoms or pathology. - . : : R S

In previous: studies in Nashville, Zeldberg et al. (24) found that-the average
dsthma attack rates on the 30 days with the highest SO. levels . were significantly
higher at the 5% level than the average attack rate on the 46 days with the
lowest SO levels.  If the daily data on asthmatic attacks were deferred one
day to take account of possible delayed SO; effects, the differences. in rates were
significant at the 19 level. However, even the authors acknowledged ‘that
asthma is not a very good disease to study in relation to single causes because
“many factors have been listed -as the cause’ of bronchial asthma,” including
allergeny, meteorologic and aerometric factors, emotional factors, and infections.
Any clinician treating’ asthmatics knows -that. trades involving the breathing of
nonspecific dusts must be avoided by their patients. These Nashville studies

found inverse Telationships ~bétween attack: rates and wind. velocities, thus = -

suggesting that still, quiet- days with high probability of inversion prevailed
when SO: was elevated. - On'such days, all pollutants including s6iling, partica-
lates, pollens; etc,; as Well as S0 would be increa_sed. 5

CONCLUSION-

As indicated in the opening paragraphs of this review, it is not the’intent to
imply that correlations between health effects and air pollution might not exist,
put only to bring an awaréness of frequently overlooked reports which suggest
that the state of our knowledge at this moment is far from complete. Sugges—
tions have been made which warrant further intensive investigation, but it is
far to soon to.draw any positive conclusions, It is to be hoped that those:who -

are putting forth the “overwhelming, persusasive, and deceptive propaganda’ will

e give pause -to. their: efforts and. take' ‘coghizance of these reports before theéy
precipitate costly undertakings which may not be effective. Sl ek
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-~ Dr. Eogaror. To remedy to some extent the lack of information
abotit long-term effects of air pollutants on our population, the APT
i3 now preparing to participate in a cdrntinuingiergisdemiologica.l and
clinical survey now being conducted in Chicago. The purpose of this
“study is to document the possible chronic and/or acute health effects
of sulfur oxides and particulates by correlating clinical data from
health agencies with. cI})la.nging’léxfeis of ‘these pollutants. - This pro-
gram, which will require an acceptable air monitoring system, ‘will
Topefully be carried out in conjunction with the Air Quality Stand-
‘ards Committes which serves the Department of Air Pollution Control
of the City.of Chicago. . IR B T
- "Another related project involves the exposure of laboratory animals
ito controlled a,ﬁmogpheres; This project, too, is designed to deter-
ine the possible effects of chronic long-term, low-dosage exposure to
polluted atmospheres. . The materials to be studied include sulfur-
dioxide and nitrogen oxides, plus particulates, in various combinations.
_ This particular project is being carried out by the Industrial Hygiene
. Foundation, while another project quite similar is being sponsored by
the APT at the University of North Carolina. . Lo
" A number of research projects in which the petrolenr industry is
-participating involve the study of lead in the environment, .~
.+ One project will conduct medical studies.that may detect the sub- -
-~ ‘clinical effects on lead in man, or the effects of lead; if any, on well-
-established clinical conditions—such ag heart or. kidhey (ﬁseases.

For a severe test of lead effects, we are also sponsoring a project
‘that will feed laboratory animals amounts of lead far above levels
‘normally encountered, for a long period of time. This study will be
conducted by Hazleton Laboratories. , ' ‘

Another study at the Kettering Laboratory of the University of
‘Cincinnati will be conducted to determine the lowest level of lead in
;;Jllle »?ltmosphere that will produce a theasurable change of lead in the

ood. ‘




ADEQUACY OF TECHNOLOGY FOR POLLUTION ABATEMENT 321

Still another project, conducted for API and the Lead Industries
Association by Wayne State University, is studying the lead burdens
of laboratory animals exposed to heavy concentrations of automotive
emissions with the lead burdens of other animals that have not been
exposed to such concentrations. This study is a continuation of a
major study begun by the Public Health Service, : e

Although questions have been raised concerning the ossible health
hazards of lead, the API, on the basis of 'available me£ca.1 data, does
not believe that a hazard now-exists or iwill exist in the immedidte
future. However, we are ready to carry forward the mandate of cons
tinued surveillance that is implied in the report of the Environmental’
Pollution Panel, the proceedings of the symposium on lead of De-
cember 1965, and the report on the tricity study itself. API would
welcome the joint sponsorship by the Public Health Service of such
a/project. , ‘ 3 o -

This concludes my statement. and, gentlemen, I thank you for the
opportunity of appearing here today. . S SN

Mr. Dappario. T am somewhat confused, Doctor, about the meaning
of your "lwst’pa,ra%mgh. - Are you conducting this research on’the

ossible effects of lead under some kind of a compulsion which is not
Eas‘edon any real need ¢ oL } e o '

Dr. Eckaror. Noj the prediction has been made that if the auto-
mobile population doubles by 1980.and if lead continues-to be used in
the gasoline during this period, then although there is not a hazard
now, ultimately a hazard might develop. We feel that we should
continuously monitor the atmosphere for its lead concentration and the
people, a representative sample of the population, in order to make
sure that there has been no increase. in either the lead in the atmos-
phere or the lead in the people. I think our industry is perfectly pre-
pared to take lead out of the gasoline or at least reduce its content if"
there is any evidence that this is occurring or this has been increasing.
The thing that has interested us in this area is that- in the eity of
Cincinnati which is one of the few cities that have good data because
Dr. Kehoe has been doing work there since 1920, even though the
automobile population tripled, the average concentration of lead in
the atmosphers in that area has been going down, so we do not feel that
necessarily there'is a relationship between the automobile population
tising lead and the lead in the atmosphere that people may be breath-
ing. Therefore, we feel that this type of survey shouild continue to
make sure that nothing is going to happen in the future. -~ = -

“Mr. Dappario. Wouldn’t you emphasize the studies of the effect
of lead in animals and in humans on the premise that & cumulative |
dosage over a long period of time could be harmful ? '

Dr. Eckarpr. Well, this is certainly true. Let me say there is no

uestion about the toxicity of lead. The question. is the hazard and
the hazard is related to the level of lead that people are exposed to:
In other words, if you take too much lead there is no question that
it is toxic. Our position in the API is that people are not taking in
too much lead and they are not being subjected to a hazard. Does
“-this angwer your qgestion sir? ; ., S mn
Mr. Dapparto. artialfy, but I am still concernéd about the overall -
problem. Because we have no way of measuring the potential harm.
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We don’t seem to be conducting the necessary research to determine
the long-range effect of lead pollution. We could find ourselves in
a° position: where the health of the Nation was in fact periled only
because we hadn’t conducbed the necessary rese«arch early enough to
‘obtain an éarly warning. = .

.~ Dr:Ecgarpr. I think the best measure of lead is the determmatlon. :
of lead in the blood and urine of humans. This'is just what we in -
industry-do to follow our lead workers and make sure they are not
subjected to a-health hazard and -which we know from following
these men that if their lead intake does not exceed a certain level,
they do not accumulate it. There-is a balance established between
the. intake and excretion of lead and it is only when you raise
this level and change this balance that you may run into difficulties.

‘Now, the levels of lead that the general population is exposed

“to in comparison with industrial workers:is perh s of ‘the order
of 20 times less than industrial workers. “And, of course, having

- studied these industrial workers over many years we feel they have
not accumulated lead if they are not permitted to be exposed to a
level in excess of a figure that has been set by the American Con-
ference of Governmental Industrial Hygienes. This is & stated work-

- ing level for workmen and I don’fb know whether I have still an-

swered your question.

_ Mr. Dapparro. You could a.rgue, hOWOVPr, that that level that has

‘been. established is not in fact a proper level or that the research
has not been adequate. Simply because people aren’t keeling over
and dropping deal does not mean that it may not be harmful.

‘Dr. Ecraror. These men have been examined since the 1920’s w1th
no measurable effect on their health that we can see. -

Mr. Dappario. We know that the human body is absoﬁbmg and
- acoumulating certain amounts of certain substances such as lead and
insecticides. The point has not yet been reached where a proper
determination can be made o gage the effect on a human being over
a long period of time of an accumulation of these types of substances.

Dr. Eckaror. You mean in oombmtlon? «

Mzr. Dapparro. Yes.:

Dr. Ecraror. This, T Would aagree but lead a,lone I thmk has be(m '
studied perhaps more than any metal we know.  We know more about

lead than perhaps any other metal that we know an g about..
~Mr. Dappbarto. Despite the fact that you don’t ! e)heve any such
cumulative effect now exists or will exist, do you agree that research
shouldbe conducted so that we do, in fact come to a determlna,tlon
asto whether or not such an effect is posmble ?

Dr. Ecrarpr, Absolutely. i ‘

Mr. Vivian. I was curious abo-wt your statement indicating that the
amount, of lead in the air in Cincinnati has not increased or decreased
over a period of 30 years. . Isthat because lesslead is used per gallon? -

Dr. Ecraror. No, this is becaunse coal burning in the Cinéinnati area
has decreased, and you have to remember that: coal {)robably con-
tributes about as much lead in the atmosphere as the lead from the
automobiles, -

Mr. Viviax, Is this nes1dua.1 leaad in the coal as opposed to added
lead in the automobiles.
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Dr. Ecraror. This is just natural lead. This is not added to coal.
And it is Dr. Kehoe’s belief, now I don’t know whether he has absolute
proof, that it has been the reduction in coal burning in the Cincinnati

" area that has reduced the lead concentration in that city and even
though the automobile population has tripled in that city, the air
concentration is going down. ' B o v

Mr. Gamumrrearp, 1 would like to make one point, Mr. Chairman.

We have a research problem to determine for the industry the in-
cremental cost of making today’s quality gasoline without lead. At
the Public Health Service sponsored symposium on Jead in December
last year, two companies outside of the petroleum industry gave data.
One'indicated 1.1 cent per gallon, and the other gave 2.9 cents as‘the
additional cost of making unleaded gasoline. We made the statement
that we would develop our own study for the industry which. cer-
tainly seems reasonable and logical. (This stud is underway.)

I would like to point out that there are some %’ billion gallons of
automotive gasoline sold in the United States in a year. A 1 cent

_per gallon increase is $700 million added annual cost to the motoring
public. Two cents is $1,400 million, and the 3 cent figure-which one
of the companies gave would be over $2 billion. = These arée costs that
we do not want to pass on to'the public unless there is good solid rea-

_son for doing it. And I also would like to make thig statement. I
drive a great deal, I drive on tollways, freeways, and in city traffic.
where the concentration of cars is heaviest. I am mnot personally the-
least bit concerned about the level of lead in the ‘atmasf)here today.
If in our opinion the health of the ‘people is truly involved—as Dr.
Eckardt said there is no question what we would do, but- we don’t
think we should go ahead and make this move without a thoroughly
good case for it because it would cost the public huge sums of money.

Thank you, sir, for the time, ‘ N

Mr. Dabparto. Gentlemen, because we have two further witnesses,
T would like to send you further questions for the record. (Additional
questions and answers for the record may be found n vol. IT.)

Mr. Gammercarp. Thank you. . B IRr T

(The complete prepared statement of Dr. Robert E. Eckardt
follows:): IR Sk o e

- PREPARED STATEMENT OF RosgrT E. Eokaror, M.D. . o ,
"“Y-am Dr. Robert B. Eckardt, medical adviser of the Committee for: Air and"
Water Conservation of the American Petroléum Institute. I appreciate the op-
portunity to appear here today to outline for you some of the work which the
petroleum industry has been sponsoring in the area of medical® research con-

--eerning air pollution. ’

By its very nature, air is a complex substance; and since:we have until recently
been attuned to the habit of taking for granted the air we breathe, we have de-
vgt}(lel(llnl]i;tltllse attention to investigating this resource and its effect upon the health
o y e : y ,

‘Together with others in industry and'in government, we are now attempting to
rectify this lack of knowledge, and a portion of the API’s $2 million -research
budget is devoted to medieal research.  Some of the projects are beingconducted
in universities, government agencies; and in private research institutions. -

As with any medical research of value, various safeguards and controls have
been established that explain .our reluctance to accept:quick answers and snap’
judgments. But certainly our increasing knowledge of health effects will in-
fluence the futuré course of technology for pollution abatement, and hopefully
might influerice the establishment of priorities.  To indicate how this might be
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80,' 1 would like to briefly describe some of our projects in this area; and discuss
some medical research opportunities for the future. .

While the medical community—and the API-—is well aware of the Jphysiecal
damage which can be caused by high concentrations of air pollutants, such as have
occurred in Donora, Pennslyvania, and in London, it is sorely lacking in data con-
cerning the long-term, low-dosage effects of breathing the air in our environment.
Our medical regearch has therefore been directed toward both of these areas.

Hpisodes are rare, as you know.  But medical experts agree that in the few
episodes that have occurred around the world, -sulfur oxides, in combination
with other pollutants, have beyond question played a role. While awaiting a
breakthrough on reduction of sulfur ‘'oxide emissions through either desulfuriza-
tion of oil or-removal of sulfur oxides from stack gases, API feels that attention
- must be directed toward. the prevention of future “episodes.” :

. Sulfur dioxide, when inhaled-as a single pollutant in ambient air, is largely
filtered out of.the respiratory tract in the mouth, nose and throat. But under
episode conditions, with high levels ‘of many pollutants in the air, significant
amounts of sulfur oxides can get down into the lungs, This happens because
sulfur oxides are absorbed onto particulate matter-which has also undergone a
buildup. When breathed deeply, extremely small particulates with adsorbed
sulfur compounds are carried into the respiratory tract. In uwnusual concentra-
tion, this combination ean have a significant efféct.

API has made-a ‘study of past episodes and determined that if certain levels
of these. two: pollutants, in. combination, can be avodied, an episode probably
would never occur. We would like to submit for the record a short paper on
how. this might be accomplished, written on behalf of the oil industry and read
in Juhe before the Air Pollution Control Association by Curtis G. Cortelyou of
Mobil Oil Corporation. : : ' s -
.. ' The enginegrinig firm of Jackson and Moreland is now conducting an API-.
sponsored study-in New York City to deferimine the feasibility, cost, and effective-
ness of the plan we propose. o o : o
" -A- similar study, .also sponsored by API, and directed. toward the prediction
and prevention of episodes, and carried out by New York University, involves
the evaluation of air monitoring methods and meteorological forecasting in the
New York metropolitan area. :

. I'mentioned medical research inadequacies about the effects of long-term, low-
dosage effects of breathing the air in our environment. Very few such large-
scale epidemiological studies have been undertaken because of their high cost and
incorporation of so many variables, including sub-standard food, housing, and
clothing. .. I have attempted to summarize the history of such studies in a paper
published:in the Journal of Occupational Medicine in 1964 and I would, with
Your permission, like to entera copy of this paper in the record.

To remedy to some. extent the lack of information about long-term effects of
air‘pollutants on our population, the APT is now: preparing to participate in a
continuing eépidemiological and clinical survey now being conducted in Chicago.
The purpose of this study is to_document the possible chronic and/or acute
health effects of sulfur-oxides and particulates by correlating clinical data from
health agencies with changing levels of these pollutants. This program, which
will require an acceptable air monitoring system, will hopefully be carried out
in'.céonjunction with the Air Quality Standards Committee which serves the
_ Department of ‘Air Pollution Control of the City of Chicago.

-Another related project involves the exposure of laboratory animals to con-
trolled atmospheres. - This project, too, is ‘designed to determine the possible
effects-of chronic long-term, low-dosage expostire to polluted atmospheres.. The
materials to be studied include sulfur dioxide and nitrogen oxides, and particu-
lates, in various combinations. This particular project is being carried out by
‘the Industrial Hygiene Foundation, while another project quite similar ‘to-this
is being sponsored by the APT at the University of North Carolina. ;

A number of research projects in which the petroleum industry is participating
involve the study of lead in the environment,

One project will conduct medical studies that may detect the sub-clinical effects
of lead in man, or the effects of lead, if any, on well-established clinical con-
ditions—suech as respiratory diseases. :

For a severe test.of lead effects, we are also sponsoring a project that will feed
laboratory animals amounts of lead far above levels normally encountered, for a
long period of time. This study is budgeted at $250,000 and will be conducted by
Hazleton Laboratories. ‘
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Another study is being carried on in cooperation with the Public Health Serv-
jece, du Pont, Bthyl Corporation, and the Lead Industries Association, at the.
Kettering Laboratory of the University of Qincinnati. -1t is attempting to deter-
mine the lowest level of lead in' the atmosphere that will produce a measurable
change of lead in the blood. : e o L

Still another project, conducted for API and the Lead Industries Association
by Wayne State University, is studying the lead burdens of laboratory animals
exposed to heavy concentrations of automotive emissions with the lead burdens
of other animals that have not been exposed to sueh concentrations. This study
\is a.continuation of a major study begun by the Public Health Service.

Regarding future medical research on peliutants of particular interest to the
‘oil industry, API proposes the following conclusions for the consideration of this
Qommittee and the Congress. i e ¢ .

. Although questions have been raised concerning the possible health hazards of
‘lead, the API, on the basis of available medical data, does not believe that a
" hazard now exists or will exist in the jmmediate future.” However, we are ready

to carry forward the mandate of continued surveillance that is implied in the

report of the Environmental Pollution Panel, the proceedings of:the Symposium -
on Lead of December 1965, and the report on the Tri-City study itself. API would

welcome the sponsorship by the Public Health Service of a project that would

provide early detection if any tendency toward lead accumulation should occur-in

the population. We would be indeed pleased to cooperate with the Public Health

. Service in such a study.’ ‘
This concludes my statement. - Gentlemen, may I thank you again for the

opportunity bo appear here today. o
Mr. Dabpario. Our next witness is Dr. Arthur M. Bueche, vice presi-
dent of the research and development center, General Electric.
STATEMENT OF DR. ARTHUR M. BUECHE, VICE PRESIDENT, RE-
SEARCH AND DEVELOPMENT CENTER, GENERAL';ELEGTRIU co.

Dr. Burcus. Mr. Chairman, with -your permission, I would like
to have Mr. R. Ned Landon come and sit beside me. o
" Mr. Chairman, the task which your committee has set for itself ranks
in importance with the most pressing challenges of modern society.
I believe I speak for industrial research people generally in salutin%
you—and thanking you—for your outstanding efforts on behalf o
1mKrow'ng the quality of life in our Nation. ‘ J s

¢ T will discuss later, it seems to me that the job of cleaning air
and purifying water will be completed most ra idly if ~a,ttacge’d-. on a
competitive basis, seeking the most economic so utions and-offering a
profit incentive to those who learn how to do the job best.

At the same time, it would be folly to suggest that private enter-
prise alone can solve this massive national problem. There is an
urgent need for cooperative action by government—at local, State,
and National levels—to establish the permissible limits of pollutants
and set the necessary goals and sche ules for attaining a healthy—
and aesthetically satisfying—environment. = - Ton

Unfortunately, no one is now in a position to establish permissible
pollution limitations, or long-range goals and schedules, ' cause the
problem is not sufficiently understood. : S .

Clongress cannot effectively outlaw cancer, because no one yet knows
what causes it. In somewhat the same way, you have this prob-
lem with pollution. We know a good deal, but not_enough, about
what pollutants are in the air, water, and ground. We know a good
deal, but not emough, about how they got there. . We know very
little, and nowhere near enough, about the actual effects of these so-
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called pollutants on either inanimate materials or living plants and

bodies. ‘ :

Research—lots of research—is urgently needed. In what areas of
science? Who is going to do it? Who is going to pay for it? I
- should like to_explore these questions briefly, and I am taking the

liberty of condensing the text of my statement which was submitted
to you yesterday. Lo :

Let me interject that I speak from a background of industrial sci- .
ence and the management of industrial research and develo meént.
I certainly claim no great expertise on the social, economic, and polit-
ical aspects of the problem you are investigating. For that maitter, it
is apparent that the technical aspects of the problem are so broad -
that no single person can begin to be knowledgeable in all of them.
I shall be pleased to try to answer any questions which you may have
with the help of Mr. Landon, but I trust you will consider an honest
“I don’t know” to be the best answer when there are major technical

_uncertainties or where I have insufficient firsthand knowledge.
So, based on research—particularly industrial research—with which
- I'am familiar, I should like to list some of the areas where I think
there are good potential opportunities for finding new knowledge that

should be helpig;)l. R . S o

DECIDING WHAT THE PROBLEM T8

The continuing interaction of biology, medicine, and other life -
sciences with chemistry, physics, mathematics, and other physical sci-
‘ences should help us to define better the true problems of environ-
mental pollution before we spend too much time and energy on the
wrong solutions.

- For example, I think the time is ripe for some “closed loop” experi-

~‘ments on a large scale. Some of my associates have suggested studies
in which constant monitoring of pollutants and suspected pollutants
is done over a large populated area. Information from such monitor-
ing would be fed into a large computerized information system.,
Simultaneously, the computer would be given all possible information
about the times and-reasons for hospital admissions, reports from
medical specialists about the number and severity of cases nvolving a
specific list of diseases and disorders, statistics on absenteeism in school
and- industry, industrial productivity figures, death and accident
rates. We all know the difficulties of establishing cause-and-effect
relationships, but certainly if patterns and correlations could be estab-
lished from such studies, we would have information vital for deter-
mining the direction of future research. ' :

NEW MONITORING AND MEASURING TECHNIQUES

Although great progress has been made in building machines that

-~ will “sniff” the air and “taste” the water, there is still much to be done.
~For example, we don’t know enough about the extremely tiny par-

_ ticles-that contaminate the air around us. I refer to particles in the
general range of a few millionths of an inch in diameter, or less. The
surprising fact is that although the particles in air larger than a tenth
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“of a micron, that’s one 250,000th of an inch, constitute some 93 percent
of the total weight of all the particles, those smaller than a 10th of-a:
Imicron constitute some 95 percent of the total number of all particles.
More importarit, the total surface area of these small particles at least
equals the surface area of the larger particles. It ison the surface of
such particulate matter that waste gases are absorbed, and the fact1s
that we know little or nothing about how, what kind, or how much gas
is absorbed by these tiny particles. Remember, too; that the smaller
the particles the more likely they are to get into our nostrils and lungs, -
and then discharge their contaminants into our bloodstreams. On the -
basis of their recent, work, some of my: associates suspect that these
mysterious tiny particles may have played an important role in tra,glc

a.

instances of air poisoning such as those in London and Donora,
Surely, we¢ must learn more about them. '

SYSTEMS ANALYSIS AND MANAGEMENT

" The experience gained by the- aerospace and -eleetric utility indus-

~ tries in recent years has produced a new competence in handling multi-
faceted problems and optimizing systems The same kind of approach

is now beginning to be applied to water-management problems. ‘These

certainly can and will be expanded to include a variety of other situa- -
tions now affecting our environment. o '

TMPROVED ENERGY CONVERSION . AND ENERGY STORAGE SYSTEMS

The U.S. Public Health Service has pointed out that of the “aerial
garbage” dumped into the Nation’s atmosphere each year, an estimated
85 million tons come from sources under the general«heading of trans-
portation. ‘One possible solution to the problem of the. internal-
combustion engine is, of course, to keep:on improvin it, with greater
emphasis on more complete combustion and cleaner ex%austs; Youare:
familiar with effortsin this direction, although it is generally acknowl-
edged that even with the best of luck it may only be possible to keep the
‘present situation from getting worse. In the long run, I believe we

must look toward other ways to convert chemical—or other kinds of -
energy—into mechanical energy. o ,

Sio;t have specifically suggested that I discuss the fuel cell in this
context.

_As you know, the fuel cell is a device that coriverts chemical energy
directly into electrical energy, without moving parts and with inher-
ently high efficiency, since it does not have the Carnot-cycle limitations
which puta ceiling on the efficiency of ordinary heat engines. - The fuel

~ cell was invented in England, way back in 1839, but it did not have its
first practical application until'a year ago this month, in the Gemini,
V spaceflight. , o TR
Of course, the success of fuel cells on four Gemini flights hardly
means they are ready for automobiles or trucks. At present costs, fuel
cell automobiles are economically out of the question. S
However, we should not overlook the pace of recent progress in fuel
cell research. For over a hundred years there was only spasmodic
interest in fuel cells, and. virtually no scientific: progress. But ‘1 the

past decade all this has changed. = Now, there are literally thousandsof - &

scientists and engineers around the ‘world working on fuel cell tech-
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nology. A very great deal has been learned, especially since Govern-
ment-funded programs have accelerated the pace of research and devel-
opment. - If the pace of discovery continues, we must consider that—
in-the long run—the fuel cell may be a major source of 1g‘ortable power. ..
. Fuel cells have a number of inherent advantages. = First they have
high theoretical efficiency, which could mean conservation of fuel re-
sources, " They are quiet. Most important, from the standpoint of
‘pollution abatement, it is cornceivable that fuel cells can be developed

“that will have no noxious exhaust atall. ,
"What are the problems with fuel cells? As noted, they now cos
too much. Some of the most efficient fuel cells work only with hydro-
gen, an expensive fuel. Then, there is the matter of weight and size—
ppresent fuel cells tend to take up more space than we would like,

So, I’ll anticipate your question, “When will we have fuel cell
automobiles #” d Tl give the answer I promised I might give to
some of your questions: “I don’t know.” I don’t know when, and I’'m
not really sure if. =~ ' .

-2 AT can say is: On the basis of what we know now, fuel cells might
“someday ‘be very attractive for vehicles because they might not give
off atiy appreciable noxious exhaust, and they might be developed to
fit ‘into compact portable packages, and they might be made inex-
pensively enough for general use in vehicles. = - :

It’s a mighty long list of “mights.” But fuel cell research has great
momentum. The need for alleviating pollution from vehicles is very
great. The accomplishments of man, when he puts his mind to if,
are being dramatically demonstrated in today’s world. L

In our own company, we feel that fuel cells are extremely promising
for both long-range research and more immediate development work:
We’re spending a lot of our own money ‘on it, and T don’t hesitate to

_recommend fuel cell research and development to others—including a
continuation of support by the Federal Government.

Incidentally, we should not let the glamor and potential of fuel-
cell research ‘cause us to overlook the tremendous opportunities for

improving electrical storage batteries. An improvement in the ef-

ficiency, weight, and cost of storage batteries could have substantial -

impact on electric vehicular transportation long before fuel cells. . - .
WATER TREATMENT ’

~- There is no shortage of ideas in this area. Finding economic solu-
tions is quite another matter. However, I am quite optimistic that
intensified effort will produce significant results in the near future.
Of utmost importance here, I believe, is that we view the various
clean-water problems inproper perspective. Preuse cleaning and -
afteruse cleaning of water are two substantially different subjects,
and there also is a considerable difference between the problems of in-
dustrial waste and community waste. Each of these is different
technologically ‘as well as economically. A wide variety of solutions

will be required. SN .
' ‘ AIR CLEANING -

Also, of course, there is a difference between air conditioning and

air cleaning. We believe that new ideas in the electrostatic precipi-
tation of particles, and for removing other contaminants from air, in
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combination with more conventional air conditioning, can add to the
human comforts now achieved by cooling the inside of buildings; at
best, however, such interior air cleaning is only an intermediate step

‘toward the ultimate objective of keeping the outside air clean.
POLLUTION FROM INSECT CONTROL METHODS '~

Without getting into that argument about “changing the balance of
natureé” I should like to point out that chemistry is such a versatile
and adaptable science that an intensified effort 1n insect-control re-
search should permit us, in effect, to have our cake and eat it, too. A
recent example of a successful chemical effort to eliminate the bad
while keeping the good was the solving of the detergent problem :
using new chemistry to create the new soft detergents without in any

‘way diminishing their unique cleaning powers. I have every con-.
~ fidence that, with sufficient research effort, it will be possible to im-
‘prove substantially our health environment through improved “soft”
Insecticides and alternative methods of insect control. -

SEWAGE DISPOSAL

One of the most intriguing ideas stemming from recent research in
microbiology is the prospect of using biological processes to convert
domestic sewage into two valuable products: water pure enough for
drinking, and a high-protein feed for animals. Extensive funda-
mental research must be accomplished before this prospect becomes
practical reality. L LT
COMBUSTION RESEARCH

_ Unburned fuels are part of our aerial garbage, along with unwanted
combustion products. - There are opportunities in the areas of altering
and improving the fuels used, not only in automobiles, but also in
Eowerp{)ants and countless other industrial and domestic coal- and oil-

urning sources of combustion pollutants. New knowledge about
basic combustion processes is giving us new hope for simultaneously
im%)r'oving efficiently and reducing unwanted effluents, '

1 our own company, of course, we are highly interested in central
station electric power generating plants of all types: hydro, fossil fuel,
and nuclear. .Although we do‘not manufacture the Eart of the equip-
ment in a coal-burning station which involves ¢omibustionproducts,
as major contributors to the total station—through turbines and gen-
erators and other equipment-—we are naturally concerned about alle-
viating the pollution potential of the total system. R
- Thus, we have been actively engaged in combustion research:for
many years, and we are actively seeking ways to reduce unwanted

effluents from the fossil-fuel plants which are the mainstay of today’s
electric power system in this country. These problems are extremely
difficult and complex; much progress has been made over the years,
- _and recently. built stations are far superior to older powerplants. Ad-
ditional progress should be possible, but the economic aspects must
not be underestimated. / C e ‘ , .

Tt is only natural, when faced with the problems inherent in fossil
fuels, to think about other energy sources. Hydroelectric power is
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wondeifully clean’ and éfficient, although there are sometimes differ-

- ences of opinion abotit. the environmental aspects of -building dams,
regardless of the cleanliness of the electric generating process in-
volved. There still remain a significant number of o) portunities to
install more hydroelectric generation facilities in the United States—
and in a manner supporting the objectives of conservationists.

_ But the matter of greatest interest to those worried about pollution

“is the news about nuclear power. ~ First of all, economic nuclear power
has come of age much quicker than earlier predictions. Nuclear sta-
tions are being installed at a rate far ahead of even the most optimistic
predictions of -a few. years ago. It is difficult to overstate the scope
and importance of the revolution in power geneération. we are ex-

‘periencing right now. - ' SR s I
"~ The nuclear news is especially interesting for those concerned with

“pollution because the cleanlinéss of nuclear powerplants also has ex-

‘ceeded expectations. There are,of course, no combustion products at
all. And the amount of radioactive material emanating from these
plants is so small that it is even less than the very tiny amounts of
radioactive waste emitted by conventional coal-burning powerplants
as the result of radio nuclides occurring naturally in coal.

. “Well, with a few digressions, I have mentioned nine specific areas

‘of technology where I believe there are opportunities for research

‘that may help in the job of pollution abatement. =~ * - ‘ :
~Certainly, there are many additional opportunities, fot research to -

help improve our envorinment. Those I ﬁave mentioneéd seem par-

“ticularly important to me because T am aware of research progress in

_all of them. Success in many of them—if not all of them—seems in- -
evitable. ~ S ;

. But I am not at all satisfied that. enough research is being done in

“any of these areas. Which brings us to those two difficult questions:
Who is going to do it? .And whois going to pay forit? B

T should like to make some comments on these questions, but T cer-
tainly don’t want to suggest that T have all the answers. B

. Tt may. be helpful to divide the kinds of research opportunities I":

~have been discussing into a smaller number of classifications. - ‘We
‘need. research aimed at giving us better ways to find out what pol-
lutants are in the air and water—and when—and how they oot there. -

“We need research aimed at learning the effects of these pollutants—

_especially on people: We need research aimed at keeping certain pol-

‘lutants out of our ervironment in the first place. 'We need research

- .aimed at removing pollutants from our environment. R

Research in these various classifications of “monitoring,” “causes,”

“offects,” “preventive regulation,” “preventive technology,” and: “re-
moval” can be further consolidated, for purposes of this discussion,
into two categories: -~ ‘ P Tt e T
- One, research that will produce information useful for establish-
ing standards, determining necessary regulations, enacting appropri- -
ate laws, and suggesting methods; and

Two, research that will produce information useful in developing -
hardware and system than can be manufactured and sold. ‘
“In the first category is much of the needed exploration about the
causes, effects, and'preventive regulations of pollution. :
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. In the second category is most of the research that should be done .
in the areas of improved sensing and monitoring techniques, preven- -
tion systems and devices, and methods of removing pollutants ‘that
can’t be kept out of the air and water in the first place. = ‘

" Government, university, and industrial laboratories can all con-
tribute in all of these areas. But it might seem logical to assign the
bulk of the responsibility in the first category to the Government, since’
much of it concerns very large-scale public health matters, since it is
ﬁoing to be more effective for the Government to coordinate and con-

uet many of the massive experiments involving large areas of large

_numbers of people, and since the initial predominant impact of this

- part of the work will be, by the definition I have used, on the establish-

ment of necessary laws, regulations, and recommendations.

~ Obviously, university laboratories—with Government support—can
make important contributions in much of this work. ,

In spite of the Government’s basic responsibility in this category
of the work, the special skills of industrial research can_be extremely
helpful. Further, the early involvement of industry in all aspects
of the pollution problem is essential to pave the way for prompt ac-
tion once the goals have been set. And, of course, since private indus-
try wants to contribute its knowledge and viewpoints about proposed
regulations to combat pollution—especially in regard to the techno-
logical and economic feasibility of such proposals—the early and con-
tinued involvement of industrial research should be helpful to-all
concerned. . A e

Industry itself should assume the major responsibility for the re-
search which will lead to hardware and systems needed to monitor pol-
lutants, plus that related to the technology of prevention and removal.

The market for sensing and monitoring equipment should grow sub-
stantially in the near future, and I believe industry will be missing
an opportunity if it does not substantially increase its research effort
here-at once.. I know one comgany that 1s doing so. o .

In the area of technology for prevention and removal, industry
}?roba,bly_will_not be. motivated to a truly large-scale effort until the
“monitoring,” “causes,” and “effects” research makes. it possible to
ident}:';fy the guilty pollutants and quantify the objectives in remoy--
ing them. SR : .

gThus, Government will have to carry proportionately more of the
research burden in the early stage of this fight than in the latter
stages. Once the necessary rules, objectives, and timetables are es-
tablished, industry will know better how to channel its efforts. But
even as this is being done, and even as the problems are being defined,
we should continually remind ourselves that the most desirable even-
tual solutions will come most rapidly if attacked on a competitive
basis. The most economic solutions will be diligently sought by pri-
vate enterprise, and a profit incentive for those who learn how to do:
the job best will produce the desired results far quicker than any other
approach. ‘ o _

As to who will pay for this research, the same sort of pattern seems
appropriate. Industry has opportunities it should explore with its
own funds in helping develop the kind of monitoring techniques that
obviously are needed now. Similarly, industry should be willing to



332 ADEQUACY OF TECHNOLOGY FOR POLLUTION ABATEMENT

invest more right now in the areas of prevention and removal tech-
nology where there is no doubt of the eventual need.: -

" But the big surge in industrial research expenditures probably
can’t be expected until the needed “ground rules” are better established.
Thus, we would look forward to a pattern of increased research ex-
penditure by both Government and industry, with the early predomi-
nant role of Government tapering off and industry’s contribution
- rising rapidly as the objectives become clearly defined. o
I assure you that the company I represent will study the findings
of this committee with great care, and we will work vigorously on-
behalf of making the best contributions we can toward improving the
quality of life by protecting and improving the environment in which
we work and live. : '

" Mr. Daopario. Mr. Miller. <

“Chairman Miuter. I have no questions. It was an excellent state-
ment. ‘

Mrt, Daoparro. Mr. Mosher? : :

- Mr. Mosuzr. It is one‘'of the most interesting statements we have
had, and T have no questions at the moment. T '

. Mr Dabparro. My, Viviant - SRR o

" Mr. Vivian. I would like to ask some questions but I know we have

another witness ¢oming before us but T hope Dr. Bueche ‘will stay for

a few moments to answer questions.

“ Mr. Dappario. Mr; Conable?

Mr. ConaBre. No question, Mr, Chairman. It is a very fine state-
. ment, , : .
' " Mr. Dabpario, Dr. Bueche, on page 11 where you refer to. the radio-
active materials emanating from the nuclear plants, could you give

us a reference as to who was involved in this work ¢ T

Dr. Buecue. Yes. It is the work of Merril Eisenbud and Henry

G. Petrow referred to in Science, April 7, 1964. These two gentlemen
‘were employed by the Institute of Industrial Medicine at the New
York University Medical Center at that time.. , o

Mr. Dapparto. On page 15 of the Report of the Research Manage-
ment Advisory Panel, there is a reference to industrial research..
Question Blréads; To what extent can research on pollution abate-
ment. sponsored by the private sector of the.economy be stimulated by
¥r()bab e markets established by Federal standards? Does the en-

orcement legislation necessarily depend on previously available tech-
nology? You have given us some guidelines. How do feel about how-

these questions fit in with your concept of the problem? .

Dr. Burcuz. First, let me say that I have found this report to be
very interesting and very provocative. It has an awful lot of good
sense in it. I have considered this question, all the questions as a
matter of fact, in some detail and tried to be responsive to them in what
I just read. ,

T think that one of the great stimulants to industrial research or
“research sponsored by the private sector of the economy” as it says
. heére, will be the winning of ﬁnowledge and the establishment of goals

and standards by the Federal Government. I.shouldn’t restrict this
to the Federal Government, I mean Federal, State, and local govern-
ments. Pointing up the proi)lem elearly will give the industrial people
an assurance that there will be a market. This will bring the com-
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petitive aspect forward and I think that the private sector of the econ-:
omy will do its job once it sees a potential market. R

Mr. Conapte. Mr. Chairman, if we have time, I wonder if Mr.
Bueche could say a bit more about item 8 on page 9 of his statement.
which concerns the prospects for radically improved conversion of’
domestic sewage to useful products through research in microbiology.

. Dr. Burcuz. In this area, I am sli%htly out of my field, but Jet me-
say that we do have a number of biologists and chemists working in
~ the General Electric ‘Ce. on this, and they have surveyed for me the-

various possibilities of treating sewage and have actually started ex-
perimentson this. ... . : :
- Mr. Conaere. Do you have some pilot plants? : R
Dr. Burcas. 1 wouldn’t dignify them by the description “pilot:
plants,” but they have done small-scale experiments. Of course, Gen-
era] Electric is not unique in this. I am aware of a number of others:
who are also pursuing these lines.
Mr. ConaBre. Do you feel there is a possibility of a breakthrough.
which would be economically feasible? , T ;
Dr. Burcue. Ibelieve it is possible, yes.
. Chairman Mrrier. 'Will the gentleman yield?
" Mr, CoxnaBre. Yes, = o , ‘ ‘
+ " Chairman Mrmrzr. Isn’t much of this being done indirectly in parts:
of the United States today where reconditioned water is being used ¢’
Dr. Buecuz. I believe it is, sir. . C »

" Chairman Mrer. When I told a very distinguished scientist about:
the plans of the Army for pumping polluted water out to sea in Cali~
fornia, he commented that this seemed to be a backward approach. He-
said that it is time to teach the American people that they have got to-
use and reuse water. I think this is true even though it may seem dis-
tasteful to think about.  But it is being done in one of your own plants:
und I have sampled some of this reconstituted water. S C

~Dr. Burcns: Sothave:l. : : ‘ e :

- Mr. Dappario. Dr. Bueche, you obviously feel that we do have avail--
able to us means to solve many of these problems. You have touched
on a point which many. other witnesses have also mentioned concerning:

" the availability of computers which can be used in these systems and
models which you have talked about and which will give us a great-
im%ebus. We ought to take adva,ntaﬁe of it. I S
. e must begin to combine the efforts of our-society.  ITs there-any:.
« question in your mind that a great deal needs to be done, even though:
- ‘there is available to us much to do the job with ¢ , e
. Dr. Burcur. Yes; I think that is correct. -~ v ,
-Mr. Dappario. From the standpoint of the research-that does need:
to be done, do you believe that our present level of effort is inadequate?
Dr. Buscre. Yes, sir. That is corréct. o
Mr. Dapparro. Dr. Bueche, we recognize how busy you are but we:
would like to be able to send you some questions for later reply. (Ad-
“ditional questions and answers for the record may be found in vol. II.)
(The biographical statement of Dr. Arthur M. Bueche follows:)

BIOGRAPHICAL STATEMENT 0F DR. ARTHUR M. BUECHE

Dr. Arhur M. Bueclie i vice president in charge of the General Electric Re--
search and Development Center. He directs the research and development ac--
tivities of a total staff of more than 1800 men and women, ineluding: some 700°

68—2410-—66-—vol. 1 22 .
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scientists and engineers. Dr. Bueche was elected to his present assignment
in 1965, when the General Electric Research Laboratory and the company’s
Advaneed Technology Laboratories were combined into a single organization.

Born in Flushing, Michigan, in 1920, Dr. Bueche received his Bachelor of

Science degree in chemistry from the University of Michigan in 1948, attended

* Ohio State University, and was awarded. his Ph. D. in physical chemistry from

Cornell University in 1947, - After serving as a research associate af Cornell
for three“years, he joined the staff of the General Electric Research Laboratory
in 1950. He was appointed manager of Polymer and Interface Studies in 1953
and manager of Chemistry Research in 1961.- : )

As a working scientist, Dr. Bueche became widely known for his work on
the physics and chemistry of polymers and the ‘effects. of high-energy radiation
on plastic materials. As manager of Chemistry Research, he contributed to
the success of many scientific projects ranging from improved Man-Made diamonds
to selective membranes that behave much like human: lung tissue, and from
important new kinds of fuel celly to a completely new basic chemical technique
called “oxidative coupling”. . )

_ Author of several dozen technical papers, principally in the area of polymer
research, Dr. Bueche also has been awarded 11 patents in this field. - He was
elected a fellow of the American Physical Society in 1963 and-is a member and
past chairman of the executive commiittee of the Divisien of High Polymer
Physies. - He is a member.of the board of directors of the. American Chemical
Society and ‘has held numerous other ACS posts, including chairmanship of
the Kendall Award Symposium (1957), vice-chairmanship of the Division of
Polymer Chemistry (1962), and chairmanship of that division (1963). Dr.
Bueche is a council member of the Gordon Research Conferences, was recently
named chairman-elect of the Board of Trustees, and is past chairman of the
Elastomer Conference. - He recenitly was elected by the Cornell University Board
of Trustees to a one-year term as a member of the Counecil for the College of
Engineering.. He also is'a member of the National Academy of Sciénces—Na-
tional Research .Council Committee on Macromolecular Chemistry, a member
of the Metals Properties Council of the Engineering Foundation, a member-at-.
large (Chemistry and Chemical Technology) of the National Research Council,
and a-member of the Research and Development Planning Council of the Amelri~
‘¢an. Management Association. e .

- . Dr. Bueche’s other professional and honorary society affliation include the
National Society of Professional Engineers, American Association for the
Advancement 6f Science, Alpha Chi Sigma, Gamma Alpha, Phi Kappa Phi, Phi
Lambda Upsilon, and Sigma Xi. He is a member of St. John the BEvangelist
Church, the Mohawk Golf Club, and the Mohawk Club in Schenectady, New York.
He also is a member of the Susquehanna Valley Country Club, Sunbury, Pennsyl-
vania, - ‘Among his hobbies are skiing, golf, and photography.

. Dr. Bueche was married December 27, 1945, to Margaret L. Bassler, formerly
of Su/nbury,‘ Pennsylvania. Dr. and Mrs. Bueche and their four children reside
at 1065 Avon Road, Schenectady, New York.

Mr. Davparto. Our next witness is Dr."Charles A. Bishop, director.
of chemical processing and engineering development, United States
- Steel Corp., and he will be speaking in behalf of the American Iron
& Steel Institute. ' ' ‘
Dr. Bishop, you may proceed with your statement.

STATEMENT OF DR. CHARLES A. BISHOP, DIRECTOR, CHEMICAL
'ENGINEERING DEVELOPMENT, APPLIED RESEARCH, UNITED
STATES STEEL CORP. . R

Dr. Bisaop. Thank you very iuch. - S T

Mr. Chairman, members of the House Subcommittee on Science,
Research, and Development, I ath Charles A. Bishop, director of chemi-
cal engineering development, applied research, United ‘States Steel -
Corp.; chairman of United States Steel’s Air and Stream Pollution
Committee; and chairman of the American Tron & Steel Institute’s
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Committee on Air and Water Pollution Abatement. I am past chair-
man of the Steel Industry Action Committee of the Ohio River Valley
Water Sanitary Commission. Co ’

* . 'While I appear before you today asa representative of United States

Steel Corp., I haye been authorized by various other -member com-

panies of the American Iron & Steel Tnstitute to make the present

_statement in their behalf as well. These combined member companies
represent. approximately 97: percent of the 1965: domestic steel pro-

duction. T am submitting a list-of these companies (see p. 342).

‘The July 1, 1966, publication of this subcommittee was reviewed in
preparing this discussion on the adequacy of technology for pollution

abatement, with special reference.to the steel industry. The subcom-

mittee is to be congratulated on the breadth of understanding of the
~ pollution abatement field.. .~ . -~ . -~

" Your report, which succinctly expressed man

the steel industry on the need for new technology, states that.:

Pollution. abatement; and:indeed: waste ‘disposal, costs are a net loss to the
gross national product. -Greater: economy and cost-benefit improvement will
often be desirable, even after methods are found -which make initial treatment
offorts acceptable or economically feasible. . . ‘

Pollution abatement research and developiment can also reveal cheaper méthods
of waste disposal. - P ‘ o ‘

Industrial and consumer product recycles, which are developed. to lessen pollu-
. tiom, will be important isteps in conserving natural resources.

Pollution abatement research and development require an interdisciplinary

o approach.

‘cant contributions in remedying internal pollution problems.

“We also concur that there are areas where additional technology will
. berequired. Your report mentions the gross treatment of mine drain-

Industrial research-and adevelopment"la!borafories have already made’ signifi-

age, control of nitrogen oxide emissions, and sulfur dioxide removal -

from stack gases. , ) ; ,
- Research and development efforts have been carried out by individ-
ual companies, by groups of companies who find they have a common
goal in an area of control, and by sponsorship ‘of the American Tron
and Steel Institute. While I will stress the reséarch sponsored by the
AISI, due credit must be given to the individual steel companies
which have been active in the development and evaluation of new and
improved processes for pollution control formany years. ~
“"Mr. Dabpario. Is there any effort being made to combine the work
in this field rather than to have it dispersed to individual com anies ¢
 Dr. Bismor. Yes; we have always had vety good liaison in the steel
industry on our pollution abatement matters, not only in meetings but
additionally there is a good deal of visiting back and forth between
_various steel people. We see each other, I would say on the average
of at least once a month throughout the year, and I can assure you
that by working together this way we have managed to save ourselves
-a wood-deal of time. R I TP R . ‘

r. Dabpario, The reason T ask the question is both because of your
statement and because, as I understand it, there is a difference of opin-
ion among steel producers on'liow to handle pollution. - The Fontana
plant in California and other independent plants seem to be going
down different roads. Ts this because they are satisfied that they have
the solution, or do they feel they accomplish more this way ¢

y. of the views held by
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. Dr. Bismor. Companies are familiar with what other people are
doing in the field and the different results come ‘about because of dif-
ferent circumstances, - , o o

"The plant was built in Fontana during the war by the Federal Gov-
ernment. This is an area where there is very little water so théy went
to extreme measures to conserve water. Most steel plants previously
to that had been built in areas that Lad lots of water. This is nor-
mally one of the criteria laid down for building a big steel mill, so-
the Fontana plant led to a different philosophy. B :

Senator Muskie one time asked, for example, why Fontana were
using a dry precipitator for their basic steelmaking plant while we-

'in the Chicago area were going to use wet cleaners. 'The answer ‘of

~course again was that we have lots of water in Gary and Chicago, and'
“can use wet cleaners. In California, with limited water they favor a:
dry unit. Both will perform with equal effectiveness and I think that
is the important point.

‘When we clean an open hearth for example, the steel industry uses
precipitators, wet scrubbers, and one has a bag house. What we try
to do is qualify different pieces of control equipment and they compete-
for serviee in a particular instance. - L

Mr. Dappario. Aren’t these production techniques rather than means:
tolessen pollution? . " S e
~ Dr. Bismor. The three I'mentioned are cleaning devices that could

-be used on a given open hearth. ' o .

Mr. Dappario. Do you believe they are equally effective in the cli--
mate under which they are used ?

Dr. Bisuor. In one instance you may have a land problem and so-
this excludes a particular type of unit, or you may have high power
costs.or-some otlllper major factor. The task is choosing the one that is:
economically superior to do a given job.

“Mr. Dapparto. T am interested in your remark that because we have
had a previous suggestion that one possibility would be to establish an
industrywide standard. * You now point out that this would be a very
difficult thing to do because you.are operating under conditions that are
so different that you must have flexibility as well-as objectivity in the:
standards which are applied. =~ - : ‘

Dr. Bisaop. That is right, and T feel we have actually made faster-
rogress. - As the previous speaker said competition is the spice of life.
f you have two or three different methods being developed as possible-

solutions to a problem you undoubtedly have a much better chance of
comin%up with an optimum solution. o - : '
. Mr. Vivian. Mr. Spedker, it seems to me that the statement made by-
the previous speaker, which T concur:with, is that if there are no indus-
trywide standards, each industry will determine its own. Industry
standards might keep steel mills on the Great Lakes in my own area
" from paying no attention to the creation of pollution, whereas they:
may be forced to pay attention to pollution in some other areas.

Dr. Bisuor. You are talking about hational standards?

Mr. Vivian. National standards for each industry or subdivision..

Dr. Bisaor. Well, it is very difficult, as I say, with the various-equip-
ment that has been put in over a period of many years: to really come:

Up—-
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~ Mr. Viviax. Our point is that equipment put in over many years
has not been very adequate and therefore national standards will prob-
ably be necessary. I would hope that your industry will contribute
- to make wise and objective standards. . :

Dr. Bisuoe. I have worked, as I point out later in the paper, on the
technical committee to the conferees on Lake Michigan in setting up
standards there, and I think our industry people have worked along
with others in the water quality and air quaﬁgr criteria. e

Mr. Dapparro. Dr. Bueche, I think it would be helpful since you
are here if you could also answer Mr. Vivian’s question. S

Dr. Buecug. I think I heard the question, but i1f Mr. Vivian would
care to address the part of the question that he thinks might be appli-

- cable, it would be helpful. -

Mr. Vivian. The question is how can we best use the capabilities of
private and industrial research to construct pilot projects and to
create the equipment that will eliminate pollution ?

Tt seems to me the best way is to set standards which everyone can
work toward in creating the least expensive means of meeting such
standards. The question is not to establish standards for New York
State, Schenectady, Lake Erie, or Michigan, as you have mentioned,
or the ferrous mills‘at Trenton, but to set a nationwide standard for

- "the minimum amount of efluents that are produced for two reasons:

~ First, it will prevent industry from moving to where enforcement is
the least, irrespective of the law; and, second, it will provide those
who are designing equipment a more effective market so that they
will produce the same quality for different situations.

Mr. Dappario. This matter of standards is important because, as
I understand Dr. Bueche, one of the important points raised is that
once you establish the standards then I}17011 do begin to put in proper
perspective, the competitive angle without which you cannot accom-
plish your end objectives. = T s : \
o Mr. Vivian. Yes; I agree with that wholeheartedly. e
- Dr. Buecre. I will go a little bit further, and I don’t disagree with
either statement here; that is, rather than call them standards at the
early stages one should call them goals or “suggested standards.”
Then we can see if we can meet these things economically and if we can
achieve these goals. Once we find that we can get there, perhaps they
should be dignified by the word “standards.” But it is quite right; if
this is done on a purely local basis, the incentive for industry to con-
tribute will be somewhat lessened. e ‘

Am I responsive? L B A
 Mr.'Dappario. That’s fine. T RN

Dr. Bisgor. The major industrial:contributions to the abatement
‘program lie in the industry’s ability and willingness to experiment
with commerical-scale plant equipment. - You can be assured that the
first few installations of control equipment on a process bring many
‘headaches and a few heartaches for the companies involved. How-
ever, there is'an excellent exchange of information on the operation
of control equipment among members of the steel industry, and we
learn from each other’s mistakes and successes.

- The steel industry has been willing to publish the results of its ef-
forts so that other industries can' also benefit from our endeavors in
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pollution abatement. Also, the steel industry continues to be alert-
to_pollution abatement advances made in foreign countries. -
“ Let us now examine the projects sponsored by AISI.

First, in air pollution abatement. L i

As Max Howell of AISI reported to the National Conference on
Air Pollution in 1958, the institute sponsored work on air-pollution
abatement at the Industrial Hygiene Foundation at Mellon Institute
for several years starting in 1950, At that time, it was difficult even
~ to define the problem to be.solved, inasmuch as simple, effective, ‘and
inexpensive instruments which could take a sample which was: truly
representative of either the ambient atmosphere or of stack gases had
not been developed. Therefore, the Mellon Institute group set out
«%oelcillevel,op instruments and techniques which would be useful in these
" Among the instruments developed wags an automatic smoke filter
which samples the atmosphere for successive short time periods, meas-
ured in hours, and permits the tracing of the variations in smoke in-

tensity, largely due to weather, making possible comparisons between

different districts, and between different seasons. -~ -~ - -
- A hydrogen sulfide sampler which continuously monitors the atmos-
here and an instrument for measuring hourly dust-fall rates with &
high degree of precision were also developed. Coupled with the work
on the instruments was the development of the techniques required for
their utilization. The production and sale of the instruments were
undertaken by a commercial instrument maker and, to date, several
thousand have been put into use. = . = T R
At the same time a development. program on stack sampling which
included ‘the evaluation of techniques for measuring particle size' dis-
‘tribution of the recovered dust was conducted. . .
A training school to which the various members of the ATST sent
men to be trained in the techniques used in air-pollution studies was
established. . The courses ran for 3 months and comprised formal and
vinfo}x{'mal seminars, literature assignments, plant visits, and laboratory-
- work. ‘ ' S
 In addition to these studies, existing cleaning equipment was criti-
cally examined with a view toward classifying it into groups of opti-
~mum usefulness. No single device was ‘fdundg which could do all the
things necessary to meet air cleanliness requirements. .
Therefore, it was decided that an attempt should be made wa"?devel;df) iy
a new type of filter device which, hopefully, would fit into the metal-
Jurgical stack gas cleaning program somewhat better than did the
conventional cleaning devices. To implement this idea, a Tesearch
project which is still in operation was set up at the Harvard School
‘of Public Health in 1953, under the late Dr. Silverman. Studies of
various filtering devices were made and a new type of continuous self-
forming filter made from slag wool was devised. o
Three pilot filters were built and tested at an eastern steel mill.
Unfortunately, this eleaner turned out not to have advantages over
‘commercially available units, and the Harvard group began the de-
velopment of an instrument for automatically measuring amounts of
“dust in stack gases. Final field testing of the unit was conducted this

year, and the unit appears to work satisfactorily with the degree of

reliability necessary for commercial application.
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Since the instrument tested was hand built by the Harvard per-
sonnel, commercial production of the monitor is the next stage of the
development. The policy of the American Iron & Steel Institute is
to publish on such instrument -development. Any interested company
can then proceed with the manufacturing. It is hoped that the instru-.
ment will be referred to asan ATSI monitor as the others have been. *

The present assignment for the Harvard group istoexaminebroadly -
the problem of nitrogen oxides in stack gases. ,

Battelle Memorial Institute was asked in 1958 to study the mech-
anism by which fumes are formed in a metallurgical operation and
to evaluate possible methods for ameliorating fume formation. - -

Mr. Dapparro. Dr. Bishop, do I understand that the three pilot
filters that were built and tested, but didn’t have economic feasibility
led to the development of this mstrument to automatically measure
gilnougnts of stack dust? You still haven’t been able to develop a pilot.

ter ¢ , ’

Dr. Bismop. That is right, we have given up the filter development.
While it looked promising for a long while it finally was shown'not to:
bean acceIptaMe unit.  In working with the unit as a cleaner we be-
came involved in a great deal of sampling and so, as an offshoot of our
* work, we asked the Harvard group to continue their development work

on an automatic monitoring unit, which they have done. : /

Mr. Davpario. Are you still continuing research with the filter?

Dr. Bismop. No; the filter work has been dropped as being unwork-
able. We published our results and dropped it-at that point.

By chemical and physical measurements and high-speed photog-
raphy, success was attained in-discovering the mechanism of fume
forimation when using oxygen in'a lance in refining steel. It appeared
that the inclusion of a reducing chemical with the oxygen might pre-
vent fume formation. In the laboratory, additions of methane, hydro-

Cgen, and steam to the oxygen showed considerable promise for:
suppressing fume formation. However, commercial trials of methane
and steam demonstrated that the additives were not very effective and
that their use could not be considered as an alternate to the installation:

~ of cleaning equipment. '

Battelle has now been asked to study the mechanism of formation
of -hydrogen sulfide from blast furnace slags. When: blast furnace-
slags ecome in contact with water, they react to form hydrogen sulfide.
This is true when cold slag piled in the open comes in contact with
moist air or rain. Because hydrogen sulfide is detectable at’ very-
low concentrations, it may create a community problem. It is the
object .of this research to 1dentify the exact reaction mechanisms in-
volved, and then to explore possible ways of economically suppressing:
the formation of the hydrogen sulfide. -

In the water pollution abatement, the American Iron & Steel
Institute has sponsored a research project on water pollution abate-
ment at Mellon Institute since 1988 with Dr. R. D. Hoak as agminis-
trative head. Emphasis in the program has always been directed.
toward the accumulation of scientific data that would increase knowl-
edge about the causes of pollution and the measures that could be:

taken to overcome their effects. A large amount of data on these:

‘problems has been accumulated over the past 28 years. Only a few-
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-examples of specific accomplishments can be given here, but they
will serve to illustrate the scope of the project. ,
. Recovery of mill scale from flume water has always been a problem
in the industry because the finer particles tend to escape capture.
- Investigation showed that poor recoveries were caused primarily by
‘inadequate design of equipment. Research led to the development of
more efficient settling basins. This improved design has been adopted
by mill engineers. , L
. "Extremely low concentrations of organic compounds can cause
flavors in drinking water. It is necessary to identify these substances
s0 that proper steps can be taken to eliminate them. The minute
amounts present require that they be concentrated 1,000-fold to obtain
" enough material for analysis. Highly sophisticated analytical meth-
ods are being used to characterize these compounds and to devise ways
to overcome their effects. v . c T
Accidental spills and pipeline breaks are unpredictable causes:of
pollution. It is obviously essential that such occurrences be. cor-
Tected promptly. An electronic. monitor has been developed that will”
signal supervisory personnel whenever there is a marked change in
«composition so that corrective action can be taken at once.

e control of water pollution is generally a complex problem be-
cause of the variety of substances that can be present. One solution
is to conduct analytical surveys to identify the sources of the effects
in the receiving waters in order to develop appropriate treatment.
This is usually a matter of some difficulty because of the large areas
involved. Nevertheless, it has been found that highly useful infor-
‘mation can be obtained by confining surveys to one limited area at a
time and studying that areaintensively. T ‘

Full and free exchange of technical data is an important feature
.of water pollution research. This can lead to unexpected bonuses.
It has been the experience of the ATST project that results from its re-
search have often become-equally applicable to other industries. Co-
operation, however, is the key to constructive and responsible research.
‘This ¢an be achieved through candid conferences and punctual pub-
lication of scientific findings. ' , :

- Inthe early 1950’s ORSgXNCO sponsored a project at the Kettering
- Laboratory in the Department of Preventive Medicine & Industrial

Health, College of Medicine, University of Cincinnati, for the as-

sembly and critical evaluation of information on the undesirable effects
of chemical pollutants in water as they relate to man and domestic
animals, To assist in the study, the American Iron & Steel Institute
contributed to Kettering both money and an abstract service under
the direction of Dr. Hoak at the Mellon Institute. The summary tab-
ulations from the ORSANCO-Kettering project have been most.
helpful, - S
. « ADDITIONAL RESEARCH NEEDS

. Thefollowing areas are those in which the steel industry visual-.
izes the need for additional technological advances over those that
hopefully will result from research already underway.

" In air pollution abatement it is believed that the work to date on
removal of sulfur dioxide from stack gas, though carried out in a
competent manner, requires further escalation. In the same cate-
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gory are studies on the formation of hydrogen sulfide from the action
of moisture on blast furnace slags.

We concur with this subcommittee that no technology is available
to deal with nitrogen oxides, if in the future that proves necessary.
Research on the control of emission from coke ovens is being acceler-
ated by the steel industry. It appears that most of this experimenta-
tion will have to be done on plant equipment.

The first step is to confine the escaping gases and then to-clean them.
The program consists of an engineering evaluation of industry and
suppliers’ ideas, installation of devices on commercial equipment, fol-
lowed by evaluation of the good and bad features as well as the effec-
tiveness of the devices. Further changes are then made as indicated.

In water pollution abatement technical advances would be most
welcome in the treatment of mine acid discharges and in the develop-
ment of methods for slowing down or stopping the formation of the
constituents found in mine water discharge. ; T

As you know, the control of ammonia and other nitrogen compounds
is often discussed in dealing with excess nutrients going to receiving
waters. The steel industry 1s faced with large volumes of plant dis-
charges containing a few parts per million of ammonia. No economi-
cally practical system for treating such wastes is known. ‘

A particularly thorny problem arises when chlorides are discussed
sinee no practical method for removing them is known. o

I served on the Technical Committee to the Conferees of Lake Michi-

an to recommend water quality criteria. Research needs are listed.’
In the report of this committee. The first is toobtain a better under-
standing of the causes of eutrophication. : o

. .

While it appears to many that a limitation on the phosphate con-
tent holds the best promise for reducing the rate of eutrophication,
actual limits are in doubt.. Although the Conference dealt mainly with
protecting Lake Michigan waters, many streams suffer from eutrophi-
cation. In a recent paper by McDonnell and Koutz, “Algal Respira-
tion in a Eutrophic Environment,” JWPCF, 38, 841 (1966), linear
regression analysis was used to determine the primary factors affect-
ing the dissolved oxygen resources in Spring greek. "This stream in
central Pennsylvania is characterized by excessive plant and algal
growth. The waters of Spring Creek receive the completely treated
efftuent, from the sewage plant serving Penn State University and the
surrounding community. Several fish kills and the gradual deteriora-
tion of reaches of the upper stream prompted an investigation of the
ability of Spring Creek to assimilate organi¢ pollutants imposed by
the sewage plant effluent. It was demonstrated that the biological
oxygen demand (BOD) remaining in the treatment plant effluent
had little if any effect on the depletion of dissolved oxygen at the
critical stream sag point. Excessive algae are evidently the culprits.

The authors believe the solution lies in the removal of nitrogen and
phosphorus from the effluent. For Spring Creek further investigation
1s required to answer the question of how much removal of nitrogen
and phosphate is necessary. Is it possible that control of phosphate.-
- alone would solve the problem? I feel certain that many streams
should be studied in a similar manner to Spring Creek in order that the
correct control measures may be applied.
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The Lake Michigan Technical Committee report also stated that
the area dealing with threshold odors needs intensive research. It is
the belief of the steel industry, based on laboratory and waterworks
-data, that phenol has too often been blamed for threshold odor prob-
lems caused by other constituents. Last July, as a result of my work
with the Lake Michigan Technical Committee, I recommended a joint
research program between personnel of HEW and the AISI research
.group under Dr. Hoak at Mellon Institute to investigate the forma-
tion of chlorophenols from chlorine and phenols in the very low con-
centrations that occur in sources of water supply. This joint research
‘program has not been started because of administrative changes in -
forming the new Federal Water Pollution Control Administration. -
- The final area covered by the technical committee is the need for -
-epidemiological studies on bacterial pollution. The relation of bac-
terial contamination to incidence of diseases among bathers never has
‘been established scientifically. Research on a vast scale would be
required to provide such a scientific basis. '

‘As a matter of fact, a British publication came along some years
;agi) and said it was safe to swim in sewage plants. : .

~ I'trust that the foregoing has summarized the research being spon-
'sored by the American Iron & Steel Institute, the type of activities
‘being undertaken by the individual steel companies and the research
needs as they can presently be visualized. = As water quality criteria are
announced by the various States, additional areas for technological
~improvement and advance will be evident. '

(The list of companies on whose behalf the testimony is presented

‘is.as follows:) S

-COMPANIES ON WHOSE BEHALF THE TESTIMONY Is PRESENTED

.Alan ‘Wood -Steel Co. : Latrobe . Steel Co.

.Allegheny Ludlum Steel Corp. . Lukens: Steel Co.

Armco Steel Corp. McLouth Steel Corp.

Atlantic Steel Co. National Steel :Corp. -
"Bethlehem -Steel Corp. : Northwestern Steel & Wire Co.
“CF&I -Stee) Corp. S . Oglebay Norton. Co.
Columbia Tool Steel Co. . Pickands Mather & Co.

“Crucible Steel Co. of America . - Pittsburgh Steel Co.

‘Erie Forge & Steel Corp. -~ Reépublic Steel Corp.

A. Finkl & Sons Co. Sawhill Tubular Products, Inc.
"Florida Steel Corp. ~Sharon Steel Corp.

‘Granite City Steel Co. Shenango, Inc.

“The Hanna Mining Co. Southern Electric Steel Co.
Harrisburg Steel Co. United States Steel Corp.

Inland. Steel Co. ‘L Valley Mould & Iron Corp.
Interlake Iron Corp. . Washington Steel Corp.

-Jessop. Steel Co. S Wheeling Steel Corp.

Jones & Laughlin Steel Corp. o .. Wyckoff Steel Co., Division of Screw &
Kaiger Steel Corp. e Bolt Corp. of America o
‘Keystone Steel & Wire Co. - The Youngstown Sheet & Tube Co.

"Laclede . Steel Co. '

er; Dapparto. What is the total amount invested in research each
“year?

Dr. Bisuor. Ireally don’t know. Our AISI work varies depending
-on_projects, at about $400,000 per year. The company research is -
“very difficult to estimate. There is a' gamble on trying out some new
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ideas. We have precipitators that have lasted 4 months before they
had to be taken out of service and destroyed, so I think it is a very
“difficult number to come up with. - . - -

Mr. Dappario. Do you think you could come up with an estimated
figure, considering all of the companies listed ¢

Dr. Bismor.. We will certainly be glad to dothat.

Mr. Dapparto. So we might be able to come to some judgment about
overall effort. » R »

- Dr.Bistop. Yes. A
. Mr.Dappario, Mr. Vivian, = -~ .

‘Mr. Viviax. I would like to ask that those figures be broken down
asto on-going research and the nonrecurringtype. .. .o o

(The only estimate available as to the information requested is as
follows:) -~ = : Fii ’

i[Bxtract from p.:3, the U.S. Steel Quarterly, Aug. 19661 .
- An ‘estimated $200 million ‘out of some $5 billion that U.S, Steel has invested
in new facilities during the past 15 years has been committed to the installation
of devices for the abatement of air and water pollution—devices that in some
cases tower nine and 10 stories high, ‘in others occupy tracts the-size of a city
block, and -in most cases involve operating and maintenance costs - of no mean
proportions. : . i
- 1P'he new- facilities encompassed in- the corporation’s current program, which
¢alls: for average annual expenditures. in exeéss of $600 million during the
» three-year petiod 1966-68; -will incorporate, as part of their basie design, the
latest airand water quality-protection equipment devised by modern technology.

The outlays, past and prospective; for the apparatus of air and water quality-
management are in pursuance of U.S. Steel’s continuing objective in this field:-
To strive to cwrtail the impairment of air and water that is infierent in the cor-
poration's operations and that affects the usefulness of these résources by th
plamt-community netghbors of U.S. Steel. :

Mr, Chairman, I have a number of questions. ,

Mr. Dappario. Why don’t we take about 5 minutes, Mr. Vivian,

- Mr, Vivian. How do you decide specifications for new steel mills?
‘What specifications are provided by the Government for steel mills in
the treatment of pollution? =~ Y

Dr. Bisuor. For new steel mills you normally have a regulatory

agency that you work under.  In the case of water, it is the State

_agency. Inthe case of air, it is either the State or local agency. They
normally set up the criteria that are going to be required for the opera-
tion of the water and air pollution facility for the new mill.

Mr. Vivian. Does this take into account enforcement? I find that
standards and enforcement are two separate words. Do you find dif- -
ferences in enforcement throughout the country ? el
.. Dr. Bisuop. We are all hiuman beings so I think the answer is that
there would be some differences, but the water pollution group, for
example, are at least beginning to get together as a result of the 1965
Water Act, which calls for the States to set up water quality criteria,
I believe between now and next July. - I think this is going to bring

more uniform requirements. . . ... - i
Frankly, we find regulatory people are interested in their enforce-
Idnent programs and they are interested in getting pollution cleanup
one.
We hive large equipment. We can’t move—you mentioned the pos-
sibility earlier, from one area of the country to-another. I think that
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‘most big industries just couldn’t do it, so this is not a factor in our
consideration.

Mr. Vivian. How about rebuilding old mills? Many a steel mill is.
quite old. There is a tremendous capital investment involved. - I can
remember several that I have been through that have been unchanged
for 50 years. What doyou do with these mills? Do you bring these:
up to date by applying new standards for replacement of the old mill ¢

- Dr. Bismor. Inmost instances we have been able to replace old facil-
ities with new facilities in a given area. In cases w ere like -open
hearths that even though they may be 30 years old, we intend to use
them another 20 years and we put cleaning equipment on those. If
the open hearths are very old, we may replace the whole shop with a
new basic oxygen steelmaking shop, so each case must be figured on its: .
merits. 5 o
- Mr. Vivian. ‘Your comments about Spring Creek were very perti-
nent. To simply raise the question is very useful in itself. ~~ ~~ .
 Dr. Bisucp. Fine. Than(}{, you, I thought it was a most interesting

piece of research, which broadens the 1925 work of Streeter. Life1s

becoming more complicated now and the old workis still’ good,-but
new ideas have to be added to it. e
Mr. Vivian. Mr. Chairman, I would like to ask Mr. Bueche a ques-

tion regarding the storage battery situation. There are some now - )

used in space vehicles. Can they be used in conventional automobiles?
Dr. Borcae. I think electric power will certainly be used in the
future for some vehicles, but not all. The difficulties with the batter-
ies we have today are matters of cost, size, weight, and cyele life.
They just don’t last long enough forthe day-to-day use:that you would:
like to put them to. So the answer to your direct question is no, we

won’t. use the ones we are now using in space vehicles for vehicular

transportation in the near future. , WENE FRCE B
. :On the other hand, there are many:opportunities for improving the"
performance of batteries using different systems—for getting lower
cost, lighter weight, and longer cycle life. I am personally very ex-
cited by this. | g

Mr. Vivian. If we were to raise the gasoline tax in order to reduce
the amountof pollution, would this increase the use of batteries?. .
" Dr. Burcas. I think it would in commercial vehicles—milk deliv-
ery trucks and things of this sort. "I doubt that it would have very
much effect on private transportation, but you are a better judge of
that than I am. o e '

Mr,: Vivian. You mentioned new electrostatic air conditioners.
. Are there si%:miﬁcant new changes being made to clean up the air
coming into the home? U ’ '

Do you see a massive change in the utilization of these devices so
that it will affect the whole pollution pattern?

Dr. Burcre. Perhaps I should say “no” on the scale that your state-
ment implies. But we hope that there will be considerable market for
these devices. T ‘
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(A brief Biograp-hical statement of Dr. Charles A. Bishop follows:)
B1oGRAPHICAL, STATEMENT OF DR. CH;ARLES A, Bisuop

Charles A. Bishop: B.S. Chemical Engineering, University of Kansas (1936) ;
.Ph. D. Chemical Engineering, University of Pittsburgh (1942) ; Mellon Institute
Tellow (1936-1941) ; Associate Professor of Chemical Engineering, University
of Pittsburgh (1941-1946); Director, Chemical Engineering Development,
United States Steel Corporation- (1946-date).

Mr. Dapparto. I want to thank all the witnesses today for their ex-
cellent presentations, ,

This committee will adjourn until 10 o’clock in the morning at this
same place. , ~ :

{Whereupon, at 12:15 p.m:, the committee was adjourned to recon-
vene at 10-a.m., Wednesday, August 10, 1966, at the same place.)
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- The committee met, pursuant to adjournment, at 10:08 a.m., in room.
2325, Rayburn House Office Building, Washington, D.C., Hon. George
~ E. Brown, Jr., presiding. : ; oo e
- Mr. BrowN. The subcommittee will come to order. s
In the absence of Mr. Daddario, I have had thrust upon me the
honor. of opening the meeting here this morning. - We will call the
- first witness, Dr. MacLeod, Deputy Director, Office of Science and.
Technology. o oo
Dr. MacLeod, we are happy to have you here this morning.  You
may proceed at your pleasure. ‘

STATEMENT OF DR. COLIN M. MacLEOD, DEPUTY DIRECTOR, OFFICE
‘ - OF ‘SCIENCE AND TECHNOLOGY ;

Dr. MacLieop. Thank you. & » A
- Mr. Chairman and members of the committee, I'm very pleased to
- be given the opportunity to testify before this committee this morning
on some of the questions that relate to pollution of the environment.
I have provided a statement to the committee and for that reason
I shall confine my remarks to a brief summary of some of its contents
and a few-additional observations in amplification of some of the
.observations contained in the submission. : s
This committee has had extended testimony by various people:
who are concerned with problems of pollution. It is now apparent
i that almost all segments of our society are concerned with the ill'effects
- of pollution and that there is a growing national determination to
restore damage that has already occurred to our natural environ-
ment as well as to prevent further degradation. :
We shall never restore the primeval wilderness that our forefathers
saw and we shouldn’t expect to, but we can prevent further encroach-
ment and restore much of the damage that has been done. However,
we must all remember that this is going to be exceedingly costly. To
understand the magnitude of the problem we should recall that the
production of solid wastes per city dweller per year is about 1,600
‘pounds and this does not include the great variety of other wastes
such as sewage, automotive effluents and industrial and agricultural
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wastes. Any increase in the standard of living has as a concomitant,
increase in waste production. ,

One of the measures of the quality of our civilization must be our
concern about preserving and restoring the quality of our environ-
ment, not only for our own benefit, but because we are the dominant
biological species. ‘ : : ; : ' o

"We have a clear responsibility to damage nature no more than is
necessary for our material and spiritual progress.

T'm very pleased by the change of attitudes toward problems of
pollution in the last few years. We have taken the first steps in the

‘broad awareness of its undesirability. We have not faced up yet,

sir, to the tremendous costs involved in abatement and restoration nor
to how these costs are to be paid.
Some of the costs are for the general introduction of well-known
gr.inciples and practices of sewdge treatment so that we don’t further
amage our streams, our lakes, our estuaries and even the oceans

‘themselves. - : : Gl :
~~Great progress can be made with what is now known. However,
we need greatly improved methods of tertiary treatment for sewage

and this will cost a great deal in terms of research, development,
demonstration, and widescale use.. We also need improved methods
for the removal and prevention of industrial byproducts now dis-

charged into streams and into the atmosphere.

Likewise, we know a great deal about how to reduce the noxious

~ effluents from motor vehicles, but we must go much further in the

design and development of alternative methods of vehicular propul-
sion if a long-term solution is to be found. One of our consultants,
in discussing the new standards for automotive effluents in the State
of California, particularly in the Los Angeles region, has pointed out

. that—even with reduction in effluents that will come about as a

result of new standards that have been introduced—with. the increase
in the number of motor vehicles that is projected we will be by the
year 1980 about as badly off as we are now. ' :

We need to develop new pesticides that are much more degradable

‘than many of those that are in use.

We need to know a great deal more about the toxicity of chemical
substances that we are exposed to in low dosage over long periods of
time in the normal course of our lives before we can set reasonable.
standards to govern our exposure to them. L

“We need to develop much more sensitive automatic devices to moni-
tor pollutants of all kinds so that we can have current awareness of -
what is goingon. - = = : y

Most of the problems of pollution are extremely complex and require

a systems approach for their solution. It is necessary, therefore, to

“employ all the modern means of systems analysis, including auto-
matic data processing, in order to have a proper understanding of

how: a particular question should be tackled and how it should be

 solved.  We must understand also how modern industrial man is

changing the total environment of the earth, not only for himself, .
but for all living things whether they be plant or animal. We must
remember the slowness of the genetic mechanisms to accommodate to
the changes that we introduce into nature.
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In my prepared statement, I have referred to some of the major
ecological changes that are in process now because of human activities.
A notable example is the projected increase in atmospheric carbon
dioxide due to tﬁle consumption of fossil fuels that were deposited
millions of years ago. Here we deal as well with the depletion of
irreplaceable natural resources. B

At our present and projected rate of burning of fossil fuels—coal,
oil, and natural gas—during the next 35 years, it seems possible that
there will be a buildup of carbon dioxide in the atmosphere sufficient
to cause a modest but significant rise in atmospheric temperatures
over the whole earth. This is the so-called greenhouse effect. )

This modest rise in temperature could cause very large changes in
vegetation. It might cause melting of the polar ice caps, with the
lzvels of the oceans rising and unprecedented effects on all living
things. — BRI R :

Aggreat‘ deal of research on this is necessary to understand what
changes might occur and also how they might be prevented.

It might also be suggested that we avoid the possibility of these
changes in the future by the vigorous development of other sources
of energy such as nuclear power, solar energy, and the gravitation
energy of the tides. o

At the same time, over the long term, we would be preserving these
precious hydrocarbon resources for what may be their highest use as
industrial raw materials. ;

It is apparent, I believe, that large scale imaginative R. & D. efforts
are required and that the total system needs to be examined, not just
segments of it. Lately, concern has also been expressed about the
stability of the oxygen in our atmosphere. The oxygen in the atmos-
phere is derived from the photosynthetic processes of green plants, on
land and in the oceans. The latter source, which consists of the mi-
nute green plants called phytoplankton, contributes a significant
amount of the atmospheric oxygen that we breathe, variously estimated
as equal to or as much as 10 times as much as that produced by the
terrestrial plants. , ‘

Concern has recently been expressed that the dumping of peisenous
substances into the seas such as insecticides, herbicides, and industrial
wastes may diminish plankton population and hence oxygen produc-
tion. If this were to occur—and I should emphasize that we don’t
know yet whether this is a real threat—there would occur a gradual
decline of oxygen in the atmosphere with drastic effect on al%rliﬁng
things. This would be over a time span which is long in terms of
man’s life but short in terms of geological time. :

The oxygen lifetime in the atmosphere is around 2,000 years.

I must emphasize again that the reality of this threat is not known
but we must understand its implications. This will require a good
deal of investigation, including an understanding of the effects of -
toxic chemicals on the green plants of the sea, the phytoplankton, and
the long-range accurate monitoring of the oxygen in the atmosphere.

While increased expenditures are necessary to apply what we al-
- ready know to pollution abatement, it is also apparent that we need
to develop a great deal of new knowledge. - I have indicated some of
the areas, only a few of them, where new knowledge is required. This
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~ will involve new expenditures for research and important emphasis
on the training and education of the men and women who are needed
to tackle the ever-increasing problem of pollution and its effects.

In the last approximately page and a half of my prepared state-
ment, I have summarized some of tthe activities of the Office of Science |
and ’i‘echnology that are concerned with problems of pollution, and I
invite you to turn to page 14. Since its establishment in 1962, the
Office of Science and Technology has been concerned actively with
pollution problems. The President’s Science Advisory Committee re-
port on “Use of Pesticides” was published in 1963, and since then our
Office has assisted in the development and in the activities of the Fed-
eral Committee on Pest Control. ' There are also related reports: that
on “Cotton Insects” of 1965 and on “The Handling of Toxicological
Information” in 1966. The Federal Council for Science and Tech-
nology’s Committee on Water Resources Research has devoted con-
siderable attention to water pollution. The recent report of the Presi-
dent’s Science. Advisory Advisory Committee entitled “Effective Use
of the Sea” includes attention to marine pollution problems. The re-
cent report of the President’s Science Advisory Committee, “Restoring
the Quality of our Environment,” which was published early last
winter, is devoted broadly and extensively to the subject of pollution.
It includes-numerous specific recommendations that pertain to control.

An assessment of the responses of the various agencies to that report
has just been completed and plans are actively afoot for further imple-
mentation, including, where necessary, coordination: of related ac-
tivities in Federal agencies. — - ’

Pollution problems, as I really need not remind you, are closely
related to our national concern for the preservation of natural beauty.

‘The Office of Science and Technology and Bureau of the Budget

~are now completing a study of how the Federal Government can best

help to advance our understanding of natural plant and animal com-

~ munities and their interactions with man. The results of this study,

we believe, will contribute information and recommendations which
should be useful to support an advanced program needed for pollu-
tion control. There are a number of other activities of an on-going
nature which our office is intimately concerned with, such as the Fed-
eral Radiation Council. S
- In the future, the Office of Science and Technology will continue to
provide leadersflip and to conduct evaluation and coordinating actions
_among the Federal agencies to develop policies and programs which
are aimed at improving the control of pollution of the land, in the
air and in the water; which will advance our capability to restore
degrading environments, and protect important natural systems which
have not been yet spoiled by man. =~ g
" Thank you, Mr. Chairman. That concludes my testimony and I
will be pleased to attempt to answer your questions. ’

Mr. Brown. Thank you, Dr. MacLeod.

Your testimony has been extremely useful.

Mr. Mosaer. Dr. MacLeod, on page. 7 of your statement, you say
that we do not have sufficient information to develop methods to con-
trol overfertilization of our waters, and lower on that same page you
refer to the necessity to develop tertiary sewager treatment systems.
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Because of the location of my district, I happen to have a special
interest in Lake Erie. . X

Dr, MacLiop. Yes,sir. - :

Mr. Mosuer. On August 3, Mr. William Warne, director of the
California Department of Water Resources, testified that his State
is constructing a prepilot treatment plant to study ways to remove
excess nutrients in the runoff of fertilizer from agricultural lands and
in sewer wagtes.

I think that in the Lake Erie area this runoff from fertilized agri-
cultural land is an important and critical matter. In this prepilot
plant, they hope to extract the nutrients from the drainage waters by
growing algae in the water and then removing this algae from the
water, thereby removing the nutrients that were utilized in the growth.

In California they are deve_l‘o%inithis prepilot plant to try to solve
the problem that way. Do you think that this process has a possibility
of application in an area as lar%e as the Lake Erie area? Would you
see practical possibilities there ' S

Dr. MacLrop. Part of the problem with Lake Erie, Mr. Mosher,
is due to runoff from. agricultural lands but a great deal of it is due
to the dumping of raw sewage, sewage that has only had primary
;zrﬁaﬁtment,.and" sewage that has had secondary treatment into the
ake. . .- : : : ' ~

Mr, Mosueg. I’'m sure that’s correct. S o

Dr. MacLrop. This has been verified, sir. I should think that the
first steps would be to have adequate treatment of sewage in all the
communities that border Lake Erie, both on the United States and
the Canadian sides. As a part of that treatment, one would hope
that we would be able to develop efficient methods of tertiary treat-
ment, of which the one that Mr. Warne cited for you is an example.
Tt is probably a very good example because the algae in the course
of their growth do take up these soluble nutrients—the phosphates,
potassium and nitrogen that are in soluble form in sewage and which,
of course, run from the land. And if algae can be grown efficiently
and harvested, this should be one of the methods that could be effi-
ciently applied to tertiary sewage treatment. Tt is in the development
stage as you have said, but the principles I think are understood. -We
need to devote a good deal of further effort to com'pletin%)the develop-
* ment and demonstration of the processes. It is possible there are
other methods that could be used—methods that, for example, one
might apply to the removal of salt from saline waters might also be
‘thought of in this matter. ' o
> I think there has to be an approach not from just one avenue but

morethanone.. . : _ ' '
. Mr. Mosaer. What about the correction of some of the damage that
has already been done; for instance, the overgrowth of algae that
exists? What practical possibilities are there for its removal in a
body of water as large as Lake Erie?

Dr. MacLzop. I am afraid I can’t answer you, sir. I can’t answer
you directly but I think if we can prevent overfertilization of the
lake, and if fish and other living things can survive in the numbers
in which they formerly existed, in terms of their consumption of the
foods that are there now and the fishing from the lake, then in the
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course of time one might be able to restore partially at least the quality
of Lake Erie. . .

Mr. Mosuzer. To whom would I go for the best possible curren
ﬁnlswf?lxis to these questions? If you have any suggestions, it will be

elpful. . : -

Dr. MacLeop. I believe the people to whom you should go are the
Federal Water Pollution Control Agency, now in the Department of
the Interior, but formerly in Health, Education, and Welfare.

* Chairman Mirier. I was just going to make an observation. We
brought part of this problem' on ourselves. because we were unable
to keep up with some of the problems that presented themselves. In
my estimate, Congress itself is partially responsible because we al-
lowed a single problem to be broken up among many of the committees
of Congress and then it became departmentalized even further: Each
fellow had his job to doand he did his job but we didn’t look to see what

- the connections between the various areas were. 1 remember when
we passed bills to appropriate money for sewage disposal we said,
“This is a great thing—lock at the strides we are making,” but we

failed to take care of the effluents: Now, we are paying for it.

- Pm conscious of the fact that a powerplant in the State of Wash-
ington is using water from the Columbia River as a coolant. The
water was not contaminated, but its temperature was raised a little
over 2° and the salmon beds were destroyed in that part of the river.

So, one of the things we are interested in is to see how we can develop
the coordination that will eliminate some of these abuses.

While we are talking about contamination, I must mention the
fact that we are using the sea as a great sewer and a place to get
rid of all our refuse. .

I had the privilege of being chairman of the first Subcommittee on
Oceanography. We made up a report on the disposal of atomic waste
on the Atlantic and gulf coasts. We studied this report and made
some rather deep comments on it. They never have succeeded in get-
ting a report filed for the Pacific coast, because by the time we got
into this, the interested agencies, particularly the conservation agen-
cies in Oregon, Washington, and California, began to protest. Then
in California, the division of fish and game reproduced the con-
tainers that the Atomic Energy Commission planned to use to dispose
of the waste. It was supposed to be disposed of in a thousand fathoms .
of water but it turned out that these containers caved in at about 400
fathoms. - , , :

Sooner or later, we are going to have to harvest the sea instead of
contaminating it. Shouldn’t we be looking now to see what the
effects of these things are going to be in the sea?

While we are trying to correct the conditions that exist in the inland
waters, we have to look beyond that. T’'m conscious of the fact and
perhaps you are, that the British Government is dumping some pretty
high level atomic waste into the North Sea. There’s a countercurrent
under the Gulf Stream. What will happen to the shellfish if enough
of this gets into the sea and runs on to our own northern coast?

The Japanese did some research work. They hired the Picards to
make a study for them and found up-wellings of sea water where they
didn’t expect to. This caused them to make some specific changes in
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plans that they had for certain atomic developments because of this
waste problem. So I think it is fine to do these t ings. I think we have
to work harder on these problems than we have in the past. Many
people knew and saw these things coming but they were voices in the
wilderness. ‘

I think right now the very fact that we are interested in Lake Erie,
or I'm interested in the pollution of the inland waters of California, is a
good thing because others will become more conscious of the problem.
T would like to make that observation and see whether you agree with
it or not. ) ' L

Dr. MacLrop. Chairman Miller, indeed I do agree with what you
said. In the examples of very large scale effects that may be occurring,
I did not choose the sea, but I might just as well have. The examples 1
used concerning the production of carbon dioxide and the raising of
carbon dioxide in the atmosphere and the possible depletion of oxygen
from the atmosphere could just as well have been exchanged for the
oceans themselves. We don’t have an understanding of what we-are
doing when we are dumping wastes of all kinds into them and they are
not the inexhaustible sink that used to be thought of. o

We know that, particularly in the estuaries and in the coastal regions,
there is extensive contamination. We don’t know yet how significant
this is in the broader reaches of the ocean. However, I should recall
that penguins in the Antarctic are already demonstrated to have had it
in their fat. How it got there we don’t know, but the fact of its presence
seems to be incontrovertible. ‘ .

This seems to indicate some very widespread contamination in crea-
tures, with the same biochemicals. ,

Mr. Brown. Mr. Conable? ‘ , T

Mr. Conapre. I would like to ask a few questions about: carbon
dioxide level in the air. Does this result in the striking of a new bal-
ance?! Does it encourage the growth of new green plants in which
photosynthesis can occur? Is this one of the reasons we get the so-
called greenhouse effect ? o - ; R

" Dr. MacLeop. I will attempt to answer those, sir. ‘ S

With an increase of carbon dioxide in the atmosphere, there will be
some increase in photosynthesis with uptake of carbon dioxide.” How-
ever, the increase in carbon dioxide uptake by the photosynthetic plants
might not be nearly enough to compensate for the great increase that
has been put into the atmosphere. .~ : ‘

Now, as to the greenhouse effect, if I might explain that very briefly.
The sun’s radiation falling on the earth comes through a blanket
of carbon dioxide and the visible light. comes through very easily.
However, carbon dioxide in the atmosphere has a vel definite effect
on holding down the infrared radiation—the heat radiation that goes
back up—so that if you increase the content of carbon dioxide in the
atmosphere you prevent the dissipation of heat from the earth’s sur-
f‘?fce. “Therefore, the heat rises, and this is why it is called a greenhouse
effect. ,

Mr. Conabre. Is there already a- demonstrable increase in the car-
bon dioxide content of our atmosphere?

Dr. MacLrop. There have been some studies that indicate it. I
wish that the information were better than it is, but the problem is
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that accurate measurements have not been available over a long enough
pei;'i%(ll of time so that one can really say there is a trend that is unmis-
takable.

Mr. ConaBre. Other things remaining constant, then, we don’t nec-
essarily strike a new balance by increased plant growth. The carbon
dioxide content could get far ahead of the increased photosynthetic
capability of our foliage. There are other factors that might be at
_work in this such as the urbanization of our society which causes a

great deal of our landscaping to go back to forest and this, therefore, -
ifncn;ases the amount of photosynthesis actually going on. Is that a

act ¢

Dr. MacLeop. I don’t know in quantitative terms how much that
amounts to. I think one should remember, however, that the largest
sink, if I can use the word, for carbon dioxide is the oceans. The
phytoplankton, the small green plants that grow there, also take up
carbon dioxide and carbon dioxide is also removed by the weathering
of rocks and release of salt. such as calcium and magnesium which
combine with it and then are washed into the seas. . ;

Mr. ConaBre, Could the increase in the carbon dioxide content in
the ocean add tothe atmospheric content? , :

Dr. MacLiop. The solubility of carbon dioxide in sea water is not
enough, sir; I don’t think, to make a significant difference.

ﬁMr. QCONABLE. It would not be likely to have secondary atmospheric
effects? : S ,
"~ Dr. MacLeop. I don’t think so.

Mr. Rousa.  This discussion concerning carbon dioxide reminds me .
of an experience I had last fall. - I was in%*lthiopia and I visited a class
being conducted by a Peace Corps teacher, named Mrs. Miller, who
was very vivacious and imaginative. It was a class in science and
Mrs. Miller was teaching seventh graders about protons and electrons.
She drew a picture of two rooms on the board. There was a door
between the rooms, but she emphasized the fact that the door was
closed. She said, “Supposing we put 200 people in one room and in
the other room we put no people, W}l)la;t would happen?” There was a
look of amazement on these bright-eyed youngsters and, finally, one
little boy dared to raise his hand and he said there would be much
carbon dioxide and they would all die. ) ‘

Do you think there is a danger that there will be so much carbon
dioxide that we will all die someday? ,

Dr. MacLeop. No, sir; T don’t believe so. The amount that could
be produced from the consumption of the fossil fuels coupled with the
rate of removal is not enough sothat we would all die, but the accumu-
lation in the atmosphere could very well have these undesirable effects
which T referred to here and which I discussed with Mr. Conable.

Mr. RousH., In your statement, you emphasize the fact that we have
no- long-term plans to.deal with the problems associated with carbon
dioxide buildup in the atmosphere. “You go on to say it is time that
- our Nation began to work diligently toward a goal of recycling fuels
and of utilizing natural energies. It would seem to me that even if
this Nation did this, the carbon dioxide problem is one that confronts
the entire world since the atmosphere is involved.. Do you know of
any other nations which might be directing their thought and energies
toward this problem?
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Dr. MacLrop. Well, Mr. Roush, the contribution of the United
States, for example to carbon dioxide output, is a very large one
indeed because of the size of our country and because of our enormous
consumption of power. : ,

Other countries, particularly the other industrialized ones, submit
their share also but ours is by far the largest single contribution.

I am not aware of any concerted national efforts of this kind in
other countries nor am I aware of any international efforts. There
could be and I would not know of them, sir. ,

Mr. Rousm. Is there any organization which might make possible
an interchange of ideas about &13 problem ?

Dr. MacLieop. Yes, sir. ‘

Talking about particularly the advanced industrialized nations
or some of them, through the Organization for Economic Coopera-
tion and Development which is headquartered in Paris, one has 22
of the advanced nations that are members. That Organization has
in the last 3 years taken a much greater interest not only in the prob-
lems of science itself, but is also beginning to have an interest in prob-
lems of pollution. &

Dr. Buckley, who is here from the Department of the Interior
for example recently attended a conference in Paris on problems o
pesticides and their inadvertent escape into the environment. So there
1S a beginning interest, but I must emphasize that it’s early as far
as this organization is concerned.

Mr. Rouss. Is this a permanent organization with a permanent
staff and permanent participating members from various nations?

Dr. MacLeop. Yes, sir; it is a permanent organization. ,
Mr. Rouse. And whom from the United §ta,tes, or maybe I should
say what agencies, are members of this Organization? , ‘ ‘

r. MacLeop. Well, as far as the total organization is concerned,
there are representatives from ma;nfr of our agencies depending u%).on
the subject—whether it be agricultural policy or monetary policy
or whatever. ’

In the science policy activities of OECD, for example, I have been
the representative from the Office of Science and Technology. And
Mr. David Beckler, also from our Office, has been the representative
to a Committee on Research Cooperation.

These activities are moving forward, but I think there is a long
way to go and I could not give you an optimistic statement about how
long it is going to take to do this. '

hairman Miier. Will the gentleman yield ¢

Mr.RousH. Yes. :

Chairman Mirier. Isn’t cognizance of this problem stimulated
partly through scientific attachés we have in these countries? Aren’t
they in contact with foreign experts who are interested in this
problem ? .

T was in Europe for a meeting of the Committee on Peaceful Uses
of Outer Space recently and came back through Bonn where I had
an hour’s (fiscussion with Dr. Stoltenber% e didn’t talk to him
about these things, but in talking before I sensed that the Germans
are beginning to take cognizance of some of these pressing problems.
After offhand conversations with our people there, I believe they
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are becoming particularly concerned with the pollution of the Rhine
River and are studying this rather carefully, are they not? :

Dr. MacLeop. Yes, sir; they have been under study for really quite
a long time. Perhaps on some tributaries of the Rhine as effectively
as any studies have %een carried out on the problem.

~ I don’t want to go into the details of it at the present time, but
they have even had in operation for quite some time a system of
effluent charges for those who pollute. Those who pollute pay in
- proportion to their pollution of the river.

Chairman MrLLer. This might be something that we should consider
in regard to most of our rivers and the people who pollute them. -

Mr. Dabparro. Mr. Fulton? v .
© Mr. Furton. Your comments about excess carbon dioxide make me

wonder whether we shouldn’t look at the effects’of different quantities
of various materials, chemicals, and elements in the ecological process
so that we can get a process approach rather than a static time or
dumping approach. I understand it took man a'million years to at-
tain a population of 1 billion people. The second billion took 15 years.
The third billion took 10. Tt is taking us about 7 years for the fourth
billion, We could reach a point where we get instant billions of peo-
ple—where there would. be another billion every 90 days or every
month.  Now, that brings up the question of a process and of how
the human race.can best exist in an ecological process and environ-
ment.: |, . : . T : SR e

Maybe we should be looking for the uses of the extra carbon dioxide.
Or maybe we should look at the waste as source material in a process
rather than an end result. Would you comment shortly on that?

Dr. MacLkob. Yes. RN '

T am in total agreement with you on the point of a dynamic versus a
static approach to these problems. ' I think one should go a little fur-
ther and say we need to take a total systems approach.

Mr. Furron. That is what I am talking about, a process.

Dr. MacLrop. Not just the pieces of it but the whole process, and
not only what influences cause it but what we can do instead to prevent
it. T believe fully that we have to have this total systems approach
to these problems of the environment and the ecology. As far as using

up more of the carbon dioxide in the atmosphere to take care of the
increasing population, I don’t think that will be a very significant
consideration, sir. I think we had better perhaps look for other meth-
ods of control. o '

Mr. Furron. What I really mean is couldn’t you get products from
carbon dioxide that would be very useful? Carbon and oxygen are
in most of the materials that we use. Wouldn’t that be possible?
Couldn’t we put the elements carbon and oxygen to constructive use
rather than just considering them waste material? That’s my point.

Dr. MacLrop. This is being done through the process of nature
all the time, sir, and really remarkably efficiently. We use just these
elements, of course, in cﬁemicalx synthesis of one sort or another.
Nature, however, provides to date the most effective and cheapest
method of putting these elements together and making products out
of them that are useful for our survival.

Mr. Dapparro. Mr. Brown ?
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Mr. Brown. I have no questions. _

Mr. Dappario. Dr. MacLeod, it is nice to have you here and I regret
that T had a meeting that went past 10 o’clock so I didn’t have a chance
to be here for your full hearing. I would like to have you describe the
coordination of pollution research and development among the Fed-

‘eral agencies. How does it look to you at the moment? Are we doing

a, good job or do we need to do more? Should the Department of the
Tnterior take over more of these responsibilities? Is it going to be
the lead agency? Should we look to it for guidance and control over
these coor%lina,tingprroblems, if any exist?

Dr. MacLzop. Mr. Daddario, our activities in the Office of Science
and Technology, as I mentioned earlier, go back a number of years and
I suppose have been in part guided by not only our increasing aware-
ness of the magnitude of the problem and what needed to be done but
the general awareness of these needs. I think perhaps in the last 2.
or 3 years, for the first time, one has the feeling that we are goi.n% to
mobilize the resources that are going to be necessary in order to abate
and restore—abate pollution and restore the environment. As I am
sure you know, activities that are concerned with problems of pollu-
tion are diffused through many, many of the agencies of Government
and are really closely related to their missions.

For example, the Department of Health, Education, and Welfare
has serious concerns about the problem of pollution in human health.
The Department of Agriculture is very seriously concerned, and so
forth. The Atomic Energy Commission is concerned, Interior is eon--.
cerned. And I believe that each of those agencies must continue its
concern and increase it in the future. There is a real problem in co-
ordination. We have attempted to do this in a number of ways. One.
is through the preparation of reports on the broad problems, 1n which
one gets together with the representatives of the numerous outside
agencies—consultants—for a long period of time. During the course
of this process there is a %ood deal of education and coordination that
goes on simply because of the process itself. ;

We have also been concerned about the followup to what has been
developed in the course of these studies, and have attempted to do this
as best we could. For example, in the case of the most recent and most
extensive of our reports on pollution problems, “Restoring the Quality’
of Our Environment,” we have obtained from all of the agencies a
summary of the actions that they feel they should take, and of the
places where they feel that there 1s maybe overlap or where there isn’t
enough effort. We are in the process now of analyzing this and will

* work with the individual agency, and where necessary with more than
one agency, to follow along on these questions.

Mr. Dabpario. Do you mean that even though you are satisfied that
the agencies are working with this problem, we must be careful and
see to it that there is better coordination between them ?

Dr. MacLeop. T believe very strongly that in the future we must
bring the competences of the individual agencies together on these
problems, because in practically none of them as I see it is the com-
petence of a single agency capable of handling the problem. Unless
we do get the various agencies coming together for their solution, I
dgn’t think we will accomplish a solution within a reasonable period
of time. .
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Mzr. Dapparto. Dr. MacLeod, as we have been holding these hearings
we have been told constantly that we ought not to hold off*doing
‘things both because there is available technology which can solve
some of our problems and also because we ought not to wait for a
perfect solution. But I would like your opinion as to what we ought
to be doing about these great expenditures which are presently before
us. We have been 'tolg it will "cost $25 to $30 billion to separate
sanitary and storm sewers. We also are told we ought not to make
these expenditures until we do’some research which will cut down the
cost as well as reducing the cost of the estimated one-half billion dollars
per year required to purchase automobile exhaust devices for about
10 million cars a year. . Are we paying proper attention to the area
of research? =~ Are we making-the effort that needs to be made in these
areas? We must remember that if we don’t, we may make expendi-
tures that donot result in'the problem being solved. ‘

Dr. MacLeoo. Mr. Daddario, in the case of the first example you
used, of the combined sewers, there has'been strong advocacy of
very large expenditures for the separation of the storm and sani-
tary sewers, }E‘?:;t figuie which you gave, $20 to $25 billion, is com-
monly quoted, and I have no doubt; if one had to dig up all our
cities' and separate the sewers; that this figure is not too large. One
must pause, however, in proceeding forthwith to try to find this amount
of money; because as it turns out in the storm runoff in cities such
as New York therée is an enormous amount of organic material—
wastes of one kind or another which one doesn’t want to see dumped
into the harbor any more than you want to see the sewers dumped
directly into the harbor or into the Long Island Sound.

I don’t think that this is as simple a problem—and I wish I were
. more of an expert on it—as merely separating the sewers. I think
it has been emnphasized by some of the people who have studied it that
there is once again a systems approach that one has to take to this,
One has to try through multiple means to prevent these, shall I call
them, catastrophic runoffs that occur at times of great rain storms.
If the water could be stored on' rooftops, for examgle, and I’'m not
sure if this is practical, or if runoff could be minimized, then one might
- be able to divert this water more slowly into the regular sewage sys-
tems. But this has to be thoroughly studied from a systems point of
view, and to my knowledge it has not been.

My information could be deficient on this, but 2 years ago when we
were looking at. the problem with the pollution panel, while it was
apparent that a systems approach was needed, it wasn’t apparent that
it had been done then. Xs- for the auto. exhausts, Mr. Chairman, I
quoted from one of:our consultants, perhaps before you came in, re-
- garding the situation as it may obtain in the Los Angeles area where

new standards for-exhaust emission have already been put into effect—
that is, in the whole State of California. The estimate is that even
though one can reduce the amount of effluent to the level stated in the’
standards, the increase in automotive traffic, in the burning of hydro-
carbon fuels, is such that in about 15 years we will be just about back
to where we are now.

In other words, unless there are very radical developments in the
complete combustion of the hydrocarbon fuels that are used in auto-
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mobiles, we are going to ameliorate the problem for some time but.
inevitably it will grow u% again. This is unless alternative means
of automotive propulsion that are reasonably efficient can be developed.

The usual examples are to improve storage batteries and also to

develop fuel cells so that they are lighter in weight and more economi-

cal. Kither one of these would accomplish that. My understanding

is that at the present time, with present technology, one couldn’t intro-

duce these other methods of propulsion ; and probably, unless there is

a good deal of public acceptance of the need, based on pollution and '
based on the eventual exhaustion of our resources of fossil fuels—
unless the public becomes thoroughly aware of this—it will be very
difficult indeed to introduce these even though they are much better

technologically than they arenow. fip T ,

Mr. Dappario. This seems to be an area where we are making
expenditures which are causing some gain in the fight against pollu-
tion. If you, yourself, were in a position to choose between spending
half of a billion dollars on a device to ¢ut down pollution from auto-
mobile exhaust and using the money for some other antipollution
program, would you spend it on the device? ' o !

Dr. MacLrop. I think we have two kinds of problems here. ‘One
is the short-range problem. I think we have seen in'enough modern
cities over the last few years an increase in moxious hydrocarbon
products in the atmosphere so that we realize, I think naturally, that
we must do something about them over the short range. I think over:
the short range, since the automobile is the greatest producer of these .
pollutants, that we have got to try to do something about the auto-
mobile reasonably prompt%y. . ' o

Over the longer range we must develop, I believe, alternative meth-
ods of propulsion. This is going to require a good deal of research
and perhaps more development money, which is where the largest cost.
is as I'm sure you know in the introduction of anything new in the
commercial world. So I think we have two problems. %ne, to abate
over the short range, and two, to develop alternative methods to pre-
vent in the longer range picture. . ‘ ) . :

Mr. Brown. Mr. Chairman, would you yield at that point ¢
.- Mr. Dappario. Yes, Mr. Brown. , '

Mr. Brown~. I’'m interested in this discussion because in Los Angeles
at least 15 years ago there was a lot of pressure for the development of
some sort of smog control device for automobiles. Ten years ago the
pressures were great enough to ask the automobile industry to engage:
in the research necessary to develop this. The State agencles have not
- engaged in any research whatsoever with regard to smog control de-
vices in California. They have attempted to set standards, but the law
in California is that the standards cannot become a,pplicaiolé‘ until the
industry develops two alternative devices. It just wasn’t done. This
is something which in my mind should be relatively simple technically,
at least it is simple compared with developing a new form of propul-
sive power such as the fuel cell or battery-powered automobile. In 15
years the industry failed to devote sufficient funds to this relatively
simple problem because it was insufficiently motivated. The question
that I have is, do you think there is any likelihood that industry, be-
cause of the major changes it-would mean in its whole method of opera-
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tion, perhaps its merchandising philosophy, is likely in, say, the next
50 years, to devote enough of its own research funds to come up with
an alternative type of propulsion to the internal combustion engine?

Dr. MacLrop. That would be very much of a personal opinion and
I suppose from that point of view it is no better than that of anyone
else, and ﬁerha,ps not as good as many others. I believe that if we do
bring to the attention of the people at large the magnitude of the prob-
lem and the kinds of solutions that are necessary and if we do set stand-
ards which will require new technology in order to market, that one
can have a profound effect on the kinds of instruments that are
developed. » T

In the case of the battery powered vehicle or the fuel cell powered
vehicle, I don’t believe that up until this time the public has been so
convinced that this will be significantly better than the improved autos
with less amount of effluent %I—I'i)m the exhaust, that the pu%lic is really
convinced that we need to push for it. Iknow that some of the battery
companies are working on improved batteries and certain of the large
electric companies aré working on fuel cells. I don’t know really
whether they could be working harder and that they could bring the
day closer. ‘I just don’t know whether the magnitude of effort could
be increased to accomplish this. :

Mr. Brown. The point that I’'m making; is that in California where
this exhaust effluent problem is;jthe most serious, the public was well
aware and eager for action 20 years ago and still no action was taken.
‘When we decided that we needed fuel cells for the lunar program, the
public didn’t care whether we used fuel cells or not, but the needs of
the project and the compulsion of the program resulted in their de-
velopment. What I’m leading to is, Is it not possible that we are go-
ing to make rapid advances in this field only if the Federal Govern-
ment takes a considerable amount of leadership in encouraging the
necessary research and not rely on either the public or the industry?

Dr. MacLrop. Yes, I believe, sir, the Federal Government must
take leadership. I don’t know how much in the way of resources the
Federal Government needs to put into, for example, these two develop-
ments that we have been talking about, but I think this should be
looked at, definitely.

Mr. Dabpario. Dr. MacLecd, I hope we might have the opportunity -
to send some further questionsto you. We have other witnesses today,
but we hope you might provide us answers for the record. (Addi-
%(:)I)lal questions and answers for the record may be found in volume
Dr. MacLzop. Ishallbevery gladto.

Mr. Dabparto. We certainly appreciate your being here. :

i (Tl;e complete prepared statement.of Dr. Colin M. MacLeod fol-
ows: '

PREPARED STATEMENT OF DRr. CorLiN M. MACLEOD, DEPUTY DIRECTOR, OFFICE OF
SOIENCE AND TECHENOLOGY

Mr. Chairman and members of the committee, although knowledge of the
damaging effects of pollution has existed for a long time, particularly in idus-
trialized societies, the impulse to do something about it has been slow in coming.
While there are multiple reasons why this has been so, perhaps the most im-
portant have been first, the slow appreciation by the public that human sewage
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" contains a variety of disease-producing microbes. Secondly, there-has been a
deep feeling, stemming from. our frontier history, that the resources of this
Continent are well-nigh inexhaustible, including the reésources of water, air and
land in which to dump our waste products. Finally, there is the strongly-held
opinion that nature quickly purifies the man-contaminated environment, be it
air, water or soil. While the last is true to a degree, we have overestimated
badly the capacity of natural forces to restore the environment's quality,
whether the contaminant be human sewage, jindustrial wastes, automotive
efiluents, pesticides or animal dejecta. ‘ ,

An increasing standard of living generates an ifniereasing burden of wastes, so
that the most afluent society has the capacity to produce the widest variety of
pollutants in the largest amount. ' i -

Surely it should be a measure of the quality of our civilization that while we
improve living standards through inereased per capita income and other re-
sources, at the same time we see to it that we don’t foul our own nest, or if we
have fouled it that we devote sufficient resources to clean it up and prevent
further damage caused by our indifference and greed.

During the past few years, attitudes have been changing. The magnitude of
the problem is now more generally appreciated by the public, the Congress and
the Executive Branch, and a number of very important steps have. been taken.
Despite this favorable change in attitude, 1 question ‘most ‘seriously whether
problems of pollution have been given the high priority they deserve; I question
whether we are yet in the frame of mind to commit to their abatement the very
large resources of brains and dollars that-are going to be necessary in ‘order
to push back the flood, and to restore our natural habitat to something approach-
ing’ its pristine state of great natural beaunty. R i

As I have indicated, at the present time much of ‘our populace is aware of
gome of our Nation’s pollution problems. A few. classical examples; such as
the pollution of Lake Hrie and the-smog and pesticide ‘problems, have been
popular subjects for lay writers. Likewise, many persons in our population

‘have been subjected to discomfort, losses, or disgusting sights and odors caused
by pollution. Many of us have observed a once sparkling, clear trout stream
that is now devoid of fish, with its waters odoriferous and green with noxious
algae, or we have become aware that birds or other kinds of animal life which
were once common to an area are now rare or gone. It'is these kinds of obvious
degradations and catastrophic changes which have finally awaKened the publie.
Now the protests against pollution no: longer come from-a few in our population.
At all levels in our society, concern is being inereasingly expressed about the
deterioration of our environment and there has arisen a determination to do
something about it. The concern I expressed above is whether this deteymination
is strong enough. ’ ) b

Although they appreciate a few facets of the problem, few people are awaré
of its scope and seriousness or of what is required to ‘abate the tide of pollu-
tion. Likewise, few of us are aware of the multitude of changes and effects
upon other forms of life and upon, ecological processes which have accompanied
each of the changes that we have viewed: In fact; scientific knowledge is sparse
in thig area-—and badly needed. : . T
¥t should be remembered that ecological change is not ‘a new happening in the
higtory ‘of the earth and its inhabitants. The edrth’s surface has been under-
‘going physical changes for eons of time. The vesults have includéd ‘the: very
formation of our atmosphere through biological action, topographic altérations
such as the formation of mountain ranges, the origin and death of lakes and
rivers; the rising of land masses from beneath the sea, and sometimes the sink-
ing of terrestrial’ ervironments. - Except for catastrophic events, such as are
associated with voleanic activity and earthquakes, major modifications of the
earth’s crust have occurred slowly. :

"There have been also been gradual but extensive changes in the properties
of the air, waters, and land. The quantitative chemical composition and tem-
perature of the air and surface waters have changeéd. The oceans and certain
lakes have increased in salinity. Soils have been formed and deposited in some

" ‘areas and removed from other areas by water and ‘wind erosions, Levels of nu-

clear radiation from natural sources have decreased with time, ‘due to radiocac:

tive decay of radioactive minerals in the eartb’ssurfce and because of changes'in:
the ‘atmosphere. . IR B o :
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The biota of the earth has also gradually changed with time due to such
evolutionary processes as biological adaption to enyironmental changes by genet-
icalterations and natural selection, .

Wonderful as the genetic mechanisms are for ensurmg diversity and adapta-
bility to changes in our physical environment, it is important to remember that

_their response is relatively slow, especially for the highly organized forms of
. life; Evolutionary changes are geared to long spans of time—thousands and
even millions-of years,. . - -

Although species of organisms may become adapted to living under different
environmental conditions by evolutionary processes which are entirely beyond
their control and which occur only over very long periods of time, man has ac-
quired the ability to intentionally and grossly change the environment to meet
his desires. One of civilized man’s chief goals has been to alter his environ-
ment to make his way of life easier and more secure, and to satisfy his am-
bitions to acquire possessions and prestige.

Not only has man changed his own-environment but he has changed or is
changing the physical environment for essentially:all other creatures that live
on earth. Sinceé life evolved on earth, there has never been a. biological influ-
ence 'that haw: 8o altered the envlmnment The stresses and: changes that man
has caused to the natural communities.on earth compare in magnitude to those
caused by the ice ages—and. the long-term effects can be expected to be more
gevere unless man acts promptly to find and correct his errors. . Biological alter-
ations have never before occurred so rapidly and the gpeed of changes resulting
from man’s activities is accelerating.

The treméndous . quantities of man’s wastes which are poured into fresh
waters, into the air, onto the land, and inte.the oceans constitutes one of the
.dominant abuses imposed on nature by man, ‘

= Marked changes have taken place in many of our streams, lakes, estuaries,
-~ and coastal waters because of their misuse. Many streams throughout the
Bastern United States which once flourished with fish are now barren due to
pollution from industrial and domestic. sources. Valuable commercial species
of fish, such ‘as salmon and shad, have disappeared from great rivers. There
are many serious problems from ovmnnchment of slow-flowing and impounded
inland waters and estuaries from domestic .and agricultural wastes. Large
. areas of oyster beds which were an.important source of food in former times
and which once represented an important part of our commercial oyster fishery
‘have either been contaminated by infectious microbes from sewage during
recent years or conditions for growth have been so degraded that productivity
is much less than it used to be.
- 'Well-known examples of lakes that have become seriously degraded by pollu-
tion include Lakes Washington, Tahoe, and BErie; the Potomac is a classical
'+ example among rivers ; the tidal waters of the Sacramento River are an example
of a polluted estuary, and a good example: of a degraded marine environment
1s the coastal waters of Long Island.

Domestic wastes, the excrement from farm animals, surface runoff from some
agricultural lands, and certain industrial wastes contain materials which are
nutrients for plants. When such materials are discharged into surface waters,
they stimulate the growth of aquatic plants.. Overenrichment may catuige un-
sightly algae blooms to develop and the oxygen content of the water may be-
come depleted until many or all forms of aquatic animal life perish. In addi-
tion to loss of fishery resources, overenrichment limits or destroys recreational
vgues of an area, and in the case of lakes it causes premature and speeded
aging

As yet we do not have sufficient information to develop methods for controlling
over-fertilization of our waters, simply because we have not done enough re-
search and development on the subject. We do not know whether it will be
. possible or feasible. to:-reverse or to stop advanced cases of eutrophication or
over-fertilization in lakes. The problem is .complex and likely will be very
. expensive to solve. It will require new technigues for treating sewage because
our current methods are designed primarily for the removal or destruction
of diseage-producing microorganisms. By present methods, primary treatment
removes the large particilates. In secondary treatment, microbiological proc-
esses break down complex organic materials to simple, soluble compounds which
form a rich nutrient brew that flows into the natural water systems where it
nurtures the mass growth of noxious plants. It is clear that tertiary sewage
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treatment systems must be developed and adopted widely for the removal of
the soluble nutrients if we are to preserve some of our most precious natural .
resources of water,

Air pollutants include many potentially hazardous materialg such as wastes
from the combustion of fossil fuels, pesticides, radicactive materials from nu-
clear detonation, and various industrial efluents. - .

Irritation of the eyes and respiratory tract from:polluted air has been com-
mon for many years in Los Angeles because of ‘the geographic and climatic
pecularities of that area. Los Angeles no longer is unique ‘in this respeet.
Many other American cities, including New York and even non-industrial ‘Wash-
ington, D.C., have experienced episodes in which the atmospheric concentration
of automotive eflluents reached irritating levels—and this will get worse before
it gets better because every day there are more automobiles, burning more gaso-
line which crowd into the centers of our cities.

Up to the present time, except for a very few catastrophic episodes, there 1is
little proof that the levels of air pollutants which accumnlate in the air over our
cities adversely affect the health of normal people, evén though the poliutants
may cause irritation, This does not mean that there are no detrimental effects
on health, but only that by our present methods we are unable to detect or
assess the effects of low levels of toxic compounds over'long periods of time. In
making these assessments it will be necessary to conduct detailed epidemiological
studies on the young and healthy segment of the population but, probably
more significantly, on the aged and infirm and those who suffer from cardiac
or pulimonary ailments. Because of our judgment that smog may’ be harmful
to human health and to the quality of living for city dwellers, we have embarked
upon a program to reduce the concentration of pollutants from automotive
exhausts. This is only “stop gap” action, however. Much research and devel-
opment, and probably some major changes in transportation, will be required
to ultimately control the problem, } :

One of the most intriguing and potentially significant changes that is taking
place in our environment is the buildup of carbon dioxide in the ‘atmosphere
from the tremendous -consumption of fossil fuels. At the present and projected
rates of coal, oil, and natural gas consumption, there is good reason to believe
that the carbon dioxide level in the’ earth’s atmosphere will increase to-an
extent which could cause a significant rige in the air ‘temperature of ‘the earth
by the time year 2000 is Teached. If this occurs, the communities of natural
vegetation can be expected to change, which would -effect changes of correspond-
ing magnitude in the natural populations of terrestrial animals. Glaciers would
melt and ultimately even the temperature of the oceans would rise. Melting
of the ice caps would cause rising of the ocean levels, or if the increase resulted
in increased rates of precipitation in the polar regions, the ice caps might grow.
At this time, we can only theorize what might happen if the carbon dioxide
content of the atmosphere continties to increase. Our understanding is’ insuffi-
cient to predict with confidence what will happen to the plants and animals
and to the rest of our physical environment. i

Pollution of our soils originates from many sources but at the present time
the most important are related mainly to agricultural practices. ~The pollutants
include such materials as pesticides, increased alkalinity or salinity due to

irrigation practices, and in some areay wastes from domestic animals.

" Solid wastes, including discarded packaging and junk automobiles, which so
obviously degrade our landscape, constitute another aspect of our pollution
problem which is in dire need of action, Of equal importance to the unsightli-
ness of such materials is the waste and loss of the materials that they contain
as well as the distressing propensity to destroy valuable natural resources
such as marshes by dumping this junk into them.

Under natural conditions many species tend to live together in communities.
This complex of species and the interrelationships that they share functions
to maintain a stability which is commonly referred to @s a “balance of nature.”
These ecological systems have:been developed by the slow: process ofevolution,
by each species finding its niche in a particular environment. - As the environ-
ment becomes more harsh, the diversity of species decreases, )

Many of the sactivities of man have ‘resulted in the reduction of specles. As
the concentration of pollutants in-a particular natural environment increases,
the number of species decreases until finally all life there may be destroyed.

Another interesting correlation may be found in the results of intentional
alterations of the bioenvironment to meet increased immediate needs for human
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‘food. Farms have become more specialized in the types of productsthgt they
-produce and the sizes of areas devoted to single types of erops have conslsten‘gly
increased.. . This tends to reduce natural stability and man must become in-
creasingly diligent to protect his crops from catastrophies such ag infestations
by plant pathogeng or by.population bursts of injurious insects.. This neécessity

-has supported rapid advancement in production and usage of various kinds of
pesticides:. These materialg are used not only on most. of our cultivated crops
but; also on large areas of forests and grazing lands.”- They are also used to con-

--trol insects which spread human diseases and.to control pests.in .our houses and

.-yards and pests of our domestic animals, . ‘

:In the early days of insect control, persistence.of the insecticide was con-
sidered an important virtue because the residual activity previded control over
an extended peried-of time,. This characteristic is undesirable under many con-
- .ditions -because the. persistent toxin can cause death or- 'damage to desirable
. species even though they may be at great distances from where the pesticide
.. was ‘applied, . The clasgical examples are so well known that I do not need to
~refer you to them. . Tt is of great significance thit during the past 3 or 4 years
. there has been a large shift toward pesticides that are more readily degradable
- and a market shift in emphasis by Federal agencies, particularly USDA, toward
--other.methods of pest control.” A considerable increase in effort, however, is
. desirable. ) ’ :

I have indicated a few of the pollution problems which need more research
and some where we can apply what we know already. Actually, we do not have
adequate understanding of many of the basic processes of the bicenvironment ;

we do-not adequately understand the interrelationships between various species -

:.of plants and animals, and. we have very little knowledge of the effects of en-

vironmental stresses upon natural populations and communities of organisms.

- 'We are particularly deficient in our-knowledge of the chronic effects on man,

- plant and animal species, and ecological systems from long-term' exposurés to

-low:levels .of pollutants and other envirohiental stresses.. This basic informa-
tion is essential to enable us to assess the biological hazards of pollutants, to
enable us to- establish more meaningful tolerance levels of pollutants, and to
.assist in'the improvement; of methods of pollution control.

To achieve the needed advancements of scientific knowledge and technology, it
will be necessary to attract many more highly qualified scientists and engineers
to the many aspects of the broad problém. It is of particular importance to

. devote adequate attention to the advancement of basic knowledge.

These requirements indicate the need for increased Federal support of training
and regearch.through the various responsible agencies. Continued effort should
- be ‘devoted to improve intramural research and development programs but at
the same time more effort should be directed to utilizing tlie much greater pool-
;. of talent outside Government by increasing sound research, grant and contract

programs with universities, non-profit research organizations and industry.

As a pation we have no really long-term plans to deal with either the problems

- associated with the carbon dioxide buildup in the atmosphere or the eventual ex-

. ‘haustion of our valuable fossil fuel sapplies, Concerning the supplies of fossil

fuel, there is no arnswer for the long term except for the development of new

. -sources of energy such as nuclear power or solar or tidal energy. Nuclear power
carries its burden of environmental hazards, but in the light of what we now know,

" the hazards from controlled nuclear energy may be less troublesome to manage
than the use of fossil fuels with their attended buildup of atmospheric carbon
dioxide. o . .

It is time that our nation begins to work diligently toward the goal of efficiently
recycling materials and utilizing natural energies for our power requirements.

A ‘concentrated effort devoted to developing methods and policies to effect.the

" recyecling of used materials back into the production of new products would result
in both conserving our wealth of natural resources and materials which we must
import, and it would contribute greatly to the alleviation of pollution. Our dis-
appearing fossil fuels could perhaps serve their highest use as raw materials
rather than being lost forever by burning them as sources of power. -Our present
usage of fossil fuels is much more serious than the exploitation-of the forests by
our ancestors because the supply that we are depleting does not represent the

.crop -of one year or one century but-the ¢rop of many hundreds of thousands,
indeed. millions, of years... The loss cannot be rédeemed by.any of the powers of
man, .
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Increasingly power requirements nust be met by efficient  usage .of nuclear
ehergy, and other sources should be utilized:such gg solar energy, the tides, and
perhaps the heat of the earth’s core. . i

Since it was established in 1962, the Office of Science and Technology has been
actively concerned with pollution problems. The President’s  Science Advisory
Committee Report, Use of Pesticides, was published in 1963 and since then the
Office has assisted in-the development and in the activities of the Federal Com-
mittee on Pest Control. The Federal Council for Science and Technology’s
Committee on Water Resources Research hag devoted considerable attention to
water pollution. The recent PSAC Report, Effective Use of the Sea, includes
attention to marine pollution problems. The recent Report of PSAC, Restoring
" the ‘Quality of Owr Ewviromment, which was published last winter is devoted

“broadly and extensively to the subject of pollution. = It includes numerous specific

, recommendations that pertain to control. An assessment of the various agencies’
Fésponses to that Report has just been completed and plans.are actively afoot
for further -implementation - including ‘coordination of "activities by Federal
i agencies.

The pollution problem is closely related to our national concern for preserva-
tion of natural beauty. The Office of Science and Technology and the Bureau
of the Budget are now completing a study of how the Federal Government can
best help to advance our understanding of natural plant and animal communities
and their interactions with man. The results of this study will contribute
information and recommendations which should be useful to'support and advance
programs needed for pollution control.

In the future the Office of Science and Technology will continue to provide
leadership and to conduct. evaluations -and coordinating -actions -among. the
. Tederal agencies to develop policies and “programs which will improve the
control of pollution on land, in the air,-and-in the water; which will advance
the restoration of degraded environments, and protect important natural systems
which have not yet been spoiled by man. Co .

Mr. Dappario. Our next witness-is Dr. John L. Buckley, Assistant
to the Science Adviser of the Department of the Interior.

Dr. Buckley, good morning.  We are happy to have you here and
I think we will go right into your statement.

STATEMENT OF DR. JOHN L. BUCKLEY, OFFICE OF ECOLOGICAL
RESEARCH COORDINATOR, THE SCIENCE ADVISER, U.S. DEPART-
. MENT OF THE INTERIOR | | :

Dr. Bucgrey. In theinterest of time, Mr. Chairman, I will dispense
with most of what I have provided in the written statement. I
assume my prepared statement will be printed in the record. I know
that your committee does its homework. I’'m sure that many of you
have already looked at what I intended to say. It seems to me that
the lines ofy questioning that have been pursued this morning are
particularly fruitful ones and I welcome a chance to discuss some of
these- matters with you. A ’

The tenor of the questioning and also my statement is that we live -
in a world which we are able to modify and in fact have modified to
a very considerable extent. 'We have certain choices in modification.
In at least limited environments, such as in a spaceship, we are able
to provide the needs of life at least for a relatively short span of time.
I suppose it is conceivable that we might be able to manage the earth
as a whole in somewhat néar this fashion. I’'m not sure that I would
care to live here if we were to do this, but that may be nothing other
than a matter of personal choice. ~At the other extreme there are
those of us who would prefer to see things as untouched as possible,
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and yet that is clearly not the way in which we are going to live in the
future. So we are really faced with a problem of understanding
enough about our environment, its physical side and its biological side,
so that we can most efficiently use the resources that are available to us.

Philosophically it seems to me that we have considered all of these
resources as essentially “free” in the past and there were no constraints
against the dumping of waste—and by wastes I mean those things that -
are not useful to us at a particular point in time or in a particular
concentration or in a particular place or in a particular form—wher-
over was most convenient. With certain very toxic materials, we now
have changed this philesophy so that it is very much the other way
around. Inthe handling of pesticides, for example, the responsibility
rests with industry or the propenent of a particular use, to demonstrate
that the use will be both advantageous for the purpose for which it is
intended and equally that it will not be disadvantageous to other uses
of resources. We have not yet expanded this philosophy to many other
pollutants. The nuclear energy};}lius'inass is one other example. Here
there were all sorts of possibilities of escapes of materials into the en-
vironment -and we could foresee enough difficulty that we exercised,
relatively speéaking, extreme care in the way we handled it. The re-
sult has been that we have learned to handle nutlear energy so-as to
achieve maximum benefits with a minimum of disadvantages.

One of the issues raised by your Research Management Advisory
Panel relates to the a,pf)ropriateness of considering direct effects on
people as the principal measure of pollution. I submit that it is
inappropriate. I think quite clearly that man is the center of the
universe and all our activities are oriented around him. But it isn’t
~ just the physical needs—theneed for food and oxygen and water and

- these sorts of things we.must be concerned with. Rather it is all of
" the things that man needs, directly and indirectly. - It is conceivable
that we might be able eventually to take the separate elements that
occur in the universe and combine them into substances which we
can use for human food by:some means.other:than using green plants
as the basic mechanism. At the present time, however, we totally
depend upon green plants for 'servirf this need. The first thing they
dois capture energy from the sun and convert this into plant materials.
In the process, they release oxygen, take up carbon dioxide from the
atmosphere, take up minerals from the soil and so on. These plants
in turn are fed on by ether living organisms, or if they die without
having been eaten by an animal of some sort, then some of the micro-
organisms in turn break them down. into smaller pieces and eventually
the nutrientg-are put back into the cycle. : :

It seems to me that we depend on these services and we best be
sure that those things we do to the environment do not seriously
disrupt these functions.

There are some other things living organisms do that concern me.
From our point of view they are sort of inadvertent things that we
would really prefer that they not do. In the process of cycling both
energy and nutrients they also are able to, and in fact do, pick up
some of the heavy metals, some of the relatively persistent ang resist-
ant organic compounds and-pass these on—in- some cases with no
changes and in some cases with extensive changes through metabolic
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processes—so that when one organism feeds on another it in turn
tends to accumulate these. ‘ : -
. What I am really saying is that it seems to me we are going to live
in the world that we have now. One of the things that we need to do
in managing this world is to get rid of wastesthat are disadvantageous
tous. But in the process of doing so we need to make sure that, while
we utilize fully the capacity of the environment to assimilate them,
we do not overburden this capswi*tizrll to the point that we seriously
upset the way in which the system functions. You can take this and -
twist it the other way around and make an emotional pitch that we
don’t want to see things changed or we must conserve this orthat. - But:
basic to this is & biological heed on the part of man that won’ be met
if we disTupt these processes too extremely. So, I would lead them to
the point that it seems to me, I don’t really wish to talk about the ade-
quacy of technology. I wish to talk about our lack of basic under-
standing of the processes that take place in these systems and even such
obvious things as present distribution patterns of living organisms,
of abundances of them in different places, the rates at which they are
capable of adapting as individuals, the rates at which they are able to
genetically change with time.  All these understandings are necéssary
‘as a solid base on which we can decide how much of what material we
can put at what part of the environment. I think without belaboring
thilpoint further, sir, I would rather respond to questions.
* Mr. Dapparro. -Mr. Vivian?
Mr. Vivian. Ihave noquestionsnow.
Mr. Dapparro. Mr. Conable?
Mr. Conarre. Do you have any comments about some of the ques-
tions which we asked earlier? Would you be in disagreement with
any of the general statements that the earlier witness made in re-
sponse to questions? We have gone over thoroughly the ground that
you are primarily interested in. ~ ‘
Dr. Buckrey. No, I think for the most part I agree with the com-
ments that my friend, Dr. MacLeod, has made. Heand I very geldom
have any violent disagreements. ‘
Mr. Conaere. Are you satisfied with the coordination that is going
on in this area within the Federal Government itself ¢
Dr. Buckrey. Well, if we are talking about the field that I have
specifically addressed myself to, I'm not especially concerned about
the problem of coordination. I'm concerned about the problem of
quantity of work that is going on which I think is grossly inadequate
to meeting these needs. Secondly, I would point out that the agencies
. that are now for the most part concerned with this subject have a

rather special concern. Wi&in the Department of the Interior, for
‘example, in our water pollution control ncy we have a concern
with these kinds of problems but only if they are in the vicinity of
water. If we oonsid%r the Fish and Wildlife Service, they too have
aconcern. It is not limited geographically, but the concern is centered
around economically valuable forms of fish and wildlife and those
things that influence them. Or if we take the Public Health Service,
their concern is with these same kinds of problems but only as they
directly affect man. We do have a segmenitation this way.

Mr. CoNaBLE. Ap]i)larently you are concerned about the quantity of
research going on that is directed toward the general problem of
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research—understanding what is involved in these various physical
processes and understanding more about our environment itself rather
than any specific research problems. :

Dr. Buckrey. Yes, I think this is generally so. . I would say that
there are some opportunities for synthesis of knowledge now available

“that have up until now been overlooked. | o

I think we have, for example, information on distributions, changes
and things of this sort hidden away in minds of men that ought to
be extracted and put to-use. - One of our problems in talking about -

' gollution‘always is that we sort of imply that pollution is in.fact

isadvantageous change. Then you are faced with'the problem, change
~compared to what?. And even in such an important area to us as

San Francisco Bay, if you want to go back and look at what San

Francisco Bay was like chemically, bielogically 10 or 20 years ago,

quantitative evidence is very scarce. You end up with the recollections

of a fisherman who remembers that he used to catch @ number of
fish and now he catchés @ minus number: of fish. But you don’t
know whether he really caught that number of fish before or whether
he forgot the days when the fishing wasn’t so good-—you don’t know
whether distance in time has dulled his recollection. There are very

‘ rﬁal problems here, it seems to-me, in just this matter of assessing

change. g S
Thg(; next point that I should comment ‘on is the statement by the

Research Management Advisory Panel that ehange of an abnormal

nature in animal populations may be considered as a sort of warning

of things that may ha]?pen toman. Again, I would raise the question
of what constitutes “normal” and, therefors, what is “abnormal.”

For most wild population we don’t really have any good idea how

great the change may usually be without the pressures of man—

from one place to another, from one year to another. We do know
that such changes are very considerable in some cases.

" The third point related to this is that these animals don’t live by

“gverages,” yet the numbers one often ends up with are monthly

averages of dissolved oxygen for example. It doesn’t do a fish muc

oood to have dissolved oxygen that is totally adequate for 30 days
in a 31-day month, and have essentially no oxygen on the 31st day.

The average figure will provide you with information about changes

in time, or permit comparisons of one place with another but it won’t

help the organism a great deal. ;

" Mr. Dapparro. How do we get this information? = We aren’t get-

ting it now since there is no way of distinguishing the normal from

the abnormal. ‘ :

Senator Nelson has introduced a bill which would establish a De-
partment of Ecology. Do you think we ought to centralize in this
way or how do you suggest we go about it #: :

- Dr. Buokrey. Well, you put me in somewhat of a spot, sir. Sen-
“ator Nelson’s bill has not been either favorably reported upon or un-
favorably reported upon. o :

. Mr. Dapparto. I understand and I bring it up not because I sup-
port it or don’t support it, but rather because you raise this question
1n such an interesting way. You remind this committee that we need
certainly to know more about this area where you say a great deal of
work needs to be done.
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Dr. Buokrey. Yes, I think some additional work is necessary wheth-
er it is a result of Senator Nelson’s bill or something along this line,
and without discussing whether it ought to be in the Department
of the Interior or some other place. g]ea,rly, I think it ought to be
in the Department of the Interior or I wouldn’t have returned to
that Department to attempt to strengthen its work in ecology. So,
laying my biases out in front of you, yes, I think this kind of thing
is necessary on a rather vastly expanded scale. ‘

On the other hand, when we are talking about money for this
sort of thing, it need not be the kind of money we are talking about
in space programs. We really are starting from a different base
and some of the basic ecology that seems to be necessary and some
of the survey information is something that would represent, I sup-
pose, an investment of a few tens of millions of dollars rather than
hundreds of millions of dollars or more on an annual basis. I sin-
cerely believe that we need an assembly of the information that we
now have—and I don’t see the mechanism for doing this—a survey
of what now is present and what is happening to it, and certainly
an increase in basic research that tells us more about the basic ptroc-
esses that are at work in these environments. Ll i 2

Mr. Dapparto. You said that our ability to detect cha,xﬁge is not
good because our experience has not been long. Harmful effects may
Well be occurring. Various life processes and cycles are in delicate
balance so that if you upset one you may affect others, too. If we ig-
nore this and if ‘changes continue, it can have a disastrous effect
throughout the whole life system. ‘

Dr. Buckrey. Yes, I don’t want to sound like a prophet of doom
and T don’t personally feel that this is that kind of pro lem.

On the other hand, I'm a strong believer in foresight rather than
hindsight whenever it can be exercised.

Let’s take the case of the oyster, not because the oyster is neces-
sarily so important and not with any intent to influence its market-
ability or anything of this sort. The oyster processes a large quantity
of water an hour. It takes in up to 40 liters of water in an hour so
it is a remarkably effective filtering system. It has the capability of
removing from tie environment materials that are present in a very
dilute way. There are some data which suggest that they have the
ability of concentrating some pollutants by a factor of 70,000.

The question, it seems to me, that one needs to go to from that is—
are there levels of these substances that are low enough in the environ-
ment that the oyster is not able to p ick them up‘?-’ : %.nd again I have
very little information to offer on that. ‘

T do know that if you go to levels of DDT of 1 in 10%, that is one
art of DDT in a hundred thousand billion, then the oyster in at
east a period of 20 days acquires no detectable amount of DDT. I

know that at about one part in a hundred billion, the oyster in 2
weeks will pick up quantities that you do detect. This is not to say
that the oyster is damaged by that level. It is simply to say that he
has the capacity to extract at that level.

Other organisms, including man, feed on oysters. Tt is conceivable
that the oyster will store away quantities of these in sufficiently high
concentration to be harmful to man if he eats them. '
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We have monitoring programs that are aimed at detecting the
levels that are now present; we have regulations that prohibit ship-
ment of these interstate if they have any substantial levels and so on,

But, again, one other point that this opens up, and that I might
have commented on, is that a great deal of our work in pollution or
in relation to pesticides has really been aimed at sort of stating how
bad the situation is. It seems to me that this is the wrong point of
view.

-Rather, what we really need to know, because surely we are %omg
to have some levels of pollutants in the environment, are what levels
we can have without detriment to the environment. The research
may be done in the same way, but the results will be much more useful
to us, in fact, if they are phrased in such a way that they tell us that
this 1s allowable and that it will have no effect insofar as we can
judge now, rather than the other way around. L ‘

r. Dappario. So, you need to have a better idea of what you must

- Dr. Buokrey. Yes; it seems too much effort up until now has been
in trying to demonstrate to people such as you and to the general
‘Eublic' and me that there is really a valid problem that we ought to

e concerned about. A

~ Shucks, I'm convinced. What I want to know is, “What are we
going to do about this problem?” We are going to have wastes of.
some sort or another, and we are going to have to segregate these into
some part of the environment ng‘;ere they won’t be disadvantageous
to us.  We need to have sufficient knowledge that we can do this
without damage—so we can: have our cake and eat it, too.

We may use the oceans to dispose of some of these wastes. In a
natural world, they were sinks—almost everything eventually ran.
into the oceans. Today we tend to treat them as though they would
do this for all sorts of artificial products as well as natural ones, and
no doubt, with sufficient knowledge, we can afford to use them deliber-
ately for this purpose. But even the oceans are not inexhaustible
resources, and do not have a capacity to absorb unlimited quantities of
wastes. - And the difficulty is intensified because we usually place these
waste materials in fairly localized areas, usually quite close to shore
where they are subjectto recycling. y S

This suggests to me that in the estuaries we may need to come
around soon to a-kind of landscaping zoning, a decision that for the
estuaries the principle of multiple use won’t work.

An estuary can be used either for this purpose or for something
else. Carrying it  to'an-extreme, clearly if one dredges and builds
industrial sites, this is one valuable use for an estuary. At the same
time, you can’t expect the shallow waters along the edge of it to
serve as a nursery ground for shrimp and other aquatic resources.:

This is a choice that you have to make and it seems to me that a
zoning concept is the way to make it. '

Can we afford to fill or pollute all of them since they are so very
important to us in terms of marine products? I don’t think we can.
At the moment, there isn’t any way of saying that you can’t do it to
this estuary but it is all right to do it to that one.

Mr. Dappario. Do we have enough ecologists available to make a
solid beginning in this area? If we don’t, how do we get them?




ADEQUACY OF TECHNOLOGY FOR POLLUTION ABATEMENT 371

Dr. Buckrey. Well, let me comment for just a moment on that. I'm
not sure what an ecologist is, but it doesn’t seein to me that one sets out
necessarily to train an ecologist. It seems more than anything else
that ecology is a point of view, a recognition of the interactions that
take place, so it doesn’t mean to me that you have to have a man who
goes through a set period of training and at the end of this comes out
an ecologist. He may do this and there are a dozen or so institutions
around the country that do offer graduate training and do produce
people with these capabilities and many of them are first-rate people.
But there are many other first-rate ecologists who were trained as
fishery people or foresters or almost any kind of field biologist. I
think for my purpose, I would restrict this to the biological field rather
than others, but this is not necessarily so because I can think of some
people who are trained in physical science who are also first-rate
ecologists. ‘ SRS ‘ ,

How do we get them? It seems to me that we get them as we need

‘them. In the first place, this hasn’t been an attractive field to go into.
It has been been attractive intellectually, but the employment pos-
sibilities have been, if not nil, not very striking, and while I might say
that money alone will not cure this sort of thing, it seems to me that at
least a sufficient amount of money in the sense of available jobs and so
on is one of the requirements without which this will not happen, I
think that it is sort of a chicken-and-eggthing. =~ ‘ -

I am not suggesting that a large amount of money would suddenly
produce ecologists, but I am saying that without a relatively large
amount of money we are not likely to be able to stimulate an additional
number of people into the field. o o :

Mr. Dappario. Is ecology sufficiently attractive intellectually so
that, if there were programs which had direction, purpose, and force
behind them, people would be attracted toit? . ..

. Dr. BuokLey. Yes, I would say so—both in terms of an intellectual
challenge and problems which are subject to actual solution.
Beyond this, I think solution of such problems have a social impor-
tance, and most scientists will ultimately admit that, in addition to
basic curiosity, they are interested in the well-being and contributing
to the well-being of the world. Ceem ,
Mr, Brown. Mr.. Chairman,. o
~ Mr..Dappario. Mr. Brown. e

Mr. Brown. Might I suggest that we could solve the problem of
providing additional funding and carrier opportunities if we retitled
tﬁese ecologists as biological systems engineers and let the DOD finance
them. . :

Dr. Buckrey. May I make only one disparaging comment on sys-
tems analysis, but, it seems to me this is sort of an organized common-
sense in the way that I like to think of it in regard to environment..
It has some very sophisticated practitioners and some requirements for
highly skilled methodology.. Basically it really lets us apply common-
sense 1n the best possible manner to the solution of a particular problem
and lets us eliminate many of the constraints that traditional thinking
imposes. : .

T’'m not saying systems analysis is not a highly worthwhile thing.
I firmly believe that it is. Just as I feel that computer modeling 1n
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regard to problems is particularly useful in my field to enable us to
point out what we need to know. S

Mr. Dabparro. Mr. Vivian? =~ :

Mr. Vivian. I’'m tempted to begin with a defense of the concept of
systems engineering. Tt is true that it is often called organized com-
monsense and it is meant to be, but it is marked in the modern world
by the use of mathematical models which are the key.

Ecologists have been using this tool for a good many years. T re-
member that on the first occasion I had to use an electronic computer
I discovered that the problem I was trying to solve had already been
solved by an ecologist who was working on the population problem.
Eecologists have, in a sense, been systems engineers for a long time.

Secondly, I notice that you are willing to use computers to solve
problems and to propose possible solutions, so I feel that for one group
to run down another is a little bit inappropriate. They are doing
different things with the same tool.

I would like to ask a serious question now. Do we have a bio-
degradable DDT yet or don’t we? ,

Dr. Buckrey. It is by some organisms and not by others and it is
a matter of degree. You and I take in DDT and transform this into
a variety of compounds gradually removing the chlorines from it. We
store a certain amount of it in our fat without change. Some other
parts, we eliminate primarily through the urine. '

We just gradually break this down. In that sense, it is degradable.
Tt is not like some of the materials which. are totally nondegradable.

Biodegradability in relation to pesticides seems to me to offer some
very real problems. First of all, some of these need a certain length
of time in residence in order to accomplish a certain end. I don’t know
where you would draw the line on degradability. o

Mr. Vivian. I think you will agree that the DDT we have been
using remains active far beyond its intended valuable life.

Dr. Buckrey. I think there is no question about this, and if one
wishes to pursue DDT sort of to the end point here I can’t think of
specific uses of DDT that ought to be prohibited and in the long run
if we come to a bona fide need to reduce the amount of DDT or pre-
vent further buildups of it, then I think we are faced with overall
decisions on it, not piecemeal decisions. :

Mr. Vivian. T understand that. The question I am trying to get to
is whether we are working fast enough and ambitiously enough on
types of insecticides which might replace DDT and which would have
a much more controlled lifetime. Is there enough work on that
subject ? . ~

Dr. Buckrey. I don’t think there is ever enough work, but I think
there has been a very great increase in work by industry as well as in
agencies of Government and I think the regulatory patterns have
stimulated this very greatly. When I make these remarks, I restrict
them largely to application within the United States, not tothe world
as a whole, though. ' :

Mr. Vivian. Why should an individual farmer be concerned with
using something other than DDT, particularly something that might
cost more ?

Dr. Buekrey. Why should he?

Mr. Vivian. Yes.
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Dr. Buckrey. I don’t think heshould. Asan individual.

Mr. Viviax. What, then, will cause the chemical industry to produce
chemicals which the farmer probably won’t buy ?

Dr. Buckrey. The regulatory pattern that we use with insecticides
and pesticides in general is that they must be approved by the Depart-
ment of Agriculture on the basis of their effectiveness and, second, on
the basis ofg lack of adverse effect within their approved use.

If there is a whole series of compounds available for a particular
use, then we turn next to the recommending procedures. Again the
Department of Agriculture has a fairly elaborate system through the
State experiment stations, and so forth, for making recommendations.
Tt seems to me that you have a whole series of pressures that urge the
farmer to use the safest compound. , ;

If at the same time, he is given a tool which is as effective as the one
he formerly used, I think you have some hope in moving in this
direction. I don’t see this as an open and shut situation with the
present regulatory systems. v :

Mr. Vivian. But we will all agree that there is too much DDT in
the world’s “circulatory’ system. : ‘

Dr. Buckrey. We certainly know that it is very widespread.

What we really don’t know is how much of a disadvantage it really
is in those places where it is present. ‘ < _

Mr. Vivian. Isit increasing? ; ; o

Dr. Buckrey. In the United Statesits use is decreasing.

Intheworld as a whole, its use is increasing.

Mr. ViviaN. And thereis evidence it will last for many, many years,
is that right ¢

Dr. BuokLey. Yes. - '

Mr. Viviax. So even if we continue the same rate of usage, the total
will undoubtedly increase throughout the world.

Dr. Buckrey. Yes; although if you take again the human being in
the United States (this relates to that matter of change, again), if you
20 back to the early 1950’s, I think the evidence is that there is no
increase in the quantity of DDT and metabolates present in the human
population of the United States. o
~ The sample numbers are very small, but there is nothing there to
s‘lg.fggest a very marked increase and in fact they suggest a leveling
ot~ v ‘

Recent intake may have been somewhat lower than before. I'm not
sure but 'what we have reached some static point with excretion balanc-
iing intake, and with this point hopefully below a point of biological

amage. : : : '

Mr.geVIVIAN. Have we developed anything that might be called a
sweep-up chemical? In other words, if you have an excess of acid in
a stream, you dump in some base to react with it and in some respect
change the chemical structure. ‘Do we have chemicals which can re-
duce the DDT present ¢ ‘

Dr. Buogrey. To my knowledge we do not.. We did face a problem
‘with benzenehexachloride a number of years ago when it was used on
potato fields and it made potatoes taste musty. People did at that time
try putting activated carbon on the fields and they were able to reduce
uptake by potatoes.
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Mr. Vivian. We have not developed any chemicals for minimizing -

or reducing the concentration ¢
- Dr. Buckrey. Noj although clearly we can do this in the laboratory
by fairly extreme change in the chemical environment.

Mr. Vivian. Let me ask a question which I think is probably some-
what secondary. You indicate that oysters are effective in concentrat-
ing DDT. What happens if you raise oysters in a bed? Can grou use
these as a means of removing DDT from effluents or can’t you

Dr. Buokrey. This is one of those systems problems that we both
would agree is important. I don’t know the volume of flow that goes -
through this bed. I don’t know the total amount of DDT in it. I
don’t know the effective amount that the individual oyster would ex-
tract from this. ,

Mr. Vivian. You talked about a problem in California where
DDT concentration increased 'as it went from water to plankton to
fish toa bird. Finally, the bird died from an overconcentration. Have
you found any way og‘bma,king that chain ¢ ‘

Mr. Dabparro. That’s what we are talking about, we have got to
find out how to break that chain. . . o

Dr. Buckrey. Gradually in the passing of time DDT is no longer
present in the environment in suflicient quantity and there is a de-
creasing amount present in plankton and decreasing amount present
in fish and the end result is that the problem is no longer present there.
Of course, having this recognized problem, we did not add any more
DDT to Clear Lake, Calif. We used other chemicals which were more
degradable for the control of the gnat.

Mr. Viviax. How did you enforce use of the other chemicals?

Dr. BuckLey. In that particular case, it was a State-sponsored pro-

ram for the control of the Clear Lake gnat and there were no prob-
ems. People knew there was a severe problem and one they felt they
didn’t want to have.

Mr. Vivian. In the discussion you have had with the chairman on
the subject of how many ecologists there are and how many persons
frained in related fields, you refer to the complexity of ecological prob-

ems.

It seems to me that the task of learning even a single specie is quite
large. To learn the ecological background of the thousands and thou-
sands of insects, birds, fish, is really an enormous task. Then to try
to reduce this to some sort of solution—isn’t this a task that is two or
three orders of magnitude beyond the capabilities of the people in this
field in the United States? Aren’t we a long way from having any
extensive knowledge, really? - = . L SIRE

Dr. Buckrey. Yes, we are. I wouldn’t propose that we will in a
short time have answers to these questions. It seems to me that we
can do very much better than we now do with the available people and
by a systemization of the knowledge that we now have.

Secondly, I don’t think, at least I have high hopes that it isn’t
necessary to understand all about each species, but rather one can look
at certain environments and hopefully understand the processes that
take place in them. ' '

Now, it may be different species that are present in each one, but
they fill the same ecological role—they may transfer nutrients from
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one level to another or they may break down organic matter, or they
may perform some other biological function. A whole host of dif-
ferent organisms may be involved in different places, but it seems to
me an understanding of the rates at which these processes take place
and the pressures which there are and their effects on these processes
are important to understand. I think these are much more likely sus-
ceptible to understanding than is a total understanding of the role and
behavior of each of these separate species. I think one has to study
the community of organisms rather than individuals. e

Mr. Vivian. In reference to measurements of these characteristics,
you mention the environment which is a subject certainly receiving at-
tention these days. Are you actively monitoring pollution in various
places in the United States? Specifically, is there any active on-line
monitoring going on at the gresent? ' o

Dr. BuokLey. Yes; the first that I know of was in the Ohio River
Valley, the Ohio River Valley Sanitary Committee, and it also is done
to a limited extent in quite a number of other places.

Mr. Vivian. What is done in the Ohio River Valley ¢ .

Dr. Buckrey. I am not sure of the number of stations and even
the variables that are measured, but temperature and oxygen and light
and a series of these things which in the aggregate tell you a large
amount about the quality. o o

Mr. Vivian. Do you do this downstream from major polluters? .

Dr. Buckiey. Yes, in some cases. : 7

Mr. Vivian. Do you have any plan to monitor and relay back the
information ? ,‘

Dr. Buckrey. May I say I only report this to you as something
which I don’t do nor does the Department of the Interior on the
Ohio River. This is a cooperative venture of some 14 States with
some cooperation of the Federal Government. I think that the answer
to that is probably “No” so far as individual sources, all individual
sources. 1 think one can certainly do this in terms of stretches of the
river in understanding what changes there are from place to place. 1
would point out that aside from that, there are some possibilities of
using some of the satellites at least for temperature changes, things of
this sort in the ocean, also the possible use of infrared sensors for
picking up differences in photosynthesis which in turn is a measure
of total energy output of a particular environment and you can do this
in remote areas where you can’t get at it in other ways. At a practical
level yet, I think the answer is “No.” o

Mr. Vivian. Mr. Chairman, I have no further questions for Dr.
Buckley. I wonder if Dr. MacLeod is here. :

Mr. Dapparro. He has left, but if you have some questions we can
get them to him. N v

Dr. Buckrey. Mr. Chairman, may I point out that I felt a little re-
gretful that Mr. Vivian hadn’t had a chance to ask questions and I
was sure if I made a comment about systems analysis Mr. Vivian would
take the opportunity to ask questions, so I feel that I pulled your leg
a little bit.

Mr. Dapparto. Well, you certainly got him to rise. I have been in-
terested in the dialog that has developed between you two and I
hate to break up the rapport, but we must proceed to another witness.
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‘May we send you some questions ?
Dr. Buckrey. Yes. :
» l(AILii(;litlonal questions and answers for the record may be found in
vol. IT. SR ~ : -
(The complete prepared statement of Dr. John L. Buckley follows:)

PREPARED STATEMENT OF DR. JOHN L. Buckiey, EcoroeIcAL RESEArRcH Co-
ORDINATOR, OFFICE OF THE 'SCIENCE ADVISER, U.S. DEPARTMENT OF < THE
' INTERIOR '

Chairman Daddario, members of the subcommittee, I am delighted to have the
opportunity to discuss with you the “adequacy of technology for pollution abate-
ment.” Your committee is certainly to be commended for its effort to stimulate
creative thinking about environmental protection as a whole. The Research
Management Advisory Panel report is itself a perceptive document that will
stimulate creative thought in attempts to face up to the issues it raises. | .
~ We all recognize that pollution is a. matter of serious concern, and I shall
not dwell on how bad the situation is. Many of the witnesses who have ap-
peared before you have discussed in. detail needed hardware and instrumenta-
tion and integrated systems for effective control of pollution. I plan to confine
my remarks largely to the inadequacies in basic knowledge rather than to tech-
nology and my personal interest is greatest in understanding the “risk” side of
the benefit-risk equation. o Lo : i : S

Of course, I agree with the statement of the panel “* * * it appears obvious
that the basic issue in the field of environmental pollution relates to the defini-

~tion of goals. The definition must be specific enough to form a basis for policy
formulation. Answers are needed to questions such as: How clean should this
stream be? What limits should be placed on emissions into the atmosphere here?
To what extent can this land assimiliate man-made wastes or other products?”’

While we can probably all agree that as a general goal, we want an environ-
ment of a quality truly fit to live in and pass on with pride to future generations,
we have not yet agreed on the environmental quality standards that we must
specify to meet this goal. A suitable environment will fulfill not only our bio-
logical needs, but also our demands for recreation, esthetic gratification and
happiness. We cannot yet specify with precision our biological needs and we
do even less well with the others. o . .

‘We can consider the kinds of worlds we might have that would meet our
needs as a spectrum extending from the completely “natural” to the totally arti-
ficial.' At one end of the spectrum would be a world in which the influence of
‘man is essentially nil, and where he makes do with what is present. = For millen-
nia we lived just thus—the existence of man as a species is evidence tha{ man,
at least in limited numbers, can survive in such a natural world. Even if we
could, few of us would exchange our modern comforts and standards of living
for the vagaries and uncertainties of a ‘world in which we passively -accepted
what was present. : ' . : CI . . o .

At.the other end of the spectrum is a totally controlled environment in which
each of the requirements of man is provided in just the right amount at the
right time. We do this now in the controlled environment of a space ship.
Perhaps in the future we may be able to do so for the earth as a whole. But
the spaceship environment still requires inputs of energy and materials gathered
from the earth. At this point in time it is not self-sustaining; moreover we
don’t expect its occupants to live out their lives in its confines. Hven though
we might accept such an artificial environment, we have far to go before we
can replace the materials and services provided by the natural world. So the
real world in which we live is somewhere between these two extremes, and our
goal must be to manipulate it in such a way as to meet our needs.
~ Man, though comparatively adaptable, has certain biologically fixed require-
ments and limitations. He must have oxygen to‘breathe, water to drink, certain
kinds of nutrients. Beyond these basic essentials are certain aesthetic require-
ments which we cannot yet quantitatively specify—but which are none -the
less real. : !

We cannot yet meet these biological needs without certain services rendered
to us by living organisms. We depend on green plants to eapture energy from
the sun, and combine it in organic compounds where it is stored in a form




ADEQUACY OF TECHNOLOGY FOR POLLUTION ABATEMENT 377

we can draw on. In the process plants remove carbon dioxide from the surround-
ings and return oxygen to the atmosphere, The efficiency in energy capture is
low, but the scale is vast. Other living organisms break down organic matter
into smaller pieces; others ultimately return it to a mineral form in which it
can again be used. Still others convert plants into other more favored forms of
food. But just as nutrients and energy move from one level to another in these
food chains, so too do other compounds including such disadvantageous sub-
stances as radionuclides, heavy metals, and- persistent organic compounds.

The living organisms that perform these functions are aggregated into.com-
munities, the membersy of which are determined by their common. ability to
tolerate the physical conditions of the site and interactions with. the other
members of the community. The relationship is not passive for the organisms
in turn interact with and may change the site. Their tolerance levels are not
necessarily identical, but they overlap in ‘the range of conditions present on
the site. As conditions change, new organisms with tolerandes that fall within
the new ranges may become a part of the community ; some of those originally
present may be eliminated. The less rigorous the conditions of the site, the
greater will be the variety of the inhabitants. It is clear that man can affect
two variables, in these dynamic systems. He can deliberately select and favor
organisms that directly suit his needs as he does in agriculture—in fact he
can manipulate them genetically to make them better suit his needs. = Second,
he can alter the characteristics of the site—physically or chemically, - Again
he does this deliberately in agriculture by addition of fertilizers, by plowing,
ete. He may also alter both variables unwittingly. .

Pollution is one of the ways by which we change the guality of a site. So
long as a pollutant does not exceed the limitations of the organisms present,
there will be no profound change. As the alteration in .conditions becomes
greater; changes in species will be greater—but there will not necessarily. be
changes in the basic processes that take place or in the value of these to man.
All of which is to say that change per se is not necessarily bad. On the other
hand, when changes reach such a magnitude that the functioning of the com-
munity is impaired, then there is reason for concern.

So much for my comments on ecology.

It seems clear to me that environmental management must consider not only
the direct response of man to poliutants, but rather must consider the effects
on all the living resources he requires or uses. . And because each of these living
organisms in turn depends on others, our concern must extend to most of the
living world. ‘

There are two general sources of man caused pollution: wastes that we de-
liberately dispose of, and materials that enter the environment by inadvertence
or accident such as by-products of combustion or products of normal wear or
pesticides that linger on after they have served their intended use. The strate-
gies for managing these two categories of pollutants may be very different. For
the deliberate wastes there are point sources, and we can act either to change
the character of the waste so that it is not detrimental, or we can try to segre-
gate it in a part of the environment where it will not be harmful. Much of the
discussion before this committee has dealt with technology for handling these
problems. We have so far to go in handling such wastes that it may be academic
to worry about getting our environment “too clean.” It is possible to remove
the wrong things because we do- not understand troublesome processes’ like
eutrophication. And it is at least theoretically possible to return sewage effluents
to our waterways essentially ion-free, which, carried to an extreme in intensively
used rivers, could reduce or eliminate fish and aquatic life. More to the point,
it would be economically wasteful. - Our real problem with these wastes is to
strike a balance that will utilize fully the capacity of the environment to assimi-
late them, but will not so overburden the environment as to lessen its useful-
ness.

The inadvertent or accidental pollutants are a different matter. Many of
these compounds are new to the biological world, and in some. instances they
resist degradation by physical and biological means. The processes that have
evolved over the millenia for returning “dust to dust” do not work with some
of these compounds. Some of these compounds are washed into our streams,
are carried into the amosphere, are picked up by living organisms and carried
in their bodies. - - Some of thein, because of their persistence, travel vast distances.
From the lead added to gasolines, we have increased the amount of lead in urban
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areas, in areas close to highways, in the surface waters of the oceans, appar-
ently even in the bodies of men. Some insecticides, such as DDT, have been
found (usually in very small amounts) in fishes far at sea, in penguins and seals
in the Antarctlc, in snow and rain, and in theratmosphere. Some of these com-
pounds, in relatively small amounts, are toxic to- some forms of life—for example,
te shrimp at less than 1 part in a billion parts of water. (Considering that
shrimp;-and erabs and lobsters too, are biologically much closer to the insects than
to the vertebrates, it is not surprising that they are egpecially sensitive to chemi-
cals designed to kill insects.) For the most part, we have not seen obvious ill
effects from the quantities present in our environment. But our ability to detect
change' ig not good, our experience has not been long, and effects there may well
be.

Living systems pass on these materials from one level of life to another, often
conecentrating them at each successive stage. Oysters for example are able to
extract DDT' from water containing less than 1 part in 10,000,000,000 and con-
“centrate it to 0.6 part in 1,000,000 in their bodies in 15 days. At slightly higher

environmental levels, the concentration factor may reach 70,000 times. Hven
though apparently not harmed themselves, they can pass on these substances to
other organisms that feed on them, which in turn-accumulate’still more.
_ The best documented case of the effects of such accumulation was at Clear
‘Lake, California, where lake waters containing 1 part of DDD in 50,000,000 parts
of ‘water produced plankton containing 5 parts per million; Fish’ feedmg on the
plankton contained fat with-hundreds of parts per million; grebes that fed on
the fish died. Similar concentration phenomena have been observed in terres-
trial environments.

‘Waste generation will continue and despite greater attention to recycling and
reduction in' waste production, there will continue to be a need to dispose of
wastes.

' To dispose of wastes in thé “best” manner requires that we learn, and use, the
capacity of the environment to assimilate wastes.' “Thus, we need to learn enough
about the physical structure and: processes within our environment—air,:land
and water—to make suitable judgments as to rates and methods of movement,
capability to retain wastes segregated from the rest-of the envu'onment, effects
“of wastes on physical and chemical characteristics.

‘We also need to learn enough about the biosphere to both utilize its capabilities
and protect it from damage.

. Today our knowledge is not complete for any single ecogystem, though we know
much more about some than about others.

- There is need for a great deal of hard, grubby work—an extension of the
natural history of the last century, using present-day techniques, to provide us

~with knowledge of just what species are where-—and beyond this a refinement
that quantifies their relationship ; that elucidates the dynamies of the population.
" Such knowledge, for at least representative ecosystems; would prov1de us with
écological baselines against which change can be meagured.

Most studies to date have déalt with effects of single pollutants yet pollutants
occur in innumerable combinations and céncentrations in nature, some of which
react synergistically. Most studies have dealt- with short perlods of time, yet
gome 'of these are nearly constant low-level presences; most studies have dealt
with healthy organisms, yet wild populations are made up of young and old,
healthy and ill, and almost always they are under some stress or another which
may make fthem more susceptible to pollutants.

Wagte disposal, and control of other pollutants too, must eventually be based
on a knowledge of what happens with what concentration of what pollution
where, a judgment of what we can accept in environmental damage, and infor-
mation on the costs of control. Eventually “on-line” computers programmed
with suitable models and fed with appropriate environmental data, perhaps
gathered by remote sensing techniques, may well direct our actlons In the
meantime, construction of models Will help us select proper priorities for- our

" research efforts.

A number of Bureaus in the Department of the Interior are conductmg re-
search and acquiring data, and developing methods, including simulation and
modeling, that ‘will provide necessary information for sound eénvironmental
management, ‘The appended statement of the Geological Survey Aillustrates such
activities related tothe physical environment.

Both Bureaus of the Fish and Wildlife Service, as well as the Federal Water
Pollution Control Administration have research underway on the biological
effects of pollutants, Some of the problems they face are severe:
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‘Which of the thousands of pollutants should be tested first? What com-
binations? For how long a time? At what concentrations? Is there a thresh-
old below which there is no effect, or no uptake?

‘What species? At what stage in the life history?

If oysters containing X parts per million of pollutant “A” are safe for man
to eat, are these levels harmless to the oyster? ) i

These questions relate largely. to effects on individuals. But the same ques-
tions apply, and answers are needed, to populations and to ecological systems as
well. It may well be here that our ignorance is greatest, and our needs most
intense. o .

Thank you for your attention. I should be glad to attempt to answer ques:
tions. :

APPENDIX 1

(To statement by J. L. Buckley before Committee on Science and Astronautics)

AoTIvVITIES OF THE U.S. GEOLOGICAL SURVEY RELATED TO POLLUTION ABATEMENT
TECHNOLOGY -

Better knowledge of scientific.laws, basic principles, and environmental proc-
esses must form the basis of improved understanding and better control of our
environment, including pollution abatement:and all other:conservation measures.
A great variety of basic data must be collected to improve knowledge of our en-
vironment. Also, research must be done continuously to understand better the
processes which control the complex responses of environmental elements to the
stresses of nature and man. : .

In the field of water resources, the U.S. Geological Survey is the nation’s prin-
cipal basic data collector, and currently is increasing its efforts to collect
the data most likely to serve the needs of those who are trying to improve
our environment. It also is the principal Federal agency concerned with re-
search on water resources, as such. This entire research effort is aimed at
better understanding of fundamental processes which must be controlled o
lived with to cope with environmental problems. ;

BASIC DATA INPUT TO POLLUTION CONTROL

For many years water data have been collected primarily for planners rather
than for water managers faced with rapidly changing problems. Therefore,
they have been collected carefully, but by rather time-consuming methods. To
cope with today’s water problems, one must have data essentially on a daily
basis in order to predict critical situations, and to deal with them before irrepar-
able damage occurs. The Survey is placing great emphasis on automatic moni-
toring, better water resources coverage, computer processing of data, and a
variety of rapid methods of information release. Achievements in data service
will permit increased efficiency in-the control of pollution: :

THE BEARING OF PROCESS BESEARCH ON POLLUTION ABATEMENT

Failure to cope with certain serious pollution problems, such as algal bloom,
often can be traced to lack of knowledge of the controlling scientific principle or
process. For example, biological stoichiometry (balance of aquatic organisms)
now is known to be the key to blooms of this kind, and it is thought that the
basic “law of the minimum” determines whether or not undesirable growths will
occur. Unfortunately, analytical methods still are so deficient, and knowledge
of biological processes so uncertain, that one cannot predict accurately exactly
whalt set of circumstances will cause algal bloom. Therefore, he cannot devise
preventive treatment which is applicable in all cases. Research by the Geological
Survey on nutrient cycling processes, solutions geochemistry, and analytical pro-
cedures are aimed at filling gaps of this kind. :

SIGNIFICANCE OF HYDRAULICS IN QUALITY CONTROL

It generally is conceded that practicable water quality standards are a first
step toward improving our water resources. But to set such standards requires
knowledge of extremely complex interactions between hydrodynamics and water
quality factors. Until this relationship is properly understood, it will be im-
possible to set any completely satisfactory standards. The Survey is placing



380 ADEQUACY OF TECHNOLOGY FOR POLLUTION ABATEMENT

great emphasis on relationships of flow, seasonal changes, and water qﬁality in
an effort to provide this knowledge.

GEOGHEMICAi4 RESEARCH AS RELATED TO POLLUTION

Ground-water systems, impounded water, and estuaries are subject to unwhole-
some quantities directly related to a variety ‘of biological, chemical, and geo-
chemical processes. Some of these processes could be inhibited or counteracted
if they were properly understood. The Survey has a considerable research pro-
gram aimed at understanding such subjects as the solution chemistry of sedi-
ment-water interfaces in lakes, and acid-producing processes in mines. Mine
acid and accompanying serious iron contamination result from reversal of a
massive process of nature originally responsible for pyrite deposits, which now
are primarily responsible for the mine problems. It is not known whether these
processes occur in both aerobic and anaerobic environments, nor whether it is
possible to inhibit or reverse the process by proper catalysis, bacterial seeding,
or other encouragement. Geochemists of the Survey are working to understand
such processes and to demonstrate, by pilot applications, what might be done to
reduce related pollution. o :

REMOTE SENSING POSSIBILITIES

The massive expansion in population, industry, and urbanization, and the at-
tendant waste disposal problems; mean that much information must be collected
on a large and relatively inexpensive scale of we are to keep up with the rate of
problem development. Remote sensing of pertinent environmental factors is
the only answer to this situation. The Survey’s Remote Sensing Hydrologic Ap-
plications Program has an extensive plan for surveillance of lakes, hydrodynamic
studies of estuaries, and other subjects, which well could result in breakthroughs
of understanding of environmental phenomena. T

APPENDIX 2

COMMENTS oN IssUE D(2) oF “ISSUES FOR THE CONSIDERATION OF THE ‘CONGRESS,”
PaGES 15-17, “REPORT OF THE RESEARCH MANAGEMENT ADVISORY PANEL”

“D. The Scientific Basis for Pollution Policy.

“(2) What do we need to know about movement of ground water to
permit deep well disposal of wastes? Similarly, do we know enough about
oceanic circulation and marine ecology to permit deep sea disposal of
wastes?”’ : RESETI

DEEP-WELL DISPOSAL OF WASTES

Until the utopian goals .of waste management are realized—complete and
productive re-use of waste products. or total removal of wastes from man’s
environment—compromises must be acceptable. This means reduction of waste
volumes to the maximum practicable extent and discharge into those parts of
the environment that are farthest from the biosphere. The fluid-filled void
space of the geologic subsurface contains storage reservoirs for liquid wastes

_that have been out of direct contact with surface processes for millions of years.
Injection of liquid wastes into this inner space provides the opportunity to
remove noxious materials from contact with man almost indefinitely.

Deep injection of wastes is a useful alternative to disposal into surface or
near-surface potable or usable waters. It is not a panacea and is presently an
expensive and often uncertain alternative. Although the general methods are
well known and are based on proven engineering concepts, confidence in feasi-
bility judgments and long-term acceptability at a given site requires information
in a degree of detail that is seldom readily available. This includes (1) a
knowledge of the subsurface rocks and their contained fluids, (2) the dynamics
of the flow system of which all subsurface fluids are a part, and (8) possible
adverse geochemical.interactions among waste fluids, native water, and reser-
voir rock, dangerous hydraulic fracturing and possible adverse effects of waste
fluids on geologic processes such as movement in faulting zones.

Considerable geologic and hydrologic research is required to provide a better
basis for evaluating underground waste disposal sites. Geologic and hydro-
logic research, data collection, and analysis activities of the Geological Survey
must make major contributions to attaining the necessary information. Expan-
sion of some activities, particularly in the areas of age dating of deep ground
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svaters, the geochemistry of deep flow gystems and fluid mixing systems, and
effects of deep disposal on the hydrodynamics of saline water systems, would
improve prediction of long range effects of deep disposal, particularly in the
general area of adverse effects on water and other mineral resburces of possible
future itnportance. R % : SRR AR ERCT ISR R

| INJECTION OF GASES INTO THE GROUND

The storage of natural gas in man-made or natural subsurface reservoirs is
an established practice. The methodology developed,-as well as the scientific
principles learned from research on the behavior of gases in porous media, indi-
cate that major breakthroughs in reducing air pollution at some localities might
be possible by injection of low volume waste gas streams inte the ground. Dis-
posal might be at shallow depth into unsaturated void space (principally in arid
Tegions of the west) or at greater depth into reservoirs that would depend on
creation of a gasbubble. . .. o
- Shallow disposal into air-filled void space between the land surface and the
_zofe of saturation would depend not'only on the presence of an impermeable layer
near or at the surface, below which ‘gases could be injected, but would also re-
quire detailed analysis of gas migration rates in the permeable reservoir rock
as well as through the confining layer. The attractiveness of the method stems

principally from the fact that rates of transport of gases injected into the ground

P

are miuch loWer than rates of transport in the air and that decont&mination may
result from adsorption of gaseous contaminants on the solid matrix of the dis-
posal reservoir or by filtration of particulate matter. ) ’
. Deep disposal would be closely analogous to methods for storing natural gas,
using a depleted structural or stratigraphic natural gas reservoir or locating
a barren structure by drilling and testing, which could be used as a disposal -
reservoir.: ‘ S . :

The energy requirements for such a systém are high, but for gases that pre-
sent problems of cleanup by filtration or other conventional treatment, and that
can be segregated into a concentrated low-voliime stream, thé method has great
potential for alleviating critied! air pollition problems. - e

- great deal of resedrehiis necessary in' order to develop the method, particu-
Jarly on the intéraction of wasté-gas materials and earth materials (including
water); and detailed information on any. proposed site is necessary to determine
feasibility. Current research on the physics of flow. of gases anhd liquids inthe
unsaturated zone above the water table will eontribute to an understanding
of the problems underlying shallow disposal. The research areas that are im-
portant to deep-disposal of liquids are alsoimportant to gas disposal. i

_OCEAN DISPOSAL OF WASTES

Our khdﬁvlédge‘df ocean circulation isf'ar from compléte. ' Yet we know enough
to say that under present circumstances the open ocean is a much more suitable
waste treatment basin than the rivers and estuaries. Howe’ver, costs are higher,
and we should not repeat past mistakes by agsuming that indisicriminate dis-
Ppoal of wastes in the open sea is a final answer. If it is necessary to continue to
view wagtés in:the negative sense, as useless material which must be discarded,
then.the ocean can be used safely to dump large amounts of wastes provided that
this i§ done under adequate control. Eventually, it seems that we must find
imaginative new ways of waste treatment based as far as possible on the concept
of recycling and re-use. i

Mr. Dapparto. Our next witness is Mr. Henry W. Riecken- of the -
Social Science Research Council. - :

STATEMENT OF MR. HENRY W. RIECKEN OF THE SOCIAL SCIENCE
L ~ RESEARCH COUNCIL T

- 'Mr. Rmcken. Thank you, Mr. Chairman. It is a pleasure to have

@ chance to talk to the committee. T speak for myself as a social

scientist rather than as the Vice President of the Social Science Re-
search Council making an official statement. I'm glad to speak to

68—240—66—vol, 1——25
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the question of whether the social sciences can usefully contribute to
the abatement of pollution and what ways they might do so.

I do not have a prepared statement but I prefer to work from notes,
Mr. Daddario, if that will be acceptable to you, and I shall try to be
brief. - I know that the committee has sat for many days and listened
to much testimony. It has sat a long time this morning and probably
would welcome brevity:

- Furthermore, I think that the social sciences have not as yet done

very much to contribute to the solution of pollution problems and
hence there is perhaps not much for me to say. I'm reminded of the
words that General Eaker had to say when he landed the first con-
‘tingent of B-17’s in a small English village in 1942 and was asked
to make a speech to the inhabitants. He thanked the local people very
~much for their warm welcome, and added : “When we have done some
fighting, we will do some more talking.” Then he sat down. '

I am ot an expert on pollution, Mr. Chairman, but I have tried to
- follow. some of the studies of the subject and to give some thought as

to how social sciences might help to make recommendations for the
-abatement of pollution. T e ‘ SR

- We haven’t found a fully satisfactory role for social sciences as yet.
As my first suggestion, Mr. Chairman, I would recommend that a'%OOd
. way to get soclal sciences involved and thinking about these problems
~ would be to get social scientists appointed to advisory boards and .
study committees that have looked into poliution problems, -

I notice, for example, no social scientists named on the PSAC En-
vironmental Pollution Panel or on the subpanels thereof. There are
only .one or two among the participants in the discussions conducted
under the auspices of NAS-NRC Committee on Pollution. '

The effective participation of social and behavioral scientists in
efforts to abate pollution require development of a body of knowledge.
The development of a body of knowledge, a body of interested people
who are aware of the problems and the techniques of pollution con-
trol, is essential so that social scientists can both learn about where they
can be useful as well as suggest ways of formulating the problems.

In other words, I think you learn about a problem by participating
in groups that are working on the problem. I think it is essential to
have social scientists participating. ' ' . '

I would suggest that there are at least four ways in which social
science may contribute to the study of pollution and its abatement.
Let m,e}y1 briefly enumerate them and then I will go into some detail
on each. . o Ny KL

The first way is by the analysis of the economic, soecial, and human
- context in which pollution occurs; and by clarification of the forces

that produce pollution or allow it to occur. plde By

The second way is through the assessment of popular understanding
of pollution and its causes, and asessment of popular acceptance of
measures for its abatement. :

Third, T think that social scientists can contribute through the
invention of institutional devices for effective control of pollution,
and, fourth, they can contribute through the invention of techniques
for community education and action. . .

“Let me take up these points separately. The first one in the matter
of the analysis of the economic, social and human context in which

“oe
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pollution oecurs and a’clarification of the forces that produce pollu-
tion or'allow it to'occur. B S o

' Now,, social scientists are not particularly good ‘at biochemistry
or combustion engineering and ought not to work on the physical
_ aspects of pollution per se. What the{r ought to be thinking about.

is the sociological context in which pollution takes place. What are
the human attitudes, interests, inhibitions, habits, beliefs, and so on.
that affect the processes of handling air, water, waste, containers,
food, and the like. o

Let me take as an example one that comes through some public
health experience that I happened to have had. One of the most
serious problems in underdeveloped countries is a disease called wean--
ling diarrhea, which affects children from 6 months to 3 or 4 years of
age. In addition to malnutrition, retarded physical and mental
growth, increased susceptibility to respiratory diseases, and other in-
fections are the symptoms of this enteric affliction. Tt often termi-
nates in death. . e ; L ,
" 'The origin, transmission and behavior of this disease are being
studied and there are a good many open possibilities. It might be
~a dietary deficiency, a virus infection, bacterial infection, or other
causes. An interesting question is how this disease moves about among
the population. It was a behavioral study that showed an intimate
ai_s‘ociati‘on*betWBen the prevalence of diarrhea and the availability
of water. ‘ B : : 8

Now, if water is available within a hundred meters of the home, the
prevalence of the diarrhea is remarkably less than if the water is-
more than 100 meters away. This finding comes from a study done
in Costa Rica by the Louisiana State University School of Medicine.
There is not much difference in prevalence whether the water is piped
into the individual house or available in a public spigot or even at a well
as long as it is near the house. ' It is distance from the home that
counts. - This suggests very strongly that the mode of transmission
is hand to mouth in a very literal sense. That is, the cleanliness of
_the mother and child are greater if water is available so that they can’
keep themselves clean, and therefore keep the infants’ food and toys
and other things that children put into their mouths clean. SR

Now, it is probably failure of personal hygiene through the lack of
water that is one of the major means of transmitting whatever the
causative agent of this disease may be. Beliavioral study suggests
very clear clues as to how the disease is transmitted, and maybe how
it can be partially controlled. , R ‘

Now I want to take another example of social science research and
show its possible contribution to the study of pollution. Much at-
tention has been paid to the possibility of reducing air pollution in:
urban areas by altering commuter habits, especially by shifting peo-
;fale from private automobile to public transportation and particularly

rom vehicles propelled by internal combustion engines to some other
kind, preferably electrical.. : ' ' ' :

Now, economists have been doing some thinking about some of these
problems and doing some research, examining 'tl%e value of time, the
attractiveness of mode of transportation and questions of subsidy or-
cost of alternative modes of transportation. R
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The private auto as-I’'m" sute the comniittee knows from personal .

experience, is a very attractive mode of transportation for its con-
venience. A study in Chicago, for example, showed thatabout 30 per-
cent of the automobile commuters walked one block or less from the:
place they parked to the place where they worked, and 40 percent
more walked less than three blocks. That leaves only 80 percent of
the commuters walking any sizable distance from where they leave.
their cars. o Pretha y jeave

Buses, streetcars, trains, have to be very convenient or cheap, or
rapid, or in some other way superior to compete with cars. No doubt
technology can make more rapid buses, streetcars, trains, monorails,
given time and investment and superior speed might compensate for
some of the attractiveness of automobiles. fo

But, let me cite one study done in Chicago by Leon Moses and
Harold Williamson. They analyzed interviews with a sample of com-
muters in the Chicago area by the Cook County Highway Depart-
ment. Their analysis concentrated on a subsample of commuters;
namely, those who preferred automobile commuting to other modes
of transportation. Moses and Williamson used their data to estimate
the amount of money by which cost of auto trips would have to be.
increased in order to divert 50 percent of the commuters to an alter-.
native mode ‘of transportation. They also estimated the converse,
the ‘amount by which the cost of the other modes of transportation
would have to be reduced in order to divert 50 percent of the motorists
to them-——i.e., to-common carriers. I won’t try to reproduce the data
in detail, but just summarize their findings. Essentially the question
is: What would it cost to induce half of the auto commuters to shift
to a common carrier? What subsidy would you have to provide for
the public transportation system that would reduce fares to an attrac-
tive enough level to produce this impact on automobile traffic?

I would like to read part of the conclusion of the study: “It is evi-
dent that negative prices would be necessary on all modes of public
transportation in order to divert at least 50 percent of those currently
making the trip to work by car.” L

In other words, they -estimated that it would be necessary to pay
auto commuters about 40 or 50 cents per “el” or bus trip in order to get
them to use common. carriers, and therefore reasonably conclude
that: “the possibility of reducing significantly auto congestion by
rf.aslgn%ble reductions in the price of public transportation appears
slight. ARy R _

Now, what do these authors think would happen if public trans-
portation were free? They say their results suggest that if such an
experiment were carried out in Chicago, less t%an one-fifth of the
auto commuters would be diverted to common carriers,

‘Would that be a worthwhile reduction? Well, on this point the
social scientist turns back to.the engineer and asks how effective a
reduction of 15 or 20 percent in the number of cars each day in down-
town Chicago might be. "I might say also that the social scientists
also-tend to turn toward Detroit to ask what would be the effect of
redugtion of this sizéin the demand for automobiles in'the Chicago
area? ; :

An alternative to lowering the price of ‘publicrtranqurta,ftidn is, of
course, raising the price of auto transportation through various means
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such as selectively highertoll charges during the morning and evening .
rush hours; higher parking charges; greater gasoline taxes; or mile-
age meters like taximeters, which would have to be used in particular
" zones of the city which were most. crowded or most polluted. ' Such
meters would be designed to register the number of miles traveled by
the vehicle; they would have to be used in certain prescribed: down-
town areas; and would in effect be computing the bill for the driver
who wanted to take his car (or truck) (ﬁwntown. Similar discrimi-
natory taxing and Ericing measures designed to decrease the concen-
tration of automobiles in crowded downtown areas are entirely:
conceivable. o :

"They are, of course, not likely to be terribly popular, Mr. Chairman,
with the traveling public, but this is one of the things I think we have
to face if we want to talk about how we¢ontrol pollution. One of the
ways to control pollution is to price it out of the market. ‘

I would like to note in this connection that the results that I have
reported on the Chicago study of commuters are based on the assump-
tion that the common carrier, the competitive common carrier trans-
portation would not be substantially improved over what it presentl
1s. Now, of course, the results would change if there were more rapid,
more convenient, more attractive somehow, more competitive com-
mon carrier transport for at least Chicago, and indeed other major
eities. : o - -

- Let me move on now, Mr. Chairman, and turn to the contribution

T think that the social sciences ean make in the asessment of popular.

understanding of the.causes and results of pollution, and popular
reaction to measures proposed for the relief of pollution. Public
opinion polling techniques can be used to get the answers to such
questions as: ’ : :

Does the public at large know the extent of and the nature of pollu- -
tion in its various forms now? ; _

Do people understand the causes of pollution or have theories about
its causes or prevention? Sometimes people do have clear, but not
‘always correet, ideas-of causes and consequences. It is wise to know
‘about these “vested ideas,” which sometimes have to be corrected before
effective action can be taken. ' '

How much do people care about various kinds of pollution? Do
they worry about health, about the appearance of the environment?
What kilfgs of pollution bother people most? Perhaps the popular
appreciation of water pollution or air pollution is much less than the
understanding of it is iIn Congress or among scientists and engineers.

Do people worry about the effects of pollution on health? Are they
‘concerned about. costs and other economic effects of pollution or of
measures for abatement? How much popular support is there for
moves to eliminate or modify any sort of pollution ¢ .

Leaders in Congress and the scientific and engineering professions
may not always accurately reflect the opinion of the majority of the
population in the appreciation of the importance, or the size and
seriousness of pollution problems. I would say in fact, it is quite
likely that the leadership of the Nation is way out ahead of popular
understanding and appreciation of these problems. That is, after all,
the job.of leadership. :
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Leaders may attach greater importance to some problems than most

-people do. It is useful for leaders to know where they stand when
‘they try to mobilize popular support for efforts to change a situation.
- Polls can measure the readiness of people to accept the inconveni-

ence or costs of abating pollution. How much are people willing to
pay for clean air, or rather how much are they willing to pay for not
contglbuting to dirtying the air through their house furnaces or:their
cars? . SRR : :

It is also possible, I think, for polls to measure possible attitudes to-

‘ward the products of an improved pollution-abatement technology,

and here we may encounter some very fundamental negative attitudes.
I mean, Mr, Chairman, attitudes toward waste materials; for ex-
ample, how willing would people be to accept reprocessed waste ma-

-terials in various forms, for example, as drinking water? Not every-

body has the same objectivity toward such material as astronauts have.

‘T’m sure that pollution abatement measures are going to run into some

quite interesting and, as I say, fundamental human attitudes. ,

I think these poll results can be used as bases for educational cam-
paigns, for anticipating and perhaps warding off difficulties in the
acceptance of new technological devices for pollution control.

I would advise against using public-opinion polling as a means of
inventing techniques for the control of pollution. I think general
experience is that the majority of the American public, are very good
as critics, very good in reacting to the ideas of others. But, since they

- have not had the opportunity to give detailed, informed thought to a
‘problem, are not as good at inventing things as expertsare, The pub-

lic isbetter at criticism than they are at design.
A third kind of contribution that social science can make is the in-
vention of institutions and administrative arrangements for the regu-

-lation of pollution.

Air and water pollution do not conform to political boundaries.
Existing types of jurisdiction cannot always deal effectively with pol-
lution problems. It has often been said that, in order to control pollu-
tion effectively we need new kinds of intergovernmental agreements
and very possibly new regulatory agencies or new powers for existing
agencies. - In this area social scientists have already made some con-

tributions for they were influential years ago in pointing out the need

for better coordination of responsibilities among the different levels
of government: Federal, State, county, municipal and so forth. And
as a result, the Congress established in 1959 the Advisory Commission
on Intergovernmental Relations. This is a permanent, bipartisan,

national agency charged with studying and making recommendations

on means for coordinating and making more effective the actions of

The.Commission is made up of Federal legislators, Cabinet officers,

‘State Governors, county officers, mayors and representatives of the
“public at large. ' :

.This Commission has already been active in the pollution field. In

1962 it issued a report entitled “Intergovernmental responsibilities

for water supply and sewage disposal in metropolitan areas”, which
identified the problems of State and local relationships involved in
planning and operating water supply and sewage disposal systems. It
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suggested several institutional innovations.’ For example, the idea of
-vesting responsibility for all water resource planning in a single State
agency and in giving urban communities in that State representation

- intheagency. : Ll :
Another Innovation was the establishment of areawide sewer and
water authority for metropolitan arveas. A third was legislation to -
‘provide for State regulation of individual wells and septic tanks in

urbanizing areas. The Commission came to the conclusion that this

latter was a very important source of pollution as the suburbs ex-
panded faster than municipal water and sewage systems did. :
~~ The Commission also recommended that there should be an evalua-
- tion of Federal regulatory authority and incentives for reducing indus-
trial pollution. On the basis of this recommendation, the Department
of Health, Education, and Welfare did contract with the Institute for
Public Administration to do a report in industrial incentives for
water pollution abatement, which report was issued in February of
1965. ~ i :
. “Mr. Chairman, the work of this Commission seems to me to exemplify
- but not to exhaust, the contribution that social scientists can make in

~ this area. I simply cite these activities as a concrete instance of how

the procedural and institutional framework for regulating pollution

can be improved. i I :
- A fourth way in which I think social scientists may contribute is to
devise new and improved techniques of popular education on problems
of pollution and ways for reconciling opposed views or disagreements.
ways of reducing tensions and promoting community harmony as well
- asthe will to work at the task of abatement. ‘

Mr. Chairman, these will not be easy things to accomplish. I do not
wish to forecast trouble unduly, but I’'m struck by the similarities be-
tween the techniques for reducing certain kinds of pollution and some
- of the problems encountered in public health practice, specifically and

- especially in adding fluorides to drinking water. This is a matter
- which public health officers and social scientists together have had con-
siderable experience in the late 1940’s and in the 1950’s. ' This committee
may be well aware that fluoridation encountered sharp, vigorous and
effective resistance in many communities. Fluoridation was often de-
feated the first time it was brought up and is still not used in some
communities. : o : ‘
~ Resistance to it was not always well informed, but the advocates of -
- fluoridation sometimes made a serious mistake when they assumed that
everybody who resisted fluoridation was ignorant, superstitious, re-
actionary, or just plain crazy. Now, that was far from true. There
were some, and there still are some, people who simply are prudent
-~ and. curious about, the long-term effects of fluoridation. Still others
- were resistant because they resented the air of superiority assumed
bg.some engineers, scientists, and public health workers. Other people
objected to being experimented on. s

Still others were genuinely ignorant (not stupid) about fluoridation
and they wanted to know how the process worked and whether there
were safeguards against error in it. : e e

I think it is the job of applied social scientists to devise better ways

of explaining innovations to the affected communities; to help to.recon-
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cile people who are disaffected for the wrong reasons; and to help
insure that those with legitimate complaints, reservations and hesi- .
tations have a chance to be heard and to affect the outcome. :
~ In this respect, I can say that there are a few groups of applied
social scientists working on problems of community organization and

~trying to invent and improve methods of representing truly the will
of the people as well as dealing with fears, concerns, hostility and -
disaffection. In particular I mention work of the National Training
Laboratories *in developing techniques of community organization
and action. - s : .

Finally, by way of an educational innovation, I suggest that perhaps

there might be created a new social role. Mine is not a brandnew
suggestion, I’'m sure. But I am not sure it has been made before in
connection with pollution abatement. The role is that of “neighbor-
Liood agent,” so to speak, comparable to that of the county agent in
rural areas, who would act as a direct contact between pollution con-
trol agencies and those who pollute. He would visit individual house- .
holders or tenants and bring them advice, technical help, refer them -
to further sources of information or help, answer their questions, help
to motivate them to keep their éenvironment clean. This is a necessary
role, I think, especially in parts of cities where the physical environ-
ment is not beautiful, neat or clean to begin with; ahd when such
neighborhood work is cotibined with the control of industrial and
municipal pollution, local efforts can have a great deal of immediacy
and personal meaning to neighborhood residents.

In conclusion, Mr. Chairman, T would like to say that I see some -

similarities as I have implied before, between problems of pollution
abatement. and some of the problems of public health that have been
worked on successfully for the last three or four decades. .

In the first place, many public health problems were and still are
pollution problems, especially those of various waterborne enteric
diseases, often associated with management of human and animal
wastes. Co '

Contagious diseases such as smallpox, tuberculosis are a second
example, and, infectious diseases with nonhuman reservoirs such as
typhus, malaria, hookworm and some others still not under control.
These problems seem to me have yielded to a combination of methods
and means rather than to a single technique, a single science, or.single
means of control. o ‘

Hookworm, for example, has virtually disappeared because of im-
proved sanitation and disposal of fecal matter, better diet and the
more widespread wearing of shoes, the latter being partially an eco-
nomic matter and partially customary.
~ Smallpox has been virtually eradicated because of effective research
on immunization, the development of vaccination, the gradual public
education of most of the Nation and the establishment o%liega,l require-
ments on those entering the country. ' o ,

Typhoid fever has disappeared because of better management of
water supplies, because of investment in water storage, purification
and distribution systems, because of improved management, of wastes,
and because of research of method of transmission of the diseases.

“ Milk, which was so often in the earlier centuries a means of trans-
mitting enteric diseases, now is a safe and wholesome product because
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of a combination of many factors. Research and technological devel-
opments on pasteurization; the legislation of standards for the han-
dling of fresh milk and testing of cattle; the education -of farmers
and milk producers in correct techniques in handling; the or aniza-
tion of means for carrying out dairy herd inspection through tech-
nicians and provision of testing services; investment in apparatus and-
machinery for keeping milk cean; and finally enforcement of stand-
ards through regulatory agencies. S ST ‘

Progress in public health, Mr. Chairman, has been made through
research, thI‘Ofll%ﬁl the development of technology, through the educa-
tion of the publie, through investment in apparatus, machinery, and
labor time needed to do the job right, through legislation of standards
or tules and through enforcement through regulatory agencies. -

And, I think it is going to be a combined attack of this sort, a varied.
-attack employing many different means that will help us to solutions
for pollution problems aswell. : :

Finally, Mr. Chairman, I want to thank you again for the oppor-
tunity to make these remarks and, speaking as a citizen, I would like
to commend this committee for its foresighted concern and its serious
and dedicated interest in the problems of pollution of our environ-

Mr. Dabpario.’ Mr. Riecken, I’m extremely happy that you have
come here because your statement certainly gives us some guidelines
to go by. It will-be helpful to us as we further analyze the problem
of pollution after the testimony is all in. You have shown us the -
steps we mist take to accomplish our end objectives, but I wonder
what you might suggest as to bringin public opinion to bear on those
parts of the pollution problem for which available technology could
e applied now? ‘ , .

~. Dr. Thomas Malone, who comes from my own city of Hartford,
said that when he flew over the city of New York he could hardly see
it because of the-air pollution. Hs made the observation that we did
* have available to us the means to eliminate a great deal of this if we
only had the desire and if we could get support from :the publie.

Tn some cases, then, we have already gone through the research
and development steps. We are just not able to bring together: the
catalytic forces necessary to have the public decide that we have had
enough of this. | ' - ‘ :

Mr. RieckeN. Mr. Chairman, I'm sure that the work of this com-
mittee and the publicizing of it through newspaper stories and
through other mags media will in itself be a great deal of effect in edu-
cating the public and calling attention to the problem. - g
~ D'm stre that the long-term education of our growing population
of young people is something:that ought to be begun at once.- T'm -
not going to suggest special courses in pollution, but I suggest. strongly
that there be incorporated in elementary and high sehool instruction
in such subjects as gebgraphy, biology, and social studies gome atten-
tion to the relationship of man to his natural efivironment and.the
change in that relationship as population density increases and as
urbanization inereases. This'is a subject that could be given a great
deal of attention. I'm sure that.the resources of educational television
for selected programs on pollution abatement would be of enormous
- assistance in'adult education. :
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Now, I think in addition to that, Mr. Chairman, you have to look
at where you can do most with the least effort. And, here I proceed
with great tentativeness because I am not that well acquainted with-
the facts. Let me make a hypothetical case that a large share of
the pollution .of New York City air, which I too have noticed in the
good old days when you could easily fly to New York, the: pollution’
- of New York City air may be caused by ‘a relatively small number:
of pollutants. If that is true, it would bé more effective to work with:
regulatory-or economic sanctions; that is, laws -about pollution abate-
ment or fines, or other economic sanctions for pollution.” If the num-=
ber of sources of pollution are few and concentrated, a widespread
educational campaign hardly seems necessary.

‘Popular education, I think, is an impertant component of pollution
control, but it is a long-term component, and I think we ought not
expect. fast, big results from it. I think we are going to get faster
bigger results from some other measures such as better enforcement’ of
present regulations on economic sanctions against massive pollution.

Mr. Dapparro. And, the cost factor which you touched ‘on’before
does, of course; enter into the public acceptance of this:solution.:

Mr. Riecxexn. I might go back to a question Mr. Vivian asked and I
found very interesting. I'm sorry he isn’t here.  He asked Dr. Buck-
ley the following question: Suppose there were a better insecticide
than DDT or one more readily degradable but it cost more, what would
- induce farmers to use it? I think it is a very reasonable question. It

¢ seems to me there are only limited number of ways in which you
would go about dealing with this problem. ‘One is; I think, to per-
suade manufacturers not to make a nondegradable insecticide. This
would be voluntary compliance by the source of the pollutant. T
think something like this has been done in_the nonsudsing detergent
development. You get action by going to the source of the polluting
material rather than to the ultimate user. L ~

Now, if you have to go to the ultimate user, if you can’t somehow
get control through producers, it seems all youcan do is either to have
laws restricting the use of nondegradable insecticides; or else you
can have economie solutions, such as subsidies to reduce the price of
-degradable insecticides, or taxes to increase the cost of nondegradable .
insecticides.- ' ST :

That seems to me to be the range of solutions possible for us to:
adopt in the kind of society that we have. G 1

Mr. Dapbarto. I regret that we have tried to crowd three witnesses -

~ into our schedule today and have gotten to the point where we have

a quorum call which forces us to close this hearing. There are a num-
ber of questions I would like to pursue further, and we will, if we can
- take advantage of you by sending them to you. If that is not satis-
factory, we might have a chance to sit down with you on an informal
basis before we concliide our hearings.
~ Mr. Riecrex.. I will be more than glad to do that.

- Mr. Dappario. This committee will adjourn until 10 o’clock  to-
morrow. : o : S SR S

(Whereupon, at 12:30 p.m..the committee adjourned until 10 a.m,

Thursday, August 11, 1966, same place.)
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House or REPRESENTATIVES, .
COMMITTEE ON SCIENCE AND ASTRONAUTICS,
SUBCOMMITTEE ON SCIENCE, RESEARCH, AND DEVELOPMENT,
Washington, D.C.
_The committes met, pursuant to adjournment, at.10 :17 a.m., in room
2325, Rayburn House Office Building, Washington, D.C., Hon. Emilio-
Q. Daddario (chairman of the subcommittee) presiding.
Mr. Rousa. The committee will bein order. *
Mr. Daddario will join us shortly, He is meeting briefly with the
chairman of the full committee. , e o
Our first witness this morning is Mr.. John O. Logan, executive vice
%resident of the Olin Mathieson Chemical Corp., who is speaking on-
ehalf of the Manufacturing Chemists Association. -
Do you have some associates you would like to introduce to the
committee, Mr. Logan ¢ S S :
Mr. Loeay. Yes; I will, Mr, Chairman, as part of my comments.
- Mr. Rouss. You may proceed. ‘ o
Mzy: Logan, Thank you. - , , '
STATEMENT OF JOHN 0. LOGAN ON BEHALF OF THE MANUFAC-
TURING CHEMISTS ASSOCIATION

- Mr. Logan. As the chairman has mentioned, my name is John O.
Logan. ‘I am appearing on behalf of the Manufacturing Chemists:
Association, hereafter referred to as MCA, a nonprofit trade associa-:
tion of 190 U.S. corporations, large and small, that collectively repre-- .
sent more than 90 percent of the productive capacity of the basie
chemical manufacturing industry in this country. 1 am executive
vice president, corporate, Olin Mathieson Chemieal Corp:, and cur-
‘rently am chairman of the executive committee of the assoclation’s
board of directors. Acxcompangring me are three technical specialists
who are full-time employees of three other member companies: .
“On my immediate right, Mr. James H. Rook, director of industrial
hygiene, American Cynamid Co., who is currently vice chairman of'
the MCA Water Resources Committee. : S
On my left, Mr. Jerome Wilkenfeld, manager of environmental,
health, Hooker Chemical Corp., who is a past chairman of the water
resources committee and presently chairman of the MCA Air Quality
‘Committee. : . S SERRTRNE
‘ 391 -
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And on my far right, Dr. John A. Zapp, director, Haskell Labora-
tory for Toxicology & Industrial Medicine, E. I. du Pont de Nemours
& Co., who is past chairman of the MCA Environment Health Ad-
visory Committee. - . ~

Before addressing the subject of the hearing directly, I would like
to develop some perspective on “chemicals” n relation to the en-
vironment. - All too often we are prone to overlook the fict that the
natural environment itself is made up of a wonderful array of chem-
icals to which life as we now know it has become adapted. This
chemical environment, entirely apart from manmade contributions,
is far from being uniform ang constant from time to time and from
place to place. Our need is to maintain the variations in the environ-
ment so that by either type or degree they are not injurious to our
various purposes and normal desitable life patterns will be sustained.

Many manmade chemicals simply duplicate those found in nature,
while others are the product of human invention. Many are com-
I?_ara,‘tivély simple combinations of the elements, while others are

ighly complex, rivaling in complexity some of the chemical com-
ponents of the human body. - '

. Relative simplicity or complexity of chemical structiire has no cor-
relation with tﬁe potential impact of a chemical substance on the en-
vironment. None is toxic per se, and yet none is wholly without po-
tential for adverse effect.” Chemicals numbering in the thousands
have been cleared for use as food additives after exhaustive testing,
some with limitations carefully preseribed, yet an excessive portion of
common table salt can be lethal to anyone, Cn e

In dealing with the problems of environmental vontrols; our great::
est lack is an adequate understaiding of acceptable quality levels.
The average person might think it strange, but specialists in"air and
water chemistry would be the first to admit an inability to define
“clean air” and “clean water” in precise terms. ‘

Thus it is vitally important to bear in mind that the mere presence
of any particular chemical substance in the environment should not
automatically be regarded as undesirable. Water containing fluoride
from natural sources led to the discovery of dental caries prevention
and ensuing fluoridation of water supplies. There have been recent:

. observations that water hardness; that is, water containing calcium.
_and magnesium salts, may lessen the likelihood of eardiovascular de-
terioration.  Of course, there must be a definition of how much is ben«
eficial, or where benefit may be lacking, how much may be tolerated:
. without adverse effect. : - :

This leads to a simplified coneept of pollution as being a condition
where “too much” is present. It is greatly to be hoped that in our
extensive programs of pollution abatement and control, the objective
will always be to prevent or eliminate that increment which results in
there being “too much,” as contrasted with working toward the irre-
ducible minimum. Although it may not be currently a wholly pop-;
ular concept, the capacity of our environment to accspt’ waste re-
leases—below the too-much level—is itself an exceedingly valuable:
natural resource. It would be technically unsound and economically
wasteful not to make proper—and I want to emphasize “proper”—use:
of it. Tt is my firm conviction, and that of the industry I represent,
that society cannot afford the cost of control for control’s sake.
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* Certainly we should not compromise with health protection, but
“many of our most objectionable environmental conditions are not
health matters. In such cases,the remedial needs differ widely from
lace to place. Although administrative convenience might be served
y having uniform requirements on discharges of similar charter, this,
too, would be economically wasteful as a general policy. The resultant
quality of the environment for its continuing beneficial use is what’s
important. = B S L e
- Premised on the foregoing philesophy, let me now go to the question
of the adequacy of. technology for pollution abatement and control.
Earlier I referred to lack of definition of environmental quality. Ob-
viously, this complicates judging the adequacy of applicable tech-
nology, for it means we really do not know what we ought to shoot for.
Be that as it may, we can tackle gross problems and undertake what
obviously needs doing, and learn more about ultimate. refinements as
we go along. While there may be some gaps in existing te@hnolo%
to deal with even the grosser aspects of pollution, we believe that muc
progress can be made with a stern application of what we now know.
" Although we shall always be interested in decreasing the cost, this is
much more likely to come about gradually by evolutionary develop-
ment from a combination of operating experience and. constant re-
search attention than by massive research effort scattered along a broad
front. In order that the remedial cost burden not be unnecessarily
great, it will be helpful to set interim objectives at conservative levels,
with subsequent tightening as scientific evidence and expert opinion
provide justification. Also, as reuse and recycling of resources are in-
creased, levels corresponding to “too much” may be expected to become
progressively lower. L ‘ ,
hile the chemical manufacturing industry certainly has further
contributions to make to added progress, it has a substantial record of
- past attention to environmental controls. A 1962 survey brought out’
that 125 member companies of MCA had invested $212 million in air
Follution control facilities and $263 million in water pollution control

 Tacilities, and was spending $64 million annually to operate them.
Projected additional investment for such facilities over the ensuing 5
years was $119 million. More than 95 percent of the nearly 10-billion
gallon daily waste water volume from the 875 reporting plants met the
public agency requirements in effect at that time, .
MCA has had an organized Water Resources Committee active for
.30 years, and an Air Quality Committee active for more than 15 years.
They have prepared technical manuals that have had widespread dis-
tribution.. They have planned seven educational 1-day workshops
within the past year, and arranged for 4 week-long seminars providing
instruction in the most up-to-date techniques for chemical waste treat-
ment, with six additional seminars scheduled for the coming year. The
workshop programs are designed to encourage participation by, and
interchange with, public agency personnel; and the regular meetings
of the two committees are purposely held in various gutates so as to
receive and confer with State and local agency officials.
- Inasmuch as environmental controls by the chemical industry are
but extensions of applied chemical engineering, it should not be sur-
prising that we are confident of being able to devise and use adequate
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waste treatment and control methods, although the immediate cost of
doing'so may not always be favorable. Often this calls for particular
adaptation of general techniques, illustrations of which were given in
MCA testimony before the Special Subcommittee on Air and Water
Poltution, Senate Public Works Committee, on June 24, 1965. I will
not repeat those details at this time. . :

The industry survey referred to above ‘revealed that those same
companies were spending more than $8 million annually on air and
water pollution control research. In the recent past MCA underwrote
a b-year research project, now concluded, at the Franklin Institute on
taste and odor in water, and is now in 1ts third year of sponsorship

~of -a 4-year program at Washington University in St. Louis on the
_behavior of organic chemicals in the aquatic environment. -Also, MCA
has joined with several other trade associations in sponsoring research
" on emphysema by the Industrial Hygiene Foundation. L
From these references it is self-evident that we' see the need of
continuing research. Indeed, in MCA’s expanded environmental
health program announced about 2 months ago, a considerable portion
of the projected funds are ‘being planned for greater research effort
on behalf of the chemical industry. In appearances before congres-
* gional committees, our witnesses have supported Federal research in
this field, and we fully expect to continue to do so. A valuable divi-
dend from research activity is the development and training of tech-
nically qualified personnel, already insufficient in 'supply to carry on
these vital programs. ‘ '
~ Because ogits usefulness to everyone, research efforts on determining
environmental criteria would seem to be a prime area for Federal
. research attention. Another relates to developments which are most
“needful for use at publicly owned and operateg' facilities, for example
mumicipal treatment works, and which may not readily lend them-
selves to commercial interests. The greatest stimulus for research by
industry and the private sector is the potentiality for capitalizing on
the outcome of research endeavors, whether it be directed toward cost
reduction in relation to a company’s internal operations-or marketing
* of technology to others. Especially in the latter, patent protection
can be a vital qualification for inducing research interest; lack of it
may actually hamper new developments. A new idea equally avail- -
~able to everyone may suffer lack of attention because of the unpro-
tected risk involved in reducing it to practice. ‘
Except in programs of giant proportions, such as your own space -
_exploration program, it is our impression that greater opportunity
for industry to engage in research su¥ported by Government contract
" would not generally be a substantial stimulus to ]irogress. On the
" other hand, there may e additional opportunities where Government-
industry. cooperative investigation will be helpful . MCA. presently
has one such activity in working with the Division of Air Pollution
of the Public- Health Service in gathering data on atmospheric emis- .
sions frem selected chemical”manufaoturing processes. This:project
_operates under a formal memorandum of ‘understanding, with each
“party defraying the expenses ‘of its respective part m the effort. I
“have here a copy of one of the early reports from: this study which is
available to the public generally. (Copy provided may be found in
the committee files.) , : ‘
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In this. brief statement T have given some indication of our- philos-
‘ophy of approach to environmental controls and our general ‘feeling.
about the status of technology now available to cope with current
problems, including also some illustrations of the chemical industry’s
stewardship. In doing so, wehavesought to relate these'views to some

‘of the salient issues raised in the report by your Research- Management
Advisory Panel. ‘

Let me assure you: that we are in full concord with & studied deter-
‘mination to recover and maintain air, water, and soil resources so that
they will be of such quality to serve appropriately. for the health,
recreational, and industrial needs of the Nation. A formal declamtlon
cof .this attltude, titled “The Chernical Industry and Envirenmental
Health,” was made by our association’s board of diréctors on Septem-
ber 15, 1965 a copy of which is appended to this statement.

Because of the almost unending diversity of the chemical industry,
I have not attempted to cover any particular technical aspects of
chemical industry involvement. 1t seemed that' the available, time
might be better sérved by leaving this to your questioning.

‘But before questioning, 1 Would like to sum up our thinking with the
following threepoints:

First, in the short range, timewise, major problems-of disposal and
pollutlon control can be handled by broader application of present tech-
nology and its constantly evolving byproducts. Assistance in certain
fundamental research areas such as testing techniques, toxicology and
hazard techniques will be most useful to industries 1nv01ved in pollu-
tion problems.

" Second, longer range, we need to start now with-a massive systems ~
analysis attaclk on all factors related to waste disposal, leading to a cost-
benefit definition of pollution as it applies to each set of circumstances.

Third, we must obviously apply present and newly developing tech-
nology to the specific problems’ defined by the systems analysis. In
these efforts you will find the chemical industry ready, Wllhng and able.

Thank you very much.

Mr. Rousna. Thank you, Mr, Logan. Unless there is ob]ectlon, the
paper you referred to entitled “The Chemical Industry and Environ-
mental Health,” Wlll be made 'a part of the record, and if you have
copies of the various documents or pamphlete swhich you referred to,
-we will receive those for the files. EHE :

( The document referred to follows:)

THE CHEMICAL INDUSTRY ‘AND DNVIRONMEN’I‘AL HEALTH
1. THE PROBLEM FACING OUR NA’I'ION TS scom

anironmental health encompasses the-total impact of the emrironment on
man’s health and well-being, relating both qualitatively and quantitatively to -
the effect of the environment on man and to the effect of man’s activ1t1es on his
environment,

Bnvironment means more than soil, air and water ; it. 1n01udes everything in
. this ‘world—plants and animals, raw materials, food, wastes, ‘space for work
+and play, as: well as other needs for all-of man’s activities. Man’s well-being
means more than bare subsistence needs, it includes man’s general level of health, i
security, comfort, leisure time, recréation and prosperity. -~ °

Man’s-environment, while being'the résérvoir for-all hig material needs, must
also serve as the acceptor for all his wastes. . In many ways, however,the en-
vironment. ig hostile, for it is-from the enwronment that two of the traditional
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regulators of man’s numbers, famine and- pestilence, have arisen. Man has
~learned to control and subdue these hostile elements: effectively, largely through
vigilance and technological advances. His numbers are increasing. He ig liv-
ing longer. His standards of living are improving in direct relationship to' his
“utilization of these-advances,

In modifyin‘g his environment; man has;made tre'men:dous gains in his well-
being, but these gaing have been accompanied by some unfavorable -aspects.

‘While gaing have vastly outweighed losses, there is still néed to deal effectively
with the residual unfavorable aspects and to strive for products’ a.nd activities
~with a raore favorable gain-to-loss ratio. i

Continued-real progress can be made by the best use of available technology
to reduce or grase unfavorable factors, man-made or otherwise; and by constant
‘efforts to attain,” reater knowledge, better understandmg and’ 1mproved means
‘for still further improvements in environmental health. :

Perfect environment: and perfect well-being . are not attainable though “we
.strive toward continned 1mprovement. ‘We do what ‘we can, with- what we have
now.

The mvolverment of ‘all society and the limitations of man’s present capa-
bility create specific problems within the overali area of ‘environmental health
Prmclpal among these are:

Technical Problems—Degpite our advanced science and technology, man-does
not know all ‘the answers or even know all the questions to ask. Technical
problems demand full use of preseit knowlédge and continuing research toward
extension.of that knowledge.

Social Problems—Since every segment of our society is involved, both as: it
is affected by and as it affects emvironmental health; every segment feels its
interests must receive full congideration in any solutlon These interests are
‘mamerous, varied, diverse, overlapping, contradictory, and unequal.. The recon-
‘cilation of these interests and acceptance of any step to 1mprove conditions re-
quire-a weighing and balancing of the gaing and sacrifices.
~ :Economic Problems—-Increased costs of raw materials, productive eapamty,
manpower, talent, time, goods, services, and taxes enter into the price of gain in
environmental health, . Again, all of our society is involved, this time in eco-
nomic roles as consumers or taxpayers. These added costs must be evaluated
in the hnadling of ‘each particular problem. A practical balanece of galn with
cost is critically important.

Organizational Problems—-Steps to allewate the environmental health prob-
“lem will require action by all society. ' Specific actions must be taken by in-
.dividuals and by groups, yet each must be an integral part of an effective and
equitable total. A -need thus exists for an accepted public policy which is based
on and- which encourages constructive action by individuals and groups. Fur-
thermore,. self-initiated action based on responsibilities - aceepted voluntarily
by individuals and greups of our society ‘has always been more effective than
: action imposed solely by regulation.

The chemical industry of. the United States has dn'ect identiﬁeatmn with
several aspects of the nation’s enwronmental health problem as a contributor
of materials and services favorable to man’s well-being and because these mate-
rials and sefvices also entail some concurrent unfavorable aspects. Industry must
therefore assess and act in accord with its responsibilities.

1L, THE (}HEMIOAL INDUSTRY’S ‘RESPONSIBILITIES

The chemical industry’s responsibilities in environmentdl health matters de-
rive from the nature and use of.ity products, from its research and production
activities, and from its role as a segment of the economy and society. Bffective
action requires a- high level of individual and corporate responsibility, and a
continuing effort: . -

1.  To advance knowledge and increase competence to-deal with these responsi-
- bilities within the total problem of environmental health.

2. To assure the fitness and appropriateness of its produc’cs in relation to
man’s environment by best use of pregent scientific knowledge and by continuing
to improve fitness and appropriateness as growing knowledge permits.

8. To plan and carry out preduction operations so that they :

(a) conserve health and safety of all those employed in the production of
chemicals :

(b) conserve environmentai resources, partlcularly by ‘controlling and
limiting emigsion and disposal of industrial wastes.
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4. To assure the fitness and appropriateness in the use of the industry’s
products by : . . .

(a) research and study aimed at broader and deeper scientific knowledge
of the handling, application, and ultimate fate ‘of chemical products;

(b) education of these who sell, handle, and use chemical. products by
clear instruction in all-aspects of handling, use, and disposal, recognizing
the need for change with the accumulation of further knowledge.

5.. To promote a high degree of intra-industry cooperation, beginning with the

promotion of full and free interchange, within lawful limits, of information and
technology pertinent to environmental health. i

6. To promote cooperation with all other segments of society in mutual effort

toward solution of the total problem of environmental health, by :
. (@) oftering knowledge and technology for application wherever it may

apply to the problem;

(b) accepting leadership responsibility in those aspects and areas where
the chemical industry’s experience may be of value; '

() encouraging action by others throughout society, particularly in
industry; o o K )

(d) cooperating as may be appropriate in any study or action undertaken
by ‘others in the scientific community, in-academic circles, in public agencies

. “and elsewhere, LR E

‘Adopted by the Board of Directors, Manufacturing Chemists’ Association, Inc.,
-September 15, 1964. : )

Mr. Rousa. Mr. Brown ¢

Mr. Brown. No questions.

Mr. Dappario. Mr. Mosher?.

Mr. Mosuer. Thank you, Mr. Chairman. ‘ :

Mr. Logan, on page 4 of your testimony you stated that although

- administrative convenience might be served by having uniform re-
quirements on discharges, et cetera, this would be economically waste-
ful as a general policy. :

Would you cite one or two practical examples that would illustrate
thisphilosophy? :

Mr.LoganN. Yes, I think I can, Mr. Mosher.

From my own experience in our company, we operate a plant which
manufactures certain products. There are about 15 similar plants in
the country operated by 6 or 7 other companies.

. A uniform set of standards applicable to the discharge from these
plants would create a chaotic condition in the industry and in the sup-
ply picture, because the conditions under which discharges from these
plants are made are so totally different, one from the other. This is
the essence of what I am getting at. '

So a specific standard applied across the industry might be less than

_desirable in one location, but force another location completely out of
operation. o : i :

" Mr. Mosuer. To go.a little further, can you say why? Can you
give some specific illustrations ¢

Mr. Locan. Yes. The specific problem I am relating this to is well
known in the industry and governmental circles. We have a plant on
the Holston River in Virginia. This, in effect, competes with plants
on the Ohio and the Mississippi, for example.

Now, the problem of discharging 1 ton of waste on the North Fork
of the Holston River is very substantially different than it is on the

~ Mississippi or the Ohio. And inthe one case, the requirements—-—

Mr. Mosrer. You mean because of the volume of water? 3
Mr. Loean. That is right. Therefore, in the one case a standar
might require little or no effort on the part of one plant facility where
68-240—66-—vol. 1——26
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in another case it would be technlcally and economically impossible to
.comply, and hence that operation would be required to be shut down
with consequent economic effect on the whole area,

- Mr. MossEg. Yet, from the public interest sta,ndpomt it mlght be

“argued that it is important that the quality of the water in your river
as compared to the Ohio River should be essentially the same. -

Mr. Logan. Well, I think it is a matter of public interest, and I am
-perfectly willing to let the public decide. That is what we are saying.
In the case of the operation on the Holston River, maybe the public
would decide that it was in their interest to continue the operation
of the plant. . This is one of the ¢omplexities that I referred to that -
probably has to be subjected to a rather broad scale systems analysis
to take into account factors other than mere discharge problems

Mr. Ryan., Would the gentleman yield ¢

‘Mr. MosHER. Yes. '

Mr. Rvan. If each plant, wherever it was located, was requlred to
apply the same methods to handle the pollution, why would there be

*& competitive disadvantage?

Mr. Locan. As a matter of fact, each plant is applying essentlally
the same disposal techniques today.

Mr. MosuEr. But the result is different.

Mr. Ryan. I understand that. But suppose you did not have the
water in which to dischargeit?

Mr, Logan. Based on the: present status of technology and the

~economics associated therewith, the plant would shut down. This
“eonclusion has-been stated: in hearmg reports that have covered this
subject over a number of years.

 Mr. Wikexrerp, There are two points under consideration here,
and I think it would be well if we recognize these. One is basing
control on the quality requirement in the stream itself, and the other
is -basing control on. effluent quality requlrement and this sometimes
“gets confused in discussions such as this.

If the water usage of the stream is such and the waterflow in the -
-stream is such that they are comparable, then the quality requirements
in the stream should be the same. ' I'don’t think anyone questions this.
~On the other hand, if the volume of water available to carry the dis-
‘charges away and/ or the usages of the-stream differ, there is no reason

why the discharge quality should have to be the same.

Now why put both companies on an equal economic footing? In a
competltlve economy no two plants are ever on the same footing. One
has different wage scales; one has slightly different distribution costs;
the cost of bringing in equlpment may vary. All sorts of factors
enter into it, including the differences in the processes themselves.

So I don’t think we have-every attempted in the United States to
make sure everybody spends exactly the same amount of money to -
produce something, and I don’t think any two producers ever do.

You will find that profit margins vary between companies and I find
it ' hard to see why in po]]utlon abatement everyone should suddenly
pay the exact same amount of money for treatment. This means that
everybody would have-to be on the- lowest possible basis of discharge

“to take into account the man on the smaller stream, and can only result
in Inereasesin costs beyond that thwt 18 requlred

i
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Mer. Mosurr. I doubt that many people would disagree with what
you are saying, and yet certainly the ultimate quality of the water is
what we are primarily interested in. ' [ :

- This may be a philosophical matter which the Congress may ulti-
mately have to consider. You are probably saying that quality stand-
ards can be adjusted from stream to stream and. one body of water to
another, depending on the public interest in those particular streams

and the uses to which those streams are to be put. . o

Mr. WizgenrELD, Mind you, there is one thing we have to recog-
nize: There are certain minimum base-level quality requirements that
all streams must meet. At least the industry feels this way, and I’'m:
sure the public agencies do too. And this is the protection of health,
the avoidance of obvious nuisances, the de, adation of aesthetics
severely. These things must be protected on all streams as a minimum,
Then how far beyond that you want to go will depend on the best
interest of the community, and in many cases should be decided by
the people themselves as 1t has been in the past.

“Mr. MossuEer. I think it would be impossible for the Federal Gov-
ernment to set a single standard for every stream because obviously
the flow and the volume of water and the nature of the fields and foliage
and everything else along the stream is an influencing factor.

Mr. Dabpario. Mr. Ryan. o ,

Mr. Ryan. The other factor which is incapable of control is what
other plants are discharging along that stream. So why not attack
the discharge itself and then we eliminate this other problem of de-
_termining the quality of the stream? '

Mr. WiLxexrFeLp. This is exactly the role of Government in deter-
mining what quality level should be maintained in the stream, assess-
ing how much should be put in and how this should be parceled out
among the various contributors; it is a very difficult question.

Mr. Ryan. And it could require an interstate system to do this?

Mr. WiLkeNrerD. It could, and this is why we think the systems
‘approach should be considered here, because it is so complex and must
weigh in so many different factors. EU L

... Mr. Conapte. Mr. Logan, I would like to know if the problem of
your industry isn’t probably inorganic waste? Certainly the organic

_part of your waste is readily controllable, as organic waste generally

“Is, but den’t we have some very serious special problems of norganic
waste with respect to your industry in particular? o

Mr. LocaN. I think we have some problems of inorganic wastes,
yes. The organic chemical part of the industry has grown at a much
faster pace than the inorganic, and I think there are problems in
the organic. area. ‘- ,
~ We have had the detergent problem, -and basically the detergent

problem was related to organic compounds. o ‘

. 1 will defer to one of my technical experts to make a comparison,
but I feel there are problems in both areas of the industry, Mr.
Conable. ' . o S o

- Mr. ConaBLE. Are we making any progress in the inorganic field ?
A ot of the testimony here before this committee has been to the effect

_that it is possible to control the disposal of human waste by tertiary
means... But have there been successful attempts to eliminate the in-

¥

organic chemicals, the phosphates, and so forth? -
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Mr. LogaN. Let me answer your question about progress in the inor-
ganic ares, with two examples. T referred earlier to the problem on
the river in Virginia. This has been substantially minimized by addi-

tional impounding facilities, by additional control of waste in the plant
and bﬁrlmproved discharge ofy waste in relation to stream conditions.

~This has resulted in substantial improvement in terms of the waste

“content of the water. , o

In regard to air pollution, this repott that the Public Health Service
.and MCA'jointly developed is a survey of operating techniques in
sulfuric acid plants. f -

Sulfuric acid is the largest inorganic chemical produced tods , that
is, the largest in terms of tonnage. It isthe bellwether of the ind%stry;
it is an indicator of general economic and industrial activity.

Now, this report s%ows that various types of operations, indeed par-
ticular plants, are attaining certain results with regard. to the dis-
charge of sulfur oxides into the atmosphere. This information is
alreadirl known now by every operator of a plant, and I ean onl pre-

~sume that each and every operator is now attempting to solve his own
problems in terms of the information that has been made available as
“a'result of this study. Fo the extent that it can be accom lished, this.
may represent substantial improvement in any particular case, in
-regard to air pollution control. N ‘
r. Wirkenrerp, May' T interject this point? This whole matter-
_ of in-process control is a very important one in pollution abatement.
To get back to differentiation between inorganic and organic wastes.
from industrial operations, there was a tendency to slide over organic
~waste disposal for industrial operations because this is the same as:
~other secondary and tertiary treatments. This isn’t necessarily so-
because industrial organic materials can be handled in many ways.

In many organic processes, you may be able to correct the problem

~Inmany cases by going back into the process as you cannot do in domes-
tic sewage; changes can be made to reduce quite considerably the-
amount of material that is discharged, and this has been done in many

- cases; and a large share of the funds spent by the chemical industry
has been for this type of control. In many instances it isn’ necessary

to install secondary treatment to further reduce organic wastes be-
cause of the considerable reduction made over the years in in-house-

modifications. - ,
To be specific—r o i , .
Mr. Conasre. This makes it difficult to pin down your statistics,.

doesn’t it? PR b -
Mr. Wiukenrerp. That is right, it is very difficult to decide where to- -
draw the line on what is-an expenditure for pollution control.
Mr. Conarre. And what is a salvage operation ? . _
Mr. WikenrELp, Yes; but this is the best type of control if you
never generate a waste, but this has to be recognized as a legitimate-
methog of control. o
Mr. Loean. I think the economic pressures of competition are-
forclzing constantly what we call in the industry tight systems, closed.
cycles. : _ :
yNow this is practiced to a much greater degree in the organic busi-
ness. You are generally working with higher unit value materials.




