The Metabolism of Citjes

+ ABEL WOLMAN

In the U.S. today attention is focused on shortages of
water and the pollution of water and air, There is
plenty of water, but supplying it requires foresight.
Pollution calls for public economic decisions.

THE METABOLIC REQUIREMENTS of a city can be defined as all the
materials and commodities needed to sustain the city’s inhabitants
at home, at work and at play. Over a period of time these require-
ments include even the construction materials needed to build
and rebuild the city itself. The metabolic cycle is not completed
until the wastes and residues of daily life have been removed and
disposed of with a minimum of nuisance and hazard, As man has
come to appreciate that the earth is a closed ecological system,
casual methods that once appeared satisfactory for the disposal of

wastes no longer scem acceptable. He has the daily evidence of
his eyes and nose to tell him that his planet cannot assimilate withe
out limit the untreated wastes of his civilization,

No one study could describe the complete metabolism of the
modern city, Moreover, many of the metabolic inputs such
fﬂﬂd,_fud, clothing, durable goods, construction I'.II:EI'.' *Sllm H;
clectric energy present no special problem, Their EUPP?}?E;: 1;?1.
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dled routinely, in part through local initiative and in part thraugh
large organizations (public or private) that operate about as effec-
tively in one city as another, I shall be concerned therefore with
three metabolic problems that have become more acute as cities
have grown larger and whose solution rests almose entirely in the
hands of the local administrator, Although he can call on many
ourside sources for advice, he must ultimately provide solutions
fashioned to the unique needs of his own crjmmunir}'. ‘These three
problems are the provision of an adequate water supply, the effec-
tive disposal of sewage and the control of air pollution.

That these three problems vary widely from city to city and
that they are being managed with widely varying degrees of suc-
cess is obvious to anyone who reads a daily newspaper. It is ironic,
for example, that New York City, which houses the nation’s (1f
not the world’s) greatest concentration of managerial talent,
should be running short of water while billions of gallons of fresh
water flow past it to the sea. It is not easy for people living in arid
countries, or even for those living in the southwestern part of the
U.S,, to have much sympathy with New York's plight. :

During the summer of 1965, while New chrktrs were ,watc:hmg
their emptying reservoirs and hoping for rain, Californians "’-’fl”:
busy building an aqueduct that would carry water some 440 miles
from the Sacramento River, near Sacramento, to Los Angeles apd
other cities in the southern part of the state. And*thﬂlr‘lks to .::Lr!_mr
examples of foresight, ng]:_.]c in §nut!1em C’I]lf{)n}l; were ;:;EE
their lawns and filling their swimming pools without FERY
whie in New Yorkand New Jrey lowes e 178 50 200

‘ -1 Tiddlc a :
cood cnpy.Tnthe e Middle At S
252;?;;:55:115&:11:5 exacerbated by political jockeying. 7
: : oc have had such unequal success in supp ying

If American f:ltlﬂﬁ ++ s hardly surprising that some should

their citizens with water, 1t 15 harcay rp

have an even less satisfactory record in cnntrul{in'g water ;pd air
l o which the incentives for providing remedics are
much weaker than those that motivate the supp}}qng of évatc;; E;
worse, pollutants of water and air often do n
make daries. For example, the wastes of five states—
SPECie: P Ohio, Pennsylvania and New York—have con-

h'!t:htiﬂn;;: r::?:;n;r;celcmmd pcrilutinn of Lake Erie. “The lake,”
tribu

pnlluﬂun, areas !
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METABOLISM OF A ciTy involves countless input-output Emsactinnlm
This chart concentrates on three inputs common to :.11! cities, nlm';]):’
water, food and fuel, and three outputs, sewage, solid refuse md‘[].ﬂ.
pollutants, Each item is shown in tons per day for a hypothetical ;
city with a population of one million, Water, which enters the ;3
silently and unseen, overshadows all other inputs in volume. More 4
4 ton (150 gallons) must be supplied to each :Ilil.hﬂhll.':mt every “;:'
After about 20 percent of the water has been diverted to liwmw:ﬂ-
other unrecoverable uses, it rerurns, contaminated, to the city's fd for
The city’s most pervasive nuisance, air pollution, 18 1““““_“‘ v
=hiefly by the combustion of fuels. (If refuse is burned in incinerd
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it can also contribute heavily, but that mnmhunhm:u’: to the Iuc
here.) The various air pollutants are keyed bi';ﬂ.sﬂ: mﬁs fly ash) 1S
responsible. Most of the anr:lﬂ S lants, an nov
produced by coal burned in electric fP€| waagﬁdﬁ can o
signed plants more than go percent O thep one may
from the stack gases. For this h}rputh:ﬂﬂl I‘:H;u fuel co
135 of the 150 tons of particles produced by

removed before they reach the acmosphere. hown. Su
ever, pollute the atmosphere in the Wmm?ulr}ur contenk.
based on use of domestic fuels of average
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according to the 11.S, Public Health Scr}ricc, “has deteriorated in
quality at a rate many times greater than its normal nging process,”
The fourth-largest and shallowest of the five Great Lakes, Lake
Erie is the main water supply for ro million U.S, citizens as wel|
as for the huge industrial complex that extends for 300 miles along
the lake’s southern shore from Detroit to Buffalo. The combina.
tion of treated and partially treated municipal sewage and indys-
trial wastes that enters Lake Erie directly, and also reaches it in-
directly through a network of rivers, has disrupted the normal
cycle of aquat:ic life, has led to the closing of a number of beaches
and has materially changed the commercial fishing industr}r. In
August 1965 the five states, in consultation with the Public Health
Service, reached agreement on a major program of pollution
abatement.

Although engineers concerned with water supply, sewage dis-
posal and air pollution are accustomed to thinking in terms of
large volumes, few laymen quite appreciate the quantities of
water, sewage and air pollutants involved in the metabolism of a
modern city. One may express these quantities in the form of an
input-output chart for a hypothetical American city of one mil-
lion population. The input side of the chart will show the require-
ments in tons per day of water, food and fuels of various kinds.
The outpur side will show the metabolic products of that input
In terms of sewage, solid refuse and air pollutants. The quantities
Ehlfs shown will be a millionfold multiplication of the daily re-
quirements of the average city dweller., Dircctly or indirectly he
uses about 150 gallons (1,250 pounds) of water, four pounds of
food and 19 pounds of fossil fuels. This is converted into roughly
120 gallons of sewage (which assumes 8o percent recovery of the
water input), four pounds of refuse (which includes food con-
tainers and miscellaneous rubbish) and 1.9 pounds of air pol-
lutants, of which automobiles, buses and trucks account for more
than half.

As of 1963 about 150 million out of 189 million Americans, or
80 percent, lived in some 22,000 communities served by 19,200
Waterworks. These 150 million people used about 23 billion gal-
!nns per day (b.g.d.), a volume that can be placed in perspective
in Sﬂw.zrul ways. In 1960 the amount of water required for all pur-
POscs in the U.S. was about 320 b.g.d., or roughly 1s rimes the
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municipal demand. The biggest user of u.f:ltnlzr I ,ir.r?H:"i”"- which
in 1060 took “,l'“"t 140 1},5.{.t|. Sream {:[{."EF:H‘H: utilities wsed :rhmlr'l
08 b.g.d. and smlu'.afrr}r about 6o b,g.d. Since 1960 I.'}IE‘HH'?II .S,
water demand has risen frr_u!'l about 320 b.g.d. to an estimated 370
bg.d, of which municipalities take about 25 b.g.d. &

Thus municipalitics rank as the smallest of th{:: four principal
users of water. Although it 1s true that water pmwd::rd for human
consumption must EﬂmttiIIEEE mect Etﬂﬂdﬂl’d!:; of quality that need
not be met by water used in agriculture or mdusu:}t, nevertheless
throughout most of the U.S, farms, factories and cities frequently
draw water from a common supply. . :

For the country as a whole the supply of available water is
enormous: about 1,200 b.g.d. This is the surface runoff that re-
mains from an average daily rainfall of some 4,200 h:g,d. About
40 percent of the total precipitation is utilized where it falls, pro-
viding water to support vegetation of economic value: forests,
farm crops and pasturelands. Another 30 percent €vaporates
directly from the soil or returns to "thr: atmnsphm:c after passing
through vegetation that has no particular economic value except
insofar as it may prevent erosion of the land.

It is obvious that one cannot expect to capture and put to usc
every drop of the 1,200 b.g.d. flowing to the sca. T{1c amount
that can be captured depends on what people are rwﬂlmg to pay
for water. One recent estimate places the economically available
supply at somewhat less than half the total, or s6o b.g.d. Ig my
opinion this estimate is too conservative; I would suggest a ngure

of at least 700 b.g.d. —if all
Even this volume would be inadequate by the }fti:jl: ':I'ﬂfi s

the water withdrawn for use were actually consumc

ever, is not the case now and will not be then; only a small frac-
tion of the water withdrawn is consumed. In 1960 “cunsumptﬁ;t
use,” as it is called, amounted to about go b.g.d. of the 320 h.tg. :
withdrawn. Most of the remaining 230 b.g.d. Was returned 4 lltie:r
use to the source from which it was taken, or to some cithﬂf ?ihﬁ
of water (in some instances the ocean). A small fractuon nlcrr:al
used water was piped into the ground to help maintain
water tables.

: Estimates by a Senate Select Committee a f
jected a consumptive use of about 120 b.g.d.in I

ew years ago pro-
g80 and of nearly



U.S. POPULATION (MILLIONS)
ESTIMATED WATER WITHDRAWAL (BILLION GALLONS PER

YEARS

;iﬂ;?:?;?ﬁfmmc;m will be lj_] percent greater in ,93,,:, than in 196'3!
Virtually all water used fcmt ‘cesumates of the Department of Commerce.
A e 5|;| Y ngr{cl{lmm is for irrigation; nearly 6o percent of
Colorado, Tdaho and A US. is in five Western states (California, Texas,
Boes Pl.'t‘ 7 m:r:dn rizona) where water tends to be scarcest. Steam
1960 municipalities wa:;:r in huge amounts simply to condense steam. In
i ];n! ﬂh'l;s: about 22 billion gallons per day (b.g.d.), which
320 bgd. The ii} unut Tchf‘:‘"ft of the total warer withdrawal of about
sumptive use” | P Nt distinction h!::l:wnrn water “withdrawal” and “con-
PHive usc™ is shown in the illustration on the nexe page.
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US. WATER SUPPLY consists of the approximately 1,200 b.g.d. that flows to
the sea through the nation’s waterways. This is the streamflow that results
from an average precipitation volume of some 4,200 b.gd. About 70 pt;f-'
cent of all precipitation returns to the atmosphere without ever reaching the
522, The average flow of four 1IIMpOortant rivers is marked on the strclmgﬂ“'
column. The author estimates that about 700 b.g.d. of the total streamsow
€an be made available for use at cost acceptable to consumers. The cﬁn?'mt:;
of water withdrawal and consumptive use for 1980 and 2000 4re C‘:L-:.
Slt;.:ht rounding) those published a few ycars ago by a Senate S[C}]Ec:mt
mittee, The 1980 estimate is 13 percent higher than that of the Depart e
of Commerce shown in the preceding illustration. “Consumpuve use vail-
resents the amount of warter withdrawn that subsequently becomes 1:111'11 will
able for reuse. Excepre for irrigation, consumptive use +uf w:lretr:i g:n-b o
femain negligible. Thus a j00-b.g.d. supply should casily mee

demand.
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160 b.g.d. in the year 2000, when tnr?l demand may reach 000
b.g.d. Agriculture accounts fnr the biggest consumptive use of
water. It 1S conservatively estimated that 6o percent of the watey
employed for irrigation 1S lost tﬂ‘tht‘.‘. ﬂ_tn'lf’.nspherr:. as the result of
evaporation directly from 'fhc soil or indircctly by transpiration
through the leaves of growing P]:tlllt:a". (The amount of water in.
corporated 1nto plant tissue 15 insignificant; r?ughl}r 1,000 gallons
of water is needed to produce about fo cents wurth‘nf crop.) In
contrast, from 8o tO 98 percent of the water withdrawn by
municipalidies, industry and elecm‘c utﬂltmsq is available for reyse.
It is for this reason that the projected ?wthdrawal rate of gog
b.g.d. in the year 2000 should not Prﬂvﬂ difficult to meet, whether
tha economically available supply 15 560 b.g.d. or 700 b.g.d. Of the
goo b.g.d. that may be required in A.D. 2000 to meet human, in-
dustrial and :agricu]mral needs, apprﬂxunﬂtcly 740 b.g.d. should

be available for reuse. S e
These estimates, moreover, arc pessimistic in that they make
ions in industrial or agricultural

only minor allowances for reductl
Jemands as a result of technological changes and in that they pro-

vide for no significant increase in the cost of water to hasten such
changes. Thus we must reasonably conclude that for many years
beyond A.D. 2000 rotal water shortages for the U.S. as a whole are
highly improbable.

If water is going to remain so plentiful into the 21st century,
why should New York and other cities find themselves running
short in 19657 The immediate answer, of course, is that there has
been a five-year drought in the northeastern U.S. With the com-
pletion in 1955 of two new reservoirs in the upper reaches of the
Delaware River, and with the extension of the Delaware aqueduct
to 2 total distance of more than 120 miles, New York City be-
lieved it could satisfy its water nceds until the year 2000: This
confident forecast reckoned without the unprecuduntcd drought:

There is no point in criticizing New York's decision t0 depen
so heayily on the Delaware watershed for its future needs. The
question is what New York should do now. As long ago & 1950
in an earlier water shortage, New York was advised to build 3
pumping station on the Hudson River 65 miles north of the city
to provide an emergency supply of 100 million gallons per days
or more as needed. (New York City's normal water demand B

. sn OF CITIEY
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ghout 1.2 b.g.d. The average flow of the Hudson is around 14
bgd.) The thtcrnf New ?’t:rlc gave the city permission to build
the pumping station but stipulated that the station be dismantled
when the emergency was over, By the time the station was built
(at a point somewhat farther south than the one recommended)
the drought had ended; the station was torn down without ever
having been used. In July 1965 the city asked the state for permis-
gon to rebuild the station, a job that will take several months, but
s of mid-August permission had not been granted.

Meanwhile there has been much talk of building atomic-energy
desalination plants as the long-term solution to New York's water
nceds. The economic justification for such proposals has never
been explained. New York now obtains its water, delivered by
gravity flow to the city, for only about 15 cents per 1,000 gallons
(and many consumers are charged only 12 cents). The lowest
predicted cost for desalination, assuming a plant with a capacity
of 250 million or more gallons per day, is a highly optimistic 30
to 50 cents per 1,000 gallons. Since a desalination plant would be
at sea level, its entire output would have to be pumped; storage
and conveyance together would add about 20 cents per 1,000 gal-
lons to the basic production cost. Recent studies in our depart-
ment at Johns Hopkins University have shown that if desalinated
water could be produced and delivered for as little as so cents per
1,000 gallons, it would still be cheaper to obtain fresh water from
a supply 6oo miles away. (The calculations assume & water de-
mand of 100 million gallons per day.) In other words, it would be
much cheaper for New York City to pipe water 270 miles from
the St. Lawrence River, assuming that Canada gave its consent,
than to build a desalination plant at the edge of town. New York
Cit}r’ does not have to go even as far as the St. Lawrence. It has
large untapped reserves in the Hudson River and in the Upper
watershed of the Susquehanna, no more than 150 miles away; that
could meet the city’s needs well beyond the year 2000

TFEW cities in the U.S. have the range ﬂ-f _altcmamfl:s PPEUIE‘:
New York, The great majority of inland cities draw their wa
supplies from the nearest lake or mver. Of the more than [T“
million Americans now served by public watet supplics, ﬂ"-"; y
loo million, or 6o percent, are reusing water f_mm snurcrsd ::
have already been used at least once for domestic sewage A
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dlmrial T dlSFﬂEﬂ]- This lltlls?d" water 1]'-:15 of course hﬂﬁl‘l
purified, either naturally or artificially, before it reaches the cop.
sumer. Only about 25 pcrccnt_nf the 25 b.g.d. now used by munjc.
ipalities is obtained from aquifers, or undf:rgimum‘:i sources. Such
aqujfers suppl}r about 65 b.g.d. of tht.:i ni']l]l'lt}l'é s'cstunﬂtlcd 1065 re-
quirement of 370 b.g.d. Most of the 65 b.g.d, is merely a E'I.lbtler.
ranean portion of the 1,200 b.g.d. of the precipitation ﬂnwmg
steadily to the sea. It is csnmntcdt however, that from five tg
10 b.g.d. is water “mined” from aquers that' have been filled oyer
the centuries. Most of this mining i1s done in West Texas, New
Mexico, Arizona and California.

The fact that more than 150 million Americans can be provided
with safe drinking water by municipal waterworks, regardless of
their source of supply, attests the cffectiveness of modern water-
treatment methods. Basically the treatment consists of filtration
and chlorination. The use of chlorine to kill bacteria in municipal
water supplies was introduced in 1908. It is fortunate that such 2
cheap and readily available substance is so effective. A typical re-
quirement is about one part of chlorine to a million parts of water
(one p.p.m.). The amount of chlorine needed to kill bacteria and
also o “kill” the taste of dissolved organic substances—many of
which are introduced naturally when rainwater comes in contact
with decaying vegetation—is adjusted by monitoring the amount
of free chlorine present in the water five to 1o minutes after treat-
ment. This residual chlorine is usually held to about .2 p.p-m. In
cases where unusually large amounts of organic compounds are
present in the water, causing the public to complain of a bad
taste, cxperience has shown that the palatability of the water can
often be improved simply by adding more chlorine. Contrary to
a widely held impression, free chlorine itself has little taste; the
“bad” taste usually attributed to chlorine is due chiefly to organic
compounds that have been too lightly chlorinated. When they
are more heavily chlorinated, the bad taste usually disappears.

Throughout history impure water has been a leading cause of
fatal disease in man; such waterborne diseases as typhoid fever
and dysentery were still common in the U.S. less than a century
ago. In 1900 the U.S, death rate from typhoid fever was 35.8 per
100,000 people, If such a rate persisted today, the deaths from
typhoid would far exceed those from automobile accidents. By

HE METABOLISM OrF CITIES 2

1936 the rate had been N:Lll!t.'l.’.tl to 2.5 PEr 100,000, and today the
discase is almost unlcnnw*n in the U.S, 2 2

In undcrdwc]n]wd‘nnnmﬁ, where many cities are still witheut
adequate water supplies, wnr;rlnnnu tltscuuus are among the Il:;fll-
Ing causes of death and {]Elll!lt}f. In f,.-::ntrntl :m}d South mw::-rlru
more than a third of 75 million people lwu!g in towns or cities
with a population of more tlmrn 2,000 are without water service.
Similarly, in India about a third of the urban population of #o
million are without an adequate water supply. As the chapeer on
Calcutta in this book [page 59| points out, that city 1s regarded
as the endemic center of cholera for all of s::authr:ast' ﬂs‘ia.

No general prescription can be offered fnr'hrmgmg clean
water to the vast urban populations that still laclcit. I have found
in my own experience, however, that the inhabitants of commu-
nities both large and small can do much more to help themselves
than is customarily recognized. If the small towns and w!]ﬁgcs of
India and elsewhere wait for their central governments to Jnstafl
public water supplies, most of them 1:-.riil wni!: indefinitely. It 1;
surprising how much can be accomplished with local labor an
local materials, and the benefits in health are mc:]lf:ulahlr.. 5

In the larger citics, where self-help is not .fr::mb!t:, municipal
water systems can be buile and made to pay their way if :;M:i apprn{-!-
priate charge is made for water and if the systems can be I;?Iﬂﬂ';n
with long-term loans, as they have been financed tradition :F.;{
the US. Such loans, however, have only recently been m;;
available to underdeveloped countries. Rﬁ‘:‘-‘:’ years “?:“r wthﬂ:
loans for waterworks had to be paid off in six o 12 YCais 7
total value of external bank loans mndci to South Am;rlca;ﬂ”fﬂm
tries for water supply and sewerage projects wis :fss}:n:lmcri‘mn
in a six-year period. Under the leadership of the :

art []g_
1Zatl or International

Health Organization and the U.S. Agency f sk
velopment bankers were cncnurﬂgcd to exten ; Y
alue of bank loan

period to 28 or 30 years. Today the total v A ah

to South American countries for waterworks an

tems has surpassed $660 million. :
Outside the U.S., as within IT, adequate .‘::rnsucﬂmmﬂd“}’

generally available. The problem is to freat wa e otis

whose cost to the user must bear a fair r?lﬂiz;mnt in municipal

Production and delivery. The total U.S. 1

er resources arc
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orks is about $17.5 billion (replacement cost would ap-
50 billion), or about half the r!ntmu‘s investment in tele-
phone service. More significant than :nvc:slfmcnt s the cost of
service to the consumer. The average Amm:u.:m fnml]}f pays abone
$3 a month for water, which it ca}'mus: live 11.'|thn:mt, compared
with about $7.30 for telephone service. One ::mghr also note that
the average household expenditure for a]cuhuhc. beverages is more
than $15 a month. It should be clear that Americans can afford to
pay for all the water they need. ' _

The question of fair payment and ﬂl[_ncanﬂn of costs is eyen
more central to the problem of controlling water pollution than
to the problem of providing water. Whereas 150 million Ameri-
cans were served by waterworks in 1963, only about 120 million
were scrved by sewers. Thus the wastes of necarly 70 million
Americans, who live chiefly in the smaller towns and suburbs,
were still being piped into backyard cesspools and scptic tanks.
When these devices are properly designed and the receiving soils
are not overloaded, they create no particular sanitation hazard.
Unfortunately in too many suburban areas neither of these criteria
15 met.

‘The principal pollution hazard arises where sewage collected by
a sewerage system is discharged into a lake or river without ade-
quate treatment or without any treatment at all. As of 1962 the
wastes of nearly 15 million Americans were discharged untreated
and the wastes of 2.4 million received only minor treatment. The
wastes of 32.7 million were given primary treatment: passage
through a settling basin, which removes a considerable portion of
the suspended solid matter. Intermediate treatment, which con-
sists of 2 more nearly complete removal of solids, was applied to
the wastes of 7.4 million people. Secondary treatment, the most
adequate form of sewage treatment, was applied to the wastes of
61.2 million people. The term “secondary treatment” covers a
variety of techniques, often used in combination: extended aera-
tion, activated sludge (an accelerated form of bacterial degrada-
tion), filtration through beds of various materials, stabilization
ponds.

Rlﬂ_lmlgh there was a significant Improvement in sewage treats
ment in the US between 1942 and 1962, a big job remains to be
done. Only in the past five years of this pr.:rind did the rate of

waterw
prum:h $
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cewer installation begin to overtake population growth, The pres.
ent U.S. investment in sewers and scwage-treatment works is
sbout $12 billion (again the rcnlnumn::nl: value would be much
higher). The Public Health Service estimates that replacing obso-
lete facilities, improving the stanidnrr.l of treatment and providing
for pnpulatinn growth will require an annual investment of more
than $800 million a year in treatment works for the rest of the
decade. This does not include the cost of extending the sewage-
collection systems Into new urban and suburban developments,
This may add another $8oo million to the annu:'ll .rcquircmcnu,
making an approximate total of more than $1.6 billion a year,
Unfortunately some municipalities have not found a szlt;lsf:lcmry
or painless method for charging their residents for this vital serv-
ice. Many simply float bonds to meet capital costs and ad:i the
cost to the individual’s bill for property taxes. In Baltimore
(where the tax bill is completely itemized) i-t W45 dm;idcd some
years ago that sewerage costs should not be mclud:-{l in the cit-
zen’s ad valorem taxes but should be made part of his water bill.
In the Baltimore system the charge for sewerage sevice 5 half the
water service charge. A good many other citics charge for sewer-

age service on a similar bass.
Cities, of course, account f
major part, of the pollution
Industrial pollution is a ubiquitous pro 5
are far mn]:'r: varied than th(t}:-sc n ﬂfdinar}f sewage, and thmh::
moval often calls for specialized measures. Even 1r}1 smti;'ﬂh_
adequate p-::-llutinn-—r:untm! laws are on the bDﬂ]{F:, t E}T:t S
nological, economic and practical nbsmclf:s to seeing t e
are observed, The Federal Water Pollution {_":nnrr:a]l ﬂ:tssci-icfin
and 1962, which enlarged the role of the Public H thwc s
determining the pollution of interstate waterways,

. law-enforce-
times been helpful in strengthening the hand of local

ment agencies. ' o Farde
My final topic—air pollution—iS e  hartet otherwise Te-
quantitative terms than watcr pollution, & :

. rovide
2 . e ossible to P ;
sembles in many ways. It is never going o be p <t all of which
: ion emissions, almo:

a collection system for air pollut , every apartment
result from combustion processes. D d power plant is vented
every automobile, truck, bus, factory Kt

or only a part, and pmhnhl}r not the
that affects the nation’s Waterways.
blem. Industrial pnllutnms
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directly into the open air and prcmlm:thl}r will have to remain so.

There are pechaps only three gcncml approaches to cnntrqllimE
the amount of pollutants enterng tl_m ntnmsplmrc: One is to
switch from a fuel that produces undesirable cnmbusuctn products
to one that produces fewer such Prnducts. Thus fuel oil produces
less soot and fly ash than bituminous coal, and natural gas pro-
duces less than either. The second expedient is to employ a new

technology. For example, atomic power plants produce none of
the particulate and gascous emissions that result from the burning

of fossil fuels, One must then decide, however, whether the radio-
active by-products that are released into the environment—either
in the short run or the long—by an atomic power station are more
or less hazardous than the fossil-fuel by-products they replaced,
The third recourse is to remove the undesired components from
the vented gases. Fly ash, for example, can be largely removed by
suitable devices where coal or oil is used in large volume, as in a
power plant, but cannot readily be removed from the flue gases of
thousands of residences. The problem of dealing with many small
offending units also arises in trying to reduce the unburned hydro-
carbons and carbon monoxide emitted by millions of automobiles,

At this point it is worth asking: Why should air polluton be
considered objectionable? Many people enjoy the smell of the
pollutants released by a steak sizzling on 2 charcoal grill or by dry
leaves burning in the fall. The cigarette smoker obviously enjoys
the smoke he draws into his lungs. In other words, a pollutant per
se need not necessarily be regarded as a nuisance. If by accident
or design the exhaust gases emitted by a diesel bus had a fragrant
aroma (or worse yet, led to physiological addiction), not many
people would complain about traffic fumes.

The criteria of what constitutes an objectionable air pollutant
must therefore be subjectively defined, unless, of course, one can
demonstrate that a particular pollutant is a hazard to health. In
the absence of a demonstrated health hazard the city dweller
j.mu]d probably list his complaints somewhat as follows: he ob-
Jects to soot and dirt, he does not want his eyes to burn and
water, he dislikes traffic fumes and he wishes he could see the
clear blue sky more often,

Ma")"m"fﬂrtn_r:ts have been held and many papers written on
the possible association of air pollution with disease. As might be
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frm evidence of harmfulness is difficult to obtain, The
extensive ¢|mluminlmgiml dara Icnilt:::rurl in the U.S, on smoking
| human healeh suggest that in general place of residence has a
minor influence on the incidence r:fl lung cancer compared with
the smoking habit itself. British statistics, however, can be inter-
prctud to show that at times there is something harmful in the
Rritish air. In any event, it will be difficult to demonstrate con-
clusively—no matter how much one may believe 1'+r o .hﬂ so—that
air pollution is associated with long-term clr:tcnr{mt:r{n of th_c
human organism. Eric J. Cassell of the Cornell University Medi-
al College recently summarized the situation as follows: “I do
qot think that it is wrong to say that we do not even know what
disease or diseases are caused by everyday pollution of our urban
air. . . . We have a cause, but no disease to go with it.”

Two diseases frequently mentioned as possibly associated with
air pollution are chronic bronchitis and pulmonary EIFFP}'S*:IIIL
In Britain some investigators have found strong associations
tween chronic bronchitis and the level of air pollution, as meas=
ured by such indexes as fuel use, sulfur dioxide in the air and soot-
fall, In California the deach rate from emphysema incrcfls'c;d four-
fold in the seven-year period from 1950 t0 1957 This increase
may indicate nothing more than the fact chat older people go 0
California to retire, but there is objective evidence that emphy-
sematous patients in Los Angeles showed iumvcd lung function
when allowed to breathe carefully filcered air for 48 hours. ¢

In response to mounting public concert, and the Hfﬁﬂi“
President Johnson, Congress in 1963 passed the Ch::ﬂn AI‘I' L’t:
which states in its prc:"tmh!.: that “Federal financial :lﬁlsmtn[::
and leadership is essential for the dr:'«'l‘:lﬂpmﬂﬂf of Cﬂﬂpii'r:nt
Federal, state, regional and local programs designed to P

, rocedures
and control air polution.” The regulatory 3hﬂf"‘m§:£{m recent
authorized in the act are similar to those foundin the B2 2 7

interstate pnlluue:m P

Water Pollution Control Act. When an 10Tty wered, as 2
lem is identified, the Public Health Service 18 ETPﬂm i

first step, to call a conference of state and I]ﬂ'm:l ;Eg if necded
second step is to call a puh]ic hearing, and the third stp

is to bring a court action against Fhﬁ nﬁchﬂiﬂ of air pollution
The Clean Air Act takes special EGE[E;:H“ cary of Health,

caused by motor vehicles; it requires

expected,

urit
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Education, and Welfare to report Pﬂfi_“‘ﬁ‘:“"}f 10 Congress on
progress made on cuniirnl devices. FI:: is also 1:1w|l:r:d to recom-
mend any new legislation he feels is x{rJn‘rSrnntm. Evcpnm!]y the
Secretary may help to decide if all new U.S. mamr :ehtclcs should
be equipped with exhaust-control systems, such as afterburners
co reduce the large amounts of unburned hydrocarbons and ear-
bon monoxide that arc now released.

California studies in the 1950’ showed that exhaust gases ac-
counted for 45 percent of all the unburned hydrocarbons then
produced by motor vehicles, Another 15 percent represented
evaporation from the fuel rank and carburetor, and 20 percent
escaped from the vent of the crﬂnl-:c_ase. As a first step in reduc-
ing these emissions California began in 1961 to require the use of
crankease blowby devices, which became standard on all US,
cars beginning with the 1063 models.

A new California law will require exhaust-control systems on
all 1966 automobiles and light trucks sold in the state. The law is
intended to reduce by 70 or 8o percent the amount of hydrocar-
bons now present in exhaust gases and to reduce the carbon
monoxide by 6o percent. All the carbon monoxide is generated by
combustion and is now released in the exhaust. From 1940 to 1965
there has been a steady rise in carbon monoxide vented into the
atmosphere of Los Angeles County.

No one questions that an affluent society can afford to spend its
money without a strict accounting of benefits received. Any
reasonable expendirure that promises to improve the quality of
life in the modern city should be welcomed. It 1s not obvious,
however, that any American city except Los Angeles will be sig-
nificantly benefited by the installation of exhaust-control systems
in motor vehicles. The cost of these systems will not be trivial. At
an estimated $40 to §50 per car, such systems would add more
than $300 million to the sales price of new cars in an eight-mullion-
car year—and this does not include the annual cost of their inspec-
tf"-"l and maintenance. If one objective of reducing the air poliu-
tion caused by automobiles is to increase the life expectancy of
the city dweller, or simply to make his life more pleasant, It can
be argued that $300 million a year could be spent more usefully in
other directions.

In most large cities, for example, the clectric utilities consume
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all fuel burned, Most utilities have made reasonabile
offorts to reduce the emission of soot and fly :1!:;]'1; virr.uu!ly all new
power plants, and many old oncs, are now ‘-"I'“}’lf”! with d::vipn
o of removing a large fraction of such emissions. Utilities,

THE MIE
up to half of

capabl ‘
ImI:vuvcr, are stll under pressure, both from the public and from
supervising agencies, to use the cheapest fuels available, This

means that in New York and other eastern-seaboard cities the
gtilities burn large volumes of residual fuel oil imported from
sbroad, which happens to contain between 2.5 and 3 percent of
sulfur, compared with only about 1.7 percent for domestic fuel
oil. When the oil is burned, sulfur dioxide is released. Recent
studies show that the level of sulfur dioxide in New York City air

< almost twice that found in other large cities.

Sulfur dioxide is difficult to remove from stack gases, but it is
estimated that for about $1 a barrel most of the sulfur could hr:
removed from the oil before it is burned. For the volume of oil
burned by the Consolidated Edison Company in New York City
the added cost would come to about §15 million annun%l}:. If the
cost were divided among Consolidated Edison’s three million cus-
tomers, the average electric bill would be inr:re:?.scd about $5 per
year. One would like to know how this expenfht?rc'wuqld com-
pare in improving the quality of New York City’s air with N;E
York’s pro rata share of the more than ngjmdlmn-a-ymr m'.rtmI
ment that would be required by the installation of exhaust-c;ln Y
systems in motor vehicles. That share would hc_ on the Er ;rin-
$8 million a year. Perhaps New Yorkers should insist an bot

S aDH all of them
. v two of many Options,
vestments. But these are only Y crator and the

expensive. It is the responsibility uf_ the city ;id'n*nlrusrim.iﬂﬂ5 A
public health officer to make choices and assignt P '

| itti i jon i beneficial.
while admittine that air pollution 1s never :
it P cale changes are contem

One must also recall that when l?rgﬂ'? . lved. Rarely do all
plated, the whole spectrum of society” m‘-n]:f r*; ublic policy
forces march forward in step, F“"rn':‘“]]aﬂ}r s 'ﬁﬂa forces de-
and scientific verity are not crystal ':_]':“‘. Cnm[;f;lﬂand pushes for
lay correctives until public opinion Iis& In Wis
action on an ad hoc and intuitve basis. the case of water SHPPIY

Let me sum up by observing that mb : ﬁxmgr{ﬂnﬂﬁl}r good,
the accomplishments of the U.S. have cen d wﬂrcr-ﬂ-ﬁﬂdm"d

- - bhorne an
not only in the prevention of watel
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diseases but also in providing water gencrously for comfortahs
st places at most tmes. The prospect for the futyre Is
d. The realities are that we are not running oug of
ble of managing our water resources

living in mo
likewise goo
water and that we arc capd

intelligently:. / :
In the area of water and air pollution our successes are only

partial. Rapid urbanization and mdustriﬂ!i:-mtin_n have intensified
the problems of controlling both. At the same time one must cop.
cede that there is much stronger scientific ]UE‘.ttﬁEil'Elﬂn for mount-
ing vigorous programs to ab:_‘ute water pollution than to abate air
pollution. Nevertheless, public pressure on behalf of the latter is
increasing, and as has happened so mften.m‘ the past, we may find
action running ahead of knowledge. This is not necessarily to be
deplored. .

My own view coincides with that recently expressed by P, B,
Medawar of University College London at a symposium on the
interaction of man and his environment. “We are not yet quali-
fied,” he said, “to prescribe for the medical welfare of our
grandchildren. . . . I should say that present skills are sufficient

for present ills.”

The Renewal of Cities

- NATHAN GLAZER

Many U.S. cities, with the aid of the Federal Govern-
ment, are engaged in ambitious efforts to renew them-
selves. It is mot certain, however, that the overall gams

of these programs have outweighed the losses.

WHeN wE speAR of the renewal of cities, we mean all the proc-
esses whereby cities are maintained or rebuile: the replacement of
old houses b} new houses, of older streets by newer streets, d]n';
transformation of commercial areas, the relocation of mduﬁﬂ'ﬁ"
facilities, the rebuilding of public utilities; we refer to rchahlttﬂ-
tion as well as demolition and rebuilding; we mean t00 the laws
and administrative and financial mechanisms by which this I':;
building and rehabilitation are accomplished. The only ;‘;};nts
discuss such an enormous subjcr:l: 15 to cﬂnsldfl: all the E op-
of change in a city: its changing economic role, 1fs “!'ffg::i f A
ulation, decisions to buy or sell, stay or move, IEhﬂhhgmgﬂﬁct
molish, and the larger market and Pﬂlitic;‘rl forces that

this, < qerably. There

Fortunately we can narrow our ?“h]"‘:tb;:.z olicies designed
exist, in this nation and others, SP':ﬂﬁc public P

In
to plan and control at least some part of these P



